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Abstract

Type 2 Diabetes Mellitus is rising globally. The pathogenesis of Type 2 Diabetes Mellitus remains unclear. Recent research
indicates that the composition of the intestinal microbiota is linked to obesity and type 2 diabetes. This article provides
an overview of the involvement of intestinal microbiota in the etiology of type 2 diabetes. The intestinal microbiota affects
body weight, bile acid metabolism, inflammation, insulin resistance, and gut hormones. Modifying the gut microbiota using
probiotics and fecal microbiota transplantation may improve glucose metabolism and insulin resistance. Research to under-
stand the intricate interactions between gut microflora and the pathogenesis of Type 2 Diabetes Mellitus will help develop
newer, effective therapeutic modalities.
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Abbreviations: AMPK — AMP-activated protein kinase; BCAA — Branched-chain amino acids; CDI — recurrent
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GIT — Gastrointestinal Tract; GPRs — G-protein-coupled receptors; IKK- 3 — IkB kinase; IRS — Insulin receptor
substrate; JNK — c-Jun N-terminal kinase; lipopolysaccharide — Lipopolysaccharide; OGIS — Oral Glucose
Insulin Sensitivity; PYY — Peptide YY; SCFAs — Short-chain fatty acids; T2DM — Type 2 Diabetes Mellitus;

TLR — Toll-like receptor.

Introduction

The International Diabetes Federation estimates
that 382 million people worldwide have diabetes, with
an estimated increase of around 592 million by the year
2035. Type 2 diabetes (T2DM) affects approximately 85
to 95 percent of people with diabetes. Numerous risk
factors are connected to T2DM, including genetics,
age, obesity, and poor lifestyle habits. Recent research
indicates that the intestinal microbiota may contribute
significantly to the onset of T2DM |1, 2].

Former Nobel Prize awardee Joshua Lederberg
originally defined the “human microbiome” in 2001
as an ecological community consisting of symbiotic,

commensal and pathogenic bacteria that cohabit in
the bodily space. Microbiota coexisting with our bod-
ies have a significant impact on human health. The
human gastrointestinal tract (GIT) is cohabited by ap-
proximately 100 trillion microorganisms, with the co-
lon housing the highest number of these contributors
[3, 4]. Recent evidence suggests a connection between
gut microbiota composition and obesity and T2DM.
Firmicutes make up 64% of the gut microbiota under
normal physiological conditions, with Bacteroidetes
(23%), Proteobacteria (8%), and Actinobacteria (3%) in
order of prominence. The gut microbiota may direct-
ly or indirectly affect human health, and disruption
of stable communities may increase the prevalence of
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proinflammatory disorders such as obesity, inflam-
matory bowel disease, T2DM, arthritis, and cancer.
The species present in T2DM microbiota communities
include Eggerthella lenta, Escherichia coli, Clostridium
hathewayi, Clostridium ramosum, Clostridium symbiosum,
and Bacteroides caccae [5].

Studies have also looked into alterations in the gut
microbiome composition of patients with T2DM. In the
diabetic group, researchers found that the abundance
of Firmicutes and Clostridium was much lower than
that of the control group. At the same time, the propor-
tion of Bacteroidetes and Betaproteobacteria was rela-
tively increased. Zhang and colleagues discovered that
the T2DM patients had a greater percentage of Firmi-
cutes and Clostridium than the normal glucose group.
Betaproteobacteria levels were noticeably higher in pa-
tients in the pre-diabetic and T2DM population groups
than in those with normal glucose levels [6]. Qin et al.
observed that the T2DM population exhibited a mod-
est degree of gut microbial dysbiosis, a decline in sev-
eral butyrate-producing bacteria, and an abrupt rise of
opportunistic infections [7]. Karlsson et al. found that
the T2DM group had significantly lower levels of five
Clostridium species and significantly greater levels of
four Lactobacillus species [8]. According to Sato et al.,
stool samples from diabetic patients exhibited a nota-
ble increase in levels of Lactobacillus counts and a sub-
stantial reduction in the Clostridium coccoides group,
Atopobium cluster, and Prevotella when compared to
healthy people [9].

This article provides an overview of the gut micro-
biota trait in the T2DM population and the molecular
patterns that connect host and gut microflora in the
diabetic population, thereby paving the way for novel
therapeutic approaches.

Body weight and gut microflora

Humans lack enzymes for digesting plant polysac-
charides like cellulose, xylans, resistant starch, and
inulin. Microbes inhabiting the intestine can ferment
indigestible carbohydrates, producing energy and
short-chain fatty acids (SCFAs). In addition to lipid and
carbohydrate metabolism, variations in bile acid pro-
files are caused by the gut microbiome’s modulation of
bile acid signaling. About 5-10% of bile acids are con-
verted by anaerobic gut bacteria such as Clostridium,
Eubacterium, and Bacteroides. In the colon, intestinal
bacteria produce Acetate, propionate, butyrate, fer-
menting proteins and non-metabolized polysaccha-
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rides. Estimates suggest that SCFA may supply up to
70% of the energy required for colonic epithelial cells
to breathe and up to 10% of daily energy needs. An ac-
cumulation of excess energy over time may cause the
body to store more fat. Studies on both humans and an-
imals have shown that the obese phenotype is associat-
ed with an increased amount of SCFA in fecal and cecal
samples compared to non-obese people [10].

The availability of substrate, gastrointestinal
transit, mucosal absorption, gut health, gut microbi-
ota development, and symbiotic relationships among
various gut microbiota species are some factors that
predict the increased SCFA production in obese phe-
notypes. Because the gut microbiota produces SCFA,
it plays a significant role in energy metabolism. Micro-
organisms produce SCFAs, which are microbial waste
products, to support gut homeostasis. Consumption of
resistant starch and dietary fibers induces the produc-
tion of SCFAs, which can enhance insulin sensitivity,
maintain glucose homeostasis, and positively impact
body weight, lipid metabolism, and insulin sensitivity
in general. It can also activate the free fatty acid recep-
tor 2 and promote the hormone peptide YY (PYY) syn-
thesis. An individual’s likelihood of becoming obese
or experiencing an increase in body fat is predicted by
the Firmicutes to Bacteroidetes ratio (F: B ratio). The
gut microbiota composition may be altered by a wide
range of factors, including fasting, food type and calo-
rie content, antibiotic usage, age, location, amount and
frequency of physical exercise, and genetic, technical,
and clinical factors [11].

Metabolism of glucose, insulin and
intestinal microflora

The gut microbiota can influence glucose home-
ostasis through a number of processes involving the
generation of metabolites and their subsequent effects,
activation of cascades of the inflammatory process,
disruption of the intestinal mucosal barrier, and secre-
tion of incretins. Patients with T2DM have improved
branched-chain amino acid (BCAA) transport across
the membrane, methane metabolism, xenobiotic
breakdown, and sulfate reduction. Microbial byprod-
ucts generated during anaerobic fermentation in the
gut, such as succinate, indole, imidazole, SCFAs, and
BCAAs, play important roles in microbe-host signal-
ing networks. Ackermansia, Prevotella, Ruminococcus,
Coprococcus, Faecalibacterium, Eubacterium, Roseburia,
Clostridium, Bacteroides, Lactobacillus, Streptococcus,
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Propionibacterium, and Fusobacterium are among
the microbiota species that primarily produce these
compounds [12].

The most prevalent SCFAs produced by intestinal
fermentation of dietary fibers are butyrate, acetate,
and propionate. Firmicutes produce butyrate, where-
as Bacteroidetes primarily produce acetate and pro-
pionate. SCFAs function as a signaling molecule in
the body’s circulation as well as an energy source for
intestinal mucosal cells. SCFAs interact with G-pro-
tein-coupled receptors (GPRs) to significantly impact
glucose metabolism. These are mostly present in im-
munological cells, the stomach, and adipose tissue.
Enteroendocrine L-cells produce more incretin GLP-1
when GPR43 and GPRI119 are stimulated.GLP-1 slows
intestinal transit, protects B-cells from apoptosis, in-
creases B-cell proliferation, decreases glucagon secre-
tion, and enhances the release of insulin from B-cells.
Intestinal gluconeogenesis is triggered by butyrate and
propionate stimulating the GPR41 receptor through
two distinct mechanisms. It first increases the expres-
sion of the intestinal gluconeogenesis gene by acting as
a GPR41 agonist. Second, it triggers GPR4l and other
neurons in the gut-brain circuit. By increasing glyco-
gen synthesis, decreasing plasma fatty acid levels, and
reducing glycolysis and gluconeogenesis, SCFAs may
have an impact on hepatic glucose metabolism. SCFAs
increase appetite and glucose-stimulated insulin pro-
duction by promoting parasympathetic activity[13, 14].

SCFAs improve glucose absorption peripherally by
boosting GLUT4 expression and enhancing the activi-
ty exhibited by AMP-activated protein kinase (AMPK).
Second, SCFAs in the skeletal musculature reduce gly-
colysis, resulting in increased glucose-6-phosphate ac-
cumulation and glycogen production. The most prev-
alent SCFA, acetate, is transported to the intestinal
epithelium, exported to the liver by the portal vein,
and then distributed to other tissues for metabolism.
Acetyl-CoA carboxylase can be activated by systemic
acetate, which can cross the blood-brain barrier and
lead to increased neuropeptide synthesis, hypothalam-
ic neuron activity, and appetite suppression. 60-70% of
the energy required for colonic mucosa growth and dif-
ferentiation is provided by butyrate, which is the main
energy source for colonocytes. Butyrate prevents reac-
tive oxygen and nitrogen species from being produced
under oxidative stress, which helps to preserve colonic
epithelial homeostasis [15].

Propionate, a preferred glucogenic precursor, is
generated in the intestine, accounting for roughly 50
percent of its use. Increased intestinal propionate sup-
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ply improves the function of B-cell and glucose-stimu-
lated release of insulin, regardless of GLP-1 levels. Pro-
pionate preserves human islets by inhibiting apoptosis
caused by inflammatory cytokines. A diet enriched in
fibers has been shown to boost SCFA-producing micro-
biota and reduce HbAlc levels by increasing GLP-1 pro-
duction, thereby regulating T2DM. Postprandial plas-
ma butyrate concentrations were observed to increase
the number of Intestinimonas butyriciproducens and
Akkermansia muciniphila. The OGIS model, i.e., Oral
Glucose Insulin Sensitivity, revealed a direct correla-
tion between butyrate concentrations and postprandi-
al insulin sensitivity [16].

Succinate promotes glycemic control by activat-
ing intestinal gluconeogenesis, similar to butyrate and
propionate. The chance of acquiring T2DM in the fu-
ture has been found to increase fivefold with a slight
increase in the levels of BCAAs and aromatic amino
acids, which constitute the essential amino acid group.
Increased plasma levels of BCAAs are interconnected to
insulin resistance and two particular bacterial species:
Bacteroides vulgatus and Prevotella copri [17].

A product of bacterial catabolism of aromatic ami-
no acids, indolepropionic acid, is strongly correlated
with fiber consumption and may reduce the incidence
of T2DM. It may shield pancreatic B-cells from oxida-
tive and metabolic stressors in view of their strong
radical scavenging activity. GLP-1 secretion may result
from inhibiting voltage-gated potassium channels,
which may alter the generation of incretin from en-
teroendocrine L-cells. Imidazole propionate, which is
generated when the gut microbiota breaks down histi-
dine, inhibits the intracellular insulin receptor signal-
ing cascade, making it more difficult for cells to react
adequately to insulin [18]. Figure 1 shows the influence
of gut microflora on glucose homeostasis.

Influence of intestinal microflora
on insulin resistance

T2DM, insulin resistance, and obesity are closely
associated with low-grade inflammation, character-
ized by abnormal cytokine production and the activa-
tion of the network of signal pathways pertaining to
inflammation. Low-grade inflammation is brought on
due to a shift in the gut microbiota that promotes en-
dotoxemia at the metabolic level and initiates the in-
flammatory process through a mechanism reliant on
lipopolysaccharide (LPS) and CD14/toll-like receptor
(TLR). Inflammatory substances like peptidoglycan
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Figure 1: Influence of Gut microflora in glucose homeostasis.

and LPS are found to be prevalent in the gut microbi-
ome. The production of LPS by the gut microbiota con-
tributes to developing and advancing inflammation
and metabolic diseases [19].

CD14is portrayed as a key player in innate immuni-
ty. LPS attaches itself to the complex of the mCD14 and
TLR4 on the surface of innate immune cells, which sets
off the cascade reaction of the inflammatory process.
The IkB kinase (IKK)-B and c-Jun N-terminal kinase
(JNK) pathways are intracellularly activated by a va-
riety of common proinflammatory stimuli, including
chemokines, lipids, fatty acids, and LPS. In addition
to stimulating the nuclear factor (NF)-«B transcription
factor family, IKK activation increases the synthesis of
several inflammatory mediators that may be involved
ininsulin resistance.JNK activation may result in insu-
lin resistance by inhibiting normal signal transmission
across the insulin receptor/IRS-1 axis and by promot-
ing the phosphorylation of insulin receptor substrate
(IRS)-1at serine sites. Thus, the endotoxemia caused by
LPS generated from the gut microbiota at the metabolic
level is associated with insulin resistance and inflam-
mation. Increased intestinal permeability is associated
with elevated endotoxemia. Employing prebiotics to
alter the makeup of the gut microbiota improves gut
permeability, lowers inflammation, lessens metabolic
endotoxemia, and alleviates glucose intolerance [20].

It is currently believed that diabetes and inflam-
mation are related to the endocannabinoid (eCB) sys-
tem. Intestinal microbiota colonies influence gut eCB

expression via the CB1 receptor, which in turn controls
the permeability of gut and plasma levels of LPS. By
increasing the distribution and localization of tight
junction proteins (occludin and ZO-1), blocking the CB1
receptor enhances the function of the intestinal barri-
er. Thisindicates that the distribution and localization
of tight junction proteins allow the eCB system to reg-
ulate intestinal permeability. Changes in CB2 receptor
expression have a negative correlation with intestinal
counts of Clostridium and a positive correlation with in-
testinal counts of Lactobacillus species [21, 22].

The gut mucosa protects against dangerous sub-
stances and regulates the immune system.T2DM causes
increased intestinal permeability, leading to bacterial
translocation as well as low-grade inflammation. The
consequences can cause (-cell destruction and insulin
resistance. Faecalibacterium, Roseburia, and Bifidobac-
terium are known for their ability to inhibit the trans-
location of bacterial species and reduce intestinal per-
meability. It has been proven that people with T2DM
have reduced levels of these particular bacteria [23].
The role of gut microflora in the permeability of the
gut and insulin resistance is summarised in Figure 2.

Modulation of intestinal microflora
from a therapeutic viewpoint

Recent studies indicated that the gut microbiome
may influence T2DM. Probiotics are live bacteria that
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Figure 2: Alterations in the intestinal microbiota promote insulin resistance and metabolic endotoxemia by in-
creasing gut permeability and decreasing tight junction proteins of gut epithelial cells.

can provide health benefits to the host. Researchers
discovered that when diabetic rats were exposed to
high fructose levels, fermented milk products con-
taining probiotic bacteria considerably deferred the
emergence of glucose intolerance, hyperglycemia, and
hyperinsulinemia. It has been demonstrated that pro-
biotics improve intestinal microbiota, which in turn
improves peripheral insulin sensitivity, lowers circu-
lating LPS levels, improves intestinal integrity, and
lessens endoplasmic reticulum stress and T2DM [24].
Faecal microbiota transplantation (FMT) involves
transferring pre-screened donor stoolinto a gut of “dis-
eased” patient in order to rectify dysbiotic conditions,
increase diversity, and restore microbial functionality.
FMT is solely approved for the management of recur-
rent Clostridium difficile infection (CDI), having a rate
of resolution above 89 percent. Numerous studies have
been currently conducted to investigate additional pos-
sible indications, including in the field of T2DM. FMT
is thought to be more effective in comparison to pro-
biotics because it can transfer entire microbiota com-
munities of the donor, including their metabolites, and
can correct microbiota disruption over specific targets.
Metabolic syndrome patients who were given small
intestinal infusions of fecal microbiota obtained from
healthy allogeneic donors for about six weeks experi-
enced improved insulin sensitivity and increased bu-
tyrate-producing intestinal microbiota. Manipulating
the gut microbiota with procedures like FMT could be
a promising therapeutic option for T2DM patients [25].

Conclusion

The intestinal microbiota can impact T2DM
through its influence on gut hormones, body weight,
metabolism of bile acids, proinflammatory activity, and
insulin resistance. Incorporating probiotics and fecal
microbiota transplantation can improve metabolism
of glucose and insulin resistance in the host. More re-
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search is needed to better understand the relationship
between intestinal microbiota and T2DM, leading to
the development of more effective therapeutic options.
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