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Abstract: Bariatric surgery (BS) success rates vary in the long-time. A better understanding of weight-loss response 
may help improve the outcomes of BS. Gut microbiome could be implicated in the successful rate of BS. The aim 
of the study is to analyze the role of gut microbiome in the successful rate of BS. This is a cross-sectional study 
of a prospective cohort of 24 patients who underwent gastric bypass. Patients were classified based on excess 
weight loss (EWL) as: Success (EWL50% at nadir weight and throughout follow-up), Primary Failure (EWL<50% at 
nadir weight and thereafter), and Weight Regain (EWL>50% at nadir weight, but <50% at last follow-up visit). Gut 
microbiome analysis was assessed by High Throughput Sequencing. Cholesterol metabolism was shown as the 
most affected parameter among groups. Studied groups registered minor changes between their gut microbiome 
abundances, with Butyrivibrio, Lachnospira and Sarcina among them. However, Success group shared a more 
diverse core microbiome than the other groups. We showed evidence of a possible role of gut microbiome in the 
cholesterol metabolism, possibly through bile acids, relative to the success or failure of BS outcomes. Acinetobacter 
and Serratia, from Primary Failure core microbiome, could have implications in its successful rate. Sarcina abun-
dance was presented as the best genera related to the body mass index (BMI) post-surgery. Gut microbiota could 
mediate, at least partially, the success rate of BS through their interaction with the bile acids milieu. Further studies 
are necessary to validate this probe of concept.
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Introduction

Obesity rates are increasing worldwide. Alth- 
ough different interventions have been tried, 
mainly in the lifestyle (diet, physical activity), 
bariatric surgery (BS) continues being one of 
the most effective and durable method against 
morbid obesity and its complications. Despite 
its effectiveness, a significant number of pati- 
ents experience poor weight-loss outcomes, 
and long-term weight regain.

BS success generally consists of three primary 
outcomes measures including sustained wei- 
ght loss, improvement/resolution of associated 
comorbidities and quality of life [1]. However, 

the most widely used outcome is the amount of 
excess weight loss [1, 2]. An EWL of ≥50% has 
been shown to be a good predictor of clinically 
significant change [3]. Recently, several studies 
have focused on success rate for BS, although 
the factors that contribute to the final outcome 
remain unknown [4, 5].

Gut microbiota has emerged as an important 
factor underlying changes in the metabolic pro-
cesses of the host. Recent works have indicat-
ed that gut microbiota may mediate some of 
the beneficial effects of BS [6, 7], although the 
extent of its contribution is difficult to measure. 
Changes in the diversity and composition of the 
gut microbiota have been registered after BS 
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[8]. These changes could be mediated through 
the changes suffered in the host environment 
[6]. In this manner, metabolomics studies have 
revealed profound changes in gut microbiome-
host interactions after surgery [7]. However, lit-
tle is known about the mid- and long-term 
effects and the gut microbiota contribution on 
the BS success. Thus, the aim of our study was 
to analyze the role of the gut microbiota in the 
successful rates of the BS in the mid-term. In 
this manner, we characterized the gut microbi-
ome of patients who underwent BS but differed 
in their successful outcomes in the mid-term.

Material and methods

Participants in our study underwent a stan-
dardized laparoscopic RYGB [9] at Hospital 
Clinic, Barcelona, Spain, between 2005 and 
2009. RYGB was performed by the same surgi-
cal team using a laparoscopic approach. In 
brief, laparoscopic RYGB included the creation 
of a small proximal gastric pouch of about 20 
ml along the lesser curvature of the stomach, 
the division of the jejunum 40 cm distal to the 
ligament of Treitz, and end-to-side gastrojeju-
nostomy of about 1.5 cm in diameter using a 
circular stapler, and a side-to-side jejunojeju-
nostomy 150 cm distal to the gastrojejuno- 
stomy.

Eligibility criteria included age of at least 18 
years, RYGB procedure performed more 24 
months prior to inclusion and weight stability 

(±3 kg) for at least 3 months before examina-
tion. Every patient followed a diet according to 
the recommendations for Post-gastric bypass 
patients [10]. Primary Failure (n=6) was select-
ed based on a %EWL<50% from nadir weight 
after RYGB up to the end of follow-up. Weight 
Regain (n=12) response was adjudicated based 
on a %EWL≥50% at the time of postsurgical 
nadir weight, but a %EWL<50% at the time of 
inclusion. Success (n=6) was selected based 
on a %EWL>50% from nadir weight onwards 
after RYGB up to the end of follow-up and to 
match the failure groups for gender, age, pre-
surgical body mass index (BMI), and follow-up 
duration. %EWL was calculated as previously 
reported [11]. The study was approved by  
the Regional Ethical Committee CEIm (Comité 
d’ética d’Investigació).

Anthropometrical and biochemical measures

Blood samples were obtained at preSurgery 
and studyTime, while fecal samples were 
obtained at studyTime (8.3±1.7 years after 
undergoing BS). Anthropometrical measure-
ments were collected prior to surgery and at 
multiple time-points after the intervention.

Blood samples were obtained from the antecu-
bital vein and placed in vacutainer tubes 
(BDvacutainerTM, London, UK) after an over-
night fast on the day of the surgery and on the 
moment of the study. The serum was separated 
and immediately frozen at -80 until analysis. 

Table 1. Anthropometric and biochemical variables of the study groups at the preSurgery and Study-
Time points

Success (n=6) Primary Failure (n=6) Weight Regain (n=12)
preSurgery StudyTime preSurgery StudyTime preSurgery StudyTime

Age (years) 43.33±9.97 44.67±7.63 48.83±9.81
Sex (M/F) 2/4 0/6 1/11
Weight* (Kg) 130.57±21.34 82.52±14.85$ 128.75±17.47 108.53±14.99$ 126.62±18.73 103.39±16.56$

BMI* (Kg/m2) 47.03±6.01 29.72±4.70$ 50.21±5.72 42.33±4.97$ 48.44±5.60 39.49±4.53$

Waist* (cm) 133±22.06 87.4±13.18$ 136.2±9.98 121.67±17.90$ 129.23±14.19 111.75±13.29$

EWL (%) 81.5±18.4 31.7±8.0 37.7±13.8
Glucose (mmol/L) 86.5±8.53 90.17±5.71 102±10.28 95.17±6.55 100.58±16.39 97.75±8.33
HbA1c 5.02±0.19 5.35±0.27 5.45±0.28 5.72±0.27 5.34±0.54 5.67±0.39
Cholesterol* (mmol/L) 186.83±41.34 171.67±23.99$ 201.83±39.68 211.83±13.86$ 205±33.29 188.25±17.64
HDL-Chol (mmol/L) 44±11.24 58.5±13.19 47.5±17.74 60±16.36 49.42±12.60 61.17±11.26
LDL-Chol* (mmol/L) 115.17±22.47 100.17±17.45$ 129.67±36.74 134±11.84$ 132.25±25.64 110.25±20.99
TCG (mmol/L) 138.5±94.26 73.83±21.98 124±73.12 89.5±35.02 116.42±41.18 84.5±24.87
Data are expressed as mean ± SD. Statistical differences: P<0.05. *Indicates statistical differences among the groups. $Indicates statistical dif-
ferences between the preSurgery and StudyTime within the group.
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Serum glucose, cholesterol, triglycerides and 
high density lipoprotein cholesterol (HDL cho-
lesterol), were measured in a Dimension auto-
analyzer (Dade Behring Inc., Deerfield, IL) by 
enzymatic methods (RandoxLabo- ratories Ltd., 
UK and WakoBioproducts, Richmond, VA). Low-
density lipoprotein cholesterol (LDL cholester-
ol) was calculated using the Friedewald for- 
mula.

DNA extraction from fecal samples

Fecal samples were collected and immediately 
stored at -80°C until analysis. DNA extraction 
from stools was done using the QIAamp DNA 
stool Mini kit (Qiagen, Hilden, Germany) follow-
ing the manufacturer’s instructions. DNA con-
centration and purity were estimated with a 
Nanodrop spectrophotometer (Nanodrop Tech- 
nologies, Wilmington, DE).

Gut microbiome analysis

Libraries from stool samples were built with the 
16S Metagenomics kit (Thermofisher), consist-
ing of primer pools to amplify multiple variable 
regions (V2, 3, 4, 6-7, 8 and 9) of the 16S rRNA. 
After generating amplicons, the Ion PlusTM 
Fragment Library Kit (Thermofisher) was used 
to ligate barcoded adapters and synthesize 
libraries. Barcoded libraries from all the sam-
ples were pooled and templated on the auto-
mated Ion Chef system (Thermofisher) follow- 
ed by a 400 bp sequencing on the Ion S5 
(Thermofisher).

onomy assignment and the relative abundance 
of each OTU using the Greengenes 16S rRNA 
gene database. To correct for differences in 
sequencing depth, CSS normalization method 
[13] was used before the group significance 
tests (group_significance.py), while a randomly 
sub-sampled for each sample at the same 
number of sequences were used to evaluate 
alpha and beta diversity through QIIME, align-
ing the OTUs with PyNAST to build a phyloge-
netic tree. Core microbiomes were assessed 
with the compute_core_microbiome.py script 
in QIIME. Venny 2.1 (http://bioinfogp.cnb.csic.
es/tools/venny/index.html) was used to assess 
the associations of the core microbiomes from 
the different groups.

PICRUSt 1.1.1 (Investigation of Communities  
by Reconstruction of Unobserved States) was 
used to calculate the functional profiles of  
the microbial communities [14]. Bile salt hydro-
lase (BSH) gene content was predicted throu- 
gh the metagenome_contributions.py script of  
the KEGG orthology K01442, cholylglycine 
hydrolase.

Statistical analysis

Operational taxonomic units (OTUs) (at differ-
ent taxonomic levels, from phylum to genus 
level) differing between groups were identified 
in QIIME with the nonparametric Kruskal-Wallis 
test (group_significance.py). The Spearman 
correlation coefficients were calculated to  
estimate the correlations between variables 

Figure 1. Retrospective BMI record according to the study groups. Circle: 
Success, square: Primary Failure, triangle: Weight Regain. *Indicates statis-
tical differences between Success and Primary Failure groups. $ Indicates 
statistical differences between Success and Weight Regain groups. ∫Indi-
cates statistical differences between Primary Failure and Weight Regain 
groups.

Base calling and run demulti-
plexing were performed by 
using Torrent SuiteTM Server 
software (Thermofisher), ver-
sion 5.4.0, with default param-
eters for the 16S Target Se- 
quencing (bead loading ≤30, 
key signal ≤30 and usable se- 
quences ≤30). Quality sequ- 
ences were analyzed using 
QIIME 1.9.1 software [12]. 
Briefly, the workflow was the 
following: Operational taxo-
nomic units (OTUs) were calcu-
lated by clustering sequences 
at a similarity of 97% with a 
closed-reference OTU picking 
approach. The representative 
sequences were submitted to 
the UCLUST to obtain the tax-
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through QIIME (observation_metadata_correla-
tion.py). OTUs differences reported in QIIME, 
were further analyzed with the statistical  
software package SPSS version 22.0 (SPSS 
Inc., IL, USA). Multiple linear regression models 
were also used to determine the associations 
between variables. Values were considered to 
be statistically significant when P<0.05.

Results

Primary failure patients showed the worst 
biochemical and anthropometric values at the 
time of the study

Anthropometric and biochemical characteris-
tics of the patients are depicted in Table 1. 
Patients at the preSurgery time presented no 
differences between the groups. At study Time, 
BMI, weight, waist circumference, total choles-
terol and LDL-cholesterol differed among 
groups. Success patients showed the best val-
ues of these metabolic variables, differing from 
those of Primary Failure patients, without find-
ing statistical differences in relation to the 
Weight Regain patients.

Figure 1 shows the progression of BMI from the 
preSurgery point until 60 months post-surgery. 
Primary Failure patients presented the worst 
post-surgery evolution, even at the very begin-
ning (4 months). However, Weight Regain and 
Success patients showed a very similar trend 
until 36 months. At 48 months, Weight Regain 
patients statistically differed from success 
patients.

Gut microbiota diversity

To investigate the mid-term effects of BS on the 
gut microbiota, we analyzed fecal samples of 
the study population. After the quality assess-
ment, total of 387,882 quality sequences were 
used for the posterior analysis of the gut micro-
biome, with 6,852 OTUs identified. For diversity 
analysis, samples were rarefied to 1,645 
sequences, corresponding to the lowest num-
ber of quality reads obtained from any patient 
sample in the data set.

A dimensional Principal Coordinates Analysis 
plot of unweighted UniFrac distance was used 
for the visualization of complex relationships 

Figure 2. A. Clustering of fecal bacterial communities according to the different study groups by Principal Coordi-
nates Analysis (PCoA) using Unweighted UniFrac distances. B. Chao1 Richness estimator and Shannon Diversity 
indexes of the study groups at the StudyTime. Black: Success, grey: Primary Failure, dark grey: Weight Regain.
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among groups. No differences were observed 
(Anosim test, P>0.05), suggesting a high simi-
larity among the groups (Figure 2A).

Alpha diversity assessment using rarefaction 
curves revealed no significant differences 
between study groups, estimated by the index-
es of Chao1 (Richness) and Shannon (Diversity). 
Weight Regain group registered a lower rich-
ness with respect to the Primary Failure group 
nearly reaching the statistical difference 
(P=0.06: Figure 2B).

Gut microbiota profile

According to the abundance of each identified 
OTU, the dominant bacteria were, as expected, 
the phyla Bacteroidetes and Firmicutes, fol-
lowed by Proteobacteria and Actinobacteria 
(Figure 3A), although 15 other phyla were also 
identified but with minor abundances (less 
than 1%).

Different changes were registered in the OTU 
abundances among the groups. Family abun-
dances did not show any difference among the 
groups. However, some genera presented sta-
tistically significant differences (P<0.05) among 
groups for success, primary failure and weight 
regain groups: within the Firmicutes genera 
Sarcina (0.06, 0.03 and 0.00%, respectively), 

Butyrivibrio (0.79, 0.84 and 0.61%), Alkaliphilus 
(Success group abundance of 0.02%) as well  
as Lachnospira (2.85, 2.63 and 2.11%, respec-
tively); Pseudoalteromonas (Success group 
abundance of 0.14%) from Proteobacteria  
phylum, and from Fusobacteria, the genus 
Cetobacterium (Success group abundance  
of 2.33%); while within Bacteroidetes only  
two minor genera 5-7N15 (0.31, 0.23 and 
0.05%, respectively) and AF12 (Success group  
abundance of 0.05%) registered differences. 
However, the representation of most of these 
bacteria was scarce. Figure 3B shows these 
differences: Success group showed the highest 
abundance of these bacteria in relation to 
Weight Regain group, who showed the lowest 
abundance.

Patients from the success group shared a 
more diverse core microbiome than the other 
groups.

After the observation of few differences among 
the study groups, we wondered if each group 
was characterized by a concrete core gut micro-
biome profile. For this purpose, we investigated 
the core microbiome of each group, meaning 
those OTUs that were shared among the 100% 
of the samples of the study group according to 
the Greengenes dataset at a 97% of identity. In 

Figure 3. A. Phylum level distribution of bacteria in fecal 
samples from the study groups. B. Genera statistically sig-
nificant among the groups of study.
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this manner, we discovered that the Success 
group shared a more diverse core microbiome 
than the other groups, with the Weight Regain 
group as the one with the least number of OTUs 
shared among the whole samples (110 OTUs in 
the Success group, versus 54 and 9 in Primary 
Failure and Weight Regain, respectively). Only 9 
OTUs were shared by the 100% of the patients 
analyzed in this study (Figure S1). When these 
OTUs were translated into taxa data at genus 
level, more informative results were obtained. 
Thus, core microbiomes of Success patients 
contained exclusively 16 different taxa, while 
Primary Failure patients showed 5 and Weight 
Regain only 1 different taxa from the other 
groups (Figure 4).

Success patients were characterized by 10 
genera from Firmicutes, 5 from Proteobacteria, 
and 1 from Bacteroidetes phyla. Core microbi-
omes of Primary Failure patients were charac-
terized by 4 genera from Proteobacteria and 1 
from Firmicutes phyla; and finally, Weight 
Regain patients only presented 1 genus from 
Bacteroidetes phylum that was not found in the 

On the other hand, the levels of bacterial salt 
hydrolase (BSH) gene were predicted. Higher 
values of this enzyme were observed in the 
Success group (Figure 5B). The taxon with the 
highest rate of OTUs contributing to changes in 
BSH abundance was Firmicutes, followed by 
Bacteroidetes and Proteobacteria.

BMI and the cholesterol metabolism were re-
lated to the genus Sarcina

According to the differences found in the study 
groups profiles, we performed correlation anal-
ysis with the clinical variables. Three genera 
were related to BMI: Sarcina (R=-0.505, 
P=0.012), Alkaliphilus (R=-0.507, P=0.012) 
and AF12 (R=-0.566, P=0.004), while BSH lev-
els were associated with Sarcina (R=0.518, 
P=0.010), Alkaliphilus (R=0.533, P=0.007) and 
Butyrivibrio (R=0.730, P=0.000). With these 
data, we performed multiple linear regression 
analysis to establish a model, in which Sarcina 
abundance was presented as the best genera 
related to BMI post-surgery (ß=-0.457, R2.
adjusted =0.173, P=0.025).

Figure 4. Venn diagram of the core microbiomes from the study groups at 
taxa level.

other groups. These taxa are 
listed in the supplementary 
data (Table S1).

Different bacterial salt hydro-
lase activities, within a similar 
gut microbiome potentiality

To predict the abundance of 
gene families and related func-
tional pathways of microbial 
communities in the fecal con-
tents, PICRUSt analysis, a pre-
dictive metabolism approach, 
was performed with our 16S 
rRNA sequences. KEGG orthol-
ogy (KO) counts from Kyoto 
Encyclopedia of Genes and 
Genomes (KEGG) database 
were used to estimate the 
gene richness of the groups 
through the Chao1 and Shan- 
non indexes (Figure 5A). Me- 
mbrane transport, carbohy-
drate and amino-acids metab-
olism, were the main activities 
represented in the gut microbi-
ome of the patients (Figure 
S2).
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Discussion

BS is positioned as an effective model to lose 
weight for morbid obesity. Although BS is a suc-
cessful treatment for obesity, a high number of 
patients lose its benefits early in times or in the 
long-term, while others remain successfully 
over time. In the current study, we have charac-
terized for the first time the gut microbiota of 
patients who underwent BS, but differed in 
their success rate. Clinical variables have indi-
cated the worst metabolically condition of 
Primary Failure patients. This could indicate a 
role of the metabolism in the BS successful 
rate, especially lipid metabolism. On the other 
hand, gut microbiota has recently emerged as 
one of the mediators in the changes observed 
after BS [15]. Indeed, different core microbi-
omes were found among the groups. Our study 
shows that gut microbiota could be involved, at 
least partially, in the success or primary failure 
of BS.

BS induces changes in environmental factors 
and anatomy, which contribute to the weight 

loss and the amelioration of obesity comorbidi-
ties. These changes are procedural-related, as 
differences in the surgical interventions pro-
foundly mark the digestive tract environment 
[16]. Our patients underwent RYGB surgery. 
RYGB is one of the most widely used interven-
tions, which triggers in sharp changes because 
of its mixed, restrictive and malabsorptive, con-
dition. RYGB provokes alterations in the bile 
acids levels, restriction of the stomach size, in 
the flow of nutrients, vagal manipulation and 
modulation of the enteric and adipose hor-
mones [17].

Gut microbiota profile is affected by RYGB,  
with an increase in the abundance of faculta-
tive anaerobic, bile-tolerant and acid-sensible 
microorganisms [15]. Our study shows a par-
ticular gut microbiota profile related to RYGB, 
remained even years after BS. Literature has 
established that remodeling of the microbial 
community occurred mainly within the first 
three months after the surgery, with minor 
changes afterwards [18]. Only few genera have 
differed among groups: Sarcina, Alkaliphilus, 

Figure 5. Predictive functionality of gut microbiome. A. Chao1 Richness estimator and Shannon Diversity indexes 
of the study groups at the StudyTime. B. Predictive values of the bacterial bile salt hydrolase (BSH) enzyme and its 
distribution among the different phyla. Black: Success, grey: Primary Failure, dark grey: Weight regain.
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AF12 or Butyrivibrio, which although with a 
minor representation showed powerful rela-
tionships with BMI or cholesterol metabolism, 
especially Sarcina. However, Unifrac analysis 
could not discriminate between groups, as 
changes produced by BS predominate over any 
other situation [8]. Other studies reported 
Proteobacteria was the phylum most affected 
by RYGB [8]. However, due to the design of our 
experiment, we cannot assure this result, 
although Proteobacteria is our third most abun-
dant phylum. The most relevant information 
has been extracted from the core microbiomes, 
with the potential to modulate the host meta-
bolic function and interfere with the outcomes 
of the BS.

The host critically depends on a diverse array of 
microbial metabolites for normal development. 
This includes metabolites that are produced by 
bacteria from dietary components, metabolites 
that are produced by the host and biochemi-
cally modified by gut bacteria, and metabolites 
that are synthesized de novo by gut microbes 
[19]. Bile acids, which are cholesterol metabo-
lites that facilitate the absorption of dietary fat 
and fat-soluble molecules, are found within 
these metabolites as bile acids are regulated 
by gut microbiota [20], performing a crucial role 
in the secondary metabolism of the primary 
bile acids. Different surgical techniques have 
different effects on cholesterol levels, indepen-
dent of weight loss [21]. Thus, malabsorptive 
procedures are the most effective at decreas-
ing the absorption of cholesterol and associat-
ed with a clear decrease of LDL-Cholesterol 
[21].

BS increases blood bile acid levels [22]. 
Increasing circulating levels of primary and sec-
ondary bile acids have been observed after 
RYGB [20]. We have predicted a higher level of 
BSH in the Success patients. Predicted BSH 
abundances have been significantly correlated 
with bile acid levels [23]. Success patients 
could present a higher level of bile acids than 
the other groups. Gut microbiota may promote 
bile acid deconjugation, dehydrogenetation 
and dehydoxylation, increasing the diversity of 
the systemic bile acids [24]. A higher amount of 
bile acids could increase the gut microbiome 
metabolism of the primary bile acids. Indeed, 
an increase in the microbial genes involved in 
the dehydroxylation (BSH enzyme) of primary to 

secondary bile acids in the RYGB patients was 
reported [8]. BSH enzyme is a conserved micro-
bial adaptation that is unique to the gut associ-
ated microbiome and it is distributed among 
the major bacteria [25], with Firmicutes as the 
most represented phylum of the BSH gene in 
the present study.

The more diverse microbiomes are more resis-
tant to perturbations associated to pathogenic 
situations [26]. Success patients have present-
ed a more diverse core microbiome, what could 
represent a dysbiosis status of the other 
groups. Success patients could have been 
more prone to the environmental changes. 
Moreover, the low specificity of the Weight 
Regain patients could suggest a low implication 
of the gut microbiota in its successful rate.

Bile acids secreted by the liver also determine 
the composition of the gut microbiome, 
because bile acids can disturb bacterial mem-
brane integrity [27]. BSH contributes to bile tol-
erance [26]. Success patients presented a 
more suitable microbiome than the other 
groups. But as environmental factors deter-
mine the gut microbiota profiles, failure patients 
need to adapt. Primary Failure patients present 
within their core microbiomes two interesting 
bacteria: Acinetobacter and Serratia. The cor-
relation in their abundances suggests a possi-
ble interaction between them. Both bacteria 
are able to use carnitine in their metabolisms 
[28]. Carnitine is important for the dissemina-
tion and survival of the bacteria in the intestine, 
as enhances bile tolerance [29]. However, the 
metabolism of carnitine triggers the production 
of trimethylamine (TMA) and its subsequent 
oxidation to trimethylamine N-oxide (TMAO) by 
hepatic flavin-containing monooxygenases 
thanks to a two-component Rieske-type oxy-
genase/reductase (CntAB) and associated 
gene cluster [30]. Elevated levels of TMAO are 
related to an increased risk of atherosclerosis 
[31]. Primary Failure patients could present an 
altered profile of gut microbiota, namely dysbio-
sis, which could not be able to survive in a bile 
acid environment as the intestine, searching for 
other strategies as the metabolism of carnitine. 
However, this fact could develop a worst cardio-
metabolic prognostic. TMAO is able to promote 
the reduction in the expression levels of 
Cyp7a1, the major bile acid-producing enzyme 
and rate limiting step in the catabolism of cho-
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lesterol [31]. Indeed, Primary Failure patients 
could present a dysregulation in the conversion 
of the cholesterol to bile acids. 

Moreover, we have also found that the genus 
Sarcina has a role in the BMI maintaining. TMA 
might also be involved in Sarcina’s action, 
because of its capacity of producing TMA from 
TMAO [32], removing TMAO from the environ-
ment. Moreover, Sarcina has been related to 
the BSH content and, consequently, to the cho-
lesterol levels. In addition to the cholesterol 
removal via biliary sterol secretion, another 
pathway exists, the trans-intestinal cholesterol 
excretion (TICE). TICE is stimulated by the 
Farnesoid X Receptor (FXR) by the induction of 
its target gene FGF19, excreting up to 60% of 
the daily cholesterol [33]. Bile acids exert their 
actions in the energy metabolism through acti-
vation of the receptors FXR and TGR5 [34]. 
Thus, FXR controls fatty acid, triglyceride and 
BA metabolism, and it could be thanks to the 
activation of TICE pathway.

To our knowledge, this is the first attempt to 
relate the gut microbiota in the success rates 
of BS. Our study provides novel data in the 
implication of the gut microbiome in the main-
tenance of the BMI in the mid-term, after BS. 
We have shown evidence of the role of the cho-
lesterol metabolism, possibly through the bile 
acids, in the success or failure of BS outcome, 
and that gut microbiota plays an important role 
in this process.

Although we have presented several interesting 
results, the present study shows some limita-
tions. First of all, the unique moment of the 
sampling represents only a scheme in that 
point. Moreover, the interesting presented 
pathways should be demonstrated with further 
experimental procedures. However, we strongly 
believe that the novel results presented here 
open a new door to understand the mecha-
nisms under the success or failure of BS, an 
aspect that could change the clinical aspects of 
the treatments against obesity. Thus, this 
probe of concept guarantees further large stud-
ies with a prospective design in which the exact 
moment when the benefits of the RYGB and 
other procedures of BS are lost or fading. 
Targeting the gut microbiota to modify choles-
terol and bile acids metabolism might be a 
good candidate to improve, or at least amelio-
rate, the successful rates of BS.
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Figure S1. Venn diagram of the core microbiomes from the study groups at OTU-level.
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Table S1. Unique genera and shared genera from each core microbiomes of the study groups
16 elements included exclusively in “Success”:
k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__[Paraprevotellaceae];g__Paraprevotella
k__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Streptococcaceae;g__Streptococcus
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Anaerostipes
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Butyrivibrio
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Lachnobacterium
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Oribacterium
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__[Ruminococcus]
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Phascolarctobacterium
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Veillonella
k__Bacteria;p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f__Erysipelotrichaceae;g__[Eubacterium]
k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Comamonadaceae;g__
k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Oxalobacteraceae;g__
k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Ellin6067;f__;g__
k__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__Desulfovibrionales;f__Desulfovibrionaceae;g__Desulfovibrio
k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Edwardsiella

5 elements included exclusively in “Primary Failure”:
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__
k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Serratia
k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pasteurellales;f__Pasteurellaceae;g__
k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Moraxellaceae;g__Acinetobacter
k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Xanthomonadales;f__Sinobacteraceae;g__

1 element included exclusively in “Weight Regain”:
k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__[Odoribacteraceae];g__Odoribacter

9 common elements in “Success”, “Primary Failure” and “Weight Regain”:
k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Bacteroidaceae;g__Bacteroides
k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Porphyromonadaceae;g__Parabacteroides
k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Prevotellaceae;g__Prevotella
k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__[Odoribacteraceae];g__Butyricimonas

k__Bacteria;p__Firmicutes;c__Bacilli;o__Bacillales;f__Staphylococcaceae;g__Staphylococcus
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Oscillospira
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Ruminococcus
k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__

11 common elements in “Success” and “Primary Failure”:
k__Bacteria;p__Actinobacteria;c__Coriobacteriia;o__Coriobacteriales;f__Coriobacteriaceae;g__Collinsella
k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Rikenellaceae;g__
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__;g__
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__Clostridium
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Blautia
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Coprococcus
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Dorea
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Lachnospira
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Roseburia
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Faecalibacterium

2 common elements in “Success” and “Weight Regain”:
k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__[Barnesiellaceae];g__
k__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__Desulfovibrionales;f__Desulfovibrionaceae;g__Bilophila
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Figure S2. Predicted functional composition at the level of KEGG Pathways of metagenomes based on 16S rRNA 
gene sequencing of the study groups.


