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ABSTRACT
The medical research of the last 1-2 decades allows us to look at the human gut microbiota and microbiome 
as to a structure that can promote health and sometimes initiate disease. It works like an endocrine organ: 
releasing specific metabolites, using environmental inputs, e.g. diet, or acting through its structural com-
pounds, that signal human host receptors, to finally contributing to the pathogenesis of several gastrointesti-
nal and non-gastrointestinal diseases. The same commensal microbes were found as shapers of the human 
host response to drugs (cardiovascular, oncology etc.). New technologies played an important role in these 
achievements, facilitating analysis of the genetic and metabolic profile of this microbial community. Once the 
inputs, the pathways and a lot of human host receptors were highlighted, the scientists were encouraged to 
go further into research, in order to develop new pathogenic therapies, targeting the human gut flora. Dual 
therapies, envolving these “friend microbes”, are another actual research subjects. This review gives an up-
date on the current knowledge in the area of microbiota disbalances under environmental factors, the contri-
bution of gut microbiota and microbiome to the pathogenesis of obesity, obesity associated metabolic disor-
ders and cardiovascular disease, as well as new perspectives in preventing and treating these diseases, with 
high prevalence in contemporary, economically developed societies. It brings the latest and most relevant 
evidences relating to: probiotics, prebiotics, polyphenols and faecal microbiota transplantation, dietary nutri-
ent manipulation, microbial as well as human host enzyme manipulation, shaping human responses to cur-
rently used drugs, manipulating the gut microbiome by horizontal gene transfer.

Keywords: environment, dietary nutrients, gut microbiota, microbiome, probiotics, prebiotics, 
polyphenols, antibiotics, faecal microbiota transplantation, dietary nutrient manipulation, enzyme 

manipulation, dual therapies

INTRODUCTION

The gut microbiota – the largest microorganism 
community living symbiotic inside the human 
body – currently focuses more and more research, 
showing that these microbes are not temporal pas-
sengers in the host (1). The functions of gut micro-
biota were noted in the latest sequencing technolo-
gies and metabolite profiling. It promotes a good 
health, the initiation or maintenance of different 
diseases. From here, the perspective of new treat-
ments of the diseases, targeting microbiota, manip-
ulating its metabolome emerges; the scientists of 

our present days aim to integrate an individual’s 
microbiota into some form of personalised health-
care and, by better understanding its role, treat an 
individual’s diseases more efficiently and in a more 
targeted fashion. Therefore, this review tries to 
gather recent knowledge about human gut microbi-
ota, the gut microbiome as endocrine organ and the 
relationship with several chronic diseases prevalent 
in the modern society, and, last but not least, new 
possible interventions to prevent or treat such dis-
eases, targeting human gut microbiota and microbi-
ome (1).
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Human gut microbiota
Usually fetuses are sterile in the womb, and un-

til the age of 4 years old a lot of microbes colonize 
the gut and this remains constant until the 7th dec-
ade. The microbes come from mother, at birth, and 
from the environment, the first years after (2,3). 
The mature gut flora contains 500 up to 1,000 dif-
ferent bacterial species (4). The number of bacteria 
progressively increases along the small bowel from 
~104 in the jejunum to 107 colony-forming units per 
gram of luminal content at the ileal end, with a pre-
dominance of gram-negative aerobes. In the colon, 
the bacterial count reaches around 1012 colony- 
forming units per gram with a predominance of an-
aerobes (4). 

Most of the bacteria are the gram-positive Fir-
micutes and Actinobacteria and the gram-negative 
Bacteroidetes. The Firmicutes is the largest bacteri-
al phylum (division), including Lactobacillus, My-
coplasma, Bacillus and Clostridium species (4). 
The human gut flora is important for maintaining a 
healthy state and promoting some diseases. We’ll 
discuss later on obesity and other associated meta-
bolic disorders that are associated with dysbiosis 
(disturbances in microbiota composition) (5). The 
composition of microbiota is similar only to relat-
ed people, in that time the functions contributed by 
these species appear to be found in everybody’s 
gastrointestinal tract. Although different species 
meet common functions, there might be a differ-
ence, consisting in the effectiveness of a function 
(1). For example, while the ability to synthesize 
short chain fatty acids (SCFAs) is found in all indi-
viduals, their amounts can vary (6). Why in unre-
lated people gut microbiota has such a large diver-
sity? Because of the great influence the environment 
appears to have on it. Nutritional factors such 
drinking nonchlorinated water, eating whole grain, 
breastfeed, physical activity and perform natural 
births play an important role in maintaining a 
„healthy“ microbiome (7). In contrast to „healthy“ 
microbiome is „westernized“ microbiome, which is 
characterized by excessive use of antibiotics, con-
sumption of highly processed foods, increased rates 
of caesarean sections and other factors (8). 

In our lifestyle, four interventions are important 
for boosting good bacterial populations: eating 
more traditionally fermented foods and fermenta-
ble substrates, avoiding antibiotics and „getting 
dirty“ once in a while. More precisely:

–  Instead of the modern low-fat milk we should 
aim for products such as dirty fermented veg-
gies, grass-fed Greek yoghurt and thousand 
of years old kefir grains (8).

–  We should eat more fermentable substrates/
prebiotics such as inulin-type fructans (leeks, 
onions and Jerusalem artichoke) and resist-
ant starches (green bananas, legumes and po-
tatoes, among other foods). As cooking 
breaks down a lot of the resistant starch found 
in food, cooling legumes and potatoes for 
about 36 hours after heating is a good ap-
proach. This increases the resistant starch 
content through a process called starch retro-
gradation (8-10).

In non-industrialized societies people consume 
much higher fibre than the low norms of Western 
societies (11). A recent study which analysed the 
effects of 55 grams of daily fibre (11,12).

–  Besides other known factors that participate 
in the destruction of the ecosystem, the use of 
antibiotics, in particular the broad spectrum, 
also promotes the destruction of the gut mi-
crobiome (8).

–  A lack of microbial exposures increases the 
risk of developing diseases (8). 

A reason for decrease the incidence of inflam-
matory diseases seems to be microbiome of hunt-
er-gatherers and non-westernized populations which 
is different from westerners` microbiome (8,13, 14).

Human gut microbiome in the pathogenesis of 
certain chronic diseases, prevalent in 
contemporary societies

Gut microbiome in obesity and other obesity 
associated metabolic disorders

In the recent research gut microbiota appears to 
be involved in the development of metabolic dis-
eases. Gut microbiota is seen as a separate organ 
who play an important role in maintaining homeo-
stasis and stimulating immunity. The external fac-
tors can lead to the development of metabolic dis-
orders induced by changes in the gut microbiome 
thereby affecting the relationship between the host 
and the gut bacteria (15,16). The researchers found 
that the gut microbiota promotes insulin resistance, 
fat deposition and low grade inflammation and can 
involve in the onset of metabolic diseases and obe-
sity (Fig. 1).

For people following a Western style diet the 
carbohydrate fermentation occurs in the colon, 
more specifically in the proximal colon. After this 
process results short-chain fatty acids (SCFAs) that 
serve as energy substrate for gut microbiome and 
host. Moreover, 10% of our daily energy require-
ments are coming from colonic fermentation (1,17). 
Some SCFAs such as butyrate and propionate seem 
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to be involved in the immune function and the 
proper functioning of the gut and acetate acts as a 
substrate for lipogenesis and gluconeogenesis 
(1,17). These metabolites have been identified in 
the resolution of inflammation, regulating the in-
flammatory output of adipose tissue and immune 
function (1,18). Thus, we can appreciate the impor-
tant role of carbohydrate fermentation in the gut, 
this representing the scientific starting point for im-
proving intestinal health, and approaching the rela-
tionships between gut microbiome and liver, brain 
and even skin (1,16). 

Obesity is the result of imbalance between in-
take and expenditure. It was observed that these 
individuals with obesity and its associated metabol-
ic diseases present a lower production of butyrate 
and reduced bacterial diversity most likely due to 
inflammation. Differences in gut microbial ecology 
might be an important mediator and it represents a 
biomarker for predicting metabolic dysfunction in 
the future. The imbalance between some intestinal 
bacteria (increase of Firmicutes and decrease in 
Bacteroidetes) was associated with the microbiota 
of obese mice. This thing was also observed in hu-
man: weight loss of obese individuals was associat-
ed with an increase of Bacteroidetes (1,19,20).

In another study, which analyzed a bimodal dis-
tribution of microbial gene richness in obese indi-
viduals was noted that individuals with High Gene 
Count had a higher prevalence of F. prausnitzii (an-

ti-inflammatory species) and an increased produc-
tion of butyrate. In contrast, the individuals with 
Low Gene Count (LGC) had a higher prevalence of 
Bacteroides spp (proinflammatory) (1). Another 
study found that a diet-induced weight-loss inter-
vention significantly increased LGC individuals 
and the metabolic status of these individuals was 
improved (1,21). Based on these studies, we can 
say that the gut microbiome components are per-
manently influenced by diet. 

Besides the known etiopathogenic factors in-
volved in the increasing prevalence of obesity and 
the fact that some individuals seem more suscepti-
ble to diet-induced weight gain, hyperglycaemia 
should also be taken into account. The pathophysi-
ological processes driving this relationship have 
not been completely elucidated (1, 22-24). 

In lean people the gut microbiota is dominated 
by Bacteroidetes. It was observed that a carbohy-
drate-restricted or fat-restricted diet for 52 weeks 
leads to an increase of Bacteroidetes species in 
obese human (25) and this thing was correlated 
with weight loss (20,26). In contrast, in the obese 
individuals predominate Firmicutes species in the 
distal gut associated with a pro-inflammatory state. 
The use of probiotics (Bifidobacterium, Lactoba-
cillus) promotes correcting dysbiosis by increasing 
production of SCFAs (8,27,28). Some researchers 
found that there is no significant difference be-
tween supplementation with probiotics and placebo 

FIGURE 1. Metabolic activities of gut microbiota, lean vs. obese people 
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on weight reduction. On the other hand some stud-
ies showed the contrary (28). 

Perspective interventions in obesity
The analysis of intestinal bacteria can be a start-

ing point for developing new therapies for reduce 
the prevalence of obesity and its related diseases. 

Faecal microbiota transplantation (FMT) rep-
resents a method by which a faecal sample is trans-
ferred from a healthy person into a patient through 
nasogastric tube, nasoduodenal tube, rectal enema 
or the biopsy channel of a colonoscope (1,29). One 
study that examined a group of men with metabolic 
syndrome who have undergone a faecal transplan-
tation with stools from healthy lean individuals 
demonstrated that these pacients had improved in-
sulin sensitivity and triglycerides comparared with 
men who underwent a transplant of their own stool 
(30). 

Food supplements such probiotics are a real 
benefit to the human body by improving the intes-
tinal microbiota and also impact the balance of the 
colonic microbiota. It was observed that in mice 
fed a high-fat diet, Bifidobacterium spp lead to im-
prove glucose homeostasis, reduce weight gain and 
fat mass (30). 

Prebiotics can be found in the common food, es-
pecially in cereals and vegetables. The most com-
mon prebiotic are fructosyl-oligosaccharides (FOS) 
such inulin, galactosyl-oligosaccharides (GOS) 
and they are transformed by the gut microbiota into 
SCFAs (30-32). Although the results of the studies 
on the effect of prebiotics in human are still contra-
dictory and require further researches, it has been 
demonstrated that prebiotics regulate the fecal mi-
crobiota and reduce markers of metabolic syn-
drome (30,33,34). 

Polyphenols are a class of plant secondary me-
tabolites. They enhance the beneficial, anti-inflam-
matory bifidobacteria and lactobacilli (1). From 
here the perspective of functional foods to regulate 
gut microbiome and contribute to the health of the 
intestinal microbiota and its host.

Gut microbiome and cardiovascular disease 
(CVD)

The gut microbiota is considered to be an endo-
crine organ due its functions and its hormone-like 
signals, allowing new perspectives in the preven-
tion and treatment of the atherosclerosis and other 
cardiovascular diseases (CVD) (15,35). CVD is a 
leading cause of death in many industrialized coun-
tries and, of course, the interest in its prevention 
and treatment is an increased one. The main pre-

vention consists of controlling the environmental 
pathogenesis and its main exposure, which is the 
food that we eat. Our digestive system contains tril-
lions of bacteria that made up the gut microbiota, a 
reliable filter between a host and the environment, 
and its exact role in our immune function and health 
is still a blank area (13, 35).

The relationship between the food, gut microbi-
ota, liver and CVD is rather simple: some food rich 
in lecithin, carnitine and choline and containing tri-
methylamine (TMA) are metabolized by the mi-
crobe specific enzymes when meet the gut microbi-
ota and release the TMA into the gut lumen. The 
TMA is transported to the human liver, where it is 
transformed in trimethylamine-N-oxide (TMAO) 
(36-41), enters in circulation and then it is excreted 
by the kidney. In studies, TMAO seems to be asso-
ciated with increasing cholesterol, atherosclerosis 
development, increase risk of myocardial infarc-
tion (MI), stroke (35). The role of microbiota was 
proved in studies: the ingestion of egg-yolk (source 
of phosphatidilcholine) or of red meat (source of 
L-carnitine) with plasma and urine levels of TMA 
and TMAO, in the presence or absence of an antibi-
otic cocktail (encharged to manipulate the gut mi-
crobiota) (42-44). Metabolism-dependent and in-
dependent effects of the gut microbial endocrine 
organ converge to modulate risk of developing ath-
erosclerotic CVD, MI, stroke and death (Fig. 2). 
Supplementing diet with TMAO and choline deter-
mines increased expression of scavenger receptors 
(CD36 and SR-A1) on macrophages and leads to 
foam cell formation. Use a TMAO receptor system 
would be a major advance and provide an attractive 
therapeutic target for atherosclerotic CVD (45). 

In a study with more than 4,000 subjects who 
underwent elective coronary angiography demon-
strated that increased levels of TMAO has been as-
sociated with major adverse cardiac events (42). 
The CVD predictive power of TMAO plasma level 
functions both in healthy people and in people car-
ing chronic renal disease (46). TMAO plasma level 
is a much more sensitive prognostic indicator than 
cardio-renal indices (glomerular filtration rate and 
B-type natriuretic peptide) and C-reactive protein 
– a marker of systemic inflammation (47). TMAO 
can lead to impaired glucose tolerance and pro-
motes adipose tissue inflammation in mice fed a 
high-fat diet (48).

SCFAs
The carbohydrates like hemicelluloses, pectins, 

galactose and others are undergoing intestinal fer-
mentation process due to anaerobic bacteria. The 
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metabolites result from this process are in fact short 
chain fatty acids (SCFAs), including acetic acid, 
butyric acid, propionic acid and valeric acid. In the 
host SCFAs increase energy expenditure regulating 
energy metabolism, improve insulin sensitivity and 
regulate metabolic responses through action on the 
central nervous system (45). 

Bacteria-modified bile acids
Into the body, one of the role of bile acids is to 

solubilize dietary lipids. In the recent researches 
the bile acids seem to be involved in the insulin 
sensitivity, energy expenditure and cholesterol syn-
thesis (45). A small amount of bile acids together 
with anaerobic bacteria forms microbe-dependent 
secondary bile acids in the large intestine. Some of 
them get into the circulation and promote the in-
crease of brown adipose tissue, insulin sensitivity 
and energy expenditure. So, the relationship be-
tween microbiota and bile acids could explain car-
diometabolic pathways (45, 49, 50-55).

Lipopolysaccharide (LPS) and peptidoglycans 
are products of bacterial cell wall and a lower level 

of these is associated with insulin resistance, in-
flammation and hyperlipidemia. Low levels of 
gut-derived bacteria appear in type 2 diabetes, obe-
sity, atherosclerosis (45). 

Prevention and treatment perspectives
All the research summarized above leads to the 

pathway involving diet, gut microbiota and its 
composition pattern, TMA and TMAO. They repre-
sent a new paradigm for researchers. The release of 
a pathway allows potential interventions suggested 
for reducing TMAO generation (Fig. 3).

Modifying dietary substrate. Choline is essential 
for humans and it cannot be synthesized in our 
body. It is abundant in egg yolk, meats, liver, fish, 
high-fat dairy products and some nuts (56). Severe 
choline deficiency affects the nervous system (57). 
The gut microbiota is exposed to choline not only 
by diet, but by the endogenous bile too. The most 
feasible intervention might be using choline absor-
bents (58-60).

L-carnitine is produced by the body from die-
tary lysine, the single most abundant amino acid in 

FIGURE 2. Host Receptor Systems for Sensing Bacterial Products Relevant to Cardiovascular Disease (45)
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plant and animal proteins (38, 61-62). As to the 
L-carnitine, the feasible intervention is eliminating 
red meat systematic intake. It is important to con-
tinue to identify dietary amines which are implicat-
ed in metabolic pathways.

Manipulating microbial metabolism. Two en-
zymes (C-N bond lyases, choline-specific and car-
nitine-specific) were found out until present, in-
cluding the genes that control their synthesis, in 
genomic research of choline-degrading bacterium 
Desulfovibrio desulfuricans (63,64) and of carni-
tine-degrading bacterium Acinetobacter baumannii 
(65).

From here comes another two therapeutic strat-
egies to limit TMAO production: one consisting of 
targeting these enzymes (66) and other, much used 
in clinical practice, is modulating the microbial 
community through ingestion of a probiotic or 
prebiotic.

The prebiotic ingestion of dietary fructans (fruits 
and vegetables) has a beneficial effect on Bifido-
bacteria. In this way dietary-fructan improves insu-
lin resistance. In addition to prebiotic approaches, 
several recent studies emphasize the potential utili-
ty of probiotics in modulating host metabolism and 
disease (45). The probiotic administration of a ge-
netically-modified strain of bacteria has shown to 
protect mice from obesity and its associated disor-
ders. 

The above examples support the utility of preb-
iotic and probiotic in clinical practice and their po-
tential role in cardiometabolic diseases but further 
research are required for a fully elucidated mecha-
nisms of action of them.

Effects of hepatic FMOs on host metabolism
Human enzymes like FMO1, FMO2 and FMO3 

form TMAO. FMO3 seems to be more investigated 
than other FMOs (44). Some studies have found 

FIGURE 3. Strategies to Target the Gut Microbial Endocrine Organ for Improving Cardiovascular 
Disease
Source: Brown JM, Hazen SL. The Gut Microbial Endocrine Organ: Bacterially-Derived Signals Driving 
Cardiometabolic Diseases. Annual review of medicine. 2015; 66:343-359. doi:10.1146/annurev-
med-060513-093205 (45)
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that diet and gut microbiota have a greater effect on 
TMAO than host genetic (3). 

Consequently, the therapeutic strategy on host 
hepatic enzyme-dependent might be the reduction 
of TMAO production due to inhibition of the FMOs 
(3). But this process can lead to a fish odor syn-
drome or trimethylaminuria (2, 67). Another thera-
peutic key is to block the ability of circulating 
TMAO. Use of the absorbent agents can represent 
a therapeutic option. Another therapeutic strategy 
could be to intercept TMAO at the molecular re-
ceptor (45). 

The gut microbiota are capable to metabolize 
xenobiotics, thereby influencing health condition. 
For example digoxin can be inactivated by Actino-
bacteria (45,68). 

It is difficult to believe that two microbiological 
concepts will change the design of cardiovascular 
drugs: on one side, it will be critical to isolate by 
culture gut microbes in order to develop the probi-
otic class of therapeutics; on the other side, it is 
critical to emphasize the technique of horizontal 
gene transfer (HTG) (45,69). HGT consists in the 
transfer of genes between organisms in a manner 
that does not rely on reproduction (45). Although 
the intestinal microbes of human have a higher rate 
of HGT, it was shown that after transferring of a 
marine bacterial gene to a human resident symbiont 
has resulted in the digestion of seaweed polysac-
charides (45,70). 

CONCLUSIONS 

In biomedical research of the last decades, the 
analysis of human gut microbiota, proving its con-
tributions to human host physiology, to several dis-
ease pathogenesis and to human host response to 
drugs represents a top issue. Nowadays, research 
highlights the endocrine role played by the gut mi-
crobiota within the human host, through both de-
pendent and independent mechanisms.

Our diet, the largest environmental exposure, 
provides inputs for this huge microbial endocrine 
organ; its own metabolic pathways allow turning 
the nutrient inputs into unique metabolits (short 
chain fatty acids, secondary biliary acids, trimeth-
ylamine and its oxidized form TMAO, host de-
pendent) that have been shown to signal human 
host receptors, finally considered in the pathogene-
sis of diseases such as obesity, obesity associated 
metabolic disorders, diabetes, atherogenesis. As 
well, microbial metabolism-independent signals 
have regulatory roles in the development of cardio-
vascular disease. 

The next step from here is to develop and con-
solidate new pathogenic therapies of such chronic 
metabolic diseases, targeting gut microbiota. As we 
look at the therapeutic strategies, its up to date to 
consider intervention at different levels of the path-
ogenic pathway, such as: absorbing involved die-
tary nutrients (choline, L-carnitine) to diminish the 
inputs, modulating the microbiota by probiotic and 
prebiotic supplementation, or by faeces microbiota 
transplantation, inactivating microbial enzymes re-
sponsible of TMA synthesis or using absorbent 
agents to bind and eliminate TMA and TMAO from 
the intestine. 

Not of less interest is the research to improve 
human response to drugs, targeting the same gut 
microbiota. Both directions, that of shaping human 
response to traditional drugs and that of using new 
interventions, by manipulating gut microbiota and 
microbiome, still need more research. 

There is still great need of analytical approaches 
that integrate data from food diary, data about life-
style (stress, inactivity), antibiotic use to under-
stand the roles of intestinal bacteria in human obe-
sity. This knowledge would help to optimize 
therapeutic strategies to reshape the gut microbial 
ecology, as well as to improve the stratification of 
populations at risk of developing metabolic diseas-
es and would offer novel perspectives for a person-
alized health care. 
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