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Abstract: Bariatric surgery is among successful methods of obesity treatment, with effects going beyond weight reduction alone, but rather 
involving improved glucose tolerance, along with control or remission of the type 2 diabetes mellitus. The precise mechanisms causing 
metabolic effects of bariatric surgery are not fully elucidated, even though substantial evidence suggest that they include changes in the 
gut microbiota, bile acid homeostasis, and the close interactions of these factors.  
Intestinal microflora is directly involved in the energy metabolism of a host human. Obesity and type 2 diabetes mellitus are associated 
with certain changes in the species composition and diversity of intestinal microflora, which are considered important factors in the 
development and progression of these ailments. Bariatric surgery leads to significant and persistent changes in the composition of the 
intestinal microbiota, often bringing it closer to the characteristics of the microbiota of an average person with a normal weight. An 
important role in implementing the metabolic effects of bariatric surgery, primarily in the improvement of glucose metabolism, belongs to 
postoperative changes in homeostasis of bile acids. These changes imply close metabolism. Moreover, changes in the bile acid metabolism 
after bariatric surgery affect the microbiota of the host. Further study of these relationships would clarify the mechanisms underlying 
metabolic surgery, make it more predictable, targeted and controlled, as well as open new therapeutic targets in the treatment of obesity 
and associated conditions. 
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Introduction  

Currently, obesity is the most widespread metabolic disorder 
in the world, virtually becoming an epidemy [1]. In 2014, about 2 
billion people in the world were overweight and over 600 million 
were obese [2]. Excessive weight and obesity are important risk 
factors for personal and social health impairments, since they are 
associated with numerous comorbidities, such as type 2 diabetes 
mellitus (DM2), cardiovascular diseases and some types of 
malignant tumors [3]. Obesity is known as a major independent 
risk factor for the development of DM2, therefore its increasing 
incidence is undoubtedly attributed to expanding number of 
overweight and obese people. In 2015, there were 415 million of 
diabetics, and this number is expected to grow up to 642 million 
by 2040 [4]. According to the WHO data, over 90% patients with 
DM2 are obese or overweight [2]. In the modern world, DM has 
become a serious and real threat for public health with a 
significant economic burden for both individual patients and 
healthcare system of various countries. 

The basic treatment for obesity involves life-style 
modifications, specifically a low-calorie diet, intensification of 
physical activity, and cognitive-behavioral therapy. Surgical 
methods have been widely used in case of ineffective conservative 
approaches, existing comorbidities or morbid stage of obesity.  

The history of the bariatric surgery started nearly 60 years 
ago. Initially, its main goals were reduction and long-term 
maintenance of a body weight in the patients with morbid obesity. 
However, it has become quite obvious later, that the weigh-loss 
surgery was also causing a significant improvement of some 
metabolic parameters, including the carbohydrate metabolism [5, 
6]. Many short-term and long-term studies demonstrated the 
efficacy of bariatric surgery in significant body weight reduction 
and diabetes control [7-9]. 

Currently, two most popular types of bariatric procedures for 
obesity and DM2 treatment are modified Roux-en-Y gastric bypass 
(RYGB) and sleeve gastrectomy (SG). 

Initially, the metabolic consequences of bariatric procedures 
were explained solely by the mechanistic hypothesis based upon 
the restrictive and malabsorptive effects required for the weight 
loss occurrence. The former presumed reduction of the gastric 
volume, while the latter referred to a diminished area of 
absorption. However, in many studies, the remission of DM2 after 
gastric bypass surgery took place well before the substantial wight 
loss, implying an existence of other possible weigh-independent 
factors related to the metabolic effects of bariatric surgery. At 
present, intestinal hormones, bile acids, gut microflora, nervous 
system and some other potential factors are thought to play a key 
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role in the development of metabolic benefits after bariatric 
manipulations [10]. Meanwhile, the exact mechanism of the 
beneficial effects of metabolic surgery is still unknown. 

Some recent studies showed active participation of the 
intestinal microbiota in the host metabolism and association of the 
changes in the composition of the gut microbiota with obesity and 
other metabolic disorders [11]. Moreover, intestinal bacteria are 
known to play an essential role in the synthesis and metabolism of 
bile acids, while the latter, in their turn, regulate carbohydrate 
metabolism [12].  

This publication is aimed to summarize current knowledge 
about the intestinal microbiota in obese people, its role in the host 
metabolism, along with possible mechanisms of interactions 
among the gut microflora and metabolic effects of bariatric 
surgery, with a focus on bile acids as a possible component of such 
interactions. Despite the fact that some papers, dedicated to 
specific aspects of the topic, have been published to date [10, 11, 
13-17], we believe that ours is the most comprehensive review 
covering the diversity of perspectives.  

 

Intestinal microbiota 

Intestinal microbiota is a complex and diverse community of 
the microorganisms colonizing gastrointestinal tract. The species 
composition of this community is host-specific. At the same time, 
it can be altered by various external or internal factors. In humans, 
the intestinal bacteria are symbionts. They play an important role 
in various metabolic processes, such as digestion. They can also 
interfere with energy metabolism pathways by stimulating energy 
extraction from the diet, and regulate bile acid metabolism 
[13]. An imbalance in the symbiosis of the gut microbiota (a 
dysbiosis), for an instance, as a result of a diet rich in fat and low in 
fibers, may enhance the intestinal permeability and translocation 
of endotoxin (lipopolysaccharide, LPS) into circulation. The LPS 
from intestinal bacteria may cause a chronic inflammatory 
process, leading to obesity, insulin resistance and the metabolic 
syndrome [18, 19]. 

The healthy human digestive tract microbiota comprises of 
bacteria, archaea, fungi, viruses and protozoans. Intestinal bacteria 
include mainly representatives of the seven phyla: Bacteroidetes, 
Firmicutes, Actinobacteria, Proteobacteria, Verrucomicrobia, 
Fusobacteriа and Spirochaetes. Bacteroidetes and Firmicutes 
constitute about 90% of all gastrointestinal bacteria species [14]. 

Emergence of gene sequencing technology has offered a 
challenge of new information about gastrointestinal microbiota. 
Sequencing is a general term of physico-chemical methods for 
detection of amino acid residues in proteins and nucleotide 
sequence of nucleic acids. The sequencing of specific regions of 
16S or 18S ribosomal RNA (rRNA) can identify microorganisms and 
their relative content in the purified DNA. The 16S rRNA was 
chosen as universal marker for species identification, since it has 
been found in the genomes of all prokaryotes and was 
characterized by a very low variability. At present, 16S rRNA gene 
sequencing is considered the “golden standard” of accurate 
bacterial species identification. Therefore, the bacterial gene 
sequencing has become a crucial point in the evaluation of 
interrelationship between the microbial diversity and different 
physiological and pathophysiological conditions. It also enabled 
scientists to observe the differences among the microbial 
communities in different host phenotypes, diet types and 
morbidity conditions (e.g., obesity) [20].  

Intestinal microbiota vs. obesity 

Some studies have shown that lean vs. overweight/obese 
patients may demonstrate differences in the composition of their 
intestinal florae. The overweight or obese people, along with the 
patients with DM2, usually have a high ratio of Firmicutes to 
Bacteroidetes (F/B), compared with healthy control patients [16, 
21]. Some studies report a low diversity of the intestinal bacteria 
in overweight vs. lean people [22]. On the other hand, some 
recent publications from the last five years failed to report any 
body weight depending differences in the microbiota from the 
upper intestinal tract [16].  

Bioinformatics analysis of abundant obtained sequencing 
helped identifying the so-called alpha (α-) and beta diversity (β-
diversity) of the intestinal microflora. Alfa-diversity is a species 
diversity within the same host individual. A high α-diversity 
indicates a wide range of bacterial species in a stool sample. β-
diversity is an inter-individual species diversity, i.e. it characterizes 
how bacterial species diversity varies among different host 
individuals. In a recent study, F.G. Wang et al. [21] used 16S 
ribosomal DNA amplicon sequencing to compare α- and β-
diversities of gut microbiota sampled from 20 healthy volunteers 
and 26 obese patients with or without DM2. They demonstrated 
similar α-diversity values for both healthy people and obese 
patients, which matched the results of some other cross-sectional 
studies [23, 24]. On the other hand, β-diversity was higher in 
morbidly obese patients compared with healthy volunteers. In 
general, the heterogeneity of the intestinal microbiota in obese 
patients was higher than in lean control humans. R. Liu et al. in a 
metagenome-wide association study have also reported a greater 
diversity of gut microbiota associated with obesity [25].  

Many researchers reported lower abundance of commensal 
intestinal bacteria, such as Faecalibacterium prausnitzii, 
Bacteroides, Akkermansia muciniphila or Prevotellais, in 
overweight vs. lean study subjects [15]. The gut microbiota may 
influence some metabolic processes of the host, including energy 
balancing, biosynthesis of steroid hormones and bile acid 
metabolism. Considering the abundance and a wide functional 
variety of intestinal microbes, it is not surprising that their 
imbalance promotes a range of pathological conditions. Changes in 
the composition of intestinal microflora are associated with 
obesity and DM2, partly because the microbiota in obese people 
appears more efficient in terms of harvesting energy from the diet 
[10, 26]. The host energy accumulation is mediated by the gut 
microbiota through the synthesis of short chain fatty acids (SCFA), 
which are rich sources of energy for the host, and by the influence 
on the host genome areas in charge of encoding lipoprotein lipase, 
AMP-activated protein kinase and endocannabioid system [15].  

There may be various causes of dysbiosis, including dietary 
manipulations, stress, genetic predisposition of the host, 
consumption of antibiotics, infestation with pathogenic bacteria, 
obesity, DM, some neurological disorders, allergy, and 
inflammatory bowel diseases [15]. 

The modification of intestinal microflora can potentially 
improve such metabolic disorders. This has been illustrated in the 
study conducted by A. Vrieze et al., in which oral infusion of 
intestinal microbiota from lean donor mice to those with 
metabolic syndrome temporarily improved their sensitivity to 
insulin. The authors also demonstrated the correlation between 
the gut microbiota and glucose metabolism [27]. 
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Gut microbiota vs. bariatric surgery 

Bariatric procedures definitely reduce body weight and 
improve glucose metabolism, but whether they specifically alter 
the profile of intestinal microflora is still the matter of discussion. 
Some recent study with direct comparison of morbidly obese 
patients before and after RYGB clearly demonstrated the improved 
diversity and species composition of gut microbiota associated 
with weight loss and improved glycemia. Moreover, over a half of 
initially altered bacterial species kept their relative abundances for 
a year after the surgery [28]. The intestinal flora in post-RYGB 
patients became significantly restructured in six months following 
the procedure compared with lean subjects or obese patients 
[22]. Hence, bariatric surgery can definitely cause beneficial and 
persistent changes in intestinal microbial community. Body mass 
reduction due to life-style modifications and calorie-restricted 
diets is also associated with certain changes in gut microbiota 
[29]. However, it is bariatric surgery, rather than the low-calorie 
diet, which shifts the profile of intestinal microflora towards the 
profile observed in lean people [30]. 

Specifically, patients after the gastric bypass compared with 
their pre-surgical condition, or with normal-weight control 
subjects, had significantly increased numbers of Proteobacteria 
and Bacteroidetes and decreased amounts of Firmicutes [22, 28, 
30]. The Bacteroidetes to Firmicutes ratio may also increase after 
he bariatric surgery [30]. Contradicting results were reported by 
some other studies, in which Bacteroidetes dropped down in 
numbers after RYGB, while Firmicutes increased their quantities 
[31, 32]. This controversy can be attributed to the differences in 
study protocols (e.g., sample sizes) and in the degrees of caloric 
intake reduction. J.P. Furet et al. have shown that the higher 
proportion of Bacteroides in post-RYGB patients was associated 
with greater reductions in both body weights and post-surgery 
leptin levels [33]. In contrast to RYGB, a laparoscopic sleeve 
gastrectomy, conducted on both animals and humans, yielded an 
increase of Bacteroidetes numbers with reduced quantities of 
Firmicutes, as well as in restoration of the gut microbiota diversity 
[31, 34, 35].  

As for changes in other taxonomic bacterial units after 
bariatric procedures, the results of the studies on human subjects 
and rodents are also quite controversial. In their systematic 
review, Yan Guo et al. analyzed the data of 21 studies (twelve on 
animals and nine on human subjects) including 11 top quality 
research projects (six on animals and five on humans) [16]. Those 
strongly demonstrated that the phylum Proteobacteria and its 
class Gammaproteobacteria, order Enterobacteriales, family 
Enterobacteriaceae, and genus Escherichia increased numerically 
after the bariatric procedures. The increased abundances of some 
genera (Citrobacter, Enterobacter, Escherichia and Salmonella) and 
species (Eтеуrobacter cancerogenus, E. hormaechei, Escherichia 
coli, Klebsiella pneumoniae, and Salmonella enterica) from the 
Enterobacteriaceae family were detected with a strong or 
moderate evidence. Among the order Clostridiales (the dominant 
order among Firmicutes), seven genera (Anaerostipes, Clostridium, 
Faecalibacterium, Blautia, Coprococcus, Dorea, and Ruminococcus) 
and two families (Clostridiaceae and Ruminococcaceae) declined 
numerically after the surgery with a strong or moderate evidence 
as well [16].  

Fu-Gang Wang et al. demonstrated an increased α-diversity 
following SG and RYGB, even though in RYGB group these changes 
did not reach the level of statistical significance. The increased 

post-surgery α-diversity is potentially related to reduced gastric 
acid secretion and increased dissolved oxygen concentration in 
distal intestine [21]. As for β-diversity, a few studies reported its 
alterations after bariatric procedures. D.A. Medina et al. [36] and 
Fu-Gang Wang et al. [21] observed some reduction of β-diversity 
following the SG, while Guo Y et al. did not [37].  

Changes in the species composition of intestinal bacteria after 
SG or RYGB may occur as a response to reduced gastric volume 
and anatomical reorganization of intestinal tract. For instance, 
reduced gastric acid secretion yields pH increase in the lower parts 
of the intestinal tract, particularly in the colon. Therefore, the 
chyme, altered by incomplete digestion, may change the intestinal 
medium and diversity of intestinal flora. 

Two types of bariatric surgery cause different gut microbiota 
changes. For example, R. Murphy et al. discovered that RYGB 
produced a decrease of Bacteroidetes and increase of both 
Firmicutes and Actinobacteria in their study of intestinal microflora 
following the laparoscopic RYGB or SG in obese patients with DM2 
[31]. In contrast, SG surgery caused an increase in Bacteroidetes 
numbers. At a species level, solely an increase in Roseburia 
intestinalis from the phylum Firmicutes was the only compositional 
change common to both types of bariatric surgery among the 
patients with diabetes remission. These results were rather 
surprising, because they differed distinctly from any other 
previously published, and because SG was found by another study, 
conducted on rodents, to yield smaller changes in gut microbiota 
than RYGB, possibly, due to less aggressive anatomical alterations 
associated with SG [37]. 

Summarizing the above findings, we should mention that 
bariatric surgery, particularly RYGB, may cause rapid and 
persistent changes in obese people. The question is whether such 
changes are related to the postoperative metabolic 
improvements. In an animal study by A.P. Liou et al., the transfer 
of the gut microbiota from RYGB-treated mice to unoperated, 
germ-free mice resulted in weight loss and decreased fat mass in 
the recipient animals, relative to the microbiota recipients after 
the sham surgery [38]. Moreover, fecal transplantation from post-
RYGB obesity patients to germ-free mice also resulted in fat mass 
loss in their bodies [32], which could be indicative of the fact that 
the alteration of microbial profile in distal intestine was a 
causative factor of the weight loss after RYGB.  

 

Importance of bile acids in bariatric surgery 

Altered metabolism of bile acids and their relationship with gut 
microbiota is an important component of bariatric surgery effects. 
There is some evidence that bariatric procedures result in 
increased level of circulating bile acids. Moreover, bile acid 
concentrations negatively correlate with postprandial glucose level 
and positively correlate with peak secretion of glucagon-like 
peptide 1 (GLP-1), implying the possible role of bile acids in 
improving glucose metabolism after the obesity surgery [10, 39, 
40].  

 

Possible mechanisms of increased bile acid levels in blood 
serum after bariatric surgery 

Both types of bariatric surgery cause either anatomical or 
functional changes in upper gastrointestinal tract, possibly 
affecting the enterohepatic circulation of bile acids and elevating 
their levels in blood serum. 
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Bile acids are synthesized from cholesterol in the liver, stored 
in the gallbladder, and excreted into the duodenum in response to 
enteral stimuli. About 95% of luminal bile acids undergo 
enterohepatic circulation: they come back into the hepatic portal 
vein from the terminal ileum and are reutilized by the liver. RYGB 
shortens the enterohepatic circulation and thus promotes the 
contact of luminal bile acids with the ileum, resulting in their early 
and rapid reabsorption. The length ratio of the biliopancreatic limb 
to the common limb is presumed to explain elevated 
postoperative bile acid concentrations in blood serum [17].  

Only limited data are available, regarding post-SG levels of 
serum bile acids. While one study on human subjects has 
demonstrated an immediate increase in serum concentrations of 
bile acids after the surgery [41], two other studies were able to 
demonstrate solely their statistically nonsignificant postoperative 
elevation after one or two years [42, 43]. In contrast, studies 
conducted on animals, have shown consistently increased serum 
concentrations of bile acids following SG [40, 44]. Due to minimal 
direct anatomical manipulation on the intestine, the elevated bile 
acid concentrations in serum after SG are likely to be a secondary 
consequence of altered gastrointestinal function and progressive 
intestinal adaptation. SG promotes gastric motility and bowel 
movement. It is also associated with reduced bile acid synthesis in 
the liver, enlarged intestinal villi length, and augmented bile acid 
reabsorption intestinal area, which might explain the increased 
serum concentrations of bile acids after SG [44]. 

 

Mechanisms of relationship between bile acids and metabolic 
effects of bariatric surgery  

Enterohepatic regulation of bile acids metabolism is mediated 
via FXR-FGF19-CYP7A1 system. Through the nuclear farnesoid X 
receptor (FXR, NR1H4), bile acids activate the secretion of 
fibroblast growth factor 19 (FGF19, or FGF15 in rodents) in human 
ileum, which, in its turn, interacts with hepatic fibroblast growth 
factor receptor-4 (FGFR4) within the portal venous system and 
inhibits the CYP7A1 expression (a rate-limiting enzyme for bile acid 
synthesis in the liver).  

Some experimental studies confirmed the beneficial effects of 
FXR on lipid metabolism, carbohydrate metabolism and insulin 
sensitivity [17]. Since bile acids are natural ligands for FXR, it is 
believed that the “bile acids – FXR” pathway may contribute to the 
metabolic effects of bariatric surgery. There is still no consensus 
on the issue, because the available data on FXR, FGF19, and their 
associations with postoperative metabolic parameters give 
controversial results [17].  

G protein-coupled receptor 1, also known as TGR5 (GPR131), is 
a membrane-type receptor for bile acids. The activation of TGR5 in 
enteroendocrine L cells of the distal small intestine in response to 
the action of intraluminal bile acids is considered the most 
important signaling pathway for stimulating GLP-1 secretion in 
both animals and humans. Postoperative GLP-1 levels increase in 
blood serum simultaneously with increased concentrations of 
luminal bile acids could be an important (although one of many) 
mechanism of improving glucose tolerance following the bariatric 
surgery [45].  

In skeletal muscles and brown adipose tissue, the elevated 
levels of bile acids in serum promote thyroxine (T4) conversion 
into triiodothyronine (T3) viaTGR5. This process stimulates energy 
expenditure, and also may contribute to the weight loss [46, 
47]. Yet, the energy balance is a very complex process, connected 

with multiple factors, such as body weight, physical exercises, 
hormones, etc. That is why the role of TGR5-mediated energy 
regulation after bariatric surgeries definitely needs further 
investigation.  

In the study conducted on the patients with morbid obesity, 
the circulating bile acid concentrations decreased one week after 
the bariatric surgery, then went up slightly in three months, and 
then showed a drastic surge in 12 months. However, the 
augmented peptide YY and GLP-1 levels in serum, along with 
improved metabolic control, were seen after a week and sustained 
within 12 months after the surgery [48]. Therefore, stepwise 
elevation of bile acid concentrations in blood serum do not 
precisely match rapid metabolic improvements, observed soon 
after the weight loss surgery, hence further studies are needed to 
elucidate their signaling pathways.  

 

Microbiota vs. bile acids 

Bile acids and gut microbiota are mutually altered by bariatric 
surgery. Gut microflora plays a key role in a synthesis and 
biotransformation of bile acids. The biosynthesis of bile acids 
comprises of several enzymatic catalytic reactions. S.I. Sayin et al. 
demonstrated lowered hepatic expression of many enzymes, 
including 7 alpha-hydroxylase and sterol 27-hydroxylase, in 
conventionally raised mice, compared with germ-free control 
animals, proving the role of the gut microbiota in regulation of bile 
acids synthesis [49]. After secretion into the intestine, primary bile 
acids are further metabolized by the intestinal microflora into 
secondary bile acids (i.e., cholic acid into deoxycholic acid, 
chenodeoxycholic acid into lithocholic acid, etc.), resulting in 
chemical diversity of the bile. The process of microbial 
deconjugation is catalyzed by bile salt hydrolase (BSH) 
enzyme. With a metagenome analysis, I.M. Jones et al. confirmed 
a wide expression of BSH in human gut microbiota [50]. Primary 
deconjugated bile acids are also transformed into secondary bile 
acids via microbial 7α/β-dehydroxylation pathway. The 7α/β-
dehydroxylation activity was found in some intestinal bacteria, 
such as Clostridium spp. [51].  

In their turn, the intestinal concentration and composition of 
bile affect the gut microbiota. Increased luminal concentration of 
bile acids produce an antibacterial effect, killing some bacterial 
strains and prompting the growth of others (e.g., Bilophila 
wadsworthia). Additionally, some particular bile acids are able to 
activate the intestinal FXR, causing an enteroprotective effect due 
to inhibition of bacterial growth in the ileum [17]. All these data 
validate close interactions between the gut microflora and 
intestinal bile acids. 

The relative abundance of some bacteria, such as 
Bacteroides and Roseburia, was significantly altered in post-SG 
wild-type mice, compared with sham-operated animals, but did 
not changed after the surgery in FXR knockout mice, which did not 
demonstrate any post-SG weight and metabolic improvements, 
including glucose tolerance [12]. Therefore, metabolic effect of SG 
may be mediated by bile acids and by transmission of FXR and gut 
microbiota signals.  

 These data indicate that obesity-targeting surgery may affect 
the interactions between bile acids and the intestinal microflora, 
thus providing postoperative metabolic benefits. 
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Conclusion 

Drastic metabolic effects of bariatric surgery increase the 
possibility of DM2 remission in obese patients. The surgery 
improves glucose metabolism and offers the challenge in 
understanding of pathophysiology of metabolic disorders rather 
than reducing the body weight alone. Available studies have 
demonstrated that both bile acid levels and the composition of 
intestinal microbiota change after the bariatric procedures and 
may be associated with the postoperative metabolicс 
improvements. The precise mechanisms of these interactions, 
causing beneficial effects of bariatric surgery, should be clarified in 
follow-up studies. 
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