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ENVIRONMENTAL DRIVERS OF OBESITY AND LEPTIN IMBALANCE: UNVEILING THEIR ROLE IN HORMONE-RELATED CANCER.
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[bookmark: _GoBack]With over 650 million adults affected globally, obesity has become a major epidemic that contributes to several chronic illnesses, including cancer. Although it has historically been linked to dietary excess and sedentary lifestyles, mounting data make clear how important environmental exposures are in modifying metabolic processes. Adipokine produced by adipose tissue, leptin, is a critical player in the obesity-cancer axis, controlling hormone signaling, hunger, and energy expenditure. In obesity, leptin resistance and chronic hyperleptinemia disturb normal metabolic balance and stimulate proliferative and inflammatory signaling cascades linked to carcinogenesis. This study examines the impact of environmental factors, including air pollutants, dietary contaminants, endocrine-disrupting chemicals (EDCs), and urban lifestyle habits, on the development of obesity and leptin signaling dysregulation. We look at mechanisms that make people more susceptible to metabolic imbalance, including oxidative stress, hormonal mimicry, epigenetic reprogramming, and hypothalamic dysfunction. We also outline the function of leptin in cancer biology, with particular attention to hormone-sensitive tumors such as ovarian, breast, prostate, and endometrial cancers, where leptin promotes immunological evasion, angiogenesis, and epithelial–mesenchymal transition. By combining knowledge from epidemiology, molecular biology, and environmental health, this review emphasizes the necessity of a paradigm change in the prevention of obesity and cancer from lifestyle-based strategies to all-encompassing environmental treatments. Precision medicine, early-life exposure regulation, and public health policy are all significantly impacted by the findings, especially when it comes to high-risk and underprivileged populations.
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1. Introduction

Obesity has become a global health crisis, with its prevalence nearly tripling since 1975. The World Health Organization estimates that more than 650 million adults were obese in 2016, and the number is still rising for all age groups (B. Ahmed & Konje, 2023). Obesity is now widely acknowledged as a significant risk factor for several cancers, including hormone-related cancers such as breast, prostate, ovarian, and endometrial cancers, in addition to its well-established associations with diabetes and cardiovascular disease (Pati et al., 2023). There is growing evidence that environmental variables are important in the development and persistence of obesity, even if sedentary lifestyles and high-calorie intake continue to be substantial causes. Hormonal abnormalities, particularly those involving leptin, a hormone mostly released by adipose tissue, are a biological feature of obesity (Yadav & Jawahar, 2025). The hormone leptin, which communicates satiety to the brain, is essential for controlling appetite, energy expenditure, and metabolic homeostasis. However, people who are obese frequently experience leptin resistance, a condition in which high amounts of leptin do not produce the desired physiological effects. Wide-ranging effects of this dysregulation include the encouragement of chronic inflammation, modified insulin signaling, and hormone imbalances, all of which work together to promote carcinogenesis, particularly in tissues that are sensitive to hormonal cues (Dornbush & Aeddula, 2025a). The role of environmental obesogens exogenous substances that interfere with endocrine function and encourage adipogenesis is one of the new ideas in this area. These include food contaminants, synthetic chemicals, and industrial pollutants that alter leptin signaling and tumor biology in addition to making people more likely to become obese (Heindel & Blumberg, 2019). These substances are becoming more and more linked to the increase in hormone-driven malignancies and metabolic disorders. This article aims to investigate how environmental exposures lead to the dual burden of leptin imbalance and obesity, and how these disruptions act as a mechanistic link between hormone-related malignancies (Avogaro, 2024). 




2. The Physiology of Leptin and Obesity 
2.1 Role of Leptin in Energy Regulation

The peptide hormone leptin, which is primarily released by white adipose tissue, is essential for preserving energy homeostasis. The hypothalamus, specifically the arcuate nucleus, receives leptin as a satiety signal and uses it to control appetite, energy expenditure, thermogenesis, and neuroendocrine function. When energy stores are adequate, circulating leptin levels increase, which suppresses orexigenic neuropeptides like agouti-related peptide (AgRP) and neuropeptide Y (NPY) while increasing anorexigenic signals like pro-opiomelanocortin (POMC) (Dornbush & Aeddula, 2025b). The leptin receptor (OB-R), which is derived from the LEPR gene, has multiple isoforms through which leptin acts. The long-form isoform, OB-Rb, is primarily responsible for intracellular signal transduction and is highly expressed in the hypothalamus, while the shorter isoforms, OB-Ra and OB-Re, aid in leptin transport and modulation (Gorska et al., 2010). In a normally functioning system, this feedback loop between adipose tissue and the central nervous system (CNS) helps regulate body weight with remarkable precision (Huber et al., 2023).
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Fig. 1 Regulation of appetite by leptin acting on the nucleus arcuatus of the hypothalamus. 
In Fig. 1: Leptin, a hormone secreted by adipose tissue, acts on two distinct populations of neurons in the arcuate nucleus of the hypothalamus POMC (pro-opiomelanocortin) and NPY/AgRP (neuropeptide Y/agouti-related peptide) neurons. Leptin stimulates POMC neurons, which promote anorexigenic effects (appetite suppression) through activation of melanocortin receptors (MCRs) in the lateral hypothalamic nucleus. Simultaneously, leptin inhibits NPY/AgRP neurons, which normally promote orexigenic signals (appetite stimulation). The NPY/AgRP neurons also inhibit POMC neurons via GABAergic signaling, thereby reducing anorexigenic output when active. This feedback system allows leptin to maintain energy homeostasis by suppressing appetite and promoting satiety when energy stores are sufficient. Obradovic et al., 2021 Leptin and Obesity: Role and Clinical Implication. Frontiers in Endocrinology, 12, 585887. https://doi.org/10.3389/fendo.2021.585887




2.2 Leptin Resistance in Obesity
Interestingly, people who are obese tend to have higher blood leptin levels but less physiological reactions, a phenomenon known as leptin resistance (Okafor et al., 2025). Further weight gain and a persistently positive energy balance result from this resistance, which compromises the hormone's regulatory control over hunger and energy expenditure (Obradovic et al., 2021a).
Leptin resistance is mechanistically caused by a number of disruptions:
 (1) Suppressor of Cytokine Signaling 3 (SOCS3) is activated, which inhibits downstream leptin signaling pathways like JAK/STAT
(2) The availability of central leptin is limited due to impaired transport across the blood-brain barrier (BBB)
 (3) Leptin receptors are desensitized or downregulated. A metabolic environment that is favorable to the development of diseases, including cancer, is created by these deficiencies, which lead to excessive hunger, decreased energy consumption, dysregulated glucose metabolism, and persistent low-grade inflammation (Casado et al., 2023).




2.3 Adipose Tissue as an Endocrine Organ

As an active endocrine organ that secretes a wide range of adipokines, such as adiponectin, tumor necrosis factor-alpha (TNF-α), and interleukin-6 (IL-6), adipose tissue is no longer thought of as only a fat storage (Clemente-Suárez et al., 2023). Insulin resistance and hormonal abnormalities are caused by a state of chronic low-grade inflammation that is fueled by hypertrophic adipocytes and infiltrating macrophages in obesity (Zatterale et al., 2020). Additionally, adipose tissue has a strong relationship with systemic hormones such as cortisol, insulin, and estrogen, which exacerbates endocrine dysfunction and creates an environment conducive to carcinogenesis (Solsona‐Vilarrasa & Vousden, 2025).

3. Environmental Contributors to Obesity 
3.1 Endocrine Disrupting Chemicals (EDCs)

A number of exogenous substances known as endocrine-disrupting chemicals (EDCs) have been linked to the development of obesity due to their activity as obesogens. EDCs interfere with hormonal systems. Examples that are frequently found in plastics, food packaging, personal care items, and industrial waste are Bisphenol A (BPA), phthalates, polychlorinated biphenyls (PCBs), and dioxins (Jaskulak et al., 2025). Changes in lipid metabolism, adipocyte differentiation, and appetite regulation can result from EDCs' ability to mimic or counteract endogenous hormones, especially estrogens (Maradonna & Carnevali, 2018). A major regulator of adipogenesis, the peroxisome proliferator-activated receptor gamma (PPARγ) pathway, is one of their main mechanisms. EDCs encourage the development and buildup of fat cells by abnormally activating PPARγ, even when there is no excess calorie intake (Graceli et al., 2020).
it's significant to note that prenatal and early-life exposure to EDCs has been demonstrated to rewire metabolic pathways via epigenetic modifications, including histone and DNA methylation. Although a person may have a healthy diet or level of physical activity later in life, these changes may predispose them to lifetime metabolic diseases, such as obesity and leptin resistance (Kunysz et al., 2021).


3.2 Air Pollution
Obesity has increasingly been associated with long-term exposure to ambient air pollutants, including particulate matter (PM2.5), ozone (O₃), and nitrogen oxides (NOₓ) (X. Liu et al., 2020). Inhaled contaminants disrupt insulin signaling and lipid metabolism by causing oxidative stress and systemic inflammation (Folorunsho, 2025). It has also been demonstrated that air pollution changes the gut microbiota, interfering with microbial diversity and the synthesis of metabolites that are necessary for energy control (Mousavi et al., 2022). Even after controlling for conventional risk factors, epidemiological research has shown associations between exposure to air pollution and increased visceral fat accumulation. Pollutants may also disrupt the central nervous system’s appetite control (Shi et al., 2022).

3.3 Diet-Related Contaminants
Numerous chemical pollutants and additives included in modern diets can lead to metabolic disorders. It has been demonstrated that the gut-brain axis is hampered by preservatives, artificial sweeteners, nitrates, and pesticide residues, which reduce satiety signals and increase caloric intake (Barra et al., 2025). Furthermore, through the buildup of intrahepatic and visceral fat, components such as high-fructose corn syrup and trans fats encourage hepatic steatosis, insulin resistance, and leptin insensitivity. Together, these impacts shift the metabolic balance in favor of inflammation and long-term weight gain (Softic et al., 2020). 

3.4 Sedentary Environment and Urban Design
In addition to chemical exposures, the built environment has a significant impact on metabolic health and physical activity levels (Lawal, Egwuatu, et al., 2025). For example, urban areas with food deserts, limited green spaces, and poorly designed infrastructure discourage active living by preventing residents from accessing healthy foods and engaging in outdoor activities (Howell & Booth, 2022). Additionally, psychosocial stressors like noise pollution, overcrowding, and social deprivation can chronically activate the hypothalamic-pituitary-adrenal (HPA) axis, raising cortisol levels, a hormone known to promote fat deposition, especially in the abdomen. These environmental stressors indirectly reinforce obesity by promoting sedentarism, emotional eating, and hormonal dysregulation (Hinds & Sanchez, 2022).

4. Leptin Dysregulation as a Mediator of Cancer Risk 
4.1 Leptin and Cancer Biology

Although leptin has long been known for its function in maintaining energy balance, it is now more frequently linked to cancer biology, especially when it comes to hormone-related cancers (Al-hussaniy et al., 2021). Leptin receptors (OB-R) are expressed on the surface of breast, prostate, and endometrial cancer cells, according to numerous research studies. In reaction to leptin stimulation, this receptor expression promotes direct mitogenic signaling (Lin & Hsiao, 2021a). A number of oncogenic signaling pathways, including JAK/STAT, PI3K/Akt, and MAPK, are activated by leptin. These pathways are known to support tumour invasion, angiogenesis, cell proliferation, and resistance to apoptosis. For example, the JAK/STAT pathway triggers the transcription of genes that improve inflammatory responses and cell survival (Issinger & Guerra, 2021). In the meantime, the PI3K/Akt axis promotes protein synthesis, glucose uptake, and the suppression of programmed cell death processes that cancer cells commonly use to maintain their development. Because of these molecular cascades, leptin is positioned as a crucial hormone mediator that can promote the development and spread of cancer in tissues that contain its receptor (Fontana et al., 2024).
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FIG 2. Molecular mechanisms through which leptin impacts cancer biology. 
This image illustrates how leptin and its own receptor (ObR) are expressed in different cancer cells and mainly lead to the activation of the JAK/STAT pathway, a potent signaling cascade that controls various biological processes (i.e., cell proliferation, migration and invasion). Leptin/Leptin Receptor can crosstalk with: (i) Notch by inducing the cleavage of the intracellular domain of the receptor that regulates the transcription of several genes mainly involved in stemness; (ii) Estrogen receptor (ER) alpha sustaining its activation and signaling, (iii) Interleukin (IL)-6 that binds its receptor (IL-6R) and potentiates the STAT signaling and (iv) several growth factor receptors (GFRs) such as VEGF, IGF and EGF Receptors. Mostly, the interaction with these multiple oncogenic signaling also contributes to the activation of various signal transduction pathways, such as PI3K/Akt/mTOR and MAPK, and further supports STAT3 activation, fundamentals to sustain tumor growth and progression. NECD: Notch extracellular domain; NICD: Notch Intracellular domain; TFs: Transcriptional Factors; GFs (Growth Factors) 
Caruso et al., 2023 Leptin: A Heavyweight Player in Obesity-Related Cancers. Biomolecules, 13(7), Article 7. https://doi.org/10.3390/biom13071084

4.2 Obesity-Associated Hyperleptinemia and Tumor Microenvironment
Chronically high levels of circulating leptin caused by obesity-induced hyperleptinemia. Additionally, leptin aids in immune evasion by encouraging the recruitment of regulatory T cells (Tregs), which facilitate immunological tolerance in the tumor microenvironment and decrease anti-tumor immune responses. Additionally, the epithelial–mesenchymal transition (EMT) pathway, which gives epithelial cancer cells their migratory and invasive characteristics, is accelerated by leptin. These behaviors increase the aggressiveness of tumors, especially those that are linked to obesity (Olea-Flores et al., 2020a). Influence cancer cells and the stroma around them, fostering a pro-tumorigenic milieu. The improvement of cancer stem cell (CSC) characteristics, such as self-renewal, chemoresistance, and the capacity to start tumors, is one significant consequence (Ayomide et al., 2024). Additionally, leptin aids in immune evasion by encouraging the recruitment of regulatory T cells (Tregs), which facilitate immunological tolerance in the tumor microenvironment and decrease anti-tumor immune responses (Li et al., 2023). Additionally, the epithelial–mesenchymal transition (EMT) pathway, which gives epithelial cancer cells their migratory and invasive characteristics, is accelerated by leptin. These behaviors increase the aggressiveness of tumors, especially those that are linked to obesity (Olea-Flores et al., 2020b).

4.3 Hormonal Crosstalk

The hormonal interplay of leptin with other endocrine variables, including estrogens and insulin, intensifies its carcinogenic potential(Abdulla et al., 2025). Leptin and estrogen work in concert to stimulate cell growth in breast and endometrial cancers. It can boost peripheral estrogen synthesis, which is particularly important for postmenopausal women, by upregulating aromatase activity in adipose tissue (Słabuszewska-Jóźwiak et al., 2022). Leptin also activates insulin-like growth factor (IGF-1) receptors and exacerbates hyperinsulinemia through its interactions with insulin signaling pathways. In hormone-sensitive tissues, this hormonal triadoestrogen, insulin, and leptinproduces a network of mitogenic and anti-apoptotic signals that encourage cancer and treatment resistance (Min et al., 2019).

5. Hormone-Related Cancers: Epidemiological and Mechanistic Insights 
5.1 Breast Cancer

Breast cancer remains the most prevalent cancer in women globally, and epidemiological data clearly associates obesity, especially in postmenopausal women, with a higher incidence and worse prognosis (Menon et al., 2025). Following menopause, the main location for estrogen production shifts to adipose tissue, which intensifies the hormonal environment that fuels ER+ tumors (Folorunsho et al., 2025). High circulating leptin levels, which are frequently present in obese people, have been linked to larger tumors, higher histological grades, and greater tumor aggressiveness (Andò et al., 2019). Through the activation of the JAK/STAT and PI3K/Akt pathways, leptin stimulates the growth of breast cancer cells. Additionally, it can increase the expression of vascular endothelial growth factor (VEGF), which promotes angiogenesis (Mullen & Gonzalez-Perez, 2016). Furthermore, leptin signaling is intimately associated with the HER2/neu oncogene, which is responsible for aggressive subtypes of breast cancer. HER2 signaling can enhance leptin receptor density, and leptin can upregulate HER2 expression. This creates a positive feedback loop that speeds up tumor growth and treatment resistance (Samuel et al., 2018). Leptin promotes breast cancer progression due to its role in EMT. Epithelial–mesenchymal transition releases epithelial cells from the surrounding tissue and rearranged the cytoskeleton, permitting the movement of epithelial cells into the extracellular matrix. In addition, leptin involved in breast cancer metastasis (Atoum et al., 2020a). Females with elevated serum leptin have higher breast cancer risk. A meta-analysis of 43 studies suggests that the serum leptin may provoke a major role in the pathogenesis and metastasis of breast cancer. Another meta analysis of 23 reports showed that circulating leptin levels among healthy people were less than patients with breast benign disease, less than patients with breast cancer, and less than lymph node metastasis-positive patients, signifying leptin levels as a suitable diagnostic tool for neoplasia (Gu et al., 2019). A third meta-analysis of 35 studies suggested that leptin could be a potential biomarker for breast cancer risk in women, especially overweight/obese or postmenopausal women, and may be useful biomarker for preventive treatments through identifying subjects with a high risk for breast cancer. Moreover, leptin receptor mRNA expression in breast cancer tissue predicts poor prognosis for patients with high serum leptin levels. These findings may highlight the potential advantage of targeting leptin signaling to block breast cancer malignancy (Atoum et al., 2020b).  Leptin signaling control many molecules involved in cell proliferation, adhesion, invasion, migration, inflammation, and angiogenesis. These molecules implicated in breast carcinogenesis with the regulation of the expression of VEGF, E-cadherin, and cyclin D1 (Andò et al., 2019). In breast cancer, leptin has roles in intensifying the activity of signaling pathways involved in the cell proliferation and roles in downregulation of the apoptotic response. It also activates ROS production in human epithelial mammary cells. Leptin also regulates metabolic reprogramming which promotes cellular growth. All these will modify the microenvironment at adipose tissue that will promote breast cancer development (Kounatidis et al., 2025). Leptin is associated with mammary tumorigenesis by guiding cell-to-cell communication by regulating exosome biogenesis and release in ERα-positive MCF-7 and triple-negative MDA-MB-231 breast cancer cells. Leptin action increased the Tsg101 protein that interacts with chaperone protein Hsp90.  Obstruct cell-to-cell communication and damage in exosome secretion might be a novel therapeutic strategy in breast cancer treatment (Giordano et al., 2019).


5.2 Prostate Cancer

Obesity has been linked to more aggressive and advanced prostate cancer in men. Leptin has a role in the pathophysiology of prostate cancer by encouraging androgen-independent tumor growth, a defining feature of advanced illness that is resistant to hormonal treatment (Santos-Pereira et al., 2023). The PI3K/Akt and MAPK signaling pathways, which promote cellular survival and proliferation in the absence of androgens, are activated by leptin, facilitating this impact. Important roles are also played by increased oxidative stress and systemic inflammation brought on by obesity (Oseghale et al., 2024). Pro-carcinogenic cytokines like IL-6 and TNF-α are upregulated in chronic inflammatory situations, exacerbating tumor cell proliferation, angiogenesis, and DNA damage (Bocian-Jastrzębska et al., 2023). A large prospective study of BMI/weight change in relation to prostate cancer incidence and mortality found no correlation between prostate cancer incidence and an individual's high BMI. Nevertheless, higher BMI/weight gain is correlated with increased propensity to die from prostate cancer. This apparent controversy may potentially be explained by the fact that testosterone (often suppressed in men with high BMI) is required for prostate tissue proliferation and therefore an inverse association between BMI and indolent prostate cancer is observed (Alshaker et al., 2015). On the other hand, a recent study has shown that testosterone helps maintain prostatic epithelium differentiation indicating that low testosterone may increase the risk of developing poorly differentiated and hormone-insensitive prostate tumors. A recent report confirmed these findings of increased aggressiveness and mortality (but not prostate cancer incidence) in men with higher weight and BMI (Welén & Damber, 2022). Further, obesity is associated with higher rate of Prostate specific antigen recurrence following external-beam radiotherapy or radical prostatectomy. A biopsy cohort analysis showed that obesity was associated with a high-grade Gleason score on diagnosis of prostate cancer despite raised BMI not being a significant risk for developing prostate cancer (Langlais et al., 2019). Both BMI and waist circumference are predictors of high-grade prostate cancer, however obesity with central adiposity was shown to be the strongest predictor of diagnosing prostate cancer and high-grade disease (Guerrios-Rivera et al., 2017).

5.3 Endometrial Cancer

Up to 90% of Type I incidences of endometrial cancer are connected with excess body weight, making it the most obesity-associated female reproductive cancer. Because of its angiogenic and proliferative actions, adipose-derived leptin promotes the development of cancer (Ray et al., 2018). It promotes the growth and vascularization of tumors by upregulating VEGF. Additionally, leptin stimulates mitogenic signaling through the IGF-1 pathway in conjunction with insulin resistance and hyperinsulinemia (Zhang et al., 2024). When progesterone levels fall in postmenopausal women, unopposed estrogen from adipose tissue interacts with inflammation triggered by leptin to produce a strong pro-cancer environment in the uterine lining (Eldridge et al., 2020).

5.4 Ovarian Cancer
The risk and advancement of ovarian cancer are increasingly connected to visceral adiposity and elevated ascitic leptin levels, but this association is less pronounced than those of other hormone-related cancers (Oseghale et al., 2024). By promoting cell migration, invasion, and survival in the hypoxic tumor microenvironment, leptin promotes the formation of tumors (Dincer et al., 2023). Ovarian surface epithelium malignant transformation is further facilitated by chronic oxidative stress and inflammation in obese people. Additionally, leptin-induced angiogenesis and EMT increase the likelihood that ovarian tumors may spread, particularly when the disease is advanced (‘Unveiling the Link between Chronic Inflammation and Cancer’, 2025). Obesity is associated with increased mortality among ovarian cancer and is a poor prognostic factor. In the literature, there are significant links between the leptin hormone, a product of the obesity gene, and the development of ovarian cancer. Leptin is a vital hormone-like cytokine secreted from adipose tissue and is mainly involved in the maintenance of energy homeostasis (Dincer et al., 2023a) . It regulates several intracellular signaling pathways including Janus kinase (JAK)-signal transducer and activator of transcription (STAT), phosphatidylinositol-3-kinases (PI3K), and mitogen-activated protein kinase (MAPK). It also interacts with various hormones and energy regulators such as insulin, glucagon, insulin-like growth factor, growth hormone, glucocorticoids, cytokines, and metabolites (Bharadwaj et al., 2020). It acts as a growth factor by stimulating cell proliferation and differentiation and in this way contributes to cancer cell development. Revealing the mechanisms of leptin causing tumor formation and suppression of these mechanisms can be considered as a treatment strategy (Dincer et al., 2023b).

6. Epigenetic and Transcriptional Modulation by Environmental Factors 
6.1 Epigenetic Changes Induced by Obesogens
Environmental substances called obesogens, which encourage adipogenesis, can alter gene expression through epigenetic modifications as well as direct hormonal mimicry. One important process is DNA methylation, in which methyl groups are added to cytosine residues in gene promoter regions, resulting in the silencing of important metabolic regulators such insulin signaling genes, PPARγ, and LEP (Mohajer, Joloya, et al., 2021). Fat storage is encouraged by these changes, which also disrupt regular energy homeostasis. Further altering chromatin structure and making some gene loci more or less accessible to transcription factors are histone modifications, such as acetylation and methylation (Mahmoud, 2022). The induction of these histone alterations by obesogens such tributyltin (TBT) and BPA has been demonstrated to enhance adipocyte differentiation and promote long-term metabolic dysfunction. Moreover, non-coding RNAs have a regulatory function. For example, two important post-transcriptional regulators of adipogenesis and leptin signaling are miR-27 and miR-143 (Egusquiza & Blumberg, 2020). Obesogens have the ability to either upregulate or inhibit these microRNAs, which can result in dysregulated downstream signaling or reduced expression of the leptin receptor, which in turn can lead to leptin resistance and obesity (Mohajer, Du, et al., 2021).

6.2 Developmental Origins of Health and Disease (DOHaD)

According to the DOHaD hypothesis, exposure to the environment during important developmental stages, particularly during pregnancy and early infancy, might have lifelong consequences on one's health (Lacagnina, 2019). It has been demonstrated that fetal exposure to obesogens like phthalates, BPA, and organotin can rewire the hypothalamic circuits that govern hormone regulation, energy balance, and hunger (Lawal et al., n.d.). Individuals are predisposed to obesity and metabolic problems independent of subsequent lifestyle factors due to these early epigenetic changes that impact genes implicated in leptin sensitivity, insulin signaling, and adipocyte proliferation (Celik & Yesildemir, 2025). These alterations are frequently irreversible, underscoring the developing organism's susceptibility to environmental stressors (Burggren, 2020).



6.3 Gene-Environment Interactions in Cancer Risk
The intricate gene–environment interactions that influence susceptibility to obesity and cancer are complex (Obi et al., 2025). Genes such as LEP, LEPR, and PPARγ can have polymorphisms that alter a person's reaction to environmental contaminants, increasing the risk of metabolic and carcinogenic damage (Flores-Dorantes et al., 2020). Leptin resistance may be exacerbated by variations in LEPR, for instance, which may increase receptor sensitivity to obesogenic epigenetic modification (Folorunsho et al., 2025). Transgenerational inheritance of metabolic and cancer susceptibility features may come from these epigenetic markers being transmitted between generations, according to new studies. The enduring memory of environmental exposures and the urgent need for preventive measures that focus on early life and preconception environments are highlighted by these phenomena (J. Liu et al., 2020).

7. Interventions and Mitigation Strategies 
7.1 Environmental Health Policies
Tackling obesity and leptin imbalance at the population level requires decisive environmental policy interventions. One of the foremost strategies is the regulation of endocrine-disrupting chemicals (EDCs) (Amon et al., 2024). Several countries have initiated bans or restrictions on substances such as Bisphenol A (BPA) in baby bottles, food packaging, and thermal paper (Oyedemi et al., 2025). However, enforcement remains uneven globally, and comprehensive policies are needed to address a broader spectrum of EDCs, including phthalates and organotins (Onwuemelem et al., 2025). In parallel, improved air quality regulations targeting particulate matter (PM2.5) and ozone emissions can reduce systemic inflammation and metabolic dysfunction. Mandatory food labeling, restrictions on trans fats, and rigorous food safety standards can minimize dietary exposure to obesogenic additives and contaminants (Parklak et al., 2025).

7.2 Lifestyle and Behavioral Strategies
Individual-level interventions remain critical, especially when informed by awareness of environmental risk. Anti-inflammatory diets, such as the Mediterranean or plant-based diets, are rich in antioxidants and omega-3 fatty acids that help mitigate oxidative stress and inflammation linked to obesogen exposure (Aleksandrova et al., 2021). Despite environmental constraints, physical activity remains essential. Innovative urban planning and use of indoor exercise facilities can help counteract the sedentary tendencies of polluted or unsafe environments. Moreover, addressing environmental justice is vital: marginalized communities often face disproportionately higher exposure to pollutants, EDCs, and poor food environments. Policies must prioritize equity in access to clean air, healthy foods, and safe recreational spaces (Lovinsky-Desir et al., 2021).

7.3 Biomedical Approaches
Clinically, new approaches to combating leptin resistance are being developed. Leptin sensitizers, like celastrol, restore leptin responsiveness and reduce weight gain in preclinical models (Obradovic et al., 2021b). Metabolic modulators, antioxidants, and anti-inflammatory drugs may also reverse the systemic damage caused by environmental insults. Additionally, a new frontier in cancer therapy is targeting leptin signaling, with strategies like leptin receptor antagonists and monoclonal antibodies against leptin or its receptor possibly stopping tumor-promoting pathways in hormone-sensitive cancers(Lin & Hsiao, 2021b). These biomedical approaches hold promise for tailored interventions in metabolically vulnerable and high-risk individuals.
7.4. Pharmacological and Molecular Interventions
Although environmental and lifestyle changes are fundamental, pharmaceutical therapies provide extra, frequently focused ways to disrupt the obesogen–leptin–cancer nexus (Masood & Moorthy, 2023). The use of leptin pathway modulators is one important approach. Increased leptin levels and leptin resistance are frequently found in obesity, which results in the long-term activation of signaling pathways such MAPK, PI3K/Akt, and JAK/STAT3 (Obradovic et al., 2021). These pathways contribute to the development of cancer by promoting angiogenesis, cell proliferation, and apoptosis suppression. The potential of leptin antagonists, which are compounds that block leptin receptors or inhibit downstream signaling, to prevent leptin-driven tumor growth is being studied. They constitute a promising class of treatments for malignancies linked to obesity, despite the fact that they are currently primarily experimental (Candelaria et al., 2017).
 The mTOR (mechanistic target of rapamycin) signaling pathway is another important molecular target. A key integrator of insulin, leptin, and nutrition, mTOR is commonly overactivated in obesity(Chouhan et al., 2024). Its activation aids in the development of tumors by promoting cell growth, proliferation, and survival. Dual inhibitors that target both PI3K and mTOR are presently being researched to improve treatment efficacy. Inhibitors like rapamycin and everolimus have shown anticancer benefits in clinical settings. Cancers with shown metabolic abnormalities may benefit most from these medicines (Porta et al., 2014).

8. Future Directions and Research Gaps 
There are still important study gaps despite rising awareness of the environmental causes of obesity and hormone-related malignancies. Longitudinal cohort studies that include environmental exposures, genetic information, and hormone profiles throughout life are desperately needed (S. K. Ahmed & Mohammed, 2025). By separating out the intricate relationships between genetics, epigenetics, and environmental factors, such research would enable more accurate risk estimates. The relationship between early exposure to obesogens and the generational transfer of metabolic dysfunction is a significant topic that needs more research (Ho et al., 2012). Prevention tactics at the policy level could be reshaped by an understanding of how exposures during pregnancy or childhood rewire energy regulation and cancer susceptibility across generations (Lawal, Adedayo, et al., 2025). The creation of reliable biomarkers for exposure to particular obesogens and leptin resistance is another urgent necessity. Better detection tools would make risk assessment, early diagnosis, and therapeutic intervention monitoring easier. In order to create integrative models of disease progression, emerging frameworks like exposome research which aims to quantify the entirety of environmental exposures throughout life must be combined with systems biology (Awari et al., 2025). Lastly, leptin-targeted cancer medicines may be developed as a result of future developments in precision medicine, providing individualized treatments for patients with leptin-driven cancers. Closing these gaps will be essential to transforming scientific knowledge into practical clinical and public health approaches (Lin & Hsiao, 2021c).

 9. Conclusion 
The intricate cascade of events linking environmental exposures to obesity, leptin dysregulation, and the emergence of hormone-related malignancies is highlighted in this review. Beyond lifestyle decisions, a variety of environmental factors, such as dietary toxins, air pollutants, endocrine-disrupting chemicals, and sedentary urban architecture, influence obesity. By causing leptin resistance, chronic inflammation, hormonal imbalances, and tumorigenic signaling especially in tissues that are sensitive to leptin, insulin, and estrogen these exposures disrupt metabolic homeostasis. Cancers linked to hormones and obesity are by their very nature complex conditions, influenced by the interaction of social, environmental, and biological factors. A paradigm change toward comprehensive preventive strategies which go beyond individual behavior to include regulatory intervention, environmental remediation, public education, and nutritional reformism necessary to address these issues. To reduce the growing worldwide burden of obesity-related malignancies and support long-term metabolic health across generations, an integrative public health strategy that combines environmental science, precision medicine, and social fairness will be essential.
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