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Purpose: There is probably a high prevalence of small intestinal bacterial overgrowth (SIBO) in patients with gallbladder polyps
(GBPs). To date, no study has evaluated the occurrence of SIBO in patients with GBPs. The aim of this study was to investigate the
prevalence of SIBO in patients with GBPs and explore the possible association between these two conditions.

Patients and Methods: The hydrogen-methane breath test was used to diagnose SIBO, and patients were divided into GBPs and
control groups based on whether GBPs were found under ultrasound. Clinical and paraclinical factors were compared between the two
groups.

Results: A total of 297 subjects were included in this study. The prevalence of SIBO was significantly higher in the GBPs group than
in the control group (50.0% vs.30.8%, p<0.01). Multivariate logistic regression analysis showed that male (OR=2.26, 95% CI=1.12—
4.57, p=0.023), SIBO (OR=3.21, 95% CI=1.69-6.11, p<0.001), fatty liver (OR=2.91, 95% CI= 1.50-5.64, p=0.002) and BMI
(OR=1.13, 95% CI=1.01-1.26, p=0.035) were independently associated with GBPs. And by subgroup analysis, we found that the
association between SIBO and GBPs was stronger in females than in males (p for interaction< 0.001). In addition, SIBO (OR=5.11,
95% CI=1.42—-18.36, p=0.012) and fasting glucose (OR=3.04, 95% CI=1.27-7.28, p=0.013) were found to be associated with solitary
polyps.

Conclusion: SIBO was highly prevalent in patients with GBPs, and this association seemed to be stronger among females.
Keywords: gut microbiota, bacterial overgrowth, breath test, gallbladder polyps

Introduction

Polypoid lesions of the gallbladder are one of the most commonly detected gallbladder diseases in adults on abdominal
ultrasonography. Gallbladder polyps (GBPs) are usually asymptomatic, but in a few cases, they may present with
symptoms similar to those of acute cholecystitis due to their specific anatomical location or when polyp fragments
detach and obstruct the bile duct." Most GBPs are generally considered benign, but a small percentage of GBPs were
reported to have malignant potential.> According to the European joint guidelines,®* cholecystectomy is suggested for
individuals with GBPs >10 mm in diameter; moreover, cholecystectomy is also recommended if the patient has a 6—
9 mm polyp and one or more risk factors. Although a single polyp larger than 10 mm is by far the most consistent
predictor of potential malignancy, many cases of malignant transformation of small polyps have been reported.*® The
currently reported risk factors for GBPs include male sex, obesity, hypertension, hyperlipidemia, fatty liver, etc.” '°
However, the conclusions of these studies are inconsistent, and the differences may be due to variations in geography,
ethnicity and study design. Gallbladder cancer has a very low 5-year survival rate, and early detection is difficult due to
the lack of obvious symptoms. Considering that GBPs constitute an important risk factor for gallbladder cancer, the
identification of etiology and relevant factors of GBPs is crucial for early screening and developing rational clinical

strategies.
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Gut microbiota is one of the most complex and important micro-ecosystems in the human body. As the understanding of
gut microbiota has grown, its role in human health is gradually being emphasized. Gut microbiota coexists with humans as
commensals, and it plays an important role in participating in host nutrient metabolism, maintaining the integrity of the
intestinal barrier, and regulating the immune function. There is growing evidence that gut microbes have many complex
physiological connections to multiple organs in the body. Under normal physiological circumstances, gut microbes
maintain a dynamic balance. However, this balance may be disrupted by the occurrence of some diseases, manifested by
changes in the structure or quantity of the gut microbiota. On the other hand, gut microbes can be potentially harmful when
the gut micro-ecosystem undergoes abnormal changes, and dysbiosis of the gut microbes may affect the host health in many
ways.'" Small intestinal bacterial overgrowth (SIBO) is one of the most common forms of gut microbial dysbiosis, and
studies have shown that it is associated with several diseases, such as irritable bowel syndrome, fatty liver, and metabolic
syndrome.'?"'* Gallbladder disease may be associated with SIBO. Abnormal gallbladder function can lead to an altered
homeostasis of bile acids and a reduced antimicrobial effect, which may be one of the mechanisms of SIBO. In turn, SIBO
might contribute to the development of gallbladder disease in a variety of ways. However, there is almost a gap in studies
exploring the association between gallbladder diseases and SIBO. The purpose of this study was to investigate the
prevalence of SIBO in patients with GBPs and to explore whether there is an association between these two conditions.

Materials and Methods
Study Design and Patients

From June 2021 to December 2021, patients with gastrointestinal discomfort (including abdominal pain, bloating,
belching, dyspepsia, constipation, diarrhea, nausea and loss of appetite) from the Sixth Medical Center of the PLA
General Hospital were enrolled in this study. The lactulose hydrogen-methane breath test was used to diagnose SIBO. All
patients had an abdominal ultrasound as well as laboratory tests on the same day that they had the breath test. Patients
were divided into GBPs group and control group according to whether GBPs were found under ultrasound. This study
was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the Sixth
Medical Center of PLA General Hospital. Written informed consent was obtained from all subjects.

Inclusion and Exclusion Criteria

Inclusion criteria were patients aged 18 years or older who underwent a lactulose hydrogen-methane breath test to assess
SIBO. Exclusion criteria were patients who 1) had taken antibiotics, H2 receptor antagonists, proton pump inhibitors,
probiotics, or medications that affect gastrointestinal motility within the last month; 2) had undergone vagotomy; 3) had
a history of gastrointestinal surgery; 4) had a colonoscopy, barium enema, or any other test with a bowel preparation
within one week; 5) had postprandial hypoglycemia; 6) were diagnosed with irritable bowel syndrome, inflammatory
bowel disease, or chronic pancreatitis.

Demographic, Clinical and Laboratory Data

Clinical data were recorded including age, sex, height, weight, blood pressure, smoking, alcohol consumption, past medical
history and medication history. Smoking was defined as smoking one cigarette per day for at least half a year, and drinking was
defined as drinking at least once a week. Laboratory test data including fasting glucose, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, triglycerides, total cholesterol, total bile acids, albumin, alanine aminotransferase,
aspartate aminotransferase, alkaline phosphatase, direct bilirubin, total bilirubin, and y-glutamyl transpeptidase were also
collected for each patient. Metabolic syndrome (MS) was defined according to the National Cholesterol Education Program
Adult Treatment Panel II1."?

Lactulose Hydrogen-Methane Breath Test

Each subject underwent a lactulose hydrogen-methane breath test, which was performed with reference to the North
American Consensus.'® To improve the accuracy of the test, patients were required to strictly adhere to the following
conditions: (1) avoid using antibiotics 4 weeks before the breath test; (2) fast for 812 hours before the breath test; (3)
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avoid consuming fermentable foods such as complex carbohydrates (milk, buckwheat, beans, oatmeal, sweet potatoes,
corn, etc.) the day before the breath test; (4) avoid smoking on the day of the breath test (burning tobacco can produce
large amounts of hydrogen gas); and (5) limit strenuous activity during the test.

The lactulose hydrogen-methane breath test apparatus (QuinTron, QuinTron Instrument Company, USA) was used to
first measure the patients’ fasting H2 and CH4 values, and then the patients were instructed to take 10 g of lactulose with
one cup of water. Exhaled hydrogen and methane levels were measured every 30 minutes for a total time of 210 minutes.
The criteria for a positive diagnosis of SIBO were as follows: 1) an increase in hydrogen level >20 ppm from baseline
within 90 minutes; and 2) a methane level >10 ppm during the test.

Ultrasonographic Examination

The subjects underwent an abdominal ultrasound examination in the fasting state, and a GBP was defined as a strongly or
moderately echogenic nodule protruding from the gallbladder wall into the lumen, which did not move with body
position and was not accompanied by a posterior acoustic shadow.’ The diagnosis of fatty liver was based on the Asia-
Pacific Guidelines (diffusely enhanced echogenicity liver with liver echogenicity higher than kidney or spleen, vascular
blurring, and deep beam attenuation).!” All procedures and diagnostics were performed by experienced ultrasound
physicians who were blinded to the clinical and laboratory information of the subjects.

Statistical Analysis

SPSS version 26.0 (IBM, Armonk, NY, United States) was used for statistical analysis. Continuous variables were
expressed as means + standard deviations, and categorical variables were expressed as frequencies and percentages.
Student’s t-test, chi-square test and Fisher’s exact test were used to analyze differences between groups. Multivariable
logistic regression was performed to identify the factors associated with GBPs and solitary polyps. The results of logistic
analysis were expressed as the odds ratios (ORs) and 95% confidence intervals (95% ClIs). P values <0.05 were
considered indicative of statistical significance.

Results

Among the 335 patients initially recruited, 18 patients met the exclusion criteria. Twenty patients were also ruled out due
to a previous cholecystectomy (Figure 1). Eventually, a total of 297 subjects were included in this study (mean age, 56
years; range, 25-86 years), consisting of 60 patients with GBPs and 237 controls.

335 enrolled patients

Met exclusion criteria (N=18)
Had a cholecystectomy (N=20)

297 eligible patients

GBPs Controls
(N=60) (N=237)
Single Multiple
(N=25) (N=35)
Figure | Flow chart.
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Table 1 shows the characteristics of the GBPs group and the control group. SIBO was found in 30/60 patients with
GBPs compared to 73/237 without GBPs (50.0% vs 30.8%, p<0.01; Figure 2). The mean age of the GBPs group was
54.9 years, including 46 males and 14 females, and the prevalence of GBPs was significantly higher in males than in
females (25.6% vs 11.8%, p< 0.01). The GBPs group had higher BMI (p<0.01), blood pressure values (p<0.05), and
prevalence of fatty liver (p<0.01) and metabolic syndrome (p<0.05) than the control group. There were no significant
differences in age, smoking, alcohol consumption and prevalence of gallstones between the GBPs and the control group.
In addition, in terms of laboratory data, the fasting glucose levels were higher in the GBPs group (p< 0.05), but the HDL-
C levels were lower in the GBPs group than in the control group (p< 0.01), and there were no statistical differences
between the two groups on other laboratory data.

The GBPs group was divided into two groups including single and multiple polyp groups. The characteristics of
patients with single polyps and multiple polyps were compared in Table 2. The prevalence of SIBO (p<0.01) and
gallstones (p<0.05) were higher in the group with single polyps than those with multiple polyps. The fasting glucose
values were higher in the single polyp group (p<0.01).

Multivariate regression analysis showed that male (OR=2.26, 95% CI=1.12-4.57, p=0.023), SIBO (OR=3.21, 95%
CI=1.69-6.11, p<0.001), fatty liver (OR=2.91, 95% CI= 1.50-5.64, p=0.002) and BMI (OR=1.13, 95% CI=1.01-1.26,
p=0.035) were independently associated with GBPs (Table 3). And fasting glucose (OR=3.04, 95% CI=1.27-7.28,
p=0.013) and SIBO (OR=5.11, 95% CI=1.42-18.36, p=0.012) were independently associated with solitary polyps
(Table 4).

Table | Univariate Comparison Between the GBPs and Control Groups

Overall (n=297) GBPs Group (n=60) Control Group (n=237) P-value
Age 55.97£11.10 54.85+10.44 56.26%11.26 0.381
Gender 0.002
Male 179(60.3) 46(76.7) 133(56.1)
Female 118(39.7) 14(23.3) 104(43.9)
BMI (kg/m2) 23.97+3.20 25.35+2.97 23.62+3.17 <0.001
Smoking 64(21.5) 15(23.4) 49(20.7) 0.468
Alcohol 120(40.4) 27(45.0) 93(39.2) 0418
SBP (mmHg) 127.42+12.40 130.38+12.05 126.68+12.40 0.038
DBP (mmHg) 75.05+9.56 77.68+8.64 74.38+9.68 0.017
Fatty liver 96(32.3) 34(56.6) 62(26.1) <0.001
Gallstone diseases 25 (84) 5(8.4) 20(8.4) 0.979
Diabetes 45 (15.1) 12 (20.0) 33 (13.9) 0.241
MS 44(14.8) 14(23.3) 30(12.7) 0.038
SIBO-positive 103(34.6) 30(50.0) 73(30.8) 0.005
FG (mmol/L) 5.23+0.71 5.43+0.78 5.18+0.68 0.021
HDL-C (mmol/L) 1.32+0.33 1.23+0.25 1.34+0.34 0.003
LDL-C (mmol/L) 2.87+0.81 3.00+0.80 2.84+0.8I 0.167
TG (mmol/L) 1.77+1.97 1.90+1.66 1.73+2.05 0.551
TC (mmol/L) 4.87%1.13 4.98%1.21 4.84x1.16 0.387
TBA (ummol/L) 5.05+4.62 4.69+3.24 5.14£4.91 0.509
ALB (g/L) 40.46+3.23 41.10£3.02 40.29+3.27 0.084
ALT (U/L) 22.00+16.00 24.32+11.37 21.41+16.93 0.209
AST (U/L) 21.31£7.59 22.35%7.36 21.05+7.64 0.233
ALP (U/L) 78.12+25.63 74.87+21.84 78.84+26.48 0.272
DBIL (ummol/L) 2.73%1.07 2.73+0.81 2.73%1.13 0.987
TBIL (ummol/L) 12.20+6.01 12.69+4.43 12.08+6.36 0.486
y-GT (U/L) 30.92+35.43 38.33£30.11 28.95+36.53 0.068

Abbreviations: BMI, body mass index; SIBO, small intestinal bacterial overgrowth; SBP, systolic blood pressure; DBP, diastolic blood
pressure; MS, metabolic syndrome; FG, fasting glucose; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; TG, triglyceride; TC, total cholesterol; TBA, total bile acids; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; ALP, alkaline phosphatase; DBIL, direct bilirubin; TBIL, total bilirubin; y-GT, y-glutamyl transpeptidase.
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Figure 2 The prevalence of SIBO: comparison between GBPs and control groups, single and multiple polyps groups.

Lastly, we further analyzed the association between SIBO and GBPs stratified for age, sex, and BMI using logistic regression

(Table 5). In the subgroup analysis, we found a significantly stronger risk effect of SIBO in females than in males (OR =3.87 vs
2.30, P for interaction< 0.001), but the effect did not modify by age (P for interaction= 0.70) or BMI (P for interaction= 0.22).

Table 2 Univariate Comparison Between the Single and Multiple Polyps Groups

Single Polyps (n=25) Muiltiple Polyps (n=35) P-value
Age 57.68+10.09 52.83+10.35 0.076
Gender 0.180
Male 17 (68.0) 29 (82.8)
Female 8 (32.0) 6(17.2)
BMI (kg/m?) 23.32+2.60 25.37+3.24 0.946
Smoking 6 (24.0) 9 (25.7) 0.880
Alcohol 9 (36.0) 18 (51.4) 0.236
Fatty liver 13 (52.0) 21 (60.0) 0.538
Diabetes 7 (28.0) 5(14.2) 0.190
MS 9 (36.0) 5(14.2) 0.050
Gallstone diseases 6 (24.0) I (2.8) 0.017
SIBO-positive 18 (72.0) 12 (34.2) 0.004
SBP 132.96x12.14 129.26+12.04 0.396
DBP 77.16+9.37 78.068.19 0.695
FG (mmol/L) 5.77+0.77 5.20+0.70 0.004
HDL-C (mmol/L) 1.20+0.19 1.24+0.28 0.503
LDL-C (mmol/L) 2.96+0.75 3.03+0.86 0.745
TG (mmol/L) 2.25%2.37 1.66+0.83 0.244
TC (mmol/L) 5.04£1.40 4.93+1.06 0.729
TBA (ummol/L) 3.96+3.00 5.21£3.35 0.142
ALB (g/L) 40.53+2.96 41.51+£3.05 0.220
ALT (U/L) 22.38+10.59 25.70+11.85 0.268
AST (U/L) 22.20+7.77 22.46+7.15 0.894
ALP (U/L) 77.13£23.23 73.25+21.00 0.503
DBIL (ummol/L) 2.83+0.88 2.66+0.77 0.424
TBIL (ummol/L) 13.42+4.75 12.16+4.19 0.284
y-GT (U/L) 38.96+40.01 37.87+21.04 0.892
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Table 3 Multivariate Analysis of Risk
Factors Associated with GBPs

Variables | OR 95% ClI p-value

Male 2.26 1.12-4.57 0.023
SIBO 3.21 1.69-6.11 <0.001
Fatty liver 291 1.50-5.64 0.002
BMI 1.13 1.01-1.26 0.035

Notes: Data were adjusted for age, smoking, alcohol,
metabolic syndrome, diabetes, gallstone diseases, systolic
blood pressure, diastolic blood pressure, fasting glucose,
high density lipoprotein cholesterol, low density lipopro-
tein cholesterol, triglyceride and total cholesterol.

Table 4 Multivariate Analysis of Risk Factors
Associated with Single Polyps

Variables OR 95% CI p-value
SIBO 5.11 1.42-18.36 0.012
Fasting glucose 3.04 1.27-7.28 0.013

Notes: Data were adjusted for age, gender, smoking, alcohol, BMI,
fatty liver, metabolic syndrome, diabetes, gallstone diseases, systolic
blood pressure, diastolic blood pressure, high density lipoprotein
cholesterol, low density lipoprotein cholesterol, triglyceride and
total cholesterol.

Table 5 Subgroup Analysis for Association Between
SIBO and GBPs Stratified by Sex, Age and BMI

Subgroups OR 95% ClI p-value
Age
<60 476 | 1.93-11.74 0.002
260 271 1.10-6.66 0.030
p for interaction 0.696
Sex
Male 230 | 1.124.73 0.024
Female 3.87 | 1.07-14.05 0.039
p for interaction <0.001
BMI
<25 492 | 1.86-13.01 0.001
225 1.17 | 0.40-3.43 0.771
p for interaction 0.218

Discussion

GBP is one of the most common gallbladder diseases, and its detection rate is increasing with the widely available
imaging examinations. The risk factors associated with GBPs remain unclear, previous studies have suggested that the
formation of GBPs is associated with several factors, such as male sex, BMI, fatty liver and metabolic syndrome. Gut
microbiota is the largest micro-ecosystem in the human body and it plays an important role in regulating metabolism and
maintaining the health of the body. SIBO is one of the most common forms of gut microbiota disorders.'® A bacterial
colony count of more than 10° CFU/mL in small intestinal aspirates is considered the criteria for the diagnosis of SIBO,"
but this traditional diagnostic method is complex and painful for patients. The hydrogen-methane breath test has an
acceptable level of accuracy, is simple and noninvasive, and is now widely used to diagnose SIBO in clinical practice.
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Increasing evidence reveals the role of SIBO in digestive diseases, however, the association between SIBO and
gallbladder disease has not been fully investigated. To the best of our knowledge, the present study is the first to assess
the association between GBPs and SIBO. We investigated the prevalence of SIBO in patients with GBPs and explored
the association between these two conditions. The results showed a high prevalence of SIBO in patients with GBPs, and
this association persisted after adjusting for potential confounders by multivariate regression analysis. In subgroup
analysis, we found that the association between GBPs and SIBO was stronger in females than in males, although the
reasons for this need to be further explored.

The pathogenesis of GBPs is complex and may involve a variety of factors, such as abnormal cholesterol metabolism
and chronic inflammation. Excess cholesterol deposition on the gallbladder mucosa is one of the causes of the formation
of GBPs, which can also promote gallbladder mucosal hyperplasia and impair the contractility of the gallbladder.
Considering the antimicrobial properties of bile, the impaired gallbladder motility may contribute to the development
of SIBO. In turn, SIBO can reduce the absorption of fat-soluble vitamins, such as vitamin D, and research has shown
that vitamin D deficiency may further aggravate the cholestasis,”’ thus starting a vicious cycle. In addition, the formation

121,which is common in SIBO. Previous studies have

of GBPs may be associated with a disturbance of the bile acid poo
found that compared to SIBO-negative patients, the levels of unconjugated bile acids were higher in SIBO-positive
patients.”>** The possible explanation for that is the increased number of colon-specific bacteria in the small intestine
under the condition of SIBO, which can lead to an increase in the deconjugation of bile acids. However, further studies
are needed to elucidate the specific mechanisms of the association between SIBO and GBPs.

In the present study, male and BMI were independently associated with GBPs. And higher BMI appears to be related
to SIBO.>* Previous studies have shown that distal small intestinal transit is slowed in obesity because of the presence of
leptin resistance,” and the reduced clearance capacity of the small intestine due to motility disorders is an important
trigger for SIBO. The present study suggests that fatty liver is closely associated with GBPs, which is consistent with
previous studies.’*® The study by Ahn et al’ found a dose-dependent relationship between fatty liver and increased risk
of GBPs, and that fatty liver may be a risk factor not only for cholesterol polyps but also for adenomatous gallbladder
polyps. The association between SIBO and fatty liver has been reported several times. A meta-analysis including 10
studies showed that patients with SIBO had a significantly increased risk of developing fatty liver.?” The exact
mechanism of the association between SIBO and fatty liver is still being explored, and it is now generally accepted
that it may be related to the impaired intestinal barrier and increased translocation of bacteria and bacterial by-products in
patients with SIBO.”® SIBO-positive patients have been shown to have a higher level of endotoxin and significantly
increased expression of CD14, NF-kB and TLR4 compared to SIBO-negative patients.”” Notably, the production of
various inflammatory cytokines can directly participate in the non-alcoholic steatohepatitis (NASH).?’ In addition, this
chronic inflammatory state can induce the insulin resistance, which is one of the important mechanisms of fatty liver.>

In the univariate analysis, we found that the prevalence of metabolic syndrome were higher in the GBPs group than in
the control group, but this difference was no longer significant in the multivariate analysis, which we consider might be
related to the small sample size. Previous studies have shown that metabolic syndrome is a risk factor for GBPs.*'~*
Metabolic syndrome is a complex multifactorial metabolic disease that refers to a pathological state in which the body’s
substances such as proteins, fats and carbohydrates are metabolically disordered. Studies suggested that there was an
increased inflammatory response in metabolic syndrome patients, which may be associated with altered gut microbiota
and increased penetration of impaired intestinal membranes by bacterial components.*® SIBO has been reported to be

1** compared the prevalence of metabolic

associated with the metabolic syndrome and its components. Fialho et a
syndrome and its components in SIBO-positive versus SIBO-negative patients, they found that the prevalence of
metabolic syndrome was higher in the SIBO-positive group than in the SIBO-negative group, and this association
persisted after adjusting for confounding factors.

In the current study, reduced HDL-C was also a related factor for GBPs at univariate analysis, whereas not at
multivariate analysis. Whether reduced HDL-C is a risk factor for GBPs is controversial. A study by Yang et al*> found
that HDL-C was one of the risk factors for GBPs, and their results showed that subjects with lower HDL-C levels had

136

a 3.346 times higher risk for having GBPs than control subjects. However, the study from Zheng et al™> found significant
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differences in LDL and cholesterol (TC) levels between the GBPs and control groups, and no differences in HDL and
triglyceride (TG) levels.

We also found that SIBO and fasting glucose were associated with solitary polyps in this study (Table 4), but the
mechanism of this association was not clear. Several previous studies reported that compared to benign polyps, malignant

3739 although this view remains controversial. A recent study by Terzioglu et al*’ also showed

polyps were often solitary,
that isolated polyps were an independent predictor of neoplastic GBPs. However, for GBPs, it is difficult to make
a definitive histological diagnosis except for postoperative pathological confirmation. Further prospective studies are
needed to confirm whether SIBO is associated with the formation of neoplastic polyps or an increased risk of malignant
transformation of the polyps.

There are still some limitations of this study. First, the breath test is not the gold standard for diagnosing SIBO, but it
has an acceptable level of accuracy. Second, cross-sectional study prevents us from determining a causal link between
SIBO and GBPs, and we could not ascertain the timing and sequence of the occurrence of SIBO and GBPs.

In conclusion, according to the above analysis, our study for the first time found an association between SIBO and
GBPs, although this association may be a coincidental occurrence rather than a causal one. Further prospective studies
are needed to verify these results and explain the exact mechanism. If confirmed, patients with GBPs, especially females,
might benefit from the assessment of polyps and active control of their risk factors.
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