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Abstract | The gut microbiota is recognized to have an important role in energy storage and the subsequent 
development of obesity. To date, bariatric surgery (indicated for severe obesity) represents the only treatment 
that enables substantial and sustained weight loss. Bariatric surgery is also a good model to study not only the 
pathophysiology of obesity and its related diseases but also the mechanisms involved in their improvement 
after weight reduction. Scarce data from humans and animal models have demonstrated that gut microbiota 
composition is modified after Roux-en-Y gastric bypass (RYGB), suggesting that weight reduction could 
affect gut microbiota composition. However, weight loss might not be the only factor responsible for those 
modifications. Indeed, bariatric surgery not only improves hormonal and inflammatory status, but also induces 
numerous changes in the digestive tract that might account for the observed modifications of microbiota 
ecology. In future bariatric surgery studies in humans or mice, these major surgery-induced modifications 
will need to be taken into account when analyzing the link between gut microbiota composition, obesity, its 
complications and their improvement after bariatric surgery. This Review outlines the potential mechanisms by 
which the major changes in the digestive tract after bariatric surgery can affect the gut microbiota.
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Introduction
Bacteria colonize the gut soon after birth. Although 
the initial composition of the gut microbiota varies,1,2 
it becomes relatively stable after the age of 2 years and 
onward into adult life.3 Understanding the composi-
tion and role of the gut microbiota was initially limited 
by an inability to cultivate most of the microorganisms 
colonizing the digestive tract. The field has progressed 
rapidly with the availability of new culture-independent 
tools, such as 16S rRNA gene sequencing.4 Metabolomic 
and metagenomic sequencing enable even broader 
insights into the composition of the gut microbiota.5–7 
The various methodologies used to characterize the gut 
microbiota might give rise to some of the different results 
that have been reported in the literature. International 
studies, such as the Human Microbiome Project and the 
MetaHIT consortium are currently ongoing to improve 
understanding of the role of the microbiota in health 
and disease.8 Of interest, a study in healthy individuals 
using analysis of 16S rRNA to determine gut microbiota 
composition suggests the existence of a core microbiome 
(that is, the presence of identical bacterial sequences in 
unrelated individuals).9

Obesity has become an epidemic worldwide (particu-
larly in countries that have adopted a Western diet and 
sedentary mode of living10), resulting in an increased 
prevalence of associated disorders such as metabolic 
syndrome, type 2 diabetes mellitus and NASH.11 The 
causes responsible for the development and progression 

of obesity are complex and involve diverse factors such 
as lifestyle habits, genetics, neural mechanisms and 
endocrine hormones. Interesting data from mouse 
models have suggested a new patho physiological com-
ponent, with the contribution of the gut microbiota not 
only in the development of obesity,12–14 but also in its 
related complica tions.15–17 These important discoveries 
in the past 8 years or so have led to a major expansion in  
the number of scientific studies investigating the role 
of dysbiosis (that is, imbalanced microbiota composi-
tion compared with healthy individuals) in the complex 
facets of obesity. Although convincing in mouse models, 
it remains difficult to conclude whether dysbiosis is the 
cause or consequence of obesity in humans, particularly 
given that major environmental confounding factors, 
including dietary changes, are known to have a role 
both in the modulation of the microbiota18,19 and the  
development of obesity.20

Bariatric surgery has emerged as a research model to 
understand the pathophysiological mechanisms under-
lying both obesity and its associated complications. It is 
reserved for the treatment of the most severe forms of 
the disease (that is, BMI >40 kg/m² or BMI >35 kg/m² 
with comorbidities), and is more effective than dietary 
interventions21 for the treatment of morbid obesity and 
associated cardiometabolic risks. As well as inducing 
marked and rapid weight loss and numerous hormonal 
modifications, bariatric surgery enables researchers to 
evaluate microbiota kinetic changes and to address the 
question of whether these changes in the microbiota 
after weight reduction contribute to the improvement 
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of obesity-related diseases. The comparison of well- 
characterized patients undergoing different types of bari-
atric surgery could help decipher potential interactions 
with confounding factors.

This Review summarizes current knowledge on 
microbiota composition during obesity and after bari-
atric surgery. The potential mechanisms by which the 
major modifications in the digestive tract after bariatric 
surgery can affect the composition of the gut microbiota 
are discussed. Although current data are scarce, there is 
no doubt that more studies will be forthcoming.

Microbiota composition in health 
The gastrointestinal tract harbours >1014 micro-
organisms, many of which have not been identified.8 
90% of the mammalian gut microbiota belongs to two 
phyla: Bacteroidetes and Firmicutes.22 Different species 
and quantities of bacteria are found at different points 
along the digestive tract according to major variations 
in the environmental niche (Figure 1)—the largest 
number of bacteria reside in the large intestine.23 The 
high level of acid production in the stomach is deadly 
for most microbes; therefore, two acid-resistant micro-
organisms are predominant in this organ, Lactobacillus 
and Streptococcus.24 Although the bile and pancreatic 
secretions produced within the duodenum and upper 
part of the jejunum are also very toxic to most micro-
organisms, the number of bacteria rises steadily up to 
107 cells/ml in the distal ileum.25 Finally, the large intes-
tine harbours a complex and dense microbial commu-
nity mainly made up of anaerobic species. In this section 
of the gastrointestinal tract, there is a close interaction 
between bile acids and the resident microbiota. Primary 
conjugated bile acids secreted by the liver and stored 
in the gallbladder enter the entero–hepatic cycle in the 
duodenum and circulate in the ileum. These bile acids 
undergo major modifications (that is, deconjugation)26 
mediated by enzymes catalyzed by specific anaerobes 
from the large bowel.27 Importantly, these secondary free 
bile acids exert concentration-dependent antimicrobial 
activity. In particular, they have been observed to induce 
membrane damage, leading to the leakage of H+, ions 
and other cellular components out of the cell, eventually 
leading to cell death.28 Thus, the concentration and pro-
portion of different secondary bile acids might directly 
affect the composition of the microbiota, or at least the 
overall number of bacteria.

Microbiota composition in obesity 
The first pioneering experiments demonstrating a role for 
the microbiota in weight regulation originally came from 
mouse studies. In comparison to control mice, germ-free 
mice had reduced levels of adiposity despite increased 
food consumption. After colonization with cecal content 
from control mice, the germ-free mice rapidly gained 
weight, in particular fat mass, despite a decrease in food 
intake, suggesting an important role for the microbiota 
in the regulation of fat and energy storage.12,19,29 Further 
studies manipulating the gut microbiota in mice illus-
trate two mechanisms by which the gut microbiota might 

Key points

 ■ Obesity is associated with dysbiosis of the gut microbiota, in particular with 
decreased bacterial diversity

 ■ Bariatric surgery represents a successful treatment option for severe obesity, 
and is also a good model to study the mechanisms involved in weight reduction 
and obesity-related disease improvement

 ■ Bariatric surgery is associated with major modifications in microbiota 
composition and function; to date, however, only limited data are available 
concerning gut microbiota composition after bariatric surgery

 ■ In particular, RYGB induces important changes in the digestive tract, namely 
gastric-pouch narrowing, decreased acid production and anatomical gut 
rearrangement, which might have an affect on the gut microbiota

contribute to the development of obesity: first, via energy 
regulation and the capacity to process otherwise indigest-
ible dietary poly saccharides,29–31 leading to subsequent 
intestinal absorption of short-chain fatty acids;32 second, 
via gene regulation promoting increased fat storage in 
adipose tissue.12 Thus, the hypothesis is that the gut 
microbiota in obese animals is more efficient than that of 
lean indivi duals at extracting energy from dietary intake 
and subsequently promoting fat storage. Indeed, obese 
individuals have higher levels of short-chain fatty acids 
and reduced levels of residual calories from food in faeces 
than lean individuals.32,33 

Various studies in mouse models29,34 using 16S rRNA 
gene sequencing have demonstrated that obesity is 
associated with increased Firmicutes and decreased 
Bacteroidetes levels compared with lean counterparts, 
independent of food consumption (reviewed else-
where35). This observation has been partially confirmed 
in human studies.6,36,37 Indeed, comparing the micro-
biota composition of 12 obese individuals and three 
lean individuals revealed that those who were obese had 
significantly increased levels of Firmicutes (P = 0.002) 
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Figure 1 | Characteristics of the normal gastrointestinal tract. The various organs 
of the gastrointestinal tract differ according to digestive secretions and pH. 
Different species and quantities of bacteria are found at different points along the 
digestive tract according to these major variations in the environmental niche. 
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and decreased levels of Bacteroidetes (P <0.001) than 
their lean counterparts.37 Although this study included 
a limited number of individuals, 18,348 bacterial 
16S rRNA sequences were analyzed, giving the study suf-
ficient statistical power. These results were confirmed in 
two larger cohorts of humans.6,36 However, these data are 
controversial, as other well performed studies have found 
diverging results.33,38,39 Indeed, Duncan et al.39 failed to 
detect any difference in the proportion of Bacteroidetes 
in obese and nonobese individuals. These apparently 
conflicting results between the studies cannot derive 
either from different techniques (as they were validated 
with 16S rRNA inventory), nor by a lack of power (as the 
study by Duncan et al.39 was a second study performed 
to confirm previous concordant results). Jumpertz 
et al.40 also found no difference in the levels of the three 
dominant phyla (namely, Bacteroidetes, Firmicutes and 
Actinobacteria) between lean and obese individuals. The 
discrepancies observed between studies across the litera-
ture suggest that differences at the phylum level might 
not be universally true (reviewed elsewhere41). In any 
case, these studies have encouraged further analysis of 
the microbiota in pathological conditions in humans.

The human microbiome has been extensively studied 
in large-scale projects using metagenomic sequencing 
and uncovered interesting findings that might revise the 
conclusions of previous studies using 16S rRNA. Qin 
et al.42 found that in a cohort of 124 individuals, 40% 
of the genes from each individual were shared with at 
least half of the individuals in the cohort, suggesting 
both the existence of large inter-individual variability in 
gut microbiota composition but also a ‘core’ microbiota 
shared by a large number of individuals. This finding 
has been confirmed in a large gut microbiome study 
including patients of three different nationalities.43 Three 
clusters called ‘enterotypes’ have been identified, char-
acterized by higher relative abundance of Bacteroides 
(enterotype 1), Prevotella (enterotype 2) or Ruminococcus 
(enterotype 3), respectively. These enterotypes do not 
seem to be driven by body weight but rather by food 
habits. Each enterotype is characterized by a network of 
dominant bacterial species that has specific abilities in 
deriving energy from specific types of nutrients. Another 
study with more detailed information on long-term food 
habits demonstrated that enterotype 1 is highly associ-
ated with long-term consumption of animal proteins and 
saturated fat, whereas enterotype 2 is associated with a 
carbohydrate-based diet.44 Furthermore, this study high-
lighted that acute diet modifications can induce rapid 
changes in the gut microbiome, but not a complete 
switch from one enterotype to the other. The latter results 
suggest that food habits and/or short-term feeding con-
straints must be considered as key parameters linking 
BMI to gut microbiota composition. In that respect, 
well-designed longitudinal studies with precisely char-
acterized diet interventions could be extremely useful 
and informative.

Finally, bacterial diversity might be of greater relevance 
than the ratio between different types of phyla or taxa; in 
a study by Yatsunenko et al.45 bacterial diversity differed 

greatly in humans originating from different countries. 
Indeed, in populations with a high prevalence of severe 
obesity and obesity-related disease, the overall diversity 
and number of gut microbiota was decreased. Moreover, 
previous data from mice19 and humans6 demonstrated 
that obesity is associated with reduced bacterial diversity. 
Similarly, our team, in collaboration with the European 
network MetaHit, has found that decreased microbiota 
diversity in human obesity is strongly associated with 
metabolic complications (Cotillard et al., unpublished 
data). Most importantly, major weight loss after bariatric 
surgery is associated with increased bacterial diversity 
(Cotillard et al., unpublished data).

Bariatric surgery
The different weight-loss solutions to treat morbid 
obesity—that is, dietary or physical activity interven-
tions or a combination of both—have proven disap-
pointing in the long term46,47 with regard to insufficient 
weight reduction20 and inadequate reduction in obesity- 
associated complications.48 Moreover, not only do 
pharmaco logical solutions display very modest results,49 
but to date, few molecules remain approved by the FDA 
owing to adverse secondary effects, such as valvular 
heart disease for benfluorex and fenfluramine50,51 or 
pulmonary hypertension for treatment with anorexi-
gens.52 In this context, the demand for bariatric surgery 
(which is only indicated for severe forms of obesity), 
has increased—it is considered the only efficient means 
to achieve major and sustainable weight reduction.53,54 
Furthermore, it yields a decrease in all-cause mortality 
and improves many of the obesity-related diseases via 
various mechanisms (reviewed elsewhere55).

The different bariatric procedures fall into two cat-
egories (Figure 2): purely restrictive, including laparo-
scopic adjustable gastric banding (LAGB) and sleeve 
gastrectomy; or both restrictive and malabsorptive, such 
as Roux-en-Y gastric bypass (RYGB). Only the most  
frequently performed procedures56 are addressed here.

Surgery induces changes in both environmental and 
systemic factors, as well as anatomical changes in the 
digestive tract (Table 1), all of which might have an 
effect on the composition of the gut microbiota.57 During 
most abdominal surgery, it is highly recommended that 
patients undergo perioperative antibiotic prophylaxis 
to prevent infection of the surgical site. Whatever the 
type of prophylaxis, an acute but probably transient 
effect on microbiota composition cannot be excluded, 
which might differ from one patient to another accord-
ing to the antibiotic protocol.58,59 After any type of 
bariatric surgery, patients are advised to increase mas-
tication60 for improved food tolerance and comfort.61 
This approach facilitates the initial steps of digestion 
by enhancing gastric motion, saliva production and  
parasympathetic activity.

LAGB reduces the size of the gastric pouch, result-
ing in reduced food intake and sometimes a somewhat 
different food texture preference to preserve digestive 
comfort.62 Food transit time through the stomach also 
increases. Sleeve gastrectomy involves surgical resection 
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of the fundal part of the stomach, resulting in both a 
reduced gastric pouch and a marked reduction in acid 
production. Modification of gut hormone secretions after 
surgery has also been demonstrated, such as a reduc-
tion in the levels of the orexigenic hormone, ghrelin, 
and increased levels of incretins, such as glucagon- 
like peptide-1 (GLP1) and peptide YY (PYY).57,63,64 RYGB 
induces decreased acid production and a faster transit 
time of food through the stomach.65 Variations of the 
gastric bypass procedure exist. However, these surger-
ies do share some common modifications of the diges-
tive tract and anatomical rearrangement, including: bile 
flow alteration; restriction of stomach size; altered flow of 
nutrients; vagal manipulation; and modulation of enteric 
and adipose hormones.66–68 These changes are referred to 
in the literature as the Brave effect.69–71

Along with digestive tract modifications, the observed 
changes related to inflammation and the immune system 
could also affect microbiota composition. Importantly, 
weight loss and fat-mass reduction72 induced by bariatric 
surgery are associated with decreased low-grade systemic 

inflammation73 and modified adipose tissue inflamma-
tion. After surgery macrophage accumulation in adipose 
tissue decreases and inflammatory cells might switch 
their phenotype toward a less inflammatory profile.74,75 
For example, substantial weight loss after surgery leads to 
a major decrease in two subsets of circulating monocytes, 
namely CD14dimCD16+ and CD14+CD16+.76 Finally, 
although this field is currently being explored further, 
a number of modifications in food choice have already 
been demonstrated after bariatric surgery. In particu-
lar, both in rat models and in humans, RYGB leads to a 
reduction in fat intake.77,78

Microbiota composition after bariatric surgery 
To date, limited data are available concerning the changes 
in microbiota composition after bariatric surgery; two 
main studies (with very different methodologies) have 
been performed in humans. Zhang et al.79 used a large 
scale pyrosequencing method but on a very small subset 
of patients (three in each group of normal weight, mor-
bidly obese and post-RYGB). Patients in the post-RYGB 
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Figure 2 | The three main bariatric surgical interventions. a | Laparoscopic adjustable gastric banding. A small pouch is 
created in the upper part of the stomach. A silicon band is connected to a port placed in a subcutaneous position to enable 
adjustment of the band. b | Sleeve gastrectomy. A large stomach resection is carried out to create a tube of about 60 ml, 
leaving the pyloric sphincter intact. This surgery is irreversible. c | Roux-en-Y gastric bypass. This surgery creates a small 
gastric pouch (~30 ml) directly linked to the distal jejunum by the Roux limb. The distal stomach, duodenum and proximal 
part of the jejunum is subsequently anastomosed 1.5 m below the gastrojejunal anastomosis.

Table 1 | Dietary and digestive changes induced by different types of bariatric surgery

Changes LAGB Sleeve gastrectomy RYGB

Time spent masticating Increased Increased Increased

Levels of food intake Decreased Decreased Decreased

Food transit time Decelerated No change Accelerated

Food choices and preferences Preference for puréed food and fewer 
fibre-containing foods

No change Reduced preference for 
high-fat or high-sugar foods

Acid production No change Decreased Decreased

Enterohepatic cycle No change No change Disrupted

Grehlin levels No change Decreased No change

GLP1 and PYY levels No change No change Increased

Abbreviations: GLP1, glucagon-like peptide-1; LAGB, laparoscopic adjustable gastric band; PYY, peptide YY; RYGB, Roux-en-Y gastric bypass.
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group were not investigated at the same time points, and 
no presurgical data were available for these patients. 
Although Furet et al.80 used a real-time quantitative PCR 
technique, this study investigated microbiota changes 
before, 3 months and 6 months after RYGB, on a pre-
cisely phenotyped cohort of 30 obese patients (for whom 
clinical data as well as dietary questionnaires were avail-
able) and compared the results with 12 lean individuals 
as controls. These two studies have given the first insights 
into changes in the microbiota after surgery.

Zhang et al.79 found that Firmicutes were dominant 
in normal weight and obese individuals but were mark-
edly reduced in post-RYGB patients. Most importantly, 
microbiota functional differences were observed in obese 
versus normal weight or postsurgery individuals. Indeed, 
hydrogen (H2)-producing bacterial groups (such as 
Prevotellaceae) as well as H2-using methanogenic Archea 
(which are both involved in energy extraction from indi-
gestible polysaccharides) were present only in the obese 
individuals. No such bacteria were observed in lean 
individuals or those after surgery. Furthermore, levels of 
Gammaproteobacteria increased markedly after surgery. 
However, to date it is impossible to conclude whether 
these modifications are the cause or consequence of 
weight loss.

Interestingly, Furet et al.80 found that the Bacteroides: 
Prevotella ratio was lower in obese than in control indivi-
duals and increased within 3 months after surgery to 
remain stable thereafter. Importantly, this ratio nega-
tively correlated with corpulence traits (namely body 
weight, BMI, body fat mass and serum leptin concen-
trations), but the correlation was highly dependent 
on calorie intake. By contrast, in patients with obesity, 
increased levels of Faecalibacterium prausnitzii were 
directly associ ated with a reduction in the low-grade 
inflammation state independent of calorie intake; levels 
of F. prausnitzii were low in obese patients with type 2 
diabetes at baseline and increased after surgery, high-
lighting the fact that microbiota changes after surgery 
could depend on presurgical characteristics (particularly 
metabolic traits).

In both studies, one cannot decipher whether bacterial 
modifications are due to changes in food ingestion and 
digestion, to specific surgical procedure modifications or 
to metabolic improvements. There is a need to address 
the specific role of either energy restriction or surgery-
induced modification on gut microbiota changes after 
bariatric surgery. For that purpose, we are currently con-
ducting a clinical trial with two groups of obese patients 
before and after either restrictive (LAGB) or restric-
tive and malabsorptive (RYGB) bariatric procedures 
(ClinicalTrials.gov Identifier NCT01454232).81 

Animal models of bariatric surgery can also help to 
dissect some of these mechanisms. A study in a rat model 
used metagenomic analysis and metabolic profiling to 
explore the impact of RYGB on gut microbiota composi-
tion.82 The researchers observed a major disruption in gut 
microbiota ecology with a 52-fold higher concentration 
of Proteobacteria and a decreased concentration of both 
Firmicutes and Bacteroidetes when comparing post-RYGB 

rats to sham-operated rats; notably, this last observation 
is different from previous results in humans (in whom an 
increase in Bacteroidetes was observed after surgery80 and 
after diet-induced weight loss37). Functional studies in the 
same model have also been performed, using both pyro-
sequencing methods and faecal water cyto toxicity assess-
ment. Faecal waters were found to be highly cytotoxic 
after surgery, mainly due to an increase in faecal metabo-
lites such as putrescine and other monoamines (both of 
which derive from the microbial catabolism of digested 
nutrients).83 This finding is consistent with the observed 
increase in levels of Gammaproteobacteria (particularly 
Enterobacter, which is responsible for the increased pro-
duction of monoamines) following RYGB (in line with 
previous results79).

Bariatric surgery and changes in microbiota
pH
Evidence indicates that pH is modified after RYGB; both 
basal and peak-stimulated acid production in the small 
stomach pouch is virtually absent after RYGB84 and pH 
increases markedly.85 Furthermore, RYGB is effective in 
the treatment of obesity-associated GERD.86,87 Although 
previous studies assessing bacterial activity indicated 
that pH <4 was deadly for most microorganisms, culture 
methods have since confirmed the presence of live bac-
terial species even at low pH88 (that is, acid-resistant bac-
teria89). Interestingly, some studies have demonstrated 
that pH modification markedly affects genus and species 
relative proportions rather than the overall cell number. 
More specifically, the relative abundance of some species 
increases with a rise in pH.88,90,91 By contrast, other in vivo 
studies demonstrated that pH >4 enabled bacterial over-
growth with a sustained and increased effect with time 
spent pH ≥4.92,93 Interestingly, achlorhydria is associated 
with an increased number of Gram-positive bacteria. 
Clinical studies have also confirmed bacterial over-
growth in patients receiving acid inhibitory therapy,91 and  
in the RYGB small pouch.85 Finally, a study performed in 
patients undergoing RYGB revealed a reduction in the 
number of lactic acid bacteria after surgery.80 Although 
the different techniques used in these studies to charac-
terize the effect of pH on microbiota species or bacteria 
proportions might be responsible for some of the appar-
ent discrepancies, these data confirm that RYGB-induced 
modifications of acid secretion and subsequent pH have 
an effect on microbiota ecology at least in the stomach 
but potentially also in the lower gastrointestinal tract. 
Indeed, pH modification in the colon also influences 
microbial community composition and short-chain fatty 
acid production and ratios (Figure 3).94

Entero–hepatic cycle diversion
Food transit time is accelerated after RYGB65 and 
nutrients pass along the Roux limb while bile acids 
are secreted in the excluded digestive tract, thus creat-
ing asynergy between nutrients and flow of bile acids. 
RYGB also creates a blind intestinal segment, which is 
associated with bacterial overgrowth; some of these bac-
teria display deconjugation properties. To date, studies 
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linking microbiota composition and entero–hepatic 
cycle diversion after bariatric surgery have only been 
performed in animal models. In a rat model of RYGB, 
microorganisms able to produce secondary free bile 
acids were observed not only in the blind loop but also 
in the proximal intestine,95 suggesting that RYGB induces 
transformation of primary bile acids higher up in the 
digestive tract after surgery compared to the normal 
digestive tract.96 In line with this finding, a study in 
humans demonstrated that RYGB increases levels of sys-
temic free bile acids,97 whilst, by contrast, germ-free mice 
display increased levels of conjugated bile acids levels. 
Moreover, as described above, faecal water analysis in 
rats revealed increased cytotoxicity after RYGB,83 further 
suggesting that bacterial overgrowth (including decon-
jugating bacteria) occurs in the blind loop. The effect of 
bile acid modification on the gut microbiota has been 
further investigated. In a rat model, the adjunction of 
free secondary bile acids to their food intake resulted 
in marked phylum alteration, with increased Firmicutes 
and decreased Bacteroidetes levels.98 Finally, a study 
in humans observed that the concomitant increase in 
primary bile acids and decrease in secondary bile acids 
was associated with dysbiosis of the gut microbiota, 
specifically bacteria involved in bile-acid transforma-
tion. Although this study included patients with IBS, 
a very different disease to obesity, it highlights the link 
between bile-acid modification and microbiota composi-
tion. Overall, these data suggest that RYGB seems to be 
associated with an increase in both primary bile acids in 
the blind loop and secondary bile acids further down the 
gastro intestinal tract, which have antimicrobial proper-
ties.28,99 This finding confirms that entero–hepatic diver-
sion induces profound changes in microbiota ecology in 
the lower gastrointestinal tract after RYGB.

Antibiotic use
Bariatric surgery requires administration of antibiotic 
prophylaxis, the regimens of which differ according to 
each institution’s practice.58 Furthermore, infectious 
complications after surgery represent 11.5% of early hos-
pital readmissions after RYGB, also requiring anti biotic 
therapy.100 Studies in mouse models, controlling for 
potential confounding factors, have confirmed the major 
effect of antibiotics on the gut microbiota.101 Indeed, 
antibiotics favour the growth of some taxonomic groups, 
but also decrease the overall diversity.102 Interestingly, 
different antibiotics reduce the total number of bacte-
ria in different parts of the digestive tract, thus possibly 
inducing regional intestinal microbiota dysbiosis.103 Of 
note, each antibiotic induces reproducible and consis-
tent microbiota modifications,102 and the ability and 
time to recover baseline microbiota composition differ 
according to the antibiotic used (and occur long after 
its cessation—several weeks in most cases). Human 
studies using pyrosequencing methods have confirmed 
that antibiotics affect the relative abundance of 30% of 
dominant taxa.104 Although some taxa recovered their 
baseline levels within the 4 weeks of the study, others 
did not.104 Finally, a study in humans in which patients 

who received antibiotics were compared to individuals 
who did not revealed that the use of antibiotics induced 
an increase in levels of Bacteroidetes and a decrease in 
Firmicutes.105 These observations confirm that anti-
biotics affect the whole microbiota in the short term, 
and potentially also the long term.106

Change in diet or change in weight
Bariatric surgery induces profound changes in dietary 
habits and decreases calorie intake.73 RYGB is also 
responsible for taste modifications towards a reduced 
preference for high-fat or high-sugar containing 
foods.78,107 Notably, numerous dietary interventions 
(either responsible for weight gain or reduction) have 
demonstrated a direct role of dietary habit on micro-
biota composition.35,41 Indeed, an overall increase 
in dietary content is associated with a concomitant 
rapid increase in numbers of Firmicutes and decrease 
in Bacteroidetes in both lean and obese humans.40 In 
both mice and humanized mouse models, the same 
pattern of changes was observed when subjected to 
a high-fat18,108 or Western diet.19,109 A study in weight-
matched mice fed with a high-fat diet or conventional 
ad libitum diet demonstrated that it was the increase in 
the fat content, rather than weight modifications, that 
drove the increase in numbers of Firmicutes.110 By con-
trast, and in line with a previous study in mice,19 Ley 
et al.37 observed that food restriction was associated 
with increased levels of Bacteroidetes and concomi-
tant decreased levels of Firmicutes. Interestingly, other 
studies evaluating microbiota modifications after dif-
ferent types of dietary interventions have also found an 

Brain
 Satiety (  GLP1)
 Food intake
Change in food choice
 Fat intake induces
change in microbiota
composition

Roux limb
 Intestinal motility

Distal intestine
 GLP1
 Secondary bile acids, 
leading to bacterial 
toxicity and change in 
microbiota composition

Small gastric pouch
 pH
Bacterial overgrowth and 
change in microbiota 
composition

Pancreas
 Insulin secretion via
 GLP1 production

Proximal jejunum
Blind loop leading to
bacterial overgrowth
  Deconjugation of
primary bile acids

Bile production
 Primary bile acid
production via decreased
fat intake

Figure 3 | Roux-en-Y gastric bypass induces various environmental, systemic and 
anatomical changes that might directly or indirectly affect the composition of the 
gut microbiota. Abbreviation: GLP1, glucagon-like peptide-1.
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increase in Bacteroidetes levels.21,111 Numerous shifts of 
other bacterial species are also observed, but these differ 
greatly across studies.21,39,111,112 Overall, these results 
suggest that dietary content has an important influence 
on microbiota composition. This factor should be taken 
into account when analyzing the gut microbiota after 
bariatric surgery.

However, some researchers believe that weight modifi-
cation—rather than changes in dietary content—drives 
microbiota changes. For example, in the mouse study 
performed by Ley et al.,37 microbiota changes were 
mainly driven by weight modification rather than the 
nutrient content of the diet when two types of diet were 
compared (low-fat or low-carbohydrate). In addition, in 
human studies, postintervention shifts in gut microbiota 
were mainly observed in the individuals who success-
fully, and dramatically, responded to the weight-loss 
programme.21,111 Studies in humans comparing RYGB 
or LAGB with comparable weight loss will help to dis-
tinguish the respective influence of weight reduction or 
dietary modifications. Preliminary investigations using 
both metagenomic and metatranscriptomic approaches 
have demonstrated that the microbiota is in fact highly 
responsive to dietary changes, not only on the level of 
microbiota composition but also on a transcriptional 
regulation level.30,113 Overall, it seems that both surgery-
induced food intake modifications and weight loss have an 
important role in microbiota composition after surgery. 

Improvement of obesity‑related diseases
Obesity-related metabolic diseases such as type 2 diabetes 
mellitus and NASH have also been found to improve after 
bariatric surgery.114–116 Mouse studies have demon strated 
a potential role of the gut microbiota in these improve-
ments.82,108,117–119 Indeed, modulation of the gut micro-
biota with prebiotics was associated with reduced fat mass 
development, improved glucose tolerance and increased 
levels of GLP1 in obese and diabetic mice.117 Microbiota 
modification and its effects on bile acids is also important; 
secondary bile acids seem to decrease hepatic fatty acid 
uptake, thus potentially having an effect on hepatic tri-
glyceride metabolism and leading to an improvement in 
NASH.120 However, the hypothesis that bariatric surgery 
induces microbiota changes that can affect obesity-related 
diseases remains to be demonstrated in humans.

Enterohormones
RYGB leads to an increase in the level of GLP1,68,121,122 
which is known to signal satiety, reduce food intake, 

decrease stomach motility and increase β-cell insulin 
production.123,124 As discussed above, these changes 
might have an effect on the gut microbiota. Although 
not yet proven, GLP1 might also exert some direct role 
on microbiota modulation; conversely, it cannot be 
excluded that microbiota signals might modulate PYY 
or GLP1.125 Many other entero-hormones that could also 
affect gut microbiota composition are modified after 
bariatric surgery.68,121

Conclusion
A large body of evidence supports the role of the gut 
microbiota in the development of obesity and related 
diseases. Bariatric surgery leads to major and sustain-
able weight loss and the improvement of obesity-related 
comorbidities. Scarce data already suggest that the 
composition of the gut microbiota evolves after RYGB, 
but these observations remain to be confirmed in large 
cohorts and in the long term (particularly as some 
patients regain weight). As reviewed herein, bariatric 
surgery induces changes in the anatomy of the diges-
tive tract, hormonal status, and quantity and choice of 
ingested nutrients, all of which might modify the micro-
biota composition. To date, scientists have not been able 
to decipher whether microbiota evolution is the cause 
or the consequence of weight loss and the improvement 
of obesity-related diseases (or whether the changes are 
more related to the specificities of the surgical proce-
dure). Comparing the effects of different types of surgery 
will help to answer these questions. Finally, other issues 
still need to be tackled such as the potential associa-
tion between the shift in microbiota composition after 
surgery and the changes in enterotypes. Large-scale 
studies using high-throughput pyrosequencing, and 
metabogenomic and metabolomic tools will enable 
further insight into the composition of the microbiota 
and its functional evolution after bariatric surgery.
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