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Abstract According to the World Health Organization, obesity and type 2 diabetes mellitus have reached the scale of a
21st century epidemic [2]. All countries are now affected by obesity and the impact is predicted to become even more
prominent, resulting in more years of lost healthy life, disability and death [12]. In fact, it is known that up to 85.2% of
people with type 2 diabetes mellitus have an overweight or obesity problem, and by 2025, more than 300 million people
will have obesity-related type 2 diabetes mellitus [11]. Obesity and type 2 diabetes mellitus are chronic diseases that are on
the rise worldwide, requiring new approaches to treat and prevent diabetes in obese people. Therefore, it is important to
understand the mechanistic relationship between the two and develop a comprehensive approach to increase life expectancy
and improve the quality of life of patients. This literature review provides detailed information of the indispensable role of
obesity in the pathophysiology of type 2 diabetes mellitus and their mechanistic link [5].
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1. Introduction

Type 2 diabetes mellitus is one of the most common
metabolic disorders worldwide. Its development is primarily
due to a combination of two major factors: defective insulin
secretion by pancreatic B-cells and insulin resistance. Insulin
secretion and action must precisely match metabolic needs.
Consequently, the molecular mechanisms involved in insulin
synthesis and secretion, as well as the insulin response in
tissues, must be tightly regulated. Thus, defects in any of the
mechanisms involved can lead to metabolic imbalances that
result in the development of type 2 diabetes mellitus [6].

Obesity is a condition of abnormal increase in the amount
of adipose tissue, which increases the risk of numerous
diseases such as cardiovascular disease, certain cancers and
type 2 diabetes mellitus. There are a number of reasons that
lead to the development of obesity, including genetic and
environmental factors. Studies have shown that not only the
amount of calories consumed, but also the type of diet,
frequency and timing of meals influence the development of
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obesity and related metabolic disorders [8]. Obesity plays an
inevitable role in the increasing prevalence of type 2 diabetes
mellitus, in which the body does not produce enough insulin
or cannot utilize insulin efficiently, resulting in elevated
blood glucose levels. It is the fastest growing pandemic and
public health emergency in the world [3].

Consequently, this literature review will examine several
theories explaining the pathogenetic relationship between
obesity and type 2 diabetes mellitus.

2. Main Text

Lipotoxicity theory

Increased gluconeogenesis in obese individuals causes
fasting and post-meal hyperglycemia. Increased hepatic
gluconeogenesis is due to impaired suppression of adipose
tissue lipolysis, which increases the delivery of free fatty
acids to the liver. In obese individuals, increased lipid
oxidation causes high plasma concentrations of free fatty
acids, leading to insulin resistance. This "lipid spillover"
limits glucose oxidation. Studies show that glucose uptake is
the rate-limiting step in fatty acid-induced insulin resistance,
not intracellular glucose metabolism. According to this model,
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fatty acids, together with metabolites such as acyl-CoA,
ceramides, and diacylglycerols, serve as signaling molecules
that activate protein kinases. These protein kinases disrupt
insulin signaling by increasing the phosphorylation of
insulin receptor substrate serine, which are key mediators of
insulin receptor signaling [5].

A striking feature in determining the risk of developing
obesity-related type 2 diabetes mellitus is the pattern of
fat distribution throughout the body. For example, obese
individuals with abdominal subcutaneous fat, intra-abdominal
fat, intrahepatic triglycerides and pancreatic fat are at higher
risk of developing type 2 diabetes mellitus compared to those
with less body fat accumulation. The role of intramyocellular
lipids (IMCL) is increasingly recognized as an important
factor in the regulation of insulin action. IMCL accumulation
in obese patients is due to increased levels of lipid peroxidation
and the production of lipid peroxidation by-products such as
4-hydroxynonenal (4-HNE), as well as reduced fatty acid
beta-oxidation in muscle, which affects insulin sensitivity.

Ectopic lipid accumulation is associated with insulin
resistance due to reactive oxygen species (ROS) activation,
mitochondrial dysfunction or endoplasmic reticulum (ER)
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stress. The persistent imbalance between ROS and antioxidant
production is a major cause of oxidative stress leading to fat
accumulation in humans. Increased ROS in prediabetes is
caused by increased fatty acids, which leads to oxidative stress
due to increased mitochondrial uncoupling and beta-oxidation
subsequently leading to increased ROS production. In insulin
resistance, ectopic fat accumulation is associated with decreased
mitochondrial oxidative activity and ATP synthesis [5].

Lipotoxicity, has been considered as a major factor in
the onset of type 2 diabetes mellitus, contributing to tissue
inflammation and insulin resistance in peripheral tissues.
Moreover, it has been suggested that it may additionally
contribute to the disease by directly altering fZcell function
and differentiation.

Most studies of lipotoxicity and f3cell viability have
examined the effects of palmitate and oleate; the former
saturated fatty acid was more harmful and promoted (3cell
death. Palmitate is a precursor to ceramide biosynthesis,
a form of fat that may contribute to lipotoxicity. Intracellular
ceramide concentrations increase significantly after exposure
to palmitate, which is associated with (3cell dysfunction and
apoptosis [7].
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Figure 1. Lipotoxicity activates OS and mitochondrial dysfunction in pancreatic B-cells. The accumulation of FFAs leads to increased beta oxidation,
resulting in the production of excess acetyl-CoA, which subsequently enters the tricarboxylic acid (TCA) cycle. This cycle becomes overloaded, generating
elevated levels of NADH and FADH2, which enhance the activity of the electron transport chain. This heightened activity results in the overproduction of
ROS, contributing to oxidative stress and mitochondrial dysfunction. The excessive generation of ROS adversely affects insulin signaling by activating
stress kinases, including c-Jun N-terminal kinase (JNK), IkB kinase beta (IKKf), p38 MAPK, and protein kinase C (PKC). Consequently, the
phosphorylation of insulin receptor substrate (IRS) at serine residues inhibits insulin signaling and induces insulin resistance [16]
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Chronic inflammation theory

Adipose tissue produces numerous adipokines such as
adiponectin, leptin, visfatin, resistin, apelin, omentin, retinol
-binding protein (RBP4), vaspin and many others that affect
the overall activity of various organs including liver, pancreas,
intestine, brain and skeletal muscles. These processes
include adipocyte hypoxia, which is caused by increased
oxygen demand and stimulates fibrogenesis and macrophage
chemotaxis. This leads to increased plasma concentrations of
branched-chain amino acids, increased humbers of adipocyte
-derived macrophages and T cells, decreased adipose tissue
and adiponectin (an insulin-sensitive hormone) production,
increased adipose tissue lipolytic activity leading to the release
of free fatty acids into the bloodstream and altered exosomes
derived from adipose tissue macrophages. Among these
factors, it has been suggested that adipose tissue inflammation
is a major driver of insulin resistance in obese individuals.
Activated macrophages and hypertrophied adipocytes increase
levels of pro-inflammatory cytokines such as TNF-a, IL-1p,
monocyte chemoattractant protein-1 (MCP-1) and IL-6,

ultimately leading to the development of metabolic inflammation.

This chronic inflammatory state is a key factor contributing
to the pathogenesis of insulin resistance, which reduces glucose
uptake in muscle, leads to increased glucose production in
the liver, provokes B-cell dysfunction in the pancreas and leads
to endocrine dysfunction in adipose tissue [5].
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Adipocytokine theory

Leptin. Lack of leptin or its receptors leads to uncontrollable
hunger, potentially leading to obesity. Numerous studies
have demonstrated a strong correlation between leptin levels
and body fat percentage, with an increase in adipocytes
triggering elevated leptin levels as an adaptive response to
control energy balance. Elevated leptin levels are associated
with insulin resistance and type 2 diabetes. In this particular
population, there is an association between hyperleptinemia
and a higher risk of cardiovascular disease, as well as more
high rates of obesity, hypertension and endothelial dysfunction.
Leptin plays a role in the regulation of proinflammatory
cytokines, which are also associated with insulin resistance
[14].

Adiponectin. An important biomarker of adipose tissue
health is plasma adiponectin, which is directly related to
insulin sensitivity and has an inverse relationship with body
fat percentage [10]. Adiponectin has multiple functions.
It is well known that adipose tissue maintains energy
homeostasis of the whole body. Obesity, which occurs due to
accumulation of WAT in internal organs, results in lack of
angiogenesis in subcutaneous adipose tissue. This results in
an inability to store excess energy, leading to insulin
resistance in obese individuals. Hence, there may be a link
between adipose tissue angiogenesis, vascular function and
insulin sensitivity [9].
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Figure 2. Pro-inflammatory cytokines in the pathogenesis of metabolic inflammation and insulin resistance [5]
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Figure 3. The composition and balance of four major gut microbiota and their roles in obesity. The composition and balance of gut microbiota are pivotal
in regulating metabolic processes and influencing the development and progression of obesity. The illustration highlights key bacterial phyla and genera,
including Firmicutes, Bacteroidetes, Parabacteroides, and Verrucomicrobia, and their roles in obesity and type 2 diabetes mellitus [17]

The gut microbiota theory

The gut microbiota refers to the complex ecosystem
colonized in the human intestinal tract, which includes a
large number of microorganisms including bacteria, fungi,
viruses, archaea, protozoa, etc.

If there is an imbalance in bacterial composition, changes
in bacterial metabolic activity, or changes in the distribution
of bacteria in the gut, this is defined as "dysbiosis".

Gut dysbiosis in obesity is a major contributor to lipid
accumulation. The altered gut microbiota in obese individuals
leads to higher concentrations of lipopolysaccharides, which
triggers a number of inflammatory reactions and causes
metabolic endotoxemia. Leads to increased expression of
pro-inflammatory cytokines in adipose tissue (including
interleukin-6 and TNF-a), which can lead to insulin resistance.
In addition, the gut microbiota also favors lipid accumulation
through induction of leptin resistance and inhibition of fat-
suppressing neuropeptides [4]. Studies have shown that the
gut microbiota plays an important role in weight regulation,
which may influence fat and energy storage through both
energy regulation and gene expression [15].

Although there are diverse bacterial species in the gut
microbiota, it was recently found that Firmicutes (F) and
Bacteroidetes (B) are the major phyla in the gut microbiota.
In light of the growing concerns regarding obesity and type 2
diabetes, emerging studies have found that different species,
a combination of strains, or the ratio of these two phyla could
potentially impact obesity through multiple mechanisms.
The ratio of Firmicutes to Bacteroidetes (F/B) is increasingly
considered as a crucial biomarker for obesity regulation and
metabolic health [17].

Hyperinsulinemia and B-cell depletion theory

Beta cells produce insulin, which is then sent to the liver
via the portal vein. The balance of insulin in the bloodstream
depends on a delicate balance between its secretion and the

liver's ability to clear it. After release by beta cells, the liver
utilizes more than half of this insulin. Factors such as
increased insulin secretion in the pancreas and reduced
partial extraction and filtration of insulin as it enters the cells
combine to result in elevated basal plasma insulin levels in
obese individuals after meals. The persistent decline in
pancreatic beta cell performance causes a consistent weakening
of blood sugar control, paving the way for prediabetes and
eventually the onset of type 2 diabetes [1].

To compensate for increased insulin resistance, p-cells
initially increase insulin secretion. However, over time, the
number and secretory response of healthy B-cells decrease
due to glucolipotoxicity, endoplasmic reticulum stress,
mitochondrial dysfunction, and inflammation, which overlap
with genetic and epigenetic factors [13].

The anti-aging gene Sirtuin 1

Unhealthy diets inactivate the calorie sensitive gene Sirtuin
1 (Sirt 1) involved in epigenetic processes that promote
immune system alterations, mitochondrial apoptosis, Non-
alcoholic Fatty Liver Disease (NAFLD), diabetes and
Nitric Oxide (NO) modification with relevance to core body
temperature involved with appetite regulation, glucose
homeostasis and hepatic xenobiotic metabolism [18].

Sirt 1 is important to SCN function that maintains synchrony
between neurons that is critical to circadian rhythm and
glucose clearance in the brain and periphery. Metabolic
disturbances in neurons may be linked to other anti-aging
genes associated glucose dyshomeostasis and dyslipidemia.
Interests in calorie restriction, appetite regulation and
neurodegeneration that involve Sirt 1 mediated regulation of
other anti-aging genes has accelerated and involve p53 and
FOXO deacetylation in relation to autonomous disease of
the brain and liver. Nutritional interventions that maintain
Sirt 1 activity are important to T3D, T2D and T1D with Sirt 1
down regulation in NAFLD relevant to the defective
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metabolism of caffeine, glucose, fatty acids, cholesterol,
amyloid beta, bile acids, and xenobiotics [19].

Sirt 1 interactions with forkhead transcription factor O1
(FOXO01), C/EBP alpha may involve Klotho C/EBP alpha
and peroxisome Proliferator-Activated Receptor (PPAR)
interactions important to mitochondrial function and adipocyte
differentiation. Furthermore miR-122 and miR-132 have
been shown directly inhibit Sirt 1 and may interfere with
adipose tissue adiponectin release.

Sirt 1 is connected to immunometabolism and adipogenesis
disorders with adipose tissue release of adipokines, inflammatory
cytokines, heat shock proteins and natural killer cells
relevant to mitophagy in diabetes and MODS [18].
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Figure 4. Nutritional diets and environmental xenobiotics are now
involved with the repression of anti-aging genes with epigenetic alterations
linked to the global chronic disease epidemic. Circadian dyssynchrony and
immune system imbalances involve mitochondrial apoptosis in many tissues
with relevance to diabetes and Multiple Organ Disease Syndrome (MODS)
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Figure 5. Nutritional regulation of Sirt 1 is important to prevent insulin
resistance and mitophagy in diabetic individuals. Individuals with Type
3/Type 2 diabetes have SCN defects with accelerated NAFLD and MODS
associated with hepatic xenobiotic metabolism and mitophagy

REPRESSION

Specific genes that are involved in epigenetics are
sensitive to nutritional regulation, oxidative stress and the
development of insulin resistance that can result from
changes in cellular chromatin structure, DNA methylation
and histone modifications with relevance to the global
chronic disease epidemic [18].
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3. Conclusions

In conclusion, the results of this literature review confirm
the close relationship between obesity and type 2 diabetes
mellitus due to common pathogenetic mechanisms and risk
factors.

A better understanding of the relationship and causality
between these factors may enable risk to be predicted, modified
and controlled, as there is substantial evidence that weight
loss interventions can reduce blood glucose levels. This
review also emphasizes the need for further in-depth studies
to investigate these diseases, risk factors and mechanisms of
pathogenesis, which in turn will improve the management of
these conditions and the quality of life of patients.
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