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Introduction
In recent years significant progress has been achieved 

in our understanding of the pathogenesis of obesity and 
metabolic syndrome [1-3]. Environmental and genetic 
factors do not explain the increasing prevalence of met-
abolic disorders. With the development of molecular te
chniques to study gut microbiota, our understanding of 
microbiome has expanded enormously. Intestinal micro-
biota is a major player controlling metabolic balance in 
the body being responsible for efficient harvest, storage 
and expenditure of energy derived from food [4]. Exper-
imental studies both in bacteria-free animal models as 
well as in humans confirm the importance of microbial 
factors in regulation of cell metabolism and prolifera-
tion [5,6]. Moreover, the manipulation of gut microbiota 
has been linked to weight modification both in animals 
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and humans. The recent study has shown that bariatric 
intervention profoundly alters gut microbiota and influ-
ences host-microbial metabolic crosstalk [7]. It has been 
suggested that the beneficial metabolic effect of weight 
loss observed after surgical and endoscopic interventions 
resulted in microbiota modulation. Therefore, under-
standing the role of gut microbiota in the management of 
obesity seems to be of importance. Moreover, our better 
understanding of host-microbial crosstalk might lead to 
development of new strategies in the treatment of obesity. 
Finally, modulation of microbiota with pre- or probiotics 
before or after weight loss procedures might augment 
their long-term health effect. Therefore, targeting the 
microbiome in obesity should be viewed as an important 
factor with a potential to influence prognostic outcomes. 
Manipulation of microbiome offers new strategies to de-
crease the prevalence of metabolic disorders. 
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Obesity and metabolic syndrome: 
contemporary threats to human health 

Obesity and metabolic syndrome are currently viewed 
as the most important medical problems. These disorders 
are not only responsible for an increased risk of cardio-
vascular diseases and cancer but also for the risk of devel-
oping different gastrointestinal disorders. The most com-
mon ones include disorders of gallbladder and bile ducts, 
pancreas and colon, gastro-esophageal reflux disease 
(GERD), functional syndromes (e.g. functional dyspepsia 
and irritable bowel syndrome) [8] and liver diseases (e.g. 
non-alcoholic steatohepatitis [NASH]) [9]. Microbiome 
alterations in the gut caused by western type diet and sed-
entary lifestyle have been linked with an increased risk of 
cancer development. It has been described that patients 
diagnosed with cancer have a different microbial pattern 
in comparison to healthy individuals [10]. The metabo
lic profile of microbiota in cancer patients shifts towards 
production of genotoxic, mutagenic and carcinogenic 
compounds. Moreover, altered microbiota are capable of 
activating different food-derived pro-carcinogens in the 
gastrointestinal tract. Gut microbes shape the bile acid 
composition and promote de novo synthesis of carcino-
gens. Also the metabolic clearance of the liver could be 
affected by microbial components in the gut. Gut microbi-
ota can also interfere with hormonal and nervous systems 
of an individual capable to affect the whole body homeo-
stasis [11].

The gut microbiota as an important 
metabolic organ in the human body

The microbiota exert pleiotropic role in the human 
gastrointestinal tract. The fermentation of undigested 
food residuals and enterocyte-derived mucus are among 
the major digestive functions of gut microbiota. Micro
biome, due to its functional complexity and residual mass 
in the gut, is frequently described as the “microbial organ”. 
Microbiome contains 10 times more cells and 100 times 
more genes than the human organism and is involved in 
many important enzymatic and metabolic reactions. Its 
role in the development and regulation of immune and 
nervous systems is very important [12]. Detailed metabo
lic pathways regulated by microorganisms have just re-
cently been discovered and described. As the majority of 
microbes exist in the gastrointestinal tract, they will not 
grow in culture media in vitro, thus molecular techniques 
are needed for their detailed identification and characteri-
zation. Based on molecular analysis it is known that anaer-
obic bacteria greatly outnumber aerobic ones with domi-
nant species belonging to Bacteroides, Bifidobacterium, 
Eubacterium, Clostridium and Lactobacterium phyla. 
Aerobic bacteria, among them Enterococcus and Entero­

bacteriaceae less abundantly inhabit the digestive tract. 
Laboratory observations reveal that the microbial pattern 
is unique in each individual and could be viewed as mo-
lecular fingerprint. The major role of microbiota is to har-
vest energy from food passing through the GI tract. This 
microbial process affects the regulation of total body mass 
and content of visceral fat. The microbial organ is capable 
of inducing immunological and inflammatory pathways 
resulting in uncontrolled epithelial cell proliferation and 
cancer. Microorganisms affect the tumor’s metastatic po-
tential and response to chemotherapy [13]. Mechanisms 
being described include modulation of tumor microenvi-
ronment, maintaining gut barrier integrity, macrophage 
priming and formation of new vessels. 

Another interesting aspect of gut-microbe interaction 
is the regulation of gut peristalsis. As the components 
of gut-associated lymphoid tissue (GALT) are altered in 
germ-free animals, the number of enterocytes is also re-
duced. Microscopic observations reveal longer intestinal 
villas and shallow cryptal space in sterile, bacteria-free 
animals. As a consequence, the digestive function of bac-
teria-free animals is impaired and less efficient in com-
parison to conventionally colonized mice. 

Microbiota – intestinal barrier and 
metabolic endotoxemia in obesity

Another important role of gut microbiota is the main-
tenance of the gut barrier structure and function [14]. Sev-
eral factors may alter intestinal microbiota and cause dys-
biosis in the gut. The most important factors disrupting the 
gut microbiota include high fat and protein diet and low 
fiber diet [15]. Standard “western” diet, rich in saturated 
fats and simple carbohydrates alter microbiome in a rela-
tively short time. Commonly used medicines (e.g. antibiot-
ics, non-steroidal anti-inflammatory drugs [NSAIDs] and 
proton pump inhibitors – PPIs) also transiently disturb 
the gut microbiota composition [16]. The repeated antibi-
otic therapy has been linked with excess body mass and 
obesity as well as cancer. Similarly, long-term PPIs use has 
been associated with weight gain. Other important factors 
affecting microbial composition in the gut are mental or 
physical stress and enteric infections. The role of micro-
biota in the pathogenesis of metabolic syndrome has been 
assessed in numerous experimental and clinical studies.  
The role of microbiota has been implicated in the regu-
lation and maintenance of the gut barrier function and 
integrity. Transplantation of intestinal microbiota to bac-
teria-free mice is associated with obesity and insulin resis-
tance development [17]. These observations confirm the 
important role of microbiome in harvesting the energy 
from food in the gastrointestinal tract. Moreover, bacte-
ria-free mice transplanted with microbiota derived from 
obese mice gain weight faster than mice transplanted with 
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“lean” type microbiota [4,5]. Gut microbiome in obese 
mice is more efficient in harvesting energy from the food. 
These animals possess more short chain fatty acids (SCFAs) 
in the digestive tract than lean animals. Genetically obese 
animals have a different microbial count than lean animals, 
characterized by Bacteroidetes decrease and Firmicutes in-
crease [4]. However, the exact mechanism regulating the 
metabolic function of microbiota is far from being com-
pletely elucidated. Gut microbiota affects the utilization of 
energy by skeletal muscles as well as glucose metabolism in 
the liver. The development of fat tissue is also regulated by  
the microbial factors [3,6].

Although the microbial profile differs according to the 
metabolic status of an individual it is still difficult or even 
impossible to measure its composition using routine diag-
nostic methods. However, its diversity could serve as an 
intermediate marker of the healthy microbial ecosystem.  
The hypothesis that the more diverse gut microbial popu-
lation, the healthier is an individual has been confirmed by 
experimental and clinical observations. In contrast, dysbio-
sis has been linked with less diverse and pathogenic micro-
biota and is linked to obesity and metabolic disorders [3]. 

In overweight and obese humans, the ratio of Bacteroi­
detes to Firmicutes is changed [3]. The diet rich in protein 
and simple carbohydrates but deficient in fiber is associat-
ed with a decrease in Bifidobacterium species. In the gut of 
obese subjects, gram positive bacterial species e.g. Clostrid­
ia and Mollicutes dominate. Mollicutes possess an unique 
ability to harvest energy from food residues which is fur-
ther stored in fat tissue. The ability of bacteria to translo-
cate into the bloodstream and activate inflammatory cas-
cades is also relevant. Mollicutes (especially Mycoplasma) 
have been found in various tissues and organs. Dysbiosis 
is associated with an increase in intestinal barrier perme-
ability. The gut barrier consists of several proteins (zonula 
occludens-1 [ZO-1], desmosomes, occludin) forming tight 
and gap junctions. Dysbiosis in the gut promotes dysregu-
lation of zonulin and occludin synthesis and loss of barrier 
integrity. As a consequence, bacterial antigens and bacte-
ria derived lipopolysaccharides (endotoxins) leak through 
the gut to the bloodstream and mesenteric lymph nodes. 
Endotoxemia as well as SCFAs activate multiple processes 
in the human resulting in several metabolic complications 
[18]. Main metabolic pathways activated by gut microbiota 
were described previously [19]. 

All metabolic processes induced by microbiota direct-
ly affect total body mass. Paradoxically malnutrition can 
occur in obese subjects. The obese individual with mal-
nutrition in order to fulfill bodily energy requirements 
has to deliver more energy with new portions of food to 
be digested. This is responsible for weight gain. Of course 
the genetic background of an individual is also import-
ant. The presence of inherited genes promoting energy 
extraction has been precisely described.

Microbiota – insulin resistance  
and chronic microinflammation

Special attention should be paid to the consequences 
of metabolic endotoxemia in peripheral tissues: a) genera-
tion of inflammatory milieu in visceral adipose tissue, and 
b) insulin resistance development. The low grade endo-
toxemia in subjects diagnosed with obesity and metabolic 
syndrome components has been well documented [18]. 
Intestinal Gram negative bacteria secrete lipopolysaccha-
rides (LPS) – bacterial wall endotoxin capable of induc-
ing systemic inflammation. This process is mediated by 
macrophages that efficiently phagocytose gut derived LPS  
and migrate to peripheral tissues causing inflammation. As 
a consequence, pathological release of inflammatory cyto-
kines by adipocytes and macrophages follows decreased 
synthesis of adiponectin and increased release of leptin 
and resistin. Both these adipokines possess the capability 
of inducing inflammation and stimulating growth of can-
cerous cells [20]. Chronic microinflammation generate 
pro-acidic and pro-inflammatory environment. Insulin 
resistance is followed by increased production of insulin 
and insulin-like growth factors (IGF-1 and IGF-2). Insu-
lin-like growth factors stimulate cell proliferation, induce 
apoptosis and affect the expression of proteins regulating 
the cell cycle. Increased secretion of IGFs and insulin is 
associated with higher prevalence of cancers of various or-
gans, for example: i) prostate, ii) mammary gland, and iii) 
colon. Moreover, the prognosis of these cancers has been 
affected by the circulating insulin levels. Interestingly, 
Laron dwarfs with a mutation of insulin-like growth hor-
mone in the liver are naturally protected against cancer 
and diabetes mellitus. 

The simplified scheme presenting the prevalence of 
obesity and related metabolic disorders among the Polish 
population in regard to human microbiome is presented 
in Figure 1. 

Below we discuss the important therapeutic options in 
the management of obesity.

The role of gut microbiota 
manipulation in metabolic disease

Experimental studies performed in animals with 
knock-outs of several innate immunity components re-
vealed the important role of intestinal microbiota in the 
pathogenesis of obesity, liver steatosis and diabetes mel-
litus. Modulation of microbiota or innate immunity com-
ponents in these animals has a protective effect of leads to 
complete regression of the disease [21].   

Experimental studies performed in humans assessing 
the role of gut microbiota in the management of metabol-
ic disturbances also deliver interesting results. Transplan-
tation of stool microbiota from lean to obese subjects per-
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formed in FATLOSE study resulted in decreased serum 
triglycerides levels and insulin resistance. However, this 
procedure failed to document weight loss effect in trans-
planted individuals during six weeks of the observational 
period. The strengths of this study included extensive mo-
lecular analysis of gut microbiota in transplanted patients 
[22]. FATLOSE 2 trial with a longer follow-up has already 
been initiated. The stool microbial transplantation serves 
as a good example of the beneficial potential of intestinal 
microbiota modulation. However, the safety of this pro-
cedure as well as costs and ethical acceptance have been 
questioned. Therefore, the application of probiotics and 
prebiotics in everyday clinical practice based on available 
literature as well as personal experience seems to be the 
best alternative. Commercially available probiotics with 
good safety profiles and documented clinical efficacy 
are the best examples. The detailed description of stool 
transplantation in the treatment of metabolic and auto-
immune disease is beyond the scope of this paper and has 
been recently described by the authors elsewhere [23].

The manipulation of gut microbiota 
by non-invasive interventions 

The dream to achieve significant weight loss with 
pharmacological agents remains an elusive goal only. 
Majority of drugs despite their efficacy in early clinical 
trials have already been withdrawn from the market due 
to numerous adverse events. New drugs (Lorcaserin and 
a  combination of phentermine and topiramate) reduce 
hunger and await safety confirmation in clinical trials in 

the European population (both drugs have been already 
registered in the U.S.A.). 

Neglecting the importance of gut microbiota could be 
an important factor limiting the efficacy of dietary regi-
mens in weight management. The data obtained in ongo-
ing Human Microbiome Project delivered novel evidence 
of the role of gut microbiota manipulation in the manage-
ment of metabolic disorders. The potential modulators of 
gut microbiota include diet and prebiotics with probiotics.

Diet
Metabolic beneficial effects of energy restriction, 

physical activity and behavioral changes can be mediated 
by microbiota [24]. High protein and low carbohydrate 
diet reduces total fecal SCFAs in obese subjects. It is as-
sociated with reduction of bacteria involved in butyrate 
production (Eubacterium rectale, Roseburia spp., bifido-
bacteria) [25]. Santacruz et al. [26] found that energy 
restriction and exercise in overweight adolescents in-
creased the number of Bacteroides fragilis and Lactobacil­
lus and decreased the counts of Bifidobacterium longum 
and B. adolescentis. Interestingly, higher weight loss was 
connected with greater changes of gut microbiota. Nadal 
et al. [27] revealed several changes in fecal bacteria com-
position in overweight and obese adolescents involved 
in a multidisciplinary obesity treatment program. These 
changes were associated with the level of weight loss.  
The adolescents lost more weight and had also reduced 
total fecal energy loss. 

The vegetarian diet improves several metabolic para
meters (fasting and postprandial glycemia, weight reduc

Figure 1. Obesity and metabolic syndrome are important medical problems in Poland and worldwide. Gastrointestinal micro-
biota (microbiome) is a key player in the pathogenesis of metabolic diseases [2,11,17,19] 

8-10 million people in Poland fullfil the criteria of metabolic syndrome.

In Poland 70% of adults have abnormal lipid profiles. 

Several million Polish people suffer either from impared glucose tolerance  
or diabetes mellitus. 

Every second person in Poland is either overweight or obese. 

Studying the role of gut microbiota in metabolic disorders might lead to the development 
of new prophylactic and treatment strategies and results in better prognosis. 

Gastrointestinal microbiota  
alterations ”dysbiosis”
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tion, glucose and lipids metabolism) and also modulates 
gut microbiota (reduction of Firmicutes/Bacteroidetes ra-
tio) [28]. It is important to stress that studies assessing the 
dietary impact combined with physical exercise on gut 
microbiota due to the methodological issues are not easy 
to design and perform. There is no single microbiological 
biomarker that can be used to assess the efficacy of weight 
reducing strategies. It has been suggested that the pres-
ence of mucin-degrading bacteria Akkermansia mucini­
phila in the human gut is associated with a better health 
and immune status [29]. In healthy individuals these bac-
teria compose approximately 3-5% of the whole microbi-
ome [29] and their presence has been inversely correlated 
with body mass [30] and diabetes mellitus type 1 [31]. 
Everard et al. [32] found that administration of prebiotic 
oligofructose improved A. muciniphila number and meta-
bolic profile in mice. Additionally, it was found that treat-
ment with A. muciniphila reversed fat-mass gain induced 
by high-fat as well as metabolic endotoxemia, adipose 
tissue inflammation, and insulin resistance. The increase 
in intestinal levels of endocannabinoids that control in-
flammation, the gut barrier, and gut peptide secretion was 
also observed as the effect mediated by viable bacteria. On 
the other hand, Wills et al. [33] using next-generation 
sequencing to examine the fecal microbiota composi-
tion in patients with inflammatory bowel disease during 
an inactive disease phase and a subsequent exacerbation 
did not demonstrate general changes in gut microbiota 
composition or diversity in both groups of cohorts. They 
found a large increase in the relative number of Bacteroi­
des fragilis or Akkermansia muciniphila during the active 
phase of disease in some patients. However, this import-
ant topic requires further studies.

The role of physical activity in addition to dietary 
weight loss programs is also important to investigate. In-
tensive physical training has been associated with reduced 
gastrointestinal blood flow, tissue hyperthermia and hy-
poxia leading to possible alterations of GI microbiota and 
gastrointestinal barrier function [34]. Clarke et al. [35] 
recently described the increased diversity of gut microbi-
ota as a result of exercise associated with high protein diet 
in professional rugby players. These results indicate that 
the level of microbial biodiversity could be considered as 
a biomarker or indicator of health. Therefore, implement-
ing probiotics into dietary regimes has been proposed 
as a  novel and promising strategy. Lamprecht et al. [2] 
showed that 14 weeks’ period of multi-species probiotics 
supplementation in trained men normalized stool zonu-
lin concentrations (a marker of enhanced gut permeabil-
ity) in comparison to a placebo group. Also the results of 
other studies with endurance athletes documented ben-
eficial effects of dietary interventions on cytokines and 
immune-marker panel improvements and positive effects 
on redox biology and decrease in GI symptoms [34]. 

Prebiotics 
Prebiotics (e.g. fructooligosaccharides and inulin) are 

non-digestible food ingredients that stimulate the growth 
and activity of bacteria in the gastrointestinal tract. Pre-
biotics serve as an energetic fuel to colonic epithelial cells 
and intestinal bacteria. Prebiotics also stimulate the secre-
tion of SCFAs and release of anti-inflammatory cytokines 
in Peyer patches. Moreover, the synthesis of glucagon-like 
peptides (GLP-1 an GLP-2) is also increased by prebiotics. 
GLP proteins play an important role in the regulation of fat 
and carbohydrates metabolism. GLP-1 and -2 are insulin 
sensitizers in peripheral tissues diminishing the severity 
of insulin resistance. GLP-2 stimulates the synthesis of gut 
barrier structural proteins ZO-1 and occludin. Another 
beneficial action of prebiotics is the induction of mucin 
secretion. The role of mucins in the GI tract is pleiotro-
pic and has been described in detail elsewhere. Another 
important action of prebiotics is the regulation of satiety. 
Numerous studies assessing the efficacy of prebiotics in the 
treatment and prophylaxis of metabolic diseases have been 
already published. The clinical usefulness of arabinoxylan 
and inulin has been studied in the prevention and treat-
ment of obesity, impaired glucose tolerance, type 2 diabetes 
mellitus, and non-alcoholic steatohepatitis [36]. Of special 
interest is inulin, a prebiotic naturally derived from plants 
and fructooligosaccharides. After ingestion, inulin has the 
natural potential to enhance the growth of Bifidobacteria  
in the GI tract. Inulin – in vivo – affects the secretion of  
GLP-1, ghrelin and peptide YY. Inulin has also been 
shown to be responsible for increasing the number of an-
ti-inflammatory bacteria F. prausnitzii and decreasing the 
number of Bacteroides and Propionibacterium in healthy 
women. However, it is important to note that all of these 
studies have some limitations including a short observa-
tional period (up to 3-4 weeks) and relatively small study 
groups. More compelling evidence comes from longer 
intervention studies of prebiotics action. Administration 
of inulin-type fructan prebiotic for 12 months result-
ed in weight reduction and decrease in total fat mass in 
healthy young volunteers. Fructan administration to obese 
pre-menopausal women also resulted in weight reduction. 
Other studies deliver further evidence that prebiotics favor 
the weight loss and its maintenance [37]. As mentioned 
above, the mechanism of prebiotic action is complex but 
it is suggested that it is mediated by regulation of endo-
cannabinoid system resulting in decreased gut barrier 
permeability, endotoxemia and fat storage. Since most of 
such evidence elucidating the mechanism of prebiotic ac-
tion comes from animal studies, it is difficult to confirm 
full potential of prebiotic in the treatment of obesity in hu-
mans. However, their application in clinical practice in the 
management of obesity and related complications seems to 
be rational and very promising [38].
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Probiotics
Probiotics are life bacteria, which have a beneficial ef-

fect on human health. Their supplementation is associated 
with more diverse and functional microbiota in the gut 
allowing for optimal harvest, storage and expenditure of 
energy from the food ingested. Probiotics mainly con-
tain Gram-positive bacteria (e.g. Bifidobacterium spp., 
Lactobacillus spp., Lactococcus spp., Pediococcus spp.). 
Management of gut microbiota with probiotics influence 
body mass, but precise mechanisms have not been fully 
explained. One of the possible explanations of probiotic 
action is their aid in the maintenance of the intestinal bar-
rier, inhibition of bacterial translocation from the gut and 
decrease of inflammatory reactions. As a consequence, 
the tissue utilization of insulin is enhanced and insulin 
resistance is decreased. The type of probiotic bacteria 
ingested seems to be very important as some bacterial 
species advertised as probiotics have been reported to 
increase body mass. This is supported by the results of 
meta-analysis showing that Lactobacillus acidophilus, fer­
mentum and ingluviei administration was associated with 
weight gain in animals [39]. In contrast, consumption  
of L. plantarum and L. gasseri resulted in weight loss.  
The mechanism of probiotic action responsible for induc-
tion of weight loss may be explained by suppression of 
various hormonal pathways. Lam et al. [40] found that 
supplementation of animal diet with L. plantarum 299v 
resulted in 41% decrease of circulating leptin levels lead-
ing to enhanced cardioprotection [40]. The leptin lower-
ing effect of L. plantarum 299v has also been previously 
described in humans with elevated cholesterol levels [41]. 
Other studies described the beneficial effect of selected 
probiotic species (L. acidophilus NCFM and L. gasseri 
SBT2055) in the treatment of overweight individuals with 
visceral obesity and impaired glucose tolerance. The vis-
ceral and subcutaneous fat deposits as well as BMI were 
diminished in subjects treated with probiotics. It should 
be noted that most of commercially and clinically appli-
cable antibiotics are associated with weight gain [39]. 

It has been suggested that subjects diagnosed with 
obesity with an increased risk of cancer development 
might benefit from prophylactic probiotic supplementa
tion. Numerous experimental studies have shown the 
benefit from probiotic administration in the prevention  
of cancers. Ishikawa et al. [42], based on observation of  
398 males and females diagnosed with two tumors in the 
colon and undergoing surgery, reported that administra
tion of L. casei for 2-4 years prevents the relapse of atyp-
ical neoplasia in the colon [42]. In another study, au-
thors reported: i) 12 weeks’ observation of 43 patients 
after endoscopic polypectomy and 37 patients diagnosed 
with cancer consuming Lactobacillus rhamnosus GG, Bi­
fidobacterium animalis ssp. lactis DSM15954 and inulin 

with oligofructose – an intervention positively modu-
lated intestinal flora with improvement of the barrier 
function and decrease in pro-inflammatory cytokines, 
ii) 38 healthy male volunteers supplemented for four 
weeks with Lactobacillus rhamnosus LC705 and Propio­
nibacterium freudenreichii ssp. shermanii JS – a  signifi-
cant increase in the count of Lactobacillus and Propio­
nibacterium species in the stool as well as a decrease in 
the activity of β-glucosidase (β-glucosidase has been 
shown to be responsible for promotion of cancer growth 
and progression). In addition, a recently published study 
analyzing the risk of developing cancer among 477 122 
men and women revealed a  possible protective role of 
dairy products on the colorectal cancer risk [43]. More-
over, consumption of multispecies probiotics containing 
Bifidobacteria has been linked to a  decrease in insulin 
resistance and improvement of liver steatosis and athero-
sclerosis [44]. 

The effect of noninvasive and invasive interventions 
capable of modulating human microbiome and their ef-
fect on body mass is presented in Figure 2. 

Below we discuss weight loss management by means 
of invasive interventions.

Changes of gut microbiota by 
invasive weight loss interventions 
Endoluminal endoscopic therapy

Endoscopic procedures are minimally invasive op-
tions for the treatment of obesity. Endoscopic bariatric 
procedures are safe, reversible, cost and clinically effec-
tive. The modern endoscopic techniques can be divided 
into either restrictive or malabsorptive (e.g. gastrointes-
tinal bypass procedure). One of the most common endo-
scopic procedure is the intragastric balloon resulting in 
short-term weight loss. Modern fluid filled silicone gastric 
balloons are inserted with the aid of endoscope and du-
rable for the maximum time of 6 months. The aim of this 
treatment is to initiate the sense of satiety secondary to 
stomach dilatation. The short-term weight loss effect was 
observed in both retrospective as well as prospective clin-
ical trials. In addition, improvements in blood pressure, 
glycemic control and lipid levels as secondary outcomes 
as well as reduction in prevalence of co-morbidities was 
shown. Although short-term results were very optimistic, 
the long-term benefit of this procedure has been ques-
tioned. The majority of patients (> 75%) without dietary 
or physical activity treatment plan gained weight after 
two years of balloon removal. Thus, this technique should 
be used to reduce weight in morbidly obese subjects 
before surgical intervention [45]. Close collaboration 
between the patient and the dietitian should be recom-
mended. A common adverse effect of balloon placement 
is the exacerbation of GERD. It is suggested that that  
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balloon placement is associated with small intestine 
bacterial overgrowth (SIBO). However, this hypothesis 
requires confirmation. Another endoscopic technique 
performed in obesity treatment is transoral gastroplas-
ty (TOGA System). This system utilizes an endoscopic 
stapling device in order to form a  special pouch in the 
course of lesser curvature of the stomach. However, this 
technique is not used in our country and its future world-
wide is uncertain. The effect of intragastric balloon place-
ment as well as TOGA system on gut microbiota or small 
intestinal bacterial overgrowth has not been studied. 

Of great clinical interest is the application of Endo-
Barrier sleeve endoscopic gastrointestinal bypass device. 
Despite some initial technical obstacles, its therapeutic 
usefulness in the treatment of diabetes mellitus and obe-
sity has been confirmed in the pilot studies. Thus, duo-
denal nutrient exclusion by means of EndoBarrier place-
ment is a promising therapeutic approach to diabetes and 
obesity treatment [46]. The effects of this technique on 
gut microbiota are unknown.

Bariatric surgery 
The surgical procedures in obesity treatment could be 

classified as restrictive, malabsorptive or restrictive/mal-
absorptive. The outcome assessment of bariatric surgery 
should be focused not only on the weight loss effect but 
also on metabolic benefits. Therefore, more than 30 years 
ago, Buchwald H. proposed the following definition of 
metabolic surgery and/or intervention: “metabolic surgery 
is the operative manipulation of a normal organ or organ 

system to achieve a biological result for a potential health 
gain” [47]. Recent questionnaires sent out to almost forty 
International Federations for the Surgery and Obesity and 
Metabolic Disorders revealed more than 340 thousand 
bariatric surgeries recorded in 2008 worldwide with over 
90% of them performed laparoscopically. The most com-
monly performed surgical procedures were laparoscopic 
adjustable gastric banding (AGB; 42%), laparoscopic stan-
dard Roux-Y gastric bypass (RYGB; 39%) and total sleeve 
gastrectomies (4%). These procedures are very effective in 
the management of obesity and result in approximately 
40% weight loss and improvement or even regression of 
metabolic disease in the majority of treated patients [47]. 
However, the precise mechanism responsible for weight 
loss is poorly understood. Relevant factors include ame-
liorated eating habits, changed pattern of nutrient absorp-
tion, changed motility and gastric emptying, modified bile 
acid composition and hormonal secretion. Recent stud-
ies have shown the role of microbiota in weight loss after 
bariatric surgery. Zhang et al. [48] revealed the decrease 
in the number of Firmicutes after RYGB compared with 
controls. In addition, a significant increase in the number 
of Proteobacteria after RYGB was observed. 

Li et al. [7] found that the RYGB procedure resulted in 
reduction of weight and food intake in laboratory animals 
and significantly affected the changes of gut microbiota. 
The microbiome analysis revealed a  significant increase 
in Proteobacteria and a decrease in Firmicutes and Bacte­
roidetes. These changes are associated with the following 
processes: i) increasing intestinal fermentation of oligo-

Figure 2. Factors contributing to weight increase and loss. All of the above factors have the capabilities to modulate gut 
microbiota contributing to weight gain or loss [7,35,39,48-50]

Factors contributing to weight increase ↑

• Western diet and sedentary lifestyle 
• Probiotics 

– L. acidophilus 
– L. rhamnosus 
– B. breve 
– L. ingluviei

• Antibiotics 
– Vancomycin 
– Macrolides 
– Tetracyclines 
– Penicillins 

Factors contributing to weight decrease ↓

• Bariatric surgical interventions 
• Endoluminal endoscopic therapies
• Caloric restrictions and exercise 
• Probiotics 
– Bifidobacteria 
– L. plantarum 
– L. gasseri 
– L. fermentum 
– L. amylovorus 
– L. rhamnosus 
– L. sakei 
• Prebiotics 
– Inulin 
– Fructooligosacharides (FOS)
• Antibiotics 
– Penicillins
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saccharides, ii) production of p-cresol, iii) activation of 
certain amines capable of mechanistically initiate weight 
loss. These authors also identified Gammaproteobacteria 
abundantly colonizing gut immediately after surgery. 
Gammaproteobacteria were very efficient “metabolizers” 
of carbohydrates. This observation is important as food 
in RYGB-treated individuals skips the digestive phase in 
duodenum and goes directly into the jejunum. The asso-
ciations between the type of surgery and microbial com-
position in the GI tract was found also in other studies. 
Furet et al. [49] reported that the number of Escherichia 
coli in the gut correlated negatively with the body mass 
index and the presence of F. prausnitzii was associated 
with the lack of inflammatory markers after RYGB. It has 
also been reported that RYGB was associated with a de-
creased number of Firmicutes and increased numbers 
of Gammaproteobacteria. Although, observed changes 
and shifts in the microbiome might seem positive in the 
short-term, the long-term effect of this phenomenon is 
not known. Li et al. [7] suggested that increased num-
bers of Gammaproteobacteria in a longer time might fa-
vor apoptosis of epithelial cells and exert a negative effect 
on health. This hypothesis was confirmed by the results 
of a study which found fecal cytotoxicity after the RYGB 
procedure. On the other hand, epidemiological studies 
confirm beneficial effects of bariatric surgery on the de-
creased risk of cardiovascular disease and cancer devel-
opment. Although experimental studies clearly demon-
strated that bariatric procedures profoundly changed the 
intestinal microbiome, the exact role of this phenomenon 
requires further in-depth analysis. 

In light of the above-described findings, very interest-
ing are the studies assessing the role of probiotics in the 

bariatric perioperative period. The positive and protec-
tive effect of probiotics administered before or after sur-
gical intervention on reduction of the risk of infection is 
well known. However, the results of studies evaluating the 
use of probiotics to improve outcomes of bariatric sur-
gical interventions are less evident. It was reported that 
Lactobacillus species administration was associated with 
better vitamin B12 availability and a  greater weight loss 
effect after RYGB. In addition, the lower bacterial over-
growth in intestine was observed [50]. 

This study also confirmed the observations that obese 
patients have an overabundance of the hydrogen-produc-
ing bacterial species in their gastrointestinal tract [50]. It 
has been suggested that hydrogen transfer between bacte-
rial species might be an important mechanism regulating 
energy uptake in obese subjects. Therefore, monitoring 
the gut microbiota and intestinal bacterial overgrowth 
could be of benefit in assessing the weight change poten-
tial in obese subjects after bariatric procedures. The pho-
tographic examples of bariatric surgical intervention are 
presented in Figure 3. 

Conclusions
The microbiome is a key player in the pathogenesis of 

obesity and metabolic disorders. Altered microbiota evoke 
multiple reactions of the immune system and induces in-
flammatory reactions in the colon, jejunum, liver and fat 
tissue. As a consequence, insulin resistance in peripheral 
tissues develops. The number of people diagnosed with 
obesity and metabolic disorders has increased significant-
ly in recent years. Most common diseases associated with 
obesity include type 2 diabetes mellitus and non-alcoholic 

Figure 3. Obesity and metabolic syndrome are important medical problems worldwide. Supplementing obese patients with 
lactobacillus probiotics results in greater weight loss and less small intestinal bacterial overgrowth after RYGB bariatric 
intervention (ref. [50]). Photo: Roux-en-Y Gastric Bypas (RYGB) laparoscopic bariatric surgery (Author: dr Krzysztof Kaseja, 
Department of General and Vascular Surgery, Specialist Hospital, Szczecin-Zdunowo; photo – courtesy of dr Krzysztof Kaseja)
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steatohepatitis. Obese individuals have also a significant-
ly increased risk of developing cancer and cardiovascular 
diseases. The precise mechanism responsible for weight 
loss after bariatric interventions is not completely clar-
ified. It has been suggested that their effect at least in 
part is mediated by modulation of intestinal microbiota.  
The observed displacement in the microbiome in the 
short term after surgery is positive, however the long-term 
effect of bariatric interventions is not known. Changes 
of gut microbiota after prebiotics and probiotics admin-
istration may have a beneficial effect on health of obese 
subjects undergoing bariatric surgery. Although more 
studies on this topic are needed, we believe that doctors 
should already implement this knowledge into everyday 
clinical practice. Physicians and nurses should also take 
active part in educating patients and lay public to consid-
er the benefits of microbiome modulation in obesity and 
metabolic syndrome. The perspective is healthier life with  
a lower risk of cardiovascular disease and cancer.
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