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Obesity, especially central obesity, is a well-recognized major modifiable risk factor for the development of type 2 diabetes mellitus (T2DM), and the comorbidity
of obesity and T2DM has become a global public health crisis with rapidly increasing prevalence. The relationship between obesity and T2DM is not a simple causal
association but a complex bidirectional interplay: excessive adiposity, particularly visceral adipose tissue accumulation, triggers a cascade of metabolic and inflammatory
abnormalities that lead to insulin resistance (IR) and pancreatic B-cell dysfunction, the core pathological features of T2DM; conversely, T2DM-induced metabolic disorders
further exacerbate adipose tissue dysfunction, abnormal fat distribution and weight gain, forming a vicious cycle. This review systematically elaborates the bidirectional
pathological link between obesity and T2DM, clarifies the key underlying mechanisms including chronic low-grade inflammation, adipose tissue dysfunction, gut micro
biota dysbiosis, mitochondrial dysfunction and genetic epigenetic regulation. We further summarize the current clinical strategies for the comprehensive management of
obesity-related T2DM, covering lifestyle intervention, pharmacotherapy and bariatric surgery, and prospect the emerging research directions such as targeted therapy for
adipose tissue inflammation, gut micro biota modulation and precision medicine. This review aims to provide a comprehensive understanding of the intimate association
between obesity and T2DM, and offer a reference for the optimized clinical management and novel therapeutic development for patients with obesity and T2DM comorbidity.

Introduction

The global epidemics of obesity and type 2 diabetes mellitus
(T2DM) have become two of the most pressing public health
challenges in the 21° century, with their prevalence increasing
in a parallel and mutually reinforcing manner [1]. According
to the World Health Organization (WHO) Global Status Report
on Obesity, Overweight and Diet 2024, the global number of
overweight adults reached 2.1 billion in 2023, among whom
over 760 million were obese [2]. Meanwhile, the International
Diabetes Federation (IDF) World Diabetes Atlas 2023 reported
that the global number of adult T2DM patients reached 537
million in 2023 (projected to 579 million in 2024), accounting
for approximately 90% of all diabetes cases, and more than
80% of T2DM patients are overweight or obese [3]. Notably,
the comorbidity of obesity and T2DM is not only a simple

superposition of two diseases but also leads to a significant
increase in the risk of macro vascular and micro vascular
complications, such as cardiovascular disease, diabetic
nephropathy, retinopathy and neuropathy, as well as higher
mortality rates [4].

Obesity and T2DM share common risk factors including
unhealthy lifestyle (high-calorie diet, physical inactivity),
genetic susceptibility, aging and environmental factors [5].
However, the relationship between them is far more complex
than co-occurrence: epidemiological studies have confirmed
that obesity, especially central obesity characterized by visceral
adipose tissue (VAT) accumulation, is the strongest independent
risk factor for T2DM; individuals with a body mass index
(BMI) >30 kg/m? have a 5-10 times higher risk of developing
T2DM than those with normal BMI [6]. Conversely, T2DM is
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also an independent risk factor for weight gain and adipose
tissue dysfunction: insulin resistance and hyperinsulinemia in
T2DM patients lead to abnormal fat synthesis and distribution,
further exacerbating obesity [7]. This bidirectional interplay
forms a vicious cycle that accelerates the progression of both
diseases and increases the difficulty of clinical management.

In recent years, with the in-depth research on adipose
tissue biology, metabolic immunology and molecular genetics,
the underlying mechanisms of the association between obesity
and T2DM have been gradually elucidated. Chronic low-grade
inflammation, adipose tissue dysfunction, gut micro biota
symbiosis and mitochondrial dysfunction are recognized as
the core links connecting obesity and T2DM [8]. At the same
time, clinical management strategies for obesity-related T2DM
have been continuously optimized, from traditional lifestyle
intervention to novel anti-obesity and anti-diabetic drugs, and
bariatric surgery with long-term efficacy, providing multiple
options for clinical practice [9]. This review comprehensively
sorts out the bidirectional pathological relationship between
obesity and T2DM, clarifies the key pathogenic mechanisms,
summarizes the current clinical management strategies
and prospect the emerging therapeutic directions, in order
to provide a theoretical basis and clinical reference for the
prevention and treatment of obesity and T2DM comorbidity.

Bidirectional pathological interplay between
obesity and T2DM

The association between obesity and T2DM is a typical
bidirectional regulatory relationship: obesity is the primary
driver of insulin resistance and pancreatic g-cell dysfunction,
the two core pathological features of T2DM; while T2DM-
induced metabolic disorders further aggravate adipose tissue
dysfunction and abnormal fat metabolism, forming a vicious
cycle that promotes the progression of both diseases (Figure 1).

Figure 1 illustrates the bidirectional pathological interplay
between obesity and type 2 diabetes mellitus (T2DM). Obesity,
particularly central obesity, induces insulin resistance and
pancreatic p-cell dysfunction via adipose tissue dysfunction,
chronic inflammation, and lipo toxicity, leading to T2DM onset.
Conversely, T2DM-related hyperinsulinemia, hyperglycemia,
and dyslipidemia exacerbate adipocyte hypertrophy and
inflammation, forming a vicious cycle that accelerates the
progression of both conditions.
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Figure 1: Bidirectional pathological interactions between obesity and type 2

diabetes.

Obesity induces the development and progression of
T2DM

Excessive adiposity, especially the accumulation of VAT,
is the initiating factor of T2DM pathogenesis. Adipose tissue
is no longer considered a simple energy storage organ but a
key endocrine and paracrine organ that secretes a variety of
bioactive substances, including adipokines, cytokines, free
fatty acids (FFAs) and hormones [10]. In obese individuals, the
expansion of adipose tissue (especially VAT) leads to a series of
structural and functional abnormalities, which trigger insulin
resistance in peripheral tissues (liver, skeletal muscle, adipose
tissue itself) and progressive pancreatic p-cell dysfunction,
ultimately leading to the onset of T2DM [11].

Insulin resistance is the earliest and most core pathological
change in obesity-induced T2DM. In obese individuals,
excessive FFAs released by hypertrophic adipocytes cause
lipid accumulation in the liver and skeletal muscle, leading
to impaired insulin signal transduction and reduced glucose
uptake and utilization [12]. Meanwhile, abnormal secretion
of adipokines in obese individuals further exacerbates insulin
resistance: the levels of anti-inflammatory and insulin-
sensitizing adipokines (e.g., adiponectin) are significantly
reduced, while the levels of pro-inflammatory and insulin-
resistant adipokines (e.g., leptin, resistin, visfatin) are
increased. Leptin resistance is a common phenomenon in
obese individuals, which leads to impaired central appetite
regulation and persistent weight gain, while also reducing
insulin sensitivity in peripheral tissues [13,14].

Pancreatic B-cell dysfunction is the necessary condition for
the onset of T2DM in obese individuals with insulin resistance.
In the early stage of obesity, the pancreas compensatorily
increases insulin secretion to overcome insulin resistance,
resulting in hyperinsulinemia [15]. However, long-term
hyperinsulinemia, chronic inflammation and high glucose and
lipid levels cause oxidative stress and endoplasmic reticulum
stress in pancreatic B-cells, leading to impaired insulin
secretion, reduced B-cell mass and even B-cell apoptosis [16].
When the compensatory secretion of insulin by g-cells can no
longer compensate for insulin resistance, fasting hyperglycemia
and postprandial hyperglycemia occur successively, marking
the onset of T2DM [17].

T2DM exacerbates obesity and adipose tissue dysfunc-
tion

T2DM is not only the consequence of obesity but also an
important factor that exacerbates adipose tissue dysfunction
and abnormal fat metabolism, forming a vicious cycle between
the two diseases. The core metabolic abnormalities of T2DM,
including insulin resistance, hyperinsulinemia, hyperglycemia
and dyslipidemia, directly or indirectly lead to abnormal fat
synthesis, distribution and breakdown, further aggravating
obesity and adipose tissue inflammation [6,18].

Hyperinsulinemia is the key link in T2DM-induced weight
gain. Insulin is a potent anabolic hormone that promotes
glucose uptake and lipogenesis in adipose tissue, and inhibits
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lipolysis [19]. In T2DM patients with insulin resistance, the
pancreas secretes a large amount of insulin to compensate,
resulting in chronic hyperinsulinemia. Although the insulin
sensitivity of peripheral tissues is reduced, the lipogenic
effect of insulin on adipose tissue is still preserved, leading
to excessive fat synthesis and accumulation, especially the
further expansion of VAT [20]. Meanwhile, hyperglycemia in
T2DM patients leads to increased glucose uptake in adipose
tissue through the glucose transporter 4 (GLUT4) independent
of insulin, which is converted into triglycerides and stored,
further promoting adipocyte hypertrophy [21].

T2DM also exacerbates adipose tissue dysfunction and
chronic inflammation. Hyperglycemia and dyslipidemia in
T2DM patients cause increased oxidative stress and endoplasmic
reticulum stress in adipocytes, leading to further impairment
of adipokine secretion: adiponectin levels are further reduced,
while pro-inflammatory cytokines (e.g., TNF-a, IL-6) are
further increased. In addition, T2DM-induced metabolic
disorders lead to the infiltration of more immune cells (e.g.,
Mi-type macrophages) into adipose tissue, forming crown-like
structures and aggravating chronic low-grade inflammation,
which in turn further exacerbates insulin resistance and
p-cell dysfunction [22,23]. This vicious cycle between T2DM
and obesity continuously accelerates the progression of both
diseases and increases the risk of complications.

Key pathogenic mechanisms linking obesity
and T2DM

The complex bidirectional interplay between obesity
and T2DM is mediated by multiple interrelated pathogenic
mechanisms, among which chronic low-grade inflammation,
adipose tissue dysfunction, gut microbiota dysbiosis,
mitochondrial dysfunction and genetic epigenetic regulation
are the most critical and well-studied (Figure 2). These
mechanisms are not independent but interact with each other,
forming a complex regulatory network that connects obesity
and T2DM.

Key Pathogenic Mechanisms Linking Obesity and Type
2 Diabetes Mellitus. Multiple interrelated pathogenic
mechanisms mediate the association between obesity and
T2DM, with chronic low-grade inflammation as the central
hub, and adipose tissue dysfunction, gut microbiota dysbiosis,
mitochondrial dysfunction and genetic/epigenetic regulation
interacting with each other to form a complex regulatory
network that promotes insulin resistance and T2DM onset.
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Figure 2: Key pathogenesis of obesity and T2DM.

Chronic low-grade inflammation

Chronic low-grade inflammation is the central hub linking
obesity and T2DM, and is the common pathological basis of
both diseases [24]. In obese individuals, the expansion of
adipose tissue (especially VAT) leads to the infiltration of a
large number of immune cells, mainly M1-type macrophages,
as well as T lymphocytes, neutrophils and mast cells [24,25].
These immune cells and hypertrophic adipocytes secrete
a variety of pro-inflammatory cytokines, including tumor
necrosis factor-o (TNF-a), interleukin-6 (IL-6), monocyte
chemoattractant protein-1 (MCP-1) and C-reactive protein
(CRP), leading to a state of systemic chronic low-grade
inflammation [26].

Pro-inflammatory cytokines exacerbate insulin resistance
by impairing insulin signal transduction. TNF-o and IL-6 can
inhibit the phosphorylation of insulin receptor substrate-1
(IRS-1) and insulin receptor (IR), block the downstream PI3K/
Akt signal pathway, and reduce the translocation of GLUT%
to the cell membrane, thereby reducing glucose uptake and
utilization in liver, skeletal muscle and adipose tissue [27].
Meanwhile, chronic inflammation also induces pancreatic
B-cell dysfunction: pro-inflammatory cytokines activate the
nuclear factor-xB (NF-«xB) pathway in B-cells, leading to
oxidative stress and endoplasmic reticulum stress, which in
turn cause impaired insulin secretion and B-cell apoptosis
[27,28]. In T2DM patients, chronic inflammation is further
aggravated by hyperglycemia and dyslipidemia, forming
a pro-inflammatory cycle that continuously promotes the
progression of obesity and T2DM.

Adipose tissue dysfunction

Adipose tissue dysfunction is the initiating factor of the
pathological link between obesity and T2DM, and is mainly
manifested as abnormal adipose tissue expansion, impaired
adipokine secretion and abnormal lipid metabolism. Adipose
tissue expansion in obesity is divided into two forms:
hyperplastic expansion (increase in adipocyte number) and
hypertrophic expansion (increase in adipocyte size) [9,29].
Hyperplastic expansion is a healthy expansion mode with small
adipocytes, normal lipid metabolism and low inflammatory
level; while hypertrophic expansion is an unhealthy mode
with large adipocytes, impaired lipid storage capacity,
increased FFAs release and high inflammatory level [30]. Obese
individuals, especially those with central obesity, are mainly
characterized by hypertrophic expansion of VAT, which is the
core cause of adipose tissue dysfunction.

Abnormal secretion of adipokines is the main manifestation
of adipose tissue dysfunction and a key link in regulating
insulin sensitivity and glucose metabolism. Adiponectin, the
most abundant adipokine secreted by adipocytes, has insulin-
sensitizing, anti-inflammatory and anti-atherosclerotic
effects. Its levels are significantly reduced In patients with
obesity and T2DM, and the reduction degree is positively
correlated with the severity of insulin resistance and B-cell
dysfunction [10,31]. Leptin, a hormone that regulates appetite
and energy balance, is overexpressed in obese individuals, but
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leptin resistance occurs due to the downregulation of leptin
receptors in the hypothalamus, leading to impaired appetite
suppression and energy expenditure promotion, as well as
reduced insulin sensitivity. Other adipokines such as resistin,
visfatin and chemerin are increased in patients with obesity
and T2DM, and they promote insulin resistance and chronic
inflammation through different mechanisms [14,32].

Abnormal lipid metabolism in adipose tissue is another
important manifestation of dysfunction. Hypertrophic
adipocytes have impaired lipid storage capacity, leading
to increased lipolysis and excessive release of FFAs into
the circulation [33]. Elevated circulating FFAs cause lipid
accumulation in non-adipose tissues (liver, skeletal muscle,
pancreas), a phenomenon known as lipotoxicity. Lipotoxicity
leads to impaired insulin signal transduction in peripheral
tissues, and also causes oxidative stress and endoplasmic
reticulum stress in pancreatic p-cells, leading to pB-cell
dysfunction [13,34].

Gut microbiota dysbiosis

Gut micro biota, the complex microbial community residing
in the human gastrointestinal tract, plays an important role
in regulating host energy metabolism, immune function
and glucose homeostasis, and its dysbiosis is an important
environmental factor linking obesity and T2DM [35]. The
composition and abundance of gut micro biota in patients with
obesity and T2DM are significantly different from those in
healthy individuals: the ratio of Firmicutes to Bacteroidetes (F/B
ratio) is significantly increased, the abundance of short-chain
fatty acid (SCFA)-producing bacteria (e.g., Bifidobacterium,
Lactobacillus) is reduced, and the abundance of pro-
inflammatory bacteria (e.g., Desulfovibrio, Enterobacter) is
increased [35,36].

Gut microbiota dysbiosis promotes the development
of obesity and T2DM through multiple mechanisms. First,
Firmicutes have a stronger ability to decompose indigestible
carbohydrates and absorb energy, leading to increased
energy harvest and storage in the host [37,38]. Second,
reduced SCFA production impairs the regulation of gut
barrier function, appetite and insulin sensitivity: SCFAs can
strengthen the intestinal tight junctions to prevent the entry
of lipopolysaccharide (LPS) and other endotoxins into the
circulation, and also activate G protein-coupled receptors
(GPR41, GPR43) to regulate glucose and lipid metabolism.
Third, gut microbiota dysbiosis leads to increased intestinal
permeability, and LPS enters the circulation to trigger metabolic
endotoxemia, which activates the TLR4/NF-xB pathway and
induces systemic chronic low-grade inflammation. Fourth,
gut microbiota can regulate the secretion of gut hormones
(e.g., glucagon-like peptide-1 (GLP-1), ghrelin) that regulate
glucose and energy metabolism: reduced GLP-1 secretion and
increased ghrelin secretion lead to impaired insulin secretion,
increased appetite and weight gain [39-41].

Mitochondrial dysfunction

Mitochondria are the core organelles of cellular energy
metabolism, and their dysfunction is an important cellular and

molecular mechanism linking obesity and T2DM. In patients
with obesity and T2DM, mitochondrial dysfunction is mainly
manifested in reduced mitochondrial biogenesis, impaired
oxidative phosphorylation, increased reactive oxygen species
(ROS) production and abnormal mitochondrial dynamics
(fission and fusion) [42,43], which is most obvious in adipose
tissue, skeletal muscle and liver.

Mitochondrial dysfunction in skeletal muscle and liver
directly leads to insulin resistance. Reduced mitochondrial
biogenesis and impaired oxidative phosphorylation lead
to decreased cellular energy production, and impaired
fatty acid oxidation leads to intramyocellular and hepatic
lipid accumulation, which in turn impairs insulin signal
transduction. Increased ROS production by dysfunctional
mitochondria causes oxidative stress, which inhibits the
phosphorylation of IRS-1 and IR, further exacerbating insulin
resistance [44,45]. Mitochondrial dysfunction in adipose tissue
impairs lipid oxidation and energy expenditure, leading to
increased fat accumulation and adipocyte hypertrophy, and
also promotes the secretion of pro-inflammatory cytokines,
aggravating chronic inflammation. In pancreatic B-cells,
mitochondrial dysfunction impairs glucose-stimulated insulin
secretion (GSIS), as mitochondria are the core organelles that
sense glucose and produce ATP to trigger insulin exocytosis
[46,47].

Genetic and epigenetic regulation

Genetic susceptibility and epigenetic regulation are the
important intrinsic factors that determine the individual
difference in the susceptibility to obesity and T2DM, and form
the genetic basis of the bidirectional interplay between the two
diseases [48]. Genome-wide association studies (GWAS) have
identified more than 100 genetic loci associated with obesity
and more than 400 genetic loci associated with T2DM, among
which many loci are shared by both diseases, such as TCF7L2,
FTO, PPARG and KCNJ11 [48], indicating the common genetic
basis of obesity and T2DM.

The FTO gene is the first identified obesity susceptibility
gene, and its variants are associated with increased BMI and
risk of T2DM [49]. The FTO gene regulates energy balance and
fat metabolism by affecting the expression of genes related
to appetite regulation (e.g., MC4R) [49,50]. The TCF7L2 gene
is the most significant T2DM susceptibility gene, and its
variants are also associated with abnormal fat distribution and
insulin resistance. The PPARG gene encodes the peroxisome
proliferator-activated receptor y, a key regulator of adipocyte
differentiation and insulin sensitivity, and its variants lead
to impaired adipocyte differentiation, reduced adiponectin
secretion and increased risk of obesity and T2DM [50-52].

Epigenetic regulation, including DNA methylation, histone
modification and non-coding RNA regulation, mediates
the interaction between environmental factors (e.g., high-
calorie diet, physical inactivity) and the genome, and plays
an important role in the development of obesity and T2DM.
High-calorie diet and physical inactivity can cause DNA
methylation changes in genes related to glucose and lipid
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metabolism (e.g., PPARG, IRS-1) and inflammatory response,
leading to persistent changes in gene expression and long-
term impairment of metabolic function [53,54]. MicroRNAs
(miRNAs), such as miR-146a, miR-21 and miR-126, are
abnormally expressed in patients with obesity and T2DM,
and they regulate insulin signal transduction, adipose tissue
differentiation and inflammatory response by targeting key
genes, participating in the pathogenesis of both diseases [55].
Epigenetic modifications can be passed on to offspring, leading
to the intergenerational inheritance of metabolic disorders,
which is an important reason for the increasing prevalence of
obesity and T2DM in children and adolescents [56].

Clinical
T2DM

management of obesity-related

The core goal of clinical management for obesity-related
T2DM is to break the vicious cycle between obesity and T2DM by
reducing body weight, improving insulin resistance, protecting
pancreatic B-cell function, and ultimately achieving good
glycemic control and reducing the risk of complications [57,58].
The current clinical management strategies follow a stepwise
approach, including lifestyle intervention (the foundation),
pharmacotherapy (the mainstay) and bariatric surgery
(for severe obesity), and the individualized comprehensive
management plan should be formulated according to the
patient’s BMI, glycemic status, age and comorbidities (Table 1).

Lifestyle intervention: The fundamental strategy

Lifestyle intervention is the first-line and fundamental
treatment for all patients with obesity-related T2DM, and its
core measures include medical nutrition therapy, increased
physical activity and behavioral intervention. The goal of
lifestyle intervention is to achieve a moderate and sustained
weight loss (5-10% of initial body weight in the first 6 months),
which can significantly improve insulin resistance, restore
B-cell function and achieve good glycemic control, and even
induce T2DM remission in some patients [59].

Medical nutrition therapy is the core of weight loss and
glycemic control. The principle is to reduce total calorie intake

Table 1: Clinical Management Strategies for Obesity-Related Type 2 Diabetes.

(300-500 kcal/day for mild obesity, 500-800 kcal/day for
moderate to severe obesity) on the basis of ensuring balanced
nutrition, and adjust the dietary structure [59,60]. Priority is
given to a low-calorie, high-fiber, low-glycemic index (LGI)
diet, including increasing the intake of vegetables, fruits,
whole grains, legumes and lean protein, and reducing the
intake of refined carbohydrates, added sugars, saturated fats
and trans fats. Intermittent fasting, as a novel dietary pattern
(e.g., 16:8 fasting, 5:2 fasting), has been proven to effectively
reduce body weight, improve insulin sensitivity and glycemic
control in obese T2DM patients, and is a safe and effective
supplementary nutrition therapy [61,62]. In addition, limiting
alcohol intake and reducing salt intake are also important
components of medical nutrition therapy, which can reduce
the risk of cardiovascular complications.

Increased physical activity can increase energy expenditure,
improve insulin sensitivity, reduce body fat (especially VAT)
and protect B-cell function. The clinical guidelines recommend
that obese T2DM patients should perform at least 150 minutes
of moderate-intensity aerobic exercise per week (e.g., brisk
walking, jogging, swimming, cycling) and 2-3 times of
resistance training per week (e.g., weight lifting, yoga, Pilates)
[62-64]. Aerobic exercise mainly reduces total body fat and
improves insulin sensitivity in skeletal muscle and liver, while
resistance training increases muscle mass, which is beneficial
to long-term weight maintenance and metabolic improvement.
Even a small amount of physical activity (e.g., 10 minutes of
walking after meals) can effectively reduce postprandial blood
glucose and improve insulin sensitivity [65]. For patients
with poor mobility, low-intensity physical activity and daily
living activities (e.g., housework, climbing stairs) are also
recommended to avoid sedentary behavior [66].

Behavioral intervention is the guarantee for the long-
term adherence of lifestyle intervention, including weight
loss education, dietary and exercise behavior monitoring,
psychological counseling and social support. Regular follow-
up by medical staff can help patients monitor weight and
glycemic changes, adjust intervention plans in a timely
manner, and solve the problems encountered in the process of
weight loss and glycemic control. Psychological counseling can

Management level Target Group (Asian Standards) Key efficacy

1. Medical nutrition therapy (low-calorie/
low GI)

2. Exercise (150 minutes/week of moderate
aerobic exercise)

3. Behavioral intervention (education/
follow-up)

1. First choice: GLP-1 RAs & SGLT2is

2. Adjuvant: Orlistat (for mild to moderate
obesity)

All obese patients with T2DM (BMI = 25

First-line: Lifestyle Intervention kg/m?)

Failure of lifestyle intervention (BMI = 27

Second-line: Pharmacotherapy kg/m)

1. Sleeve Gastrectomy (SG, preferred)
2. Gastric Bypass Surgery (RYGB/OAGB)

Severe obesity (BMI = 35) or with severe

Third-line: Bariatric Surgery complications (BMI = 30)

+ Weight loss of 5% - 10%

+ Improved insulin sensitivity

* HbA1c reduction of 0.5% - 1.5%
+ Weight loss of 5%- 15%
* HbA1c reduction of 1.0% - 2.0%

« Cardiorenal protective effects

+ Sustained weight loss of 20% - 30%

+ T2DM remission rate >50%

+ Reduction in all-cause mortality by
30% - 40%

Note: Clinical Management Strategies for Obesity-Related Type 2 Diabetes Mellitus. Stratified clinical management strategies for obesity-related T2DM based on BMI (Asian
criteria), with the core goal of breaking the vicious cycle between obesity and T2DM through weight loss and glycemic control.
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help patients relieve anxiety, depression and other negative
emotions caused by obesity and T2DM, and improve treatment
compliance. Social support from family and friends is an
important factor for patients to maintain long-term lifestyle
changes [67-69].

Pharmacotherapy: Combined anti-obesity and anti-dia-
betic treatment

For obese T2DM patients who fail to achieve the weight
loss and glycemic control goals through lifestyle intervention
alone, pharmacotherapy should be initiated in a timely manner.
The ideal drugs for obesity-related T2DM should have both
anti-obesity and anti-diabetic effects, can improve insulin
resistance, protect p-cell function, and have a good safety
profile [70]. The currently used drugs are mainly divided into
two categories: anti-diabetic drugs with weight loss effects
and anti-obesity drugs with glycemic improvement effects,
and combined drug therapy can be considered for patients with
poor single drug efficacy.

Anti-diabetic drugs with weight loss effects: Glucagon-
like peptide-1 receptor agonists (GLP-1 RAs) are the first-
line pharmacotherapy for obesity-related T2DM, and are the
most widely used drugs with both excellent anti-diabetic
and anti-obesity effects. GLP-1 RAs mimic the action of
endogenous GLP-1, which can enhance glucose-stimulated
insulin secretion, inhibit glucagon secretion, slow gastric
emptying, and reduce appetite and food intake by acting on the
hypothalamus [71,72]. In addition, GLP-1 RAs can reduce VAT
accumulation, improve adipose tissue function, and reduce
chronic inflammation, thereby improving insulin resistance.
Currently, long-acting GLP-1 RAs (e.g., semaglutide,
liraglutide, dulaglutide) are the preferred drugs, with once-
weekly or once-daily administration, good patient compliance,
and significant weight loss (5-15% of initial body weight) and
glycemic control effects. Semaglutide (2.4 mg weekly) has been
approved for the treatment of obesity and T2DM, and is the
most effective GLP-1 RA for weight loss [73-75].

Sodium-glucose cotransporter 2 inhibitors (SGLT2is) are
another class of anti-diabetic drugs with weight loss effects,
and are especially suitable for obese T2DM patients with
cardiovascular and renal comorbidities. SGLT2is reduce blood
glucose by inhibiting glucose reabsorption in the renal proximal
convoluted tubule and increasing urinary glucose excretion,
and the calorie loss caused by urinary glucose excretion leads to
moderate weight loss (3% - 5% of initial body weight) [76,77].
SGLT2is can also reduce VAT accumulation, lower blood
pressure, and have cardioprotective and renoprotective effects,
which can reduce the risk of major adverse cardiovascular
events (MACE) and diabetic kidney disease progression.
Common SGLT2is include dapagliflozin, empagliflozin and
canagliflozin, with good safety and tolerability [78,79].

Anti-obesity drugs with glycemic improvement effects: For
obese T2DM patients with severe obesity (BMI =35 kg/m?) or
moderate obesity (BMI =30 kg/m?) with poor glycemic control,
anti-obesity drugs can be added on the basis of anti-diabetic
drugs. Orlistat is a lipase inhibitor that reduces fat absorption

by inhibiting pancreatic lipase, leading to moderate weight loss
(3% - 7% of initial body weight), and can also improve glycemic
control and reduce the risk of T2DM in obese individuals [80-
82]. Its main adverse reactions are gastrointestinal symptoms
(e.g., oily stool, flatulence), which can be alleviated by reducing
fat intake. Phentermine-topiramate extended-release is a
combined anti-obesity drug with central appetite suppression
effects, which can achieve significant weight loss (8% - 10%
of initial body weight) and improve glycemic control, but it is
contraindicated in patients with hypertension, glaucoma and
mental disorders [83].

Principles of combined pharmacotherapy: For obese
T2DM patients with poor single drug efficacy, combined
pharmacotherapy with complementary mechanisms can
be considered, such as GLP-1 RAs combined with SGLT2is.
This combination has a synergistic effect on weight loss and
glycemic control: GLP-1 RAs mainly reduce food intake and
improve p-cell function, while SGLT2is mainly increase calorie
loss and reduce insulin resistance, and the combination can
also produce additional cardioprotective and renoprotective
effects [84,85]. When combined with drugs, attention should
be paid to avoiding the combination of drugs that cause weight
gain (e.g., sulfonylureas, insulin), and the dose should be
adjusted according to the patient’s weight and glycemic status
to avoid hypoglycemia [86].

Bariatric surgery: For severe obesity-related T2DM

Bariatric surgery is the most effective treatment for severe
obesity-related T2DM, and is recommended for patients with
T2DM and severe obesity (BMI 235 kg/m> for Asians) who fail
to achieve the treatment goals through lifestyle intervention
and pharmacotherapy, or moderate obesity (BMI =30 kg/m?)
with serious comorbidities. Bariatric surgery not only achieves
significant and sustained weight loss (20% - 30% of initial body
weight) but also can induce long-term remission of T2DM in
more than 50% of patients, and significantly reduce the risk of
cardiovascular complications and all-cause mortality [87,88].

The commonly used bariatric surgery procedures for
obesity-related T2DM include sleeve gastrectomy (SG), Roux-
en-Y gastric bypass (RYGB) and one anastomosis gastric
bypass (OAGB). SG is a restrictive surgery that reduces stomach
volume by resecting most of the gastric fundus, leading to
reduced food intake and appetite, and is the most commonly
used procedure due to its simple operation, low complication
rate and good weight loss and anti-diabetic effects [89,90].
RYGB is a combined restrictive and malabsorptive surgery
that not only reduces stomach volume but also changes the
digestive tract anatomy, leading to early satiety and reduced
nutrient absorption, and its T2DM remission rate is higher
than SG, but the operation is more complex and has a higher
risk of nutritional deficiencies. OAGB is a modified RYGB with a
simpler operation and lower complication rate, and its weight
loss and anti-diabetic effects are similar to RYGB, which is
increasingly used in clinical practice [91,92].

The anti-diabetic mechanism of bariatric surgery is not only
due to weight loss but also includes the direct metabolic effects
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of intestinal rearrangement. Intestinal rearrangement leads to
early contact between food and the distal small intestine, which
increases the secretion of GLP-1 and other incretins, thereby
enhancing insulin secretion, inhibiting glucagon secretion and
improving insulin sensitivity [93,94]. In addition, bariatric
surgery can improve adipose tissue function, reduce chronic
inflammation, correct gut microbiota dysbiosis and improve
mitochondrial function, which all contribute to the remission of
T2DM. Long-term follow-up after surgery is crucial, including
nutritional monitoring, supplement of vitamins and minerals,
and lifestyle intervention, to maintain weight loss and T2DM
remission, and reduce the risk of long-term complications
(95].

Emerging research directions and future
prospects

With the in-depth research on the pathogenic mechanisms
of obesity and T2DM, novel therapeutic targets and strategies
are continuously emerging, which bring new hopes for the
precise prevention and treatment of obesity-related T2DM. The
future research directions mainly focus on targeted therapy
for core pathogenic mechanisms, gut microbiota modulation,
precision medicine and early intervention, which are expected
to break through the limitations of current clinical treatment
and achieve more effective and personalized management of
obesity and T2DM.

Targeted therapy for core pathogenic mechanisms

Targeted therapy for the core pathogenic mechanisms
linking obesity and T2DM (e.g., chronic inflammation, adipose
tissue dysfunction, mitochondrial dysfunction) is an important
development direction of novel drugs. Anti-inflammatory
targeted therapy is a research hotspot: monoclonal antibodies
against pro-inflammatory cytokines (e.g., anti-TNF-q,
anti-IL-6) have been proven to improve insulin resistance
in clinical trials, and small molecule inhibitors of the NF-
kB pathway and JAK/STAT pathway are also in preclinical
and clinical research [96,97]. Targeted therapy for adipose
tissue dysfunction: drugs that increase adiponectin secretion
or activate adiponectin receptors, as well as leptin receptor
agonists, are being developed to improve insulin sensitivity and
regulate energy balance. Mitochondrial function modulators:
drugs that promote mitochondrial biogenesis (e.g., PPARy
coactivator-1a (PGC-10) agonists) and reduce ROS production
(e.g., mitochondrial antioxidants) are expected to improve
mitochondrial dysfunction in patients with obesity and T2DM
[97-99].

Gut microbiota modulation: A novel therapeutic ap-
proach

Gut microbiota modulation has become a promising
novel therapeutic approach for obesity and T2DM, with the
advantages of non-invasiveness and good safety. Probiotics,
prebiotics and fecal microbiota transplantation (FMT) are the
main strategies for gut microbiota modulation. Probiotics (e.g.,
Bifidobacterium, Lactobacillus) can increase the abundance
of SCFA-producing bacteria, reduce intestinal permeability
and chronic inflammation, and improve insulin sensitivity

and glycemic control [100,101]. Prebiotics (e.g., inulin,
fructooligosaccharides) can promote the growth of beneficial
bacteria in the gut and increase SCFA production [102]. FMT can
reconstruct the gut microbiota of obese and T2DM patients by
transplanting fecal microbiota from healthy individuals, and has
been proven to effectively improve insulin resistance in clinical
trials. In the future, personalized gut microbiota modulation
based on the individual’s gut microbiota composition will
become the development trend, and novel microbiota-based
drugs (e.g., microbial metabolites, engineered probiotics) are
also expected to be developed [102-104].

Precision medicine based on genetic and epigenetic
characteristics

Precision medicine is the future development direction of all
diseases, and obesity-related T2DM is no exception. With the
development of high-throughput sequencing technology and
multi-omics analysis, it is possible to formulate individualized
prevention and treatment plans for obese and T2DM
patients based on their genetic, epigenetic, gut microbiota
and metabolic characteristics. For example, patients with
different FTO gene variants can be given personalized dietary
and exercise intervention plans [105,106]; patients with low
adiponectin levels can be prioritized for GLP-1 RAs treatment;
patients with specific gut microbiota dysbiosis can receive
targeted microbiota modulation [106,107]. Epigenetic therapy
is also a potential research direction: drugs that reverse
abnormal DNA methylation and histone modification (e.g.,
DNA methyltransferase inhibitors) are expected to restore the
expression of metabolic-related genes and improve metabolic
function [108].

Early intervention and prevention of obesity and T2DM

Earlyintervention and prevention are the most cost-effective
strategies to curb the global epidemic of obesity and T2DM.
The focus of early intervention is on high-risk populations,
including overweight/obese individuals, individuals with a
family history of T2DM, prediabetic patients and children and
adolescents with obesity [109,110]. For prediabetic patients,
lifestyle intervention (weight loss, increased physical activity,
healthy diet) can reduce the risk of developing T2DM by 58%,
and drug intervention (e.g., metformin, GLP-1 RAs) can also
reduce the risk by 30-40%. For children and adolescents with
obesity, early lifestyle intervention and behavior correction are
crucial to prevent the development of T2DM in adulthood, and
family-based intervention is the most effective intervention
mode [111,112]. In addition, public health interventions such as
health education, food environment regulation (e.g., reducing
the content of added sugars in processed foods) and promoting
physical activity are important measures to prevent obesity
and T2DM at the population level [113-115].

Conclusion

Obesity and T2DM are two closely linked global metabolic
diseases with a complex bidirectional interplay: obesity is
the primary driver of insulin resistance and pancreatic p-cell
dysfunction, the core pathological features of T2DM; while
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T2DM-induced metabolic disorders further exacerbate adipose
tissue dysfunction and abnormal fat metabolism, forming a
vicious cycle that promotes the progression of both diseases.
Chronic low-grade inflammation, adipose tissue dysfunction,
gut microbiota dysbiosis, mitochondrial dysfunction and
genetic epigenetic regulation are the key interrelated
pathogenic mechanisms linking obesity and T2DM, forming a
complex regulatory network.

The clinical management of obesity-related T2DM is
a comprehensive project with lifestyle intervention as the
foundation, pharmacotherapy as the mainstay and bariatric
surgery as the important supplement for severe obesity. The
core goal is to break the vicious cycle between obesity and T2DM
through moderate and sustained weight loss, improve insulin
resistance, protect pancreatic p-cell function, and achieve good
glycemic control. GLP-1 RAs combined with SGLT2is is the
most recommended pharmacotherapy regimen for obese T2DM
patients, with synergistic effects on weight loss and glycemic
control, as well as cardioprotective and renoprotective effects.
Bariatric surgery can achieve significant and sustained weight
loss and induce long-term T2DM remission in severe obesity
patients, and is an effective treatment option for patients who
fail to respond to conservative treatment.

In the future, with the in-depth research on the pathogenic
mechanisms, novel therapeutic strategies such as targeted
therapy for core mechanisms, gut microbiota modulation,
precision medicine and early intervention will bring new
breakthroughs for the prevention and treatment of obesity-
related T2DM. The key to curbing the global epidemic of
obesity and T2DM is to combine individual precise treatment
with population-level public health intervention, strengthen
early screening and intervention for high-risk populations,
and promote healthy lifestyle changes. Only through the joint
efforts of clinicians, researchers, public health workers and
the whole society can we effectively control the prevalence of
obesity and T2DM, reduce the burden of complications and
improve the quality of life of patients.
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