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Diabetes is an emerging health condition globally and is suggested to have a direct connection with the gut
microbiota that determine our metabolic outcomes. Sensitivity to insulin and glucose metabolism is normal
in healthy people as compared to those people who cannot maintain their glucose metabolism. One of the
reasons of the differences is that healthy people have different microbiome that leads to achieve more short
chain fatty acids and make up more branched amino acids, while the gut microbiota of the other group of
people are more likely to produce compounds that affects glucose metabolism. Herein, this review will pre-
sent the research related to the impact of gut microbes on diabetes carried out in the past decade. The review
focus on the relation between gut microbiota and Type-1 Diabetes (T1D), Type-2 Diabetes (T2D), and how
gut microbiota could be an alternative therapy for treatment of diabetes.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Human body is inhabited by numerous microbes that resides on
and within the human body. These microorganisms constitute our
microbiota, and their complete genome is referred to as micro-
biome. Microorganisms existing from 10 to 100 trillion in numbers,
survive in the adult gut with approximately 1000 species (Sabit
et al., 2021; Hajjo and Geva-Zatorsky, 2020; Fan and Pedersen,
2021). Most of the bulk of these microorganisms live in the bowel.
The major constituents of gut flora are mainly bacteria along with
few viruses and fungi (Erdogan and Rao, 2015).

The impact of gut microbiota in diabetes has been the talk of the
researchers for the past few years. Several investigations have been
done to study this relationship and the effect of gut microbiota on
diabetes as it has become a health burden around the globe (Lynch
and Pedersen, 2016; Tang et al., 2017). Therefore, it is very crucial
to recognize and understand the mechanism and causes of dia-
betes to find a treatment. Also, it has been analyzed that the gut
microbiota functions as a supplementary endocrine system
(Pascale et al., 2018; Aron-Wisnewsky et al., 2020). With time it
has been understood that human gut has variety of microorgan-
isms that influences number of diseases including diabetes. Two
main types of Diabetes Miletus (DM) include Type-1 Diabetes
(T1D) and Type-2 Diabetes (T2D). In T1D, T cells attack b-cell of
islets, which in turn results in inadequate insulin production. Islets
of beta cell fails in T2D where the body becomes immune to the in-
sulin it creates which in turn causes obesity as well. Although DM
is caused due to the genetic factors, another factor is the micro-
biota of the human gut which plays a vital role in the progression
of both T1D and T2D.

2. Consortium of gut microbiota

Human intestine is inhabitant to trillions of not only bacteria
but viruses, fungi and archaea, that makeup a complex ecological
community with which an individual lives in a symbiotic manner
all his life (Hoffmann et al., 2013). The gastrointestinal system rep-
resents the biggest connection between the microbial environment
existing inside the human and the exterior world environment. Gut
microbiota has a pivotal role in regulating the systemic and intesti-
nal immune and metabolic homeostasis (Needell and Zipris, 2016).
The consortium of gut microbiota is connected to the host genetics
and various other conditions like food habits, exposure to drugs,
Fig. 1. The four major phyla
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toxins or stresses. Composition of gut microbiota majorly include
gram negative bacteria and one phylum of gram-positive organ-
isms as well (Lagier et al., 2012). Four major phyla of bacteria that
are residents of human gut are: (Fig. 1)

a) Firmicutes (mostly gram-positive bacteria) account for 60–
80%

b) Bacteroidetes (Gram Negative bacteria) accounts for 20–30%
c) Actinobacteria (Gram negative bacteria) accounts for 10%
d) Proteobacteria (Gram negative bacteria) very less commonly

found accounts for less than 1%

During early childhood, actinobacteria (Bifidobacterim genus)
dominates. But with growing age, these bacteria gain variety of
new strains due to the influence of diet and diseases (Mika et al.,
2015). Composition of gut microbiota depends on various factors.
Some of these factors include age, diet, geographical area, sex
etc. It can be even modulated by use of antibiotics, probiotics
and prebiotics.

An important concern in this area is to understand the methods
of measuring microbiota. Analysis of gut microbiota was initially
relied only on culture methods and identification was done by con-
ventional methods of morphological, biochemical, and phenotypic
tests. Culture of fecal microbiota is the most primitive method, but
it has not proved to be reliable as the majority of the microbes are
anaerobic and a strict environment needs to be created while pro-
cessing the culture methods. With the advent of 16 s ribosomal
RNA and whole genome approach, this work has become much
more quantitative and elaborative (Le Chatelier et al., 2013). But
this technique fails to classify microbes at species level
(Rajendhran and Gunasekaran, 2011). Polymerase chain reaction
is one of the widely used processes for estimation of microbes that
cannot be cultured. Few commonly used procedures include:

2.1. Gnotobiotic

It is a process to study gut microbes in vivo using germ free ani-
mals. In this process, after caesarean section, animals are placed in
an isolator where food, water and air is sterile and then they are
exposed to the microorganism which is needed to be studied and
is implanted to the GI tract of that animal. These animals are ani-
mals with defined microbiological status. Then comparisons can be
done between the gut microbiota of these sterile animals and the
of human gut bacteria.
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conventional animals with normal microbiota (Singhvi et al., 2020;
Gou et al., 2021).

2.2. Fluorescence in situ hybridization (FISH)

FISH can mark a variety of bacterial communities in host tissue
and reveal the organization of these microbes in their place. It is a
quantitative procedure where rRNA probes marked with fluores-
cence are used. This imaging technique can further be collaborated
with mass spectrometry imaging to understand the spatial location
of the bacterium. Fluorescence microscopy can also be used for
detection and visualization. An important quality of this visually
pleasing technique is that it provides an intermediary clarity
between DNA study and chromosomal analysis, while also keeping
in place information at the single-cell level (Volpi and Bridger,
2018) (Fig. 2).

2.3. Gradient gel electrophoresis

It includes two methods: denaturing gradient gel electrophore-
sis (DGGE) and temperature gradient gel electrophoresis (TGGE).
DGGE and TGGE both uses chemical gradient or temperature gradi-
ent to denature the sample while moving through an acryl amide
gel. Same sized gene sequences are separated by DGGE according
to their varying capability to denature, that is evaluated by their
base pair sequence, while TGGE is dependent on temperature
which leads to alteration in structure resulting to separation of
nucleic acids. (Das and Dash, 2019).

2.4. 16S rDNA sequencing

16S rDNA sequencing is useful for identification of rare bacteria
that are difficult to identify using traditional methods, with genus
identification in > 90% of cases and species identification in 65–83%
of cases. 16S rDNA sequencing is considered a solution to improve
our understanding of the epidemiology and pathogenic function of
gut bacteria, which was previously impossible. In clinical microbi-
ology laboratories, 16S rDNA sequencing will continue to play an
important role in identifying unusual gut microbiota and bacteria
Fig. 2. Schematic representation of fl
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with uncertain characteristics (Woo et al., 2007, Khaled et al.,
2019).

DNA libraries of 16S rDNA sequences are generated by multi-
plying bacterial DNA from the given samples. Microbial diversity
is analyzed by sequencing and comparison of sequences that are
available in the libraries (Johnson et al., 2019).
3. Gut microbiota and Type-1 diabetes (T1D)

Type 1 diabetes is a chronic disease where autoreactive T- cells
attack pancreatic cells of islets of b-cells that results in insufficient
production of insulin. In this condition body is unable to process
glucose due to lack of insulin. Glucose from the food cannot make
its way to the cells and hence, high level of glucose keeps on circu-
lating in our blood. These high glucose levels in blood can cause
short term and long-term problems. T1D is the outcome of an
interlinkage between varying degrees of genetic susceptibility
and environmental factors. Recently gut microbiota is known to
be one of the environmental factors and has been shown to have
an effect on T1D and cause the development of this disease
(Murri et al., 2013). There are evidence showing that gut micro-
biota can contribute to development of gut associated lymphoid
tissues and also enhance immunity to pathogens (Kamada et al.,
2013). Even, research has been done both on animal and human
models of T1D and non-diabetic models and proved that human
microbiome is corelated with the development of T1D (Nielsen
et al., 2014; Vaarala, 2013). Type 1 diabetes mellitus (T1D) usually
originates in the early years of life, a stage at which the intestinal
microbiota is developing. The microbial composition, however,
increases with age, productivity, and reaches the highest compli-
catedness in adults (Ringel-Kulka et al., 2013). Children advancing
to T1D have a reduced abundance of bacteria that manufacture
butyrate or lactate following the emergence of the first disease-
predictive autoantibodies. Many studies are done on children
who develop T1D and their gut microbiota has been compared
with gut microbiota of the normal children (Murri et al., 2013).
This was studied for the first time in Finland in 2011 where 16 s
pyrosequencing was used for research analysis with the help of
their stool samples. The modern 16 s pyrosequencing technology
uorescence in situ hybridization.
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suggested an increased ratio of Bacteriodetes:Firmicutes as com-
pared to the control. Also, shot-gun metagenomics analysis
showed a high proportion of mucin degrading and butryte produc-
ing bacteria in controls as compared to the cases. But the ratio of
other short chain fatty acid producing bacteria were higher in a
case study (Brown et al., 2011). Shotgun metagenomics provide
advanced method that is culture-independent to study the existing
bacterial flora where the entire genomes of the sample is
sequenced, resulting in identification up to the species level of bac-
teria (Morgan and Huttenhower, 2014).

In patients with T1D, there are several reports that equate the
gut microbiota to that found in healthy individuals. One of the ear-
liest of such study was done in 2013, where gut microbiota of 16
children with T1D was compared with 16 children without T1D.
Reduction in the number of Actinobacteria and Firmicutes and the
ratio of Firmicutes to Bacteroidetes was observed, with an improve-
ment in the number of Bacteroidetes as compared to safe controls
in children without T1D (Murri et al., 2013). The study also
reported a raise in levels of Clostridium, Bacteroides and Veillonella
and a decrease in Lactobacillus, Bifidobacterium, the Blautia coc-
coides–Eubacterium rectale group and Prevotella in the children
with T1D.

The correlation of altered gut microbiota with b-cell autoimmu-
nity has been seen in pediatric group who are at potential chance
of developing T1D (Murri et al., 2013). Alteration of microbial
occurrence in childhood would lead to abnormal microbial preva-
lence in adulthood that may have an immense effect in diversity
and richness of particular species of bacteria. All these studies indi-
cate that altered gut microbiota are strongly linked to b-cell
autoimmunity and T1D in either composition or/and function,
while geographical and ethnic diversity can affect the diversity of
the gut microbiota of humans.

Apart from all this, it is investigated that segmented filamen-
tous bacteria (SFB) are related with the development of Th17 (T-
helper 17 cells) cells and may have influence in protecting female
normal mice from developing diabetes by Th17 cells existing in the
small intestine. Although, another study indicated that the impact
of SFB on the prevalence of diabetes in mice was also correlated
with other gut bacteria, as they were not shielded from the devel-
opment of diabetes by single SFB colonization in these mice
(Yurkovetskiy et al., 2013). Some of the bacterial species can
develop acquired immunity and amend the health condition of
the host. According to a study by Yang and his group, SFB initiates
Th17 cells development in a mouse where antigen specific CD4 + T
cells in the intestines developed into Th1 or Th17 cells. This report
indicates specifically that associated antigens obtained from
intestinal bacteria command the development of antigen-specific
T cells. Such findings indicate that microbial peptides derived from
commensal bacteria can trigger antigen-specific T cells. (Yang
et al., 2014).
4. Gut microbiota and Type 2 diabetes (T2D)

Two interrelated problems may be the cause of Type 2 Diabetes
(T2D):

(i) Insulin resistance in muscle, fat and the liver cells as these
cells don’t respond to insulin in a normal way.

(ii) Insufficient insulin produced by the pancreas.

To provide the best therapeutic strategy for clinically treating
T2D patients, different factors such as BMI (body mass index), race
and age are considered. Studies have shown that the function of
gut microbiota in the control of T2D production is important. Nor-
mally, sugar moves into our cells but in case of T2D it gets accumu-
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lated in our bloodstream thereby increasing blood sugar and thus
making the insulin-producing beta cells in the pancreas secrete
more insulin. Consequently, such cells turn into disabled and stop
making required insulin needed by body. An interference or
change in the diversity of the microbiome is directly associated
to T2D (Adeshirlarijaney and Gewirtz, 2020), explaining the influ-
ence of symbiotic microbiota in host homeostasis (David et al.,
2014). Beli et al. (2018) reported that diabetic retinopathy can be
prevented by intermittent fasting in mice by redesigning the
microbiome towards bacteria that produce tauroursodeoxycholate
and activating the Takeda G-protein-coupled receptor 5. It is
reported that the gut microbiota has a close interaction with
various systems like inflammatory, renal, cardiovascular, and
endocrine systems. (Kanbay et al., 2018; Mafra and Fouque,
2015).

T2D patients show an altered intestinal microbiota where Bac-
teroidetes:Firmicutes ratio is decreased and also some other bacteria
(e.g., Bifidobacteria) are decreased but there is an increase in some
endotoxins-producing gram-negative bacteria that modify the
metabolic activity of host (Qin et al., 2012; Wu et al., 2010;
Larsen et al., 2010). Furthermore, the accumulation of inflamma-
tory molecules like flagellin and peptidoglycans that are derived
from gut- bacteria in the intestine hasten the inflammation in
T2D (Kootte et al., 2012).

Fig. 3 shows the genera of bacteria that are both negatively and
positively associated with T2D (Gao et al., 2018; Candela et al.,
2016; Sedighi et al., 2017; Wu et al., 2010; Wu et al., 2017;
Barengolts et al., 2018; Xu et al., 2015; Pedersen et al., 2016). Most
of the research has reported a negative association of bifidobacteria
with T2D except one report that indicates the opposite result
(Sasaki et al., 2013). Almost all the animal studies show that Bifi-
dobacterium (which is the most protective microbe against T2D)
that habituate the human gut plays an important and protective
role in T2D (Kikuchi et al., 2018; Aoki et al., 2017). Also, Bacteroides
show negative association with the disease in some cases (Candela
et al., 2016; Lippert et al., 2017; Yamaguchi et al., 2016) while
some reports suggest tha they are positively associated with the
disease (Murphy et al., 2017; Sun et al., 2018). But the reason for
this positive association was the involvement of some treatment
like metformin (Malik et al., 2018). Further investigations on spe-
cies level of bacteroides; Bacteroides intestinalis, Bacteroides 20–3
and Bacteroides vulgatus showed a decreased level in T2D patients
and Bacteroides stercoris were enhanced after sleeve gastrectomy
surgery in T2D patients (Zhang et al., 2013; Karlsson et al., 2013).
These findings clearly indicate that bacteriodes have a significant
role in glucose metabolism.

Lactobacillus genus is a diversified genus containing the largest
number of species in the human gut among the class of probiotic
bacteria. It appears to have species-specific or even strain-
specific effects on T2D, which might be the reason why genus level
analysis lacks consistency amongst studies using lactobacillus (He
et al., 2018). Various species of lactobacillus like L. acidophilus, L.
gasseri, L. salivarius were increased and L. amylovorus was
decreased in T2D patients (Graessler et al., 2013; Karlsson et al.,
2013; Forslund et al., 2015). Several species of this genus also work
as probiotics. L. plantarum, L. reuteri, L. casei, L. curvatus, L. gasseri ,
L. paracasei, L.rhamnosus, L. sakei proved to be useful as probiotics
in T2D mice models (Martinic et al., 2018; Balakumar et al.,
2018; Park et al., 2013; Lim et al., 2016).

According to one of the studies conducted with 345 T2D Chi-
nese patients and healthy controls, a metagenome-wide associa-
tion research (MGWAS) was conducted to examine the
taxonomic changes in T2D-related intestinal microbiota and found
that patients with T2D had mild intestinal microbial dysbiosis, a
decrease in some butyrate-producing bacteria and a rise in various
opportunistic pathogens (Qin et al., 2012).
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5. Features of microbiota that may lead to the development of
T2D

5.1. Endotoxins

A moderate increase in endotoxins (also called as lipopolysac-
charides or LPS) like cytokines (IL-6, IL-1) which impairs insulin
interaction with its receptor is produced by cell wall of gram-
negative bacteria and are associated with T2D. The causative role
of LPS after infusion of LPS into mice fed a regular diet induced
insulin resistance in the liver, glucose tolerance, and increased adi-
pose tissue weight. In macrophages, LPS binds to the CD14/TLR4
receptor and induces an increase in pro-inflammatory molecule
production. But when LPS injections were induced in mice without
CD14/TLR4, mice failed to develop these characteristics without
development of T2D, thus indicating the role of CD14/TLR4 recep-
tors for LPS (Pussinen et al., 2011). These conditions suggest that if
there is any change in gram negative gut microbiota, it may lead to
a change in intestinal permeability which is directly linked to resis-
tance to insulin.

5.2. Brown adipose tissue (BAT)

BAT encourages immunity to insulin. Brown fat cells arise in
white adipose tissue (WAT) by a mechanism called browning in
cold environments or during exercise. (Wu et al., 2012). Such cells
are called as beige fat cells. Upon antibiotic treatment in animal
models, the beige fat formation in adipose tissue eradicates micro-
biota due to which there is increase in glucose tolerance and insu-
lin sensitivity. These effects are reversed in mices where microbes
treated with antibiotics are recolonized (Suárez-Zamorano, 2015).

5.3. Drugs and T2D

Metformin treatment in T2D patients modifies gut microbiota
due to its gastrointestinal effects according to some studies
(Forslund et al., 2015). Metformin treatment in T2D patients has
helped in improving glycemic index and gut microbiota diversity
(Wu et al., 2017). Metformin works by inhibiting mitochondrial
function via respiratory chain complex I or glycerophosphate dehy-
drogenase, and/or amelioration of glucagon-induced cAMP. If
administered intravenously, metformin does not control hyper-
glycemia. This indicates that the intestine is an important site of
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metformin action (Adeshirlarijaney and Gewirtz, 2020). Many
researchers have suggested metformin as a therapy for patients
with T2D. Not only this, but metformin has also been proposed
as a treatment of gestational diabetes and T2D prevention in pre-
diabetic individuals (Wu et al., 2017; Gui et al., 2013).

Acarbose, another drug which lowers postprandial blood glu-
cose level has also been known to have an impact on microbiota
composition. After alteration of gut microbiota in patients with
T2D condition on treatment with acarbose, an increased concen-
tration of B. longum and decreased concentration of lipopolysac-
charides was observed (Su et al., 2015) while in another study
butyricicoccus, Phascolarctobacterium, and Ruminococcus decreased
but Lactobacillus, Faecalibacterium, and Dialister increased after
acarbose intake in prediabetic patients (Zhang et al., 2017).

5.4. Changes in incretin secretion and Diabetes

According to a research, an increase in Bifidobacterium spp. is
related to increased secretion of glucagon like peptide-1 (GLP-1)
by the bowel that has favorable effects in reducing insulin resis-
tance (Velasquez-Manoff, 2015).

5.5. Secondary bile acids and T2D

Secondary bile acids have been reported to have an insulin sen-
sitizing role. Secondary bile acids are formed when some of the pri-
mary bile acids skip the mechanism of reabsorption through
enterohepatic circulation. This is done majorly by the action of Fir-
micutes. In T2D subjects, there is a lower number of secondary bile
acids as compared to healthy subjects which indicates that it might
be related to impaired carbohydrate metabolism (Palau-Rodriguez
et al., 2015).

5.6. Vitamins and diabetes

Few vitamins like choline and niacin can be broken down by
some bacteria; Firmicutes, Actinobacteria, Proteobacteria and F.
prausnitzii and due to oxidative stress their end products have been
linked with diabetes developement (Palau-Rodriguez et al., 2015).

Microbiota has its own mechanism of affecting metabolism of
T2D patients. They have an effect on inflammation, affects gut per-
meability, glucose metabolism, insulin sensitivity and overall
homeostasis in human body. Levels of inflammatory proteins,
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cytokines and chemokines are elevated in T2D patients
(Dagdeviren et al., 2017). Overexpression of cytokine in the muscle
protects against age-related insulin resistance, so induction of IL-
10 by Roseburia intestinalis, Bacteroides fragilis, Akkermansia mucini-
phila, Lactobacillus plantarum can contribute to improved glucose
metabolism. IL-22 restores insulin sensitivity and alleviate dia-
betes and R.intestinalis can increase this anti-inflammatory cyto-
kine production (Zhu et al., 2018).

Because of increased gut permeability in T2D patients, gut
microbial products translocate in blood that leads to metabolic
endotoxemia. Different gut microbiota have been reported to
reduce gut permeability. One of such example of a probiotic bacte-
ria is Akkermansia muciniphila, which decreases gut permeability
using extracellular vesicles that improve intestinal tight junctions
via AMPK activation in epithelium (Chelakkot et al., 2018).

Glucose metabolism is also influenced by gut microbiota. Bifi-
dobacterium lactis affects glycogen synthesis. This potential probi-
otic also enhanced the translocation of glucose transporter-4 and
insulin stimulated glucose uptake (Kim et al., 2014).
6. Gut microbiota as an alternate therapy for diabetes

Dysbiosis or dysbacteriosis is a microbial imbalance on or inside
our body. A change in microbial dysbiosis can be achieved by sup-
plementation of prebiotics and this can improve bifidobacterium
abundance and as discussed before, bifidobacteria is positively
associated with improved glucose tolerance (Fig. 4). Various
weight loss surgeries like bariatric surgery alters the composition
and diversity of the gut microbiota in humans, rats and mice signif-
icantly (Ryan et al., 2014; Tremaroli et al., 2015; Yang et al., 2016).
Various researchers have suggested the strategies for the preven-
tion of dysbiosis of the gut microbiota through supplementation
of beneficial live bacteria (Hill et al., 2014). In another study con-
ducted by Buchwald et al, it was noted that most of the patients
after bariatric surgery had improved T2D manifestations. Probi-
otics when administered may provide health benefits to the host.
One such example is in inflammatory bowel disease where probi-
otics provide those bacteria whose reduced abundance is linked
with the disease such as F. prausnitzii, which is diminished in this
disorder (Kesika et al., 2019). Probiotics related with diabetes that
are mostly studied are from Bifidobacterium and Lactobacillus phyla.
Among lactobacillus, L. rhamnosus, L. acidophilus, L. gasseri, and L.
casei have anti-diabetic effects (Honda et al., 2012; Chen et al.,
2014). Studies also indicate that administration of Bifidobacterium
animalis, B. breve, and B. longum can improve glucose intolerance
(Stenman et al., 2014). Few years back, Akkermansia muciniphila
Fig. 4. The potential of Microbiota as therapeutic alternative.
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has also been studied to treat T2D, and this increases the intoler-
ance of glucose in diabetic mice (De la Cuesta-Zuluaga et al., 2017).

lipid profile, blood pressure, and other cardiovascular risks are
related with T2D patients on probiotic supplementation
(Kasińska and Drzewoski, 2015; Nikbakht et al., 2018). Probiotic
supplements are known to have a control on the glycemic and
inflammatory status of gestational diabetes (GDM) patients
(Dallanora et al., 2018). By decreasing insulin resistance, probiotics
regulate the glycemic condition and may decrease the develop-
ment of inflammatory markers in people with T2D (Mazloom
et al., 2013).

Fecal Microbiota Transplant (FMT) is one the advanced method
that enhances sensitivity to insulin by influencing GM composi-
tion, hence alleviating diabetes. However, it demonstrates that
FMT’s beneficial effects are transient and highly dependent on
the host’s individual response (Wang et al., 2020). Ganesan K
et al explained the beneficial results on gut microbiota pattern
while transplantation of F. prausnitzii by restoring the structure
and function of intestinal barrier. It may be used as a possible
anti-inflammatory and anti-diabetic treatment (Ganesan et al.,
2018).

A flavonoid, Quercitin, has been recently studied for its prebi-
otic capacity after testing on rats with induced diabetic peripheral
neuropathy that showed that it affects intestinal dysbiosis by mod-
ulating the GM linked to the development of reactive oxygen spe-
cies and the phenotypes of diabetic peripheral neuropathy (Xie
et al., 2020).

Nowadays, new therapies like neuropathy and retinopathy that
are associated with diabetes have gained importance. Such kinds of
therapies may improve and help to diagnose the symptoms of
patients.
7. Effect of diet on gut microbiota

Major components of human diet includes proteins, carbohy-
drates and fats and this diet influences the composition of gut
microbiota in them. The degradation of proteins and carbohydrates
results in end products like short chain fatty acids, acetate and
butyrate in the intestinal gut tract. These metabolites have a major
physiological impact on the health of the host. It is at the distal end
of the colon where protein are degraded by proteolytic bacteria
due to the conditions favorable for this bacteria. Ammonia, amino
acids and amines are the end products of protein degradation.
Malignant growths are related to high concentrations of ammonia
(Hamer et al., 2012). Also, prebiotics are non-digestible food com-
ponent that benefits the host by promoting microbiota develop-
ment. Prebiotics are important for changing the composition of
gut microbial communities and conferring several health benefits
to the host. Few examples of prebiotics are insulin, fructooligosac-
charides that function as essential stimulants for bacterial develop-
ment (Schnorr et al., 2014). Use of prebiotics can improve the
host’s health by altering the gut microbial composition.
8. Conclusion

According to various studies, intestinal dysbiosis is associated
with the development of diabetes. Gut microbiota can offer new
ways for intervention of the delay or arresting the process of dia-
betes. A broader global approach of analyzing gut microbiota
may help us to understand the related pathogenic mechanisms of
specific regulatory species. This may help to build tools for the pre-
diction of the disease and develop strategies to modify or regulate
the gut microbiota for therapeutic purposes. A very important
point of interest is the energy metabolism which is the driving
force in the pathogenesis of metabolic diseases and may promote
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T2D. Another approach is prebiotic supplementation which is very
significant for the improvement of gut microbiota and body stabil-
ity. For the long-term survival and proper functioning of the body,
understanding the mechanism of association between diabetes and
gut microbiota is mandatory.
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