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Background: Gallstone disease (GSD) is more commonly presented in aged people.
Purpose: The purpose of the study was to explore the insights of metabolic performance of bacterial species from gut microbiota as
well as the clinical background in middle-aged and elderly patients with GSD.
Patients and Methods: This is an observational study concerning 120 research participants. Of those, 90 patients with symptomatic
GSD addressed for cholecystectomy, average age 59.83 ± 15.32 years: 45 with cholesterol rich gallstones (CGSs), 45 with pigment
gallstones (PGSs) and 30 healthy controls joined this observational study. Clinical examination, lab work-ups, upper and lower
digestive video-endoscopies, abdominal ultrasound/CT and gallbladder motility assessment by Dodd’s method were performed.
Overall stool dysbiosis (DB) was assessed as 1 = minor, 2 = mild, 3 = severe, species being identified by matrix-assisted laser
desorption ionization method. Stool samples from dysbiotic patients were analyzed by a next generation sequencing method with
operational taxonomic unit identification.
Results: Patients with GSD presented with a significant high range of overall gut DB (p < 0.0001) when compared with controls.
Those with CGSs compared with those having PGSs displayed significant clinical differences related to elderly age, lifestyle and diet
particularities, obesity, dyslipidemia, nonalcoholic fatty liver disease, hypertension, type 2 diabetes mellitus or impaired glucose
tolerance, as well as motility disturbances of gallbladder with a decrease of the ejection fraction. Significant increase of overall DB
range and alterations of several functional bacterial species with a decrease of butyrate, lactate, acetate/propionate and methane
producers, mucin degrading bacteria, biodiversity index of microbiota, as well as an increase of lipopolysaccharide positive bacteria
were significantly present in patients with CGSs.
Conclusion: Middle-aged and elderly patients with GSD and a clinical background characterized by particular lifestyle, metabolic
and gallbladder motility issues displayed significant modifications of biodiversity, overall gut DB and alterations of several functional
bacterial species, with a decrease of their metabolic performance.
Keywords: biliary calculi, intestinal functional bacteria, dysbiosis

Introduction
Gallstone disease (GSD) represents the presence of calculi either at the level of gallbladder (GB) or at the level of
intrahepatic or extrahepatic bile ducts. GSD is frequently associated to lithogenic conditions such as disorders of
GB kinetics, metabolic issues (diabetes mellitus, obesity, dyslipidemia), chronic liver diseases, chronic hemolysis
or ileal pathology, resulting in modified chemical composition of bile, that eventually become oversaturated and
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precipitate, giving life of biliary calculi. Development of GSD is in fact a complex process where could intervene
genetic, inherited factors, as well as acquired and environmental ones, that at some point could act synergic and
boost GS formation. Age is a major risk factor for GSD and its prevalence tend to proportionally increase in
seniors, where patients exhibit either no signs of disease, the diagnosis being incidental or may display various
complications defined as inflammation, infections or neoplastic transformation.1 GSD is a relatively frequent
digestive condition, affecting about 10–15% of the adult population in Western countries. That is why, among
other digestive conditions, GSD is one of the most important causes for patient’s hospitalization. Over the past
decades GSs have been reliably classified by clinicians into cholesterol rich GSs (CGSs) and pigment GSs (PGSs)
(brown or black), depending on their gross appearance, associated to probable chemical composition.2 Especially
in Western countries about 90% of the gallstones found after cholecystectomy were CGSs.3 Diagnosis of GSD is
either incidental, when performing a routine abdominal ultrasound, or related to various complications. The
treatment of symptomatic GSD being exclusively surgical by laparoscopic cholecystectomy and in selected
cases with pure cholesterol gallstones, by orally lithotripsy with biliary acids.4–8 Over the past several years,
gut microbiota was extensively studied and many observations regarding its influence in maintaining health on
organisms are already well known. This microbial community participating in gut microbiome formation has its
own metabolic capabilities that complement the regular activity of the mammalian enzymes, located in the liver
cells or gut mucosa, by sharing some enzymes that our genes do not encode and therefore being actively involved
in the synthesis of vitamins or helping us to digest some specific nutrients.9 Imbalance of the amount or diversity
of gut microbiota could act as a trigger for diverse conditions either functional: irritable bowel syndrome,
migraine and chronic pelvic pain, or organic issues related to cardiovascular diseases, metabolic and liver
conditions as well as neurodegenerative disease.10–17 Hypotheses and recent evidence related to metabolic path-
ways influence of microbiota dysbiosis intervention are discussed in the settings of etiopathogenesis of GSD. An
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important role of gut microbiota is related to its implication in regulation of the enterohepatic bile acid (BA)
recycling process that eventually will result in intestinal cholesterol absorption.18 Changes of microbiota char-
acteristics, related to specific phyla, their amount and diversity were observed not only at the level of biliary tract,
but also at the gut level.19 Some studies reported that more than 70% of microorganisms seen in bile ducts of
patients with GSD were also present in the gut. These observations hypothesized that bile microbiota could in fact
originate from gut microbiota.20 Many recent researches focused not only on identifying the microorganisms
involved in gut microbiota, but also on better understanding their specific functionality related to human
metabolism, especially those associated to dietary components. Following the fermentation of dietary carbohy-
drates results in bacterial fermentation products represented especially by short chain fatty acids (SCFAs). The
most important SCFAs of the normal gut microbiota are acetate propionate and butyrate acids, whose molar ratios
range from 3:1:1 to 10:2:1. Their activity is related to energy supply, glucose and cholesterol metabolism,
lipogenesis, appetite regulation, antiinflammatory and anticancer capabilities.9 The interactive cross-talk between
the host genome and the gut microbiome could modulate a lot of important metabolic pathways, one of these
being the BAs metabolism. Butyrate producing bacteria such as Eubacterium spp. are capable of transforming
primary BAs to secondary BAs such as: lithocholic acid and deoxycholic acid, which are potentially cytotoxic and
have been linked to colorectal cancer and cholesterol GS formation.21 Consecutively to the bacterial deconjuga-
tion process a decrease of the efficiency of BAs for the emulsification of dietary lipids and micelle formation
would develop. This can result in the alteration of the host digestive abilities, as BAs play a pivotal role regarding
the absorption of dietary fats, various nutrients and lipid-soluble vitamins.22

The aim of the study was to explore the insights of metabolic bacterial performance of gut microbiota and its clinical
background in patients with GSD.

Materials and Methods
120 research participants joined this observational study. Of those, 90 patients were diagnosed with symptomatic
GSD addressed by cholecystectomy and 30 healthy controls were enrolled in this study after the written informed
consents were signed. Controls were recruited from apparently healthy siblings of patients or hospital employees.
Patients were subjected to a clinical examination including history of alcohol consumption, cigarette smoking,
heredity for GSD, associated medical conditions, lifestyle questionnaires about physical activity, occupation/
leisure, stress, dietary habits related to amount of calories, amount and frequency of eating five items with
fiber (fruits, vegetables, whole grain products, rice, potatoes, pasta, legumes), water intake, assessment of body
mass index (BMI) and blood pressure measurement. Laboratory work-ups (blood, urine, stool) included complete
cell blood count, total bilirubin, alanine-aminotransaminase, amylase, fast blood glucose, C-reactive protein,
creatinine, total cholesterol, triglycerides and H. pylori fecal antigen were performed before cholecystectomy
using standardized methods, accredited by the European Community (EC) and Romanian Accreditation
Association (RENAR).

Inclusion Criteria
Middle-aged and elderly patients (over 45), average age 59.83 ± 15.32 years, with GSD addressed for cholecys-
tectomy were consecutively included in this observational study based on GS classification. Patients were
assigned to two equal groups: 45 patients with cholesterol rich GSs and 45 with pigment GSs.

Exclusion Criteria
Patients with small bowel and colon organic diseases, respiratory, cardiac, liver, and kidney insufficiency; thyroid,
oncological, and autoimmune diseases, gastro-esophageal reflux and peptic ulcer disease, H Pylori infection, other
infections or inflammations such as: cholecystitis, pancreatitis, peritonitis, as well as patients under bile sequestrants,
proton pump inhibitors, antibiotic or probiotic treatment at enrollment or with a recent history of antibiotics/
probiotics.
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Diagnosis of Entities and Procedures
Diagnosis of diabetes mellitus was made according to American Diabetes Association (ADA) criteria and that of
dyslipidemia according to Panel III Guidelines, 2004.23,24 Irritable bowel syndrome (IBS) diagnosis was made
according to Rome III criteria.25 Stool samples of all research participants (patients and controls) were collected
in dedicated 30 mL sterile stool screw cap polypropylene containers for storage at −20 °C, with spoon collectors
(Euro Med), then brought to the lab in a maximum 2-hour interval after collection. For overall gut microbiota DB
assessment, progressive dilutions in saline water from 10−1 to 10−5 were obtained, and 0.1 mL of the stool
samples was placed on different culture media for aerobe, anaerobe, and microaerophilic spp. Different micro-
organisms were identified based on matrix-assisted laser desorption ionization-time of flight-mass spectrometry
(MALDI)-TOF-MS and expressed by colony forming units (CFU)/gram of stool.26 Overall dysbiosis (DB),
diagnosed as quantitative and qualitative imbalance of the intestinal flora and assessed as 1 = mild, 2 = moderate
and 3 = severe.10 Frozen stool samples from patients who presented dysbiosis were investigated using a 16S
rRNA NGS (next generation gene sequencing) method. Workflow steps were: sample collection in 30 mL sterile
stool screw cap polypropylene containers with spoon collectors (Euro Med), for storage at −20 °C, preparation for
DNA isolation, PCR amplification, mixing, and purifying PCR products, library preparation, sequencing, and data
analysis. In this study, DNA was isolated from 43 frozen fecal samples using Sigma’s Gen Elute™ Stool DNA
Isolation Kit (Sigma-Aldrich, St Louis, USA), that simultaneously isolated the total genomic DNA from all the
various microorganisms found in the frozen stool samples. The kit also removed all traces of humic acid using the
provided Bead Tubes and a combination of chemical and physical homogenization and lysis. A spin column
procedure was then used to further purify the DNA. The purified genomic DNA was stored at 2–8 °C. (www.
sigmaaldrich.com>dnb200). Preparation of the 16S Metagenomic Sequencing Library was based on targeting the
variable V3 and V4 regions of the 16S rRNA gene with the Illumina MiSeq System (Illumina, San Diego, CA,
USA). This involves a two-step, tailed PCR approach that generates ready-to-pool amplicon libraries. The entire
protocol, step by step is illustrated in 16S sample preparation guide from Illumina (www.support.illumina.
com>16s). Briefly, the 16S V3 and V4 amplicon workflow consisted of a PCR amplification template from of
genomic DNA using region of interest-specific primers with overhang adapters attached as well as Locus-specific
primers containing sequence tails that allow for a second PCR step to add Nextera® XT-indexed adapters. Tailed
primers increase the melting point, efficiency, and specificity while avoiding the disadvantages of long primers,
such as hairpins, self-dimers, primer dimers, and chimeras. The full primer pair sequences according to standard
International Union of Pure and Applied Chemistry (IUPAC) nucleotide nomenclature were 16S Amplicon PCR
forward primer (50 bp): 5’-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-3’ and 16S Amplicon PCR
reverse primer (55 bp): 5’-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-3’; attaching the indices,
P5Index2 and P7Index1, and Illumina sequencing adapters using the NexteraR XT Index Kit. The Nextera XT
Index Kit uses a dual-index strategy involving 12 (i7) and 8 (i5) indexes, for a total of 20 indexes. Together, they
can generate 96 (12 × 8) different index combinations. To control the metagenomics sample for 16S rRNA
sequencing, a microbial mock community B sample available from BEI Resources (HM-276D) was used. (BEI
Resources (www.beiresources.org/Catalog/otherProducts/HM-276D.aspx). Cleaning-up the final library before
quantification was performed using AM Pure XP beads, and then the quantification, normalization, and pooling
libraries were set. The number of samples pooled per run was adapted for the stool microbiome assessment. For
metagenomic samples >100,000 reads/sample were performed to fully survey the bacterial classification, accord-
ing to the Nextera Low Plex Pooling Guidelines Technical Note. Illumina (2011). (www.illumina.com/documents/
products/technotes/technote_nextera_low_plex_pooling_guidelines.pdf). Denaturating the pooled libraries before
sequencing on the MiSeq System was performed using V3 reagents, MiSeq, and sample loading. Data analysis
was carried out using MiSeq Reporter (v2.3) software (support.illumina.com/documents/documentation/softwar-
e_documentation/miseqreporter/miseq-reporter-metagenomics-workflow-ref-guide-15042317-c.pdf), and the meta-
genomic workflow provided a classification of the operational taxonomic units (OTUs) based on the Greengenes
database (http://greengenes.lbl.gov/). The specific taxonomical footprint of each sample was identified.27 The final
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output of this entire workflow provided an elaborate presentation of different taxonomic levels from kingdom and
phylum to genus and species as cluster graphs, sample tables, columns, and cluster pie charts, bioindicators
including Shannon–Wiener H index of alpha biodiversity, as well as functional phyla assessment.28 GSD
diagnostic basically relied on abdominal ultrasound and computed tomography (CT). For the ultrasound procedure
patients were examined in a fasting state, in the morning, high resolution ultrasound machines and 3.5–5 MHz
phased array probes were used. GB was observed in 2 incidences (longitudinal and transversal). Hyperechoic
images inside GB, mobile within gravitation, with acoustic shadows were consistent with the diagnostic of GSs.29

Measurements of the GB dimensions, the wall thickness and the diameters of each clear visualized stone, as well
as of intra and extrahepatic bile ducts, liver and spleen, pancreas, kidney were performed in each patient.
Figure 1A and B illustrate ultrasound aspects of GSD (personal collection).

The GB motility assessment was performed using Dodd’s method with measurement of initial and residual GB
volume and calculation of GB ejection fraction (GBEF) after receiving a test meal. The cutoffs for GBEF were
60%.30 The presence of nonalcoholic fatty liver disease (NAFLD) was also reported, based on ultrasound/CT
criteria of diagnostic.31 Upper and lower digestive video-endoscopies, abdominal CT, electrocardiograms and
thorax X-ray examinations were also performed. Cholecystectomy was performed by retrograde laparoscopic
approach in all study participants. Following cholecystectomy all GB pieces were sent to the pathology laboratory,
where they were gross examined, then 10% formalin fixated, paraffin embedded and usual hematoxylin-eosin (HE)
stained with optical microscopy examination, performed by trained pathologists. In the operation theatre, after the
removal of the GB, GSs were gross examined with a magnifier glass by the surgeon, dissected with the scalpel
and classified into cholesterol rich (CGSs) or pigment (black or brown) stones (PGSs), depending on their
characteristics, according to the Japanese Society of Gastroenterology which associates gross morphology to
chemical composition of GSs.32,33 CGSs could be pure when characterized by soft consistence, smooth surface
and yellowish color. The surface of the sectional plane of a pure CGS has a radial pattern seen from the center to
the edges, evoking a spoke wheel. Combination CGSs are composed by two different zones, clearly visible when
sectioned: the middle of cholesterol and the surface of pigment-bilirubin compounds. Mixed CGSs exhibit rough
surfaces, display a small pigmented center, a large coat of cholesterol and a radial pattern. PGSs are classified into
two groups: brown and black. Brown PGSs contain multiple compounds: calcium bilirubinate, tribasic phosphate
and calcium fatty acids; their cut appearance reveals a pattern with concentric circles, like a tree section. Black
PGSs are amorphous, formed mostly by calcium bilirubinate and exhibit no pattern at all. Depending on the
description of GSs, two equal groups of patients were formed, each with 45 study participants, respectively group
1 with CGSs and group 2 with PGSs.

Figure 1 (A) Left: 2D abdominal ultrasound, white arrow pointing at GS. GB=gallbladder. (B) Right: Abdominal duplex ultrasound, white arrow pointing at GS. GS appears
as echogenic zone (white) with acoustic shadow (black tail behind the stone).
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This study was in accordance with the Helsinki Declaration of Human Rights and has been approved by the
Ethical Committee of Scientific Research with the University of Medicine and Pharmacy from Timisoara, number
16/24.05/2021.

Statistical Analysis
Statistical analysis was performed using Graph Pad Prism 9.3.1 (471) version package (Graph Pad Software, Inc., La
Jolla, CA, USA). Continuous data were expressed as mean values and standard deviations. Categorical variables were
analyzed with the Chi-squared test. Unpaired t test was performed, and p values were calculated. When p was ≤0.05, the
results were considered statistically significant, with a confidence interval (CI) of 95%. Histograms of variables
distribution were produced.

Results
This is an observational study concerning 120 research participants: 90 patients with symptomatic GSD addressed for
cholecystectomy and 30 healthy controls. Table 1 illustrates the demographic and gut microbiota dysbiosis characteristics
in patients with GSD and controls. As seen, patients with GSD exhibited statistically significant differences only related
to overall DB (p < 0.0001), when compared to the control group. Demographic characteristics were comparable between
the study group and the control group.

Table 2 presents the most important demographic, clinical and biological aspects in study participants (90 patients),
divided into two even groups, respectively: 45 patients with cholesterol rich gallstones (CGSs) and 45 patients with
pigment gallstones (PGSs).

As observed in Table 2, statistically significant differences were noted in favor of patients with CGSs related
to older age, elevation of CRP, incidence and severity of overall DB, sedentary lifestyle and dietary habits
characterized by high saturated fat and low fiber ingestion, as well as to association with several metabolic
conditions, such as: obesity, dyslipidemia, NAFLD, hypertension, T2DM or IGT, treatment with oral antidiabetics,
hypolipemiants and a decrease of the GB motility. Patients with PGSs displayed significantly younger age and
chronic liver conditions others than NAFLD.

Figure 2 depicts aspects related to gross GSs description after performing the cholecystectomy. Given that, the
overall distributions of GSs according to number was 77.77% multiple stones of various size and 22.23% solitary
GSs, usually over 1 cm diameter. No significant differences related to number of GSs were noted between the two
groups (CGSs vs PGSs).

Figure 3 displays alterations of the diversity of entities retrieved in the stool of patients with GSD, respectively, CGSs
vs PGSs. The H index of alpha biodiversity significantly decreased (<2.8) in patients with CGSs 58.33% vs PGSs
23.07% (p = 0.03).

Variation of metabolic bacterial performance of the functional phyla, expressed in percentage above or below the cutoffs, in
patients with GSD is illustrated in Table 3. As seen in the table below, significant differences were observed related to butyrate
producers where more than half of patients with CGS exhibited an important decrease of these species: 58.33% vs 28.07%
(p = 0.031). Decrease of the acetate/propionate producers was significantly noted in patients with CGS: 55.55% vs. 23.07% (p =

Table 1 Demographic and Gut Microbiota Chart in Research Participants

Variables Patients with GSD (n=90) Controls (n=30) p

Age 59.83±15.32 54.24±10.80 0.0670

Gender M/F 22/68(24.44%/75.56%) 11/19(36.66%/63.34%) 0.1961

Location U/R 53/47(58.88%/41.12%) 19/11(63.33%/36.67%) 0.6679

Gut overall DB presence 49/90 (54.44%) 2/30(6.66%) <0.0001*

Note: *Statistically significant.
Abbreviations: GSD, gallstone disease; n, number; M/F, males/females; U/R, urban/rural; DB, dysbiosis.
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Table 2 Demographic, Biological and Clinical Chart in Study Participants

Variables CGSs (n=45) PGSs (n=45) p

Age 63.30±14.31 53.28±12.34 0.0006*

Gender ratio M/F 10/35(22.22%/77.78%) 12/33(26.66.%/73.34%) 0.6260

Location U/R 28/17(62.22%/37.78%) 25/20(44.44%/55.56%) 0.0927

Hemoglobin (g/dl) 12.10±1.49 12.03±0.44 0.8954

Leukocytes/mm3 7.67x103±4.07 x103 7.92x103±2.48 x103 0.8606

CRP (U/l) 6.14±1.03 3.6±1.57 <0.0001*

ALT (IU/l) 31.92±15.14 34.13±15.08 0.7190

Total Bilirubin (mg/dl) 0.61±0.26 0.71±0.21 0.3315

Amylase (U/l) 48.03±21.22 45.33±18.76 0.7574

FPG (mg/dl) 118.03±21.45 89.36±9.57 0.0009*

Creatinine (mg/dl) 0.69±0.27 0.58±0.19 0.2919

Overall DB percentage 80% 28.88% <0.0001*

Overall DB severity 1.78±1.15 0.13±0.35 0.0004*

Family history for GSD 51.11% 46.66% 0.6745

Cigarettes smoking history 28.88% 33.33% 0.6502

Alcohol drinking history 11.11% 15.55% 0.5378

Diet rich in saturated fat 77.77% 31.11% <0.0001*

Low dietary fibers 62.22% 31.11% 0.0033*

Sedentary lifestyle 53.33% 44.44% 0.4015

BMI>30 kg/m2 66.66% 12.5% 0.0078*

T2DM/IGT 42.85% 4.44% <0.0001*

Oral antidiabetics 17.77% 0% 0.0032*

Insulin therapy 4.44% 0% 0.1566

AH 62.96% 12.5% 0.0134*

Dyslipidemia 66.66% 12.5% 0.0288*

Statins 37.77% 4.44% 0.0001*

Statins and fibrates 15.55% 0% 0.0062*

NAFLD 44.44% 17.77% 0.0066*

Overall chronic liver conditions (except NAFLD) 6.66% 22.22% 0.0368*

IBS 40% 35.55% 0.6650

GSD related carcinoma 2.22% 0% 0.6224

GBEF<60% 26/45(57.77%) 16/45(35.55%) 0.0356*

Note: *Statistically significant.
Abbreviations: CGS, cholesterol rich gallstones; PGS, pigment gallstones; n, number; M/F, males/females; U/R, urban/rural; GS, gallstones; CRP, C-reactive protein;
ALT, alanine aminotransaminase; FPG, fast plasma glucose; g/dl, grams/deciliter; mm3, milimetter3; U/L, units/liter; IU/l, international units/liter; mg/dl, milligrams/
deciliter; DB, dysbiosis; BMI, body mass index; T2DM/IGT, type 2 diabetes mellitus/impaired glucose tolerance; AH, arterial hypertension; NAFLD, nonalcoholic fatty
liver disease; IBS, irritable bowel syndrome; GBEF, gallbladder ejection fraction.
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0.046). Significant differences were also seen related to an increase of the LPS positive bacteria in patients with CGS: 61.11% vs.
15.38% (p = 0.0051). An important decrease of lactate producers and slight decrease of mucin degrading bacteria were noted in
both groups of patients.

Histograms of the quantitative distribution of the various phyla according to their metabolic performance in patients
with GSD are illustrated in Figures 4–8.

Analyzing the quantitative distribution of functional bacteria, one can see in Figure 5 that lactate producing bacteria
were significantly decreased in CGS patients: 1.571 vs 7.835, p < 0.0001 while lipopolysaccharide (LPS) positive

Figure 2 GSs distribution according to gross description.

Figure 3 H index of alpha-biodiversity in patients with GSD: CGSs vs PGSs.

Table 3 Modifications of Stool’s Phyla According to Bacterial Metabolic Performance in Study Participants

Phylum Alterations CGSs PGSs P

Decrease of butyrate producers 58.33% 23.07% 0.031*

Decrease of lactate producers 80.55% 76.92% 0.783

Decrease of acetate/propionate producers 55.55% 23.07% 0.0465*

Decrease of mucin degrading bacteria 22.22% 15.38% 0.6037

Increase of LPS positive bacteria 61.11% 15.38% 0.0051*

Note: *Statistically significant.
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Figure 5 Quantitative distribution of the functional phyla in patient's GSD.

Figure 6 Quantitative distribution of the functional phyla in patient's GSD.

Figure 4 Quantitative distribution of the functional phyla in patient's GSD.
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bacteria were significantly increased in CGS patients: 2.873 vs. 1.889, p = 0.0013, as depicted in Figure 8. The other
quantitative data of functional phyla did not show significant differences between the two groups.

Variation of several functional bacterial species expressed as percentage of decrease below the cutoffs is depicted in
Table 4.

Figure 7 Quantitative distribution of the functional phyla in patient's GSD.

Figure 8 Quantitative distribution of the functional phyla in patient's GSD.

Table 4 Modifications of Functional Bacterial Species in Study Participants

Bacterial Species Alterations (Decrease) CGSs PGSs p

Akkermansia muciniphila 66.66% 33.33% 0.0017*

Prevotella spp. 27.77% 7.69% 0.0131*

Desulfuromonas spp. 5.55% 7.69% 0.7784

Bifidobacterium adolescentis 61.11% 23.07% 0.0199*

Bifidobacterium dentium 66.66% 53.84% 0.4160

(Continued)
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As illustrated in Table 4, patients with CGSs presented a significant decrease of Akkermansia muciniphila (p = 0.0017),
Prevotella spp. (p = 0.0131), Bifidobacterium adolescentis (p = 0.0199), Alistipes spp. (p = 0.0135), Bacteroides spp.
(p = 0.0005), Dorea spp. (p = 0.0051), Methanobacteria (p = 0.0351), Methanobrevibacter smithii (p = 0.0178),
Ruminococcus spp. (p = 0.0002) and Faecalibacterium prausnitzii (p = 0.0135). Both groups exhibited an important decrease
of Lactobacillus spp. and slight decrease of Desulfuromonas spp.

Histograms of the quantitative distribution of the most important bacterial species whose functions are associated to
butyrate production, in patients with GSD are represented in Figures 9–11.

Table 4 (Continued).

Bacterial Species Alterations (Decrease) CGSs PGSs p

Lactobacillus brevis 94.44% 92.30% 0.7849

Lactobacillus plantarum 69.44% 76.92% 0.6125

Lactobacillus paracasei 77.77% 92.30% 0.2511

Oscillibacter spp. 86.11% 84.61% 0.8957

Alistipes spp. 55.55% 15.38% 0.0135*

Bacteroides spp. 77.77% 23.07% 0.0005*

Dorea spp. 61.11% 15.38% 0.0051*

Methanobacteria 27.77% 0.00% 0.0351*

Methanobrevibacter smithii 33.33% 0.00% 0.0178*

Enterobacter spp. 22.22% 15.38% 0.6037

Ruminococcus spp. 80.55% 23.07% 0.0002*

Escherichia spp. 41.66% 38.46% 0.8421

Faecalibacterium prausnitzii 55.55% 15.38% 0.0135*

Roseburia spp. 22.22% 7.69% 0.2500

Lactobacillus spp. 72.22% 69.23% 0.8396

Note: *Statistically significant.
Abbreviation: spp, species.

Figure 9 Quantitative distribution of the bacterial species producing butyric acid in patients with GSD.
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As illustrated in Figures 9–11, significant differences between patients with CGSs vs PGSs were observed related to
distribution of Faecalibacterium Prausnitzii range (2.223 vs. 3.082, p = 0.048). No significant differences were noted
related to Roseburia spp. and Ruminococcus spp. range.

Histograms of the quantitative distribution of the bacterial species associated to lactate production, in patients with
GSD are represented in Figures 12–14.

As depicted in Figures 12–14, significant differences were noted between patients with CGSs vs PGSs, related to
distribution of Bifidobacterium spp. range (0.04 vs. 0.112, p = 0.0033). No significant differences between the two groups
related to Enterococcus spp. and Lactobacillus spp. range were observed.

Histograms of the quantitative distribution of the bacterial species involved in acetate/propionate production, in
patients with GSD are represented in Figures 15–17.

As presented in Figures 15–17, significant differences were observed in patients with CGSs vs. PGSs, related to
Bacteroides spp. range distribution (10.15 vs. 13.17, p = 0.0149). No significant differences between the two groups,
related to Alistipes spp. and Dorea spp. range were observed.

Histograms of the quantitative distribution of the bacterial species associated with mucin degradation in patients with
GSD are represented in Figures 18–19.

As observed in Figures 18–19, no significant differences were noted between patients with CGSs vs those with PGSs,
related to distribution of Akkermansia muciniphila and Prevotella spp. range.

Figure 11 Quantitative distribution of the bacterial species producing butyric acid in patients with GSD.

Figure 10 Quantitative distribution of the bacterial species producing butyric acid in patients with GSD.
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Figure 13 Quantitative distribution of the bacterial species producing lactic acid in patients with GSD.

Figure 14 Quantitative distribution of the bacterial species producing lactic acid in patients with GSD.

Figure 12 Quantitative distribution of the bacterial species producing lactic acid in patients with GSD.
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Figure 15 Quantitative distribution of the bacterial species producing acetate/propionate in patients with GSD.

Figure 16 Quantitative distribution of the bacterial species producing acetate/propionate in patients with GSD.

Figure 17 Quantitative distribution of the bacterial species producing acetate/propionate in patients with GSD.
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Discussion
As others previously reported, elderly patients with CGSs are placed in a metabolic issued population, where conditions
such as: AH, obesity, T2DM/IGT, dyslipidemia and NAFLD are frequently reported.34,35 Results of the present study
highlighted that, by comparing to PGSs population, elderly patients affected by CGSs exhibited in a statistically
significant percentage of cases lifestyle particularities, dietary habits with high saturated fat and low fiber ingestion,
carbohydrates and lipids metabolic diseases, disturbances of GB motility with a decrease of the GBEF, as well as
cardiovascular issues, such as: atherosclerosis, AH and its further complications. GSD and atherosclerosis seem to share
some metabolic pathways and the risk for cardiovascular events stays elevated even after cholecystectomy. That is why
assessment of cardiovascular risk before intervention is mandatory, while association to AH, obesity and T2DM is often
seen in GSD, especially in those having cholesterol stones.36,37 As we observed in past and present studies, the increase
of the GB volume with age up to atony of GB was also reported by others in imaging studies, some research noticing the
decrease of GB motility in elderly patients with obesity and T2DM, aspects that place GB motility reduction in the risk
factors panel for GSD.38,39 A prophylactic approach, related to lifestyle changes including diet customization, together
with early diagnostic and prevention of diabetes and other metabolic conditions could substantially improve the overall
morbidity and mortality risk associated to GSD.40,41 Besides the cardiovascular risk associated to GSD, another
degenerative risk reported in older people with large GSs is GSD related carcinoma. Different kind of approaches are
possible when it comes to managing GSD carcinoma risk. Some surgeons proposed prophylactic cholecystectomy

Figure 18 Quantitative distribution of the bacterial species associated with mucin degradation in patients with GSD.

Figure 19 Quantitative distribution of the bacterial species associated with mucin degradation in patients with GSD.
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especially in patients with morbid obesity and large sized stones.42 Other recent approaches are related to betulinic
acid’s antiinflammatory and antiapoptotic properties, that seem to be very promising, at least in preliminary studies.43,44

Gut microbiota alterations could impact the physical characteristics of the BAs and metabolic associated conditions,
representing risk factors for GSD, especially for cholesterol type gallstones.45,46 Our study has shown that older patients
with GSD extensively exhibited gut DB, when compared to healthy controls. This study highlighted that population
with CGSs by comparing to those with PGSs presented significantly older age and higher range of incidence and
severity of DB. From the perspective of association of CGSs to various metabolic disorders, where there is lot of
evidence for gut DB implication, these findings are not so surprising, but more expected. Some particular bacteria,
especially those from the Firmicutes strain, by breaking down undigested food components, can supply the human body
with simple carbohydrates and SCFAs, being involved in energy metabolic pathways that can eventually lead to being
overweight. The detection of increased relative frequency of Firmicutes and of certain bacteria of the Firmicutes strain,
such as Lactobacillus spp., could indicate a higher risk for obesity. By comparing to gut normobiosis, elderly population
with CGSs vs those with PGSs exhibited modifications of normal distribution of dominant phyla. This particular
microbiota footprint was also recently reported by others.47,48 This microbiota signature in senior patients with CGSs
associated in more than half cases type 2 diabetes mellitus, as well as obesity, sedentary lifestyle and dietary
particularities with high saturated fat intake and low fiber diet. Over the past decade, beside the effort of identification
of various species of gut microbiota, a lot of research was oriented towards understanding the functionality of particular
genera and the way they could intervene into various metabolic pathways. That is why functional bacterial groups and
metabolic performance of several species came to be extensively studied. Faecalibacterium prausnitzii, member of
Clostridium leptum subgroup, representing more than 5% of the total gut microbiota in healthy humans, is one of the
most abundant butyric acid producing bacteria of the gut microbiome. It favorably modulates intestinal immune system,
oxidative stress and colonocyte metabolism.49,50 Apparently it reduces intestinal inflammatory processes with inhibition
of the pro-inflammatory interleukin 8. Production of butyric acid modulates differentiation of regulatory T cells with
increasing the anti-inflammatory interleukin 10 and reducing the pro-inflammatory interleukin 12. It seems that butyric
acid producing bacteria have also the ability to produce anti-inflammatory substances, like the salicylic acid even in the
environmental milieu.51,52 Decrease of Faecalibacterium prausnitzii that was observed in patients with CGSs from the
present study, could trigger subclinical gut and systemic inflammation and therefore a lot of pathologic conditions.
Some experimental research highlighted the importance of butyric acid producing bacteria by restoration of gut
microbiota balance in obese mice, where after treatment with Faecalibacterium prausnitzii an augmentation of
adiponectin insulin sensitivity of the subcutaneous and visceral adipose tissue, as well as less inflamed adipose tissue
and increased muscle mass linked to enhanced mitochondrial respiration were observed.53

Hepatic hypersecretion of cholesterol related to genetic and acquired dietary factors stays the top reason for CGSs
formation. A lot of microbial intestinal factors linked to CGSs are associated to alterations of the bile salts and
cholesterol absorption with inhibition of bile salts absorption and augmentation of cholesterol absorption. Therefore,
these aspects could play an important role in the formation of gallstones.54,55 Ruminococcus spp., another important
butyrate producing bacteria, significantly decreased in patients with CGSs from the present study. Some authors recently
proposed that these bacteria to be considered markers for distinguishing patients with GSD from healthy controls.56

Elderly patients with CGSs from the present study displayed significant decrease of Akkermansia muciniphila
bacteria, a representative of the mucin degrading bacteria. In healthy human subjects Akkermansia muciniphila was
associated to low body weight, low body fat proportion, reduced adipose tissue inflammation and reduced insulin
resistance. Abnormal mucin secretion secondary to a decrease of the functional mucin degrading bacteria result not only
in many intestinal tumoral diseases, but also in risk factors for GSD. Recent studies highlighted that mucin-4 could be
involved in gallstone formation.57,58 Some reviews focused on the role of Akkermansia muciniphila in diabetes, obesity,
aortic lesions and atherosclerosis, as well as the use of this bacterium as a promising next-generation probiotic, its
abundance assuring the improving of the metabolic condition with reduced metabolic endotoxemia, adiposity, insulin
resistance and increase of glucose tolerance.59,60

A significant decrease of Prevotella spp. was also noted in senior patients with CGSs from the present study. Mucosal
inflammation mediated by Prevotella spp. could promote systemic dissemination of various pro-inflammatory mediators,
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as well as bacteria and bacterial products, which in turn may trigger systemic diseases.61 A recent research hypothesized
that abundance of Prevotella spp. may play a protective role against gallstones formation by regulation of the BAs
composition, reducing metabolic endotoxaemia and protection of the mucosal gut barrier. An interesting question related
to the utility of Prevotella spp. as a probiotic treatment for GSD has been asked.62

We noted that elderly patients with CGSs exhibited significant increase of LPS positive bacteria, associated with high
levels of CRP, NAFLD and other metabolic issues. Several studies already reported a correlation between intestinal
bacteria and the development of NAFLD. A shift in the metabolic function of intestinal bacteria is predominantly caused
by dysbiosis. In the intestine, it leads to an increase in the permeability of intestinal mucosa for LPS and ultimately
causes chronic inflammation. Concentration of bacterial metabolites in the blood, such as trimethylamine which is
metabolized in the liver to trimethylamine-N-oxide (TMAO) correlates with the severity of steatohepatitis.63–65

Interestingly, several bacteria such as: Methanobrevibacter smithii, Bifidobacterium spp., Bifidobacterium animalis,
Escherichia coli, Akkermansia muciniphila, Anaerotruncus colihominis and bacteria of the Bacteroidetes strain have the
capability to reduce the production of high-calorie substances and therefore also influence the caloric intake. A relatively
low frequency of these bacteria correlates with increased body weight, as we have also observed.66–69

The presence of reduced bacterial biodiversity, as we have also noted in the present study, especially in older patients
with CGSs, has an additional unfavorable result by promoting inflammation, disruption of the mucosal barrier and
dysregulation of BAs composition.70–72 It should be noted that gut microbiota modification is frequently reported in GSD
even after cholecystectomy, especially in patients complaining of various dyspeptic complaints.73,74 Given these
observations, understanding the insights of gut microbiota DB in elderly patients with GSD could result in new
promising probiotic customized therapy.

Limitations are related to possible confounders, a lot of patients with GSD already having T2DM and IBS, conditions
known for association to gut DB. Other statistical biases and potential drawbacks could have also intervened, given the
cross-sectional study design and relatively small sized research population. Since study of gut microbiota’s insights in
patients with GSD could result in new promising next-generation probiotic customized therapy, it is mandatory that these
preliminary observations be further validated by larger prospective researches.

Conclusion
Middle-aged and elderly patients with GSD and clinical backgrounds characterized by a particular lifestyle, metabolic
and gallbladder motility issues displayed significant modification of biodiversity, overall gut DB and alterations of
several functional bacterial species, with a decrease of their metabolic performance.
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