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ABSTRACT 

The global rise in obesity and type 2 diabetes mellitus (T2DM) has triggered increased scientific attention 
toward their shared pathophysiological mechanisms and their connection with cancer. A growing body of 
evidence highlights chronic low-grade systemic inflammation as a central link in the obesity-diabetes-cancer 
axis. In obesity, hypertrophic adipocytes and immune cell infiltration contribute to the release of pro-

inflammatory cytokines such as TNF-α, IL-6, and MCP-1, which not only perpetuate insulin resistance but also 
create a pro-tumorigenic microenvironment. In parallel, hyperinsulinemia and increased levels of insulin-like 
growth factor-1 (IGF-1) promote cellular proliferation and inhibit apoptosis, providing fertile ground for 
malignant transformation. This review explores the molecular and cellular mechanisms by which chronic 
inflammation serves as a bridge between obesity, diabetes, and cancer. It discusses the role of adipose tissue 
dysfunction, inflammatory signaling pathways, and metabolic reprogramming in cancer development and 
progression. Furthermore, it examines potential therapeutic interventions targeting inflammation to disrupt 
this triad and mitigate cancer risk in obese and diabetic individuals. Understanding the inflammatory 
underpinnings of this disease continuum offers valuable insights for the development of novel preventive and 
therapeutic strategies in the era of precision medicine. 
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INTRODUCTION 

Obesity and type 2 diabetes mellitus (T2DM) are chronic metabolic disorders that have emerged as major global 
health challenges, with their prevalence rising sharply over the past few decades[1–3]. According to the World 
Health Organization, over 1.9 billion adults are overweight, and of these, more than 650 million are obese. In 
parallel, more than 400 million individuals are currently living with diabetes, predominantly T2DM[4–6]. 
These conditions are closely interconnected through shared etiological and pathophysiological mechanisms, 
including insulin resistance, dysregulated glucose and lipid metabolism, and chronic low-grade inflammation[7, 
8]. Notably, emerging evidence has highlighted that both obesity and T2DM not only predispose individuals 
to cardiovascular complications but also significantly increase the risk of developing various types of cancers, 
such as colorectal, breast, liver, pancreatic, endometrial, and kidney cancers[2, 9, 10]. 
The rising incidence of obesity-associated cancers has prompted a growing interest in unraveling the biological 
underpinnings that bridge metabolic diseases and tumorigenesis[11, 12]. A key overlapping mechanism that 
has gained considerable attention is chronic low-grade systemic inflammation, which is fundamentally distinct 
from the classical acute inflammatory response[13]. While acute inflammation serves as a protective, transient 
response to infection or injury, chronic inflammation is a prolonged, unresolved process that can create a pro-
tumorigenic microenvironment[14, 15]. It is now well recognized that in obesity and T2DM, metabolic 
dysregulation leads to continuous immune activation and the production of inflammatory cytokines and 
chemokines, fostering an environment conducive to DNA damage, epigenetic modifications, and cellular 
transformation[16–18]. 
In obese individuals, this persistent inflammatory state largely stems from the dysfunction of adipose tissue, 
particularly visceral adipose depots, which undergo hypertrophy, hypoxia, and immune cell infiltration[16, 19, 
20]. These alterations initiate a cascade of pro-inflammatory signaling events, resulting in the secretion of 

NEWPORT INTERNATIONAL   JOURNAL OF SCIENTIFIC AND   EXPERIMENTAL SCIENCES 

(NIJSES) 

Volume 6 Issue 3 Page 135-142, 2025 

  ©NIJSES PUBLICATIONS                                                    ONLINE ISSN:2992-5819                                                                                                        
   Open Access                                                                                                    PRINT ISSN:2992-6149                                                

 

https://doi.org/10.59298/NIJSES/2025/63.135142


 

 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited 

 
 

Page | 136 

adipokines and cytokines that not only exacerbate insulin resistance but also modulate oncogenic pathways[21, 
22]. T2DM further compounds this risk through hyperinsulinemia, increased availability of insulin-like growth 
factors (IGFs), and oxidative stress, all of which have been shown to promote cell proliferation and inhibit 
apoptosis[23]. 
Importantly, the convergence of obesity, T2DM, and cancer is not merely coincidental but rather a consequence 
of interdependent pathophysiological events[12, 24]. Chronic inflammation functions as a central nexus, linking 
metabolic dysregulation to oncogenesis. Key inflammatory mediators such as tumor necrosis factor-alpha (TNF-

α), interleukin-6 (IL-6), and monocyte chemoattractant protein-1 (MCP-1) are frequently elevated in obese and 
diabetic individuals and play instrumental roles in shaping the tumor microenvironment[24, 25]. These 

molecules activate key intracellular signaling pathways such as nuclear factor-kappa B (NF-κB), c-Jun N-
terminal kinase (JNK), and signal transducer and activator of transcription 3 (STAT3), which regulate gene 
expression patterns involved in cell survival, proliferation, angiogenesis, and immune evasion[26]. 
Moreover, obesity and T2DM are associated with immune dysregulation, including impaired natural killer (NK) 
cell function, altered T cell phenotypes, and macrophage polarization—all of which facilitate immune evasion 
by emerging tumor cells[27–29]. The metabolic reprogramming of immune cells in the inflamed adipose tissue 
further contributes to a pro-tumorigenic milieu, which favors malignant transformation and progression[30–
32]. 
Given these intricate interconnections, it is imperative to consider chronic inflammation not just as a byproduct 
but as a driving force in the obesity-diabetes-cancer axis[33]. Understanding these mechanisms provides 
opportunities for identifying novel therapeutic targets, including anti-inflammatory interventions, metabolic 
modulators, and immunotherapeutic strategies. This review aims to provide an in-depth exploration of how 
obesity-induced inflammation and the resulting insulin resistance collectively fuel the development and 
progression of cancer. We will examine the cellular and molecular components of adipose tissue inflammation, 
dissect key signaling pathways implicated in metabolic and oncogenic crosstalk, and highlight emerging 
biomarkers and therapeutic targets that hold promise in mitigating cancer risk in obese and diabetic populations. 

2. Adipose Tissue Dysfunction and Inflammatory Signaling 
Adipose tissue, long considered a passive reservoir for energy storage, is now recognized as an active endocrine 
and immunological organ[32, 34, 35]. In obesity, particularly visceral obesity, adipose tissue undergoes 
significant structural and functional remodeling that disrupts its homeostatic roles and contributes to systemic 
metabolic and inflammatory abnormalities. One of the earliest pathological changes in expanding adipose tissue 
is adipocyte hypertrophy, which results in local hypoxia and mechanical stress[34, 35]. These changes promote 
cell death and stimulate the recruitment of immune cells, thereby initiating and sustaining chronic inflammation 
within the tissue. Macrophages, which constitute a minor population in lean adipose tissue, become significantly 
more abundant in obesity, accounting for up to 40–50% of the total stromal vascular fraction[36]. Importantly, 
these macrophages shift in phenotype from the alternatively activated, anti-inflammatory M2 type to the 
classically activated, pro-inflammatory M1 type. M1 macrophages secrete high levels of pro-inflammatory 

cytokines such as tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and monocyte chemoattractant 
protein-1 (MCP-1), which are key mediators of local and systemic inflammation[37, 38]. These cytokines, in 

turn, activate intracellular signaling cascades such as the NF-κB and JNK pathways, leading to the transcription 
of genes involved in inflammation, cell survival, and insulin resistance. 
Adipocytes themselves contribute to the inflammatory milieu through the dysregulated secretion of adipokines, 
bioactive molecules that exert paracrine and endocrine effects. In obesity, levels of pro-inflammatory adipokines 
like leptin and resistin are elevated, while levels of the anti-inflammatory adiponectin are markedly reduced[39, 
40]. Leptin, beyond its role in appetite regulation, has been implicated in promoting angiogenesis, cell 
proliferation, and cytokine production all features associated with tumor progression. Resistin has been shown 

to induce insulin resistance and stimulate the production of TNF-α and IL-6. In contrast, adiponectin exerts 
anti-inflammatory, insulin-sensitizing, and anti-proliferative effects, and its deficiency in obesity is considered a 
significant contributor to metabolic and oncogenic dysregulation[41]. 
The inflammatory changes in adipose tissue are not restricted to macrophages and adipocytes alone. T cells also 
play a critical role in orchestrating the immune landscape of obese adipose tissue. CD8+ cytotoxic T cells and 
pro-inflammatory Th1 CD4+ T cells are increased, whereas regulatory T cells (Tregs), which suppress 
inflammation, are decreased. Neutrophils, B cells, mast cells, and natural killer (NK) cells are also involved in 
shaping this inflammatory environment[42]. These immune cells produce various chemokines and cytokines 

that exacerbate inflammation and promote insulin resistance. The activation of NF-κB and JNK pathways in 

adipose tissue has systemic consequences. NF-κB activation leads to increased transcription of inflammatory 
genes, while JNK phosphorylates insulin receptor substrate-1 (IRS-1), impairing insulin signaling and 
promoting insulin resistance. This state of insulin resistance leads to compensatory hyperinsulinemia, which has 
been associated with increased bioavailability of insulin-like growth factors (IGFs). IGFs can bind to their 
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receptors on various cells, including pre-neoplastic and neoplastic cells, thereby stimulating mitogenic and anti-
apoptotic pathways[43]. 
Collectively, the dysfunction of adipose tissue in obesity initiates a vicious cycle of inflammation and insulin 
resistance that spills over into systemic circulation. This chronic inflammatory state creates a tumor-promoting 
environment by supporting genomic instability, angiogenesis, evasion of apoptosis, and immune 
suppression[44]. Moreover, the crosstalk between adipokines and inflammatory cytokines enhances the 
expression of matrix metalloproteinases and adhesion molecules, facilitating tumor cell invasion and 
metastasis[44]. 
Given the centrality of adipose tissue dysfunction in linking obesity to insulin resistance and cancer, therapeutic 
strategies targeting inflammatory signaling pathways, adipokine modulation, and immune cell reprogramming 
hold promise for breaking this pathogenic triad[45]. Ongoing research is unraveling novel targets such as toll-
like receptors (TLRs), inflammasomes, and chemokine receptors, which may serve as future therapeutic entry 
points. Understanding the complex cellular and molecular events within inflamed adipose tissue is thus crucial 
for devising effective interventions to prevent and treat obesity-associated malignancies[45]. 

3. Insulin Resistance, Hyperinsulinemia, and Cancer Risk 

Insulin resistance is a hallmark of obesity and type 2 diabetes mellitus (T2DM), arising when cells in the body, 
particularly muscle, liver, and adipose tissue, fail to respond adequately to circulating insulin[44, 46]. To 

compensate for this diminished sensitivity, pancreatic β-cells increase insulin production, leading to a chronic 
state of hyperinsulinemia. While initially adaptive, prolonged hyperinsulinemia has significant downstream 
effects that can promote carcinogenesis. 
One major oncogenic consequence of hyperinsulinemia is the alteration of insulin-like growth factor (IGF) 
signaling. Elevated insulin levels reduce the hepatic synthesis of insulin-like growth factor binding proteins 
(IGFBPs), especially IGFBP-1 and IGFBP-2, which are responsible for binding and sequestering IGF-1 in the 
circulation[44, 47]. The decline in IGFBPs increases the bioavailability of free IGF-1, which can then interact 
with its cognate receptor, IGF-1R, on various cell types, including epithelial and tumor cells. IGF-1R activation 
triggers potent mitogenic and anti-apoptotic pathways such as the phosphoinositide 3-kinase 
(PI3K)/Akt/mammalian target of rapamycin (mTOR) and the Ras/mitogen-activated protein kinase (MAPK) 
cascades. These pathways foster cellular proliferation, survival, angiogenesis, and metastasis while inhibiting 
programmed cell death, thereby enhancing tumorigenic potential[48, 49]. 
In addition to IGF signaling, hyperinsulinemia influences sex hormone metabolism. Insulin suppresses the 
production of sex hormone-binding globulin (SHBG) in the liver, a protein that binds and inactivates circulating 
sex steroids such as estrogen and testosterone[50, 51]. Reduced SHBG levels lead to increased levels of free, 
bioactive estrogen, especially in postmenopausal women. Elevated estrogen levels are linked to heightened risks 
of hormone-sensitive cancers such as breast, endometrial, and ovarian cancers. Estrogen exerts mitogenic effects 
on mammary and endometrial tissues by activating estrogen receptors, which in turn stimulate DNA synthesis 
and cellular proliferation[52]. 
Moreover, insulin and IGF-1 can act directly on tumor cells and indirectly through the tumor microenvironment 
to promote malignancy. These hormones upregulate vascular endothelial growth factor (VEGF) expression, 
enhancing angiogenesis, and also stimulate inflammatory cytokines that contribute to a tumor-supportive 
milieu[53]. Importantly, the link between insulin resistance and cancer risk is further strengthened by chronic 
systemic inflammation associated with obesity and T2DM. Pro-inflammatory cytokines such as tumor necrosis 

factor-alpha (TNF-α), interleukin-6 (IL-6), and C-reactive protein (CRP) can interfere with insulin signaling 
pathways, exacerbating insulin resistance and sustaining hyperinsulinemia. This creates a vicious cycle where 
inflammation and insulin dysregulation feed into one another, establishing a pro-tumorigenic internal 
environment[53]. Together, insulin resistance and hyperinsulinemia constitute a central mechanism by which 
metabolic disorders contribute to increased cancer risk. Their effects on growth factor signaling, hormone 
availability, cellular metabolism, and the immune microenvironment provide a multifaceted platform that 
promotes cancer initiation and progression in individuals with obesity and T2DM. 

4. Metabolic Reprogramming and the Tumor Microenvironment 
Metabolic reprogramming is a key hallmark of cancer, enabling tumor cells to adapt their bioenergetic and 
biosynthetic needs in response to environmental cues[54, 55]. One of the most well-characterized metabolic 
alterations in cancer is the Warburg effect, wherein tumor cells preferentially utilize aerobic glycolysis—
converting glucose to lactate even in the presence of oxygen—rather than oxidative phosphorylation. This 
seemingly inefficient metabolic switch supports rapid ATP generation, provides intermediates for biosynthetic 
processes, and contributes to acidification of the tumor microenvironment (TME), which favors tumor invasion 
and immune evasion[54, 56]. 
In obesity, chronic low-grade inflammation exerts significant influence over both systemic and local metabolism, 
affecting not only cancer cells but also stromal components of the TME[57, 58]. Adipose tissue dysfunction 

leads to elevated secretion of pro-inflammatory cytokines, such as IL-6, TNF-α, and leptin, which modulate 

tumor cell behavior. These cytokines activate key transcription factors such as nuclear factor-kappa B (NF-κB) 
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and signal transducer and activator of transcription 3 (STAT3), which drive the expression of genes involved 
in glycolysis, lipid biosynthesis, and anti-apoptotic mechanisms [55, 59]. 
Furthermore, the altered metabolic state is not restricted to cancer cells alone; immune and stromal cells within 
the TME also undergo metabolic shifts. Tumor-associated macrophages (TAMs), for instance, differentiate 
toward an M2-like phenotype under the influence of IL-10 and lactic acid, promoting tissue remodeling, 
angiogenesis, and immune suppression[60]. Similarly, myeloid-derived suppressor cells (MDSCs) infiltrate 
tumors and inhibit T-cell activation through the depletion of arginine and production of reactive oxygen species. 
These immunosuppressive cells contribute to the creation of a permissive environment for tumor growth and 
dissemination[54, 61]. Lactate accumulation within the TME further exacerbates immune dysfunction by 
impairing dendritic cell maturation, reducing cytotoxic T lymphocyte activity, and enhancing regulatory T cell 
(Treg) function. These effects blunt anti-tumor immune responses and allow tumor cells to escape immune 
surveillance. Concurrently, elevated lipid biosynthesis supplies structural lipids for rapidly proliferating tumor 
cells and generates signaling molecules like prostaglandins, which support inflammation and angiogenesis[62]. 
Angiogenesis, stimulated by VEGF and other growth factors secreted by both cancer and stromal cells, is 
another defining feature of the TME in obesity-associated cancers. The new, often disorganized vasculature 
supplies nutrients to the growing tumor but also facilitates metastasis through leaky vessels and abnormal 
perfusion[63]. 
Fibrosis is another important component of the TME, resulting from the activation of cancer-associated 
fibroblasts (CAFs) and excessive extracellular matrix deposition[64]. This fibrotic stroma creates a physical 
barrier to drug delivery and immune cell infiltration, further complicating cancer treatment[65]. Altogether, 
metabolic reprogramming in both tumor and surrounding stromal cells driven by chronic inflammation and 
obesity, creates a hostile yet favorable environment for tumor progression. This remodeled TME not only 
supports tumor survival and growth but also shields it from immune detection and therapeutic intervention, 
making it a critical target for future anti-cancer strategies. 

5. Evidence from Epidemiological and Experimental Studies 

A substantial body of epidemiological and experimental evidence underscores the strong link between obesity, 
type 2 diabetes mellitus (T2DM), and cancer. Large-scale prospective cohort studies have consistently revealed 
that individuals with obesity and T2DM are at a significantly increased risk of developing various cancer types, 
including colorectal, pancreatic, liver, endometrial, and postmenopausal breast cancer[66]. For instance, data 
from the Nurses’ Health Study and the Health Professionals Follow-Up Study have shown a positive association 
between elevated body mass index (BMI) and the incidence of several cancers[67]. Similarly, individuals with 
insulin resistance and elevated circulating insulin levels—a hallmark of T2DM—demonstrate a heightened 
cancer risk, likely due to increased levels of insulin-like growth factor 1 (IGF-1) and pro-inflammatory 
mediators[67]. 
Experimental studies using animal models further support these observations. Rodents fed a high-fat diet to 
induce obesity and insulin resistance exhibit increased rates of tumor initiation, growth, and metastasis 
compared to lean controls[68]. These effects are mediated, in part, by chronic low-grade inflammation and 
dysregulated insulin/IGF-1 signaling pathways. Inflammatory cytokines such as tumor necrosis factor-alpha 

(TNF-α), interleukin-6 (IL-6), and C-reactive protein (CRP) are elevated in obese animals and promote a tumor-
permissive microenvironment by enhancing angiogenesis, cellular proliferation, and immune evasion. 
Genetically modified mouse models further confirm this mechanistic link. For example, mice deficient in TNF-

α or components of the nuclear factor kappa B (NF-κB) pathway, both central to inflammation, exhibit 
significantly lower tumor burden even under obesogenic conditions[68]. 
Together, epidemiological and experimental findings support the notion that obesity- and diabetes-associated 
inflammation is not merely a consequence of disease but a driving force in carcinogenesis. These insights 
highlight the importance of targeting inflammatory processes to mitigate cancer risk in individuals with 
metabolic disorders. 

6. Therapeutic Implications and Future Directions 
The strong mechanistic and epidemiological links between chronic inflammation, obesity, T2DM, and cancer 
offer multiple therapeutic and preventive avenues. One promising strategy involves the use of anti-inflammatory 
pharmacologic agents to disrupt the progression of the obesity-diabetes-cancer axis. Metformin, a first-line drug 
for T2DM, has demonstrated significant anti-inflammatory effects and potential anticancer properties through 
AMPK activation and mTOR inhibition. Epidemiological studies suggest that metformin users have reduced 
incidence and mortality from several cancers. Similarly, low-dose aspirin, which inhibits cyclooxygenase 
enzymes and reduces prostaglandin-mediated inflammation, has been associated with decreased colorectal 
cancer risk. Statins, known for their lipid-lowering effects, also exhibit anti-inflammatory properties that may 
contribute to cancer prevention. 
In addition to pharmacotherapy, lifestyle interventions remain a cornerstone in managing systemic 
inflammation and improving metabolic health. Weight reduction through caloric restriction, increased physical 
activity, and adherence to anti-inflammatory diets such as the Mediterranean or DASH diets have all been shown 
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to decrease inflammatory biomarkers and improve insulin sensitivity, thereby reducing cancer risk. Innovative 
therapeutic strategies are also emerging. These include biologics that neutralize pro-inflammatory cytokines 

such as IL-6 and TNF-α, and immune-modulatory therapies that reprogram adipose tissue macrophages or 
other immune cells to a more anti-inflammatory phenotype. Moreover, the integration of personalized medicine 
is on the horizon, with growing interest in utilizing individual inflammatory and metabolic profiles to stratify 
cancer risk and tailor preventive strategies accordingly. 
However, despite these advances, large-scale randomized controlled trials are necessary to validate the long-
term effectiveness and safety of these interventions. Future research should also explore the combined impact 
of anti-inflammatory agents with conventional cancer therapies and investigate novel molecular targets within 
the inflammatory signaling pathways. Such integrative approaches hold great promise in breaking the 
pathological cycle linking obesity, diabetes, and cancer. 

CONCLUSION 
Chronic inflammation serves as a central mechanistic bridge linking obesity, T2DM, and cancer. It fosters a 
pro-tumorigenic environment through adipose tissue dysfunction, immune cell activation, cytokine secretion, 
and insulin resistance. This persistent inflammatory state not only initiates but also supports tumor growth and 
metastasis. Addressing this inflammation through targeted therapies and lifestyle interventions holds promise 
for breaking the chain connecting these chronic diseases. A deeper understanding of the interplay between 
metabolic dysfunction and immune signaling will be instrumental in developing integrated strategies for cancer 
prevention and management in the context of metabolic syndrome. 
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