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Gut microbiota and their metabolites have been linked to a series of chronic diseases
such as obesity and other metabolic dysfunctions. Obesity is an increasingly serious
international health issue that may lead to a risk of insulin resistance and other metabolic
diseases. The relationship between gut microbiota and the host is both interdependent
and relatively independent. In this review, the causality of gut microbiota and its role in
the pathogenesis and intervention of obesity is comprehensively presented to include
human genotype, enterotypes, interactions of gut microbiota with the host, microbial
metabolites, and energy homeostasis all of which may be influenced by dietary nutrition.
Diet can enhance, inhibit, or even change the composition and functions of the gut
microbiota. The metabolites they produce depend upon the dietary substrates provided,
some of which have indispensable functions for the host. Therefore, diet is a key factor
that maintains or not a healthy commensal relationship. In addition, the specific genotype
of the host may impact the phylogenetic compositions of gut microbiota through the
production of host metabolites. The commensal homeostasis of gut microbiota is
favored by a balance of microbial composition, metabolites, and energy. Ultimately the
desired commensal relationship is one of mutual support. This article analyzes the clues
that result in patterns of commensal homeostasis. A deeper understanding of these
interactions is beneficial for developing effective prevention, diagnosis, and personalized
therapeutic strategies to combat obesity and other metabolic diseases. The idea we
discuss is meant to improve human health by shaping or modulating the beneficial gut
microbiota.
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INTRODUCTION

Gut microbiota is identified as a relatively new and key player in the treatment of obesity. Changes
in the gut microbiota, have been shown to not only correlate with good health but, conversely, lead
to the pathogenesis of obesity and various metabolic diseases. It is hoped that a defined composition
of gut microbiota can prevent or even cure obesity and related diseases. Interactions of the gut
microbiota and host, or metabolites they produce, are still under investigation. Gut microbiota
represents a large number and complex community of microorganisms and their genetic material
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living in the intestines of humans and other animals. The gut
microbiota has been linked with a number of chronic diseases
such as obesity, diabetes, and other metabolic diseases (Zhao,
2013). As known, obesity is an increasingly serious international
health issue that can increase the risk of the insulin resistance
and other metabolic syndromes (Frayling et al., 2007; Perry et al.,
2016). In this review, the causality between the composition of
the gut microbiota and its role in the pathogenesis of obesity and
obesity-related metabolic disorders are critically described, based
on metagenome analysis of the microbiota, microbe-microbe,
and microbiota-host interactions, and the specific metabolites
produced by microbiota and host (Musso et al., 2010).

HOMEOSTASIS OF ENTEROTYPE AND
HOST

The gut microbiota has a collective metabolic activity, which
impacts and responds to the host as an integrated virtual organ.
Some components of the “organ” can be negative factors and
contribute to the pathogenesis of various metabolic diseases.
The adverse effect can be reversed by modulating one’s diet
to build a helpful commensal community. The mechanisms
that the gut microbiota has on metabolic homeostasis and
immune responses are currently being unraveled (O’Hara and
Shanahan, 2006). Depending on the species and functional
composition of the human gut microbiota, the host can be
classified as enterotypes (species) which represent a highly
aggregated microbial community structure in multidimensional
space (Arumugam et al, 2011; Ding and Schloss, 2014).
Based on the proportion of genera/species, their abundance,
specific metabolites, and collective functions, the phylogenetic
compositions of gut microbiota from individuals living in these
environments have been analyzed. The results indicate that the
gut microbiota can be mainly arranged as four enterotypes:
Bacteroides, Prevotella, Rminococcus, and Firmicutes (Gill et al.,
2006; Kurokawa et al., 2007; Zoetendal et al., 2008; Jensen et al.,
2009). The enterotypes have different dominant classifications,
pathways, functions, and correlations in abundance of co-
occurring genera. The enterotype of Bacteroides has the potential
to metabolize carbohydrates and proteins through the enzymes
involved in glycolysis and pentose phosphate pathways (Martens
et al., 2009). Enterotype Prevotella is able to act on the gut
mucin oligosaccharide synergistically (Wright et al., 2000). In
spite of the degradation of mucin, enterotype Ruminococcus
also promotes the transport and uptake of monosaccharides by
enriching in the membrane and binding mucin for hydrolysis
(Derrien et al., 2004). Enterotype Firmicutes interacts positively
with fiber but negatively with fat (Wu et al, 2011). The
enterotypes use different strategies to acquire energy from
the substrates available in the gut ecosystem. The specific
compositions of enterotypes respond to the special metabolic
mechanisms for carbohydrate, amino acids, and fatty acid
metabolism. These strategies determine the incidence of obesity
and related metabolic diseases (Devaraj et al., 2013). Thus,
the gut microbiota provides an important contribution to the
health status of individuals. The studies of enterotypes could be

utilized to assess and diagnose the numerous human metabolic
disorder syndromes, for instance obesity and complications such
as diabetes and cardiovascular pathologies.

The formation of enterotypes is closely related to individual
long-term diets or drug intake. Even for short-term changes
in the microbiota, the enterotypes can still remain relatively
stable. But the human gut microbiota can change rapidly,
for example, within one day to cope with the drastic
changes in diet and medical therapies as a result of disease
intervention (Wu et al, 2011). A high-fat diet could promote
changes in the gut microbiota composition, as described
with the replacement of the Bacteroidetes enterotype by both
Firmicutes and Proteobacteria (Hildebrandt et al., 2009). These
types of changes are characteristic of a well-balanced host-
microbial symbiosis due to diet and responses to medications.
Understanding the roles of particular enterotypes and changes
will be helpful to an intervention in the pathogenesis of obesity
and related diseases and to personalize therapies.

HOMESTASIS OF GUT MICROBIOTA-HOST
INTERACTIONS

The diversity and specificity of human gut microbiota closely
correlated to the host genotype, diet, and metabolites mediating
this interaction (Nicholson et al., 2012). The host genotype can
impact the physical status of the human body by regulating
the gut microbiota. Metagenome analysis of gut microbiota in
lean and obese individuals indicated significant differences in
genotype and its richness. It allowed these investigators to analyze
a few bacterial markers to distinguish the level of individual
microbial species and genotype richness (Le Chatelier et al,
2013). In turn, the genotype richness could predict the risk of
obesity, our understanding of the commensal relationship, and
identify potential therapeutic targets (Goodrich et al., 2014).
One species of a little-known intestinal bacterium was identified
through a study of twins. It is highly inheritable and more
common and personified in slender people. In this study, 1,000
fecal samples were collected from 416 pairs of twins and the
microorganisms were identified by gene sequencing. Compared
to the dizygotic twins, the gut microbiota of monozygotic twins
who have the complete same genome is more concordant,
especially in the family Christensenellaceae which was the most
heritable taxon and enriched in individuals with low body
mass index (BMI). A similar observation of weight loss was
noted in fecal transplanted, germ-free mice (Goodrich et al.,
2014). Thus, the human genome has a profound effect on the
composition of gut microbiota. Increasing the abundance of
Christensenellaceae could help individuals prevent obesity. The
gut microbiota just described would be a new approach for
obesity treatment. Personalized therapy with probiotics could be
built on the foundation of individual genomes. According to this
study, these specific intestinal bacteria are inheritable, and their
diversity mainly depends on the host genotype but not other
environment impact factors. The same result was also found
in the gut microbiota transplanted experiment from four pairs
of obese and lean human twins to germ-free mice respectively
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(Ridaura et al.,, 2013; Cox et al., 2014). Mice transplanted with
microbiota from the obese one of the twins also exhibited an
increase in weight and adiposity despite given the same diet.
Interestingly, obesity was reduced when the obese and lean mice
lived together to share and change their gut microbiomes.

Furthermore, diet modulates the activity of host and gut
microbiota synchronously to influence their interaction. A
high-fat diet enhanced gene expressions of both the host and
microbiota. The genes whose expression increased included a
colonic goblet, cell-specific gene (RELMP) of the host, and
genes for bacterial chemotaxis and flagellar assembly in the
gut microbiota (Hildebrandt et al., 2009). In the obese mice,
a high triglyceride-derived fatty acid intake was commonly
accompanied with hyperexpression of the enzymes that digest
polysaccharides and lipoproteins by the gut microbiota (Bickhed
et al., 2004). Bacteroides thetaiotaomicron is identified as an
emerging obesity-associated gut microbial species. It alleviated
diet-induced body-weight gain and adiposity by altering
circulating amino acids (Liu et al,, 2017). The gut microbiota
and host could communicate with each other by the universal
language “eukaryotic signaling molecule.” Thus, N-acyl amides
produced by gut microbiota could interact with GPR119,
G-protein coupled receptor (GPCR), to regulate metabolic
hormones and glucose homeostasis (Cohen et al., 2017). Perhaps
GPR119 might be the potential target molecule in the treatment
of obesity and diabetes.

Interestingly, germ-free mice or mice treated with antibiotics
to reduce the gut microbiome showed a better glucose tolerance
and insulin sensitivity, and could maintain a low BMI. The germ-
free mice had less food intake and more energy expenditure
than normal mice (Turnbaugh et al., 2006). Even under a high-
fat diet, the germ-free mice remained slim and also produced
more beige fat when the normal mice become obese (Sudrez-
Zamorano et al., 2015). Meanwhile, antibiotic treatment in early
life changed the gut microbial composition and the activity of
genes associated with carbohydrate and lipid metabolism, as well
as the level of special hormones, leading to the obesity (Cho et al,,
2012). The MHC-II-mediated protection from type I diabetes was
significantly affected due to the destruction of gut microbiota
homeostasis (Silverman et al., 2017). Therefore, short-term and
low doses of antibiotics had a long-term effect on young rats,
altering the microbiome-host metabolic interactions, leading to
the obesity in their middle age. These data suggest that the gut
microbiota in the early stages of life may affect the formation of
metabolic signaling pathways in the host (Cox et al., 2014).

EXOGENOUS AND ENDOGENOUS
EFFECTORS TO DYNAMIC BALANCE OF
GUT MICROBIOTA

The gut microbiota is able to modulate multiple host metabolic
pathways, interactive host-microbiota metabolism and signal
transmission, and microbiome-gut-brain axis reactions
(Nicholson et al, 2012). The dietary fiber-derived short
chain fatty acids (SCFAs) and their receptors are recognized as
one set of important mediator links of diet to gut microbiota-host

homeostasis (Turnbaugh et al., 2006). SCFAs activate GPR41 and
GPR43, two SCFA-specific GPCRs, to induce satiety and energy
expenditure by promoting the secretion of the gut hormone
peptide YY (PYY), and induce insulin secretion and adiposity
reduction in obese individuals by significantly enhancing PYY
and glucagon-like peptide-1 (GLP-1) secretion, respectively
(Samuel et al., 2008; Thomas et al., 2009; Tolhurst et al., 2012;
Chambers et al., 2015; Li et al.,, 2017). Especially, the acetate
was shown to be the key factor leading to obesity. An altered
gut microbiota increased the production of acetate in rats,
which increased the risk of the activation of the parasympathetic
nervous system, promoted pancreatic p cells to increase glucose-
stimulated insulin secretion (GSIS), triggered ghrelin secretion,
led to hyperphagia, obesity, insulin resistance, and other related
syndromes. Finally, the complete process of rodent obesity
caused by the gut microbiota disbalance was established. The
results demonstrated increased acetate production due to the
nutrient-gut microbiota and the subsequent parasympathetic
activation could be developed as potential therapeutic targets
for obesity (Perry et al, 2016). SCFAs and correlate cascade
signal pathways unraveled a novel strategy to achieve the gut
microbiota-host commensal homeostasis. Simultaneously,
this efficient dietary intervention is also conducive to create
a well-developed therapy and to prevent obesity and energy
metabolic syndromes (Khan et al., 2014). Meanwhile, a recent
study showed that omega-3 fatty acids were closely related to
gut microbiota diversity. It also reduced the oxidative stress of
intestines by inducing the production of N-carbamylglutamate
(NCG) (Menni et al., 2017). In addition to the exogenous
effectors described above, a o-MSH mimetic bacterial protein
ClpB identified as an endogenous effector from E. coli K12
during exponential growth, was involved in the gut microbiota-
brain signal pathway. By promoting PYY and GLP-1 secretion,
activating c-Fos in hypothalamic proopiomelanocortin (POMC)
neurons, the host reduced hunger and increased satiety. Thus,
the mediator expressed during the nutrient-induced E. coli
growth could be used as the signal to terminate eating since it
had an impact on the diet process (Breton et al., 2016).

In the patients with severe disbalance of gut microbiota due
to antibiotic treatment, prebiotics and probiotics were heavily
consumed and significantly decreased. Short-term, randomized
controlled trials showed that prebiotics and probiotics were
beneficial to insulin sensitivity, postprandial incretins, and
glucose tolerance (Musso et al, 2010). Prebiotics, inulin-
typefructans (ITF), and arabinoxylan-oligosaccharides (AXOS)
restored the balance of gut microbiota and increased the
number of Bifidobacteria and butyrate-producing colon bacteria
(Broekaert et al., 2011). The proportion of the latter in the
intestinal microbiome was a key marker in the protection
against obesity and type II diabetes, which indicated that the
structure of the intestinal microbial community can be used
as an effective environmental factor to prevent and diagnose
these chronic metabolic diseases. Based on the metagenome
analysis, different intestinal microbiome markers were screened
and selected to establish the prediction model of obesity
and type II diabetes for Chinese and Europeans, respectively
(Qin et al., 2012; Karlsson et al, 2013; Cai et al., 2015;
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Riviere et al., 2016). A return to a healthy state occurs when
the proportion of “hunger” microbes and the proportion of

deeper understanding of these functions will be beneficial for
establishing effective therapeutic strategies to combat obesity and

correlate diseases, and improve health by modulating the gut
microbiota.

microbes that cause “satiety” in the gut microbiota are in
a dynamic equilibrium state (Rooks and Garrett, 2016). A
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FIGURE 1 | Graphical representation of the commensal homeostasis of gut microbiota-host under the intervention of diet and drugs. Diet and drugs can be digested,
absorbed, and metabolized by the host and gut microbiota. The host and gut microbiota can interact synergistically to impact the physiological status of the human
body. They not only support themselves directly by using nutritional substrates but also impact each other indirectly by enterotype, genotype, metabolites, and related
functions. Ultimately, the host and gut microbiota achieve a commensal homeostasis of composition, interactions, metabolites, and energy utilization.
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ENERGY HOMEOSTASIS UNDER DIET
INTERVENTION

The prevalence of obesity is tightly linked to excessive energy
availability and sedentariness. The gut microbiota could induce
or modulate the signal transmission directly or indirectly to
affect energy homeostasis (Rosenbaum et al., 2015). The quali-
/quantitative changes in gut microbiota composition affect both
energy balance (intake and expenditure) and energy storage
which would lead to the development of obesity in the
dysfunctional state (Scarpellini et al., 2010; Kobyliak et al., 2016).
The obese gut microbiota changes the abundance of the two
dominant enterotypes, the Bacteroidetes and the Firmicutes, to
gain more energy production (Turnbaugh et al., 2006). This
study which was carried out in the adult female monozygotic
and dizygotic twins, and their mothers, indicated that the gut
microbiota could be shared among the family members, but
with variation among individuals. Some of the metabolites
generated by enterotypes closely correlate with energy acquisition
and subsequently lead to a risk of obesity in the host. These
enterotypes enhanced the efficiency of energy extraction and fat
storage via enzymes related to fermentation (Tilg and Kaser,
2011). Germ-free mice fed different combinations of saturated
fat and high-fiber food revealed a transmissible, rapid, and
modifiable effect of diet by gut microbiota (Turnbaugh et al.,
2009; Ridaura et al., 2013). The investigation of diet intervention
conducted in the obese and overweight individuals found that
the abundance of gut microbiota was increased by high-fiber and
low-fat diet, which improved the clinical symptoms associated
with obesity (Cotillard et al, 2013). The Life Lines-DEEP
project analyzed the relationship of the gut microbiota and
126 exogenous and intrinsic host factors, including 60 dietary
factors, 18.7% of which was associated with the variation in
human gut microbiota composition (Zhernakova et al., 2016).
A group of “core microbiome” genes was identified and shared
among 154 individuals, which was associated with obesity
at phylum-level changes. The obesity reversely reduced the
microbial diversity, altered the gene expression and metabolic
pathways and ultimately the energy harvest (Turnbaugh and
Gordon, 2009). The Flemish Gut Flora Project analyzed the
effect of various factors on the intestinal microbial diversity. It
revealed a 14-genera core microbiota and sixty-nine covariates
associated to microbiota variation (Falony et al., 2016). In
addition, the association of microbial communities and dietary
patterns was also elucidated by use of a mathematical model
in clinical trials, which tried to create the universal rules of
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