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Abstract

Background. Endometrial cancer is the most common gynecological malignancy in developed
countries. Obesity is a major modifiable risk factor, promoting inflammation,
hyperinsulinemia, increased estrogen production, and metabolic disturbances that contribute to
carcinogenesis.

Aim. This narrative review summarizes current evidence on the pathophysiological
mechanisms linking obesity with endometrial cancer and highlights the relevance of molecular
classification and lifestyle-related prevention.

Material and methods. A narrative analysis of open-access publications (2008—-2026) was
conducted, focusing on epidemiology, metabolic and hormonal pathways related to obesity,
and molecular subtypes of endometrial cancer described by The Cancer Genome Atlas
(TCGA).

Results. Obesity contributes to endometrial cancer through estrogen excess, insulin resistance,
IGF-1 signaling, chronic inflammation, and adipokine imbalance. Four molecular subtypes are
recognized: POLE ultramutated, mismatch repair deficient, p53-abnormal, and non-specific
profile. Physical activity may reduce cancer risk.

Conclusions. Understanding obesity-related molecular pathways in endometrial cancer may
improve risk stratification and treatment decisions. Preventive strategies, including weight

control and regular physical activity, may reduce disease burden.

Key words: endometrial cancer, obesity, molecular classification, TCGA, physical activity.
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1. Introduction

Endometrial cancer is currently the most frequently diagnosed gynecological
malignancy in developed countries, and its incidence has steadily increased over recent decades
(Baker-Rand & Kitson, 2024; Siegel, Giaquinto & Jemal, 2024). Epidemiological data indicate
that this rising trend is strongly associated with the global increase in obesity, metabolic
disorders, and sedentary lifestyle patterns observed in many populations worldwide (Ordeanu
et al., 2025; Onstad, Schmandt, & Lu, 2016).

Among all known risk factors, obesity is considered one of the most significant and
potentially modifiable contributors to endometrial carcinogenesis. Numerous epidemiological

studies have demonstrated a strong association between elevated body mass index (BMI) and



the risk of developing endometrial cancer. Women with obesity have a substantially higher
incidence of the disease compared with women of normal body weight (Crosbie et al., 2010).

The biological relationship between obesity and endometrial cancer is complex and involves
multiple interacting hormonal, metabolic, and inflammatory mechanisms. One of the most
important pathways is the increased production of estrogens within adipose tissue. In
postmenopausal women, peripheral conversion of androgens to estrogens through aromatase
activity in adipose tissue becomes the primary source of circulating estrogens. Consequently,
prolonged exposure of the endometrium to unopposed estrogen stimulation promotes
continuous cellular proliferation and increases the risk of malignant transformation (Onstad,
Schmandt, & Lu, 2016; Setiawan et al., 2016).

In addition to hormonal alterations, obesity is frequently associated with insulin
resistance and chronic hyperinsulinemia. Elevated insulin levels activate the insulin-like
growth factor (IGF-1) signaling pathway, which stimulates cellular proliferation and inhibits
apoptosis in multiple tissues, including the endometrium (Gallagher & LeRoith, 2020).
Activation of downstream signaling cascades, particularly the PI3K/AKT and MAPK
pathways, further promotes tumor cell survival and growth.

Another important mechanism linking obesity and cancer is the role of adipose tissue
as a metabolically active endocrine organ. Adipocytes secrete numerous biologically active
molecules, including adipokines and inflammatory mediators, which influence metabolic
regulation and immune responses (Ray et al., 2021; Ellis, Barron & Bermano, 2020). In
obesity, dysregulation of these signaling pathways contributes to a chronic low-grade
inflammatory state that may facilitate tumor initiation and progression.

Recent advances in genomic research have significantly improved the understanding of
endometrial cancer heterogeneity. The molecular classification introduced by The Cancer
Genome Atlas (TCGA) distinguishes four main molecular subtypes: POLE ultramutated,
mismatch repair deficient, p5S3-abnormal, and non-specific molecular profile (Levine, 2013).
This classification provides important prognostic information and increasingly influences
therapeutic decision-making.

Lifestyle factors should also be considered in the context of cancer prevention. Regular
physical activity has been shown to improve metabolic regulation, enhance insulin sensitivity,
and reduce systemic inflammation. These effects may partially counteract metabolic
disturbances associated with obesity and may therefore contribute to lowering the risk of

endometrial cancer development (Friedenreich, Ryder-Burbidge & McNeil, 2020).



The aim of this narrative review is to summarize current knowledge regarding the
pathophysiological mechanisms linking obesity with endometrial cancer, with particular
emphasis on hormonal and metabolic pathways, chronic inflammation, molecular

classification, and the potential preventive role of lifestyle-related factors.

2. Research Materials and Methods

This study was conducted as a narrative review of current scientific literature
addressing the relationship between obesity and endometrial cancer. The analysis focused on
studies describing epidemiology, metabolic and hormonal mechanisms associated with obesity,
molecular classification of endometrial cancer, and the potential role of lifestyle factors in
disease prevention.

Scientific publications were identified through searches of electronic databases including

PubMed, Google Scholar, and other open-access scientific platforms. The search strategy

included combinations of the following keywords: “endometrial cancer”, “obesity”,
“molecular classification”, “TCGA”, “insulin resistance”, “adipokines”, and “physical
activity”.

Inclusion criteria consisted of peer-reviewed original research articles and review
papers available in full-text open-access format that addressed the relationship between
obesity, metabolic dysregulation, and endometrial carcinogenesis. Studies languages other than
English were excluded. No time criterion was used.

Studies focusing on molecular subtypes of endometrial cancer and their clinical implications
were also included. Publications not directly related to obesity-associated mechanisms in

endometrial cancer or lacking full-text availability were excluded.

3. Research results

3.1 Epidemiology of obesity-related endometrial cancer

Endometrial cancer represents the most common malignancy of the female
reproductive tract in developed countries. Over the past several decades, the incidence of this
disease has been steadily increasing, particularly in regions characterized by high prevalence
of obesity and metabolic disorders (Baker-Rand & Kitson, 2024; Siegel, Giaquinto & Jemal,
2024). Epidemiological observations suggest that the global rise in obesity is closely associated

with the growing burden of endometrial cancer.



Numerous population-based studies have demonstrated a clear relationship between body mass
index (BMI) and the risk of developing endometrial cancer. Women with obesity have been
reported to have a two- to four-fold higher risk of endometrial cancer compared with women
with normal body weight (Crosbie et al., 2010). Importantly, the risk appears to increase
progressively with increasing BMI values, suggesting a dose—response relationship between
excess body weight and carcinogenesis.

In addition to total body weight, the distribution of adipose tissue may also play an important
role in cancer risk. Visceral adiposity has been strongly associated with metabolic
abnormalities such as insulin resistance, chronic inflammation, and dysregulation of adipokine
secretion (Ordeanu et al., 2025; Deng et al., 2016). These metabolic disturbances create a
biological environment that may support the development and growth of tumors.

Obesity is frequently accompanied by several metabolic comorbidities, including type 2
diabetes mellitus, hypertension, and dyslipidemia. These conditions share common
pathophysiological mechanisms with obesity, particularly insulin resistance and chronic
inflammatory activity, both of which may contribute to endometrial carcinogenesis (Onstad,
Schmandt, & Lu, 2016).

Furthermore, the relationship between obesity and endometrial cancer appears to be
particularly strong for estrogen-dependent endometrioid tumors. These cancers are often
associated with metabolic and hormonal disturbances, whereas non-endometrioid subtypes
may arise through different molecular pathways (Setiawan et al., 2013).

Taken together, these epidemiological findings emphasize the importance of obesity as a major
modifiable risk factor for endometrial cancer and highlight the need for preventive strategies

aimed at improving metabolic health.

activity in adipose

tissue

Mechanism Key biological Main molecular Effect on endometrium
changes pathways
Estrogen excess Increased aromatase | ER signaling Increased proliferation

Insulin resistance

Hyperinsulinemia

and increased IGF-1

PI3K/AKT, MAPK

Enhanced cell survival




Chronic Increased TNF-alfa, [ NF-kB pathway DNA damage and tumour
inflammation IL-6, CRP promotion
Adipokine Increased leptin, JAK/STAT, Angiogenesis and tumour
imbalance decreased PI3K/AKT growth

adiponectin
Metabolic Altered glucose and | mTOR signaling Increased oncogenic growth
dysregulation lipid metabolism

Table 1. Biological mechanisms associated with obesity that promote endometrial carcinogenesis and their principal molecular pathways.

3.2 Estrogen excess and aromatase activity

Obesity contributes to endometrial carcinogenesis through a complex network of
hormonal and metabolic mechanisms. One of the most important mechanisms linking obesity
with endometrial carcinogenesis is chronic exposure to elevated estrogen levels. In
postmenopausal women, adipose tissue becomes the main site of estrogen production due to
increased aromatase activity converting androgens into estrogens. Consequently, women with
obesity exhibit significantly higher circulating concentrations of estradiol compared with
individuals with normal body weight (Onstad, Schmandt, & Lu, 2016).
In the absence of progesterone-mediated regulation, prolonged estrogen exposure leads to
continuous stimulation of endometrial epithelial cells. Activation of estrogen receptors
promotes transcription of genes responsible for cell cycle progression, angiogenesis, and
inhibition of apoptosis. Over time, this persistent proliferative signaling increases the

probability of genetic mutations and malignant transformation (Iyengar et al., 2016).

3.3 Insulin resistance and IGF-1 signaling

Obesity 1is strongly associated with insulin resistance and compensatory
hyperinsulinemia, both of which contribute to carcinogenesis. Elevated insulin concentrations
stimulate the insulin-like growth factor-1 (IGF-1) axis by increasing circulating IGF-1 levels
and reducing IGF-binding proteins (Gallagher & LeRoith, 2020).
Activation of IGF-1 receptors triggers several intracellular signaling pathways, particularly
PI3K/AKT/mTOR and MAPK pathways, which promote cellular proliferation, inhibit
apoptosis, and enhance tumor cell survival. These molecular alterations represent a key link

between metabolic disturbances and oncogenic transformation in endometrial tissue.



Furthermore, hyperinsulinemia reduces hepatic synthesis of sex hormone-binding globulin
(SHBGQG), increasing the bioavailability of circulating estrogens and further amplifying
estrogen-dependent proliferative signaling (Gallagher & LeRoith, 2020).

3.4 Chronic inflammation and adipokine imbalance

Adipose tissue expansion in obesity leads to macrophage infiltration and the
development of chronic low-grade systemic inflammation. Pro-inflammatory cytokines such
as tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), and C-reactive protein promote
genomic instability and activate oncogenic pathways including NF-«B signaling (Deng et al.,
2016).
Obesity is also associated with altered secretion of adipokines. Circulating levels of leptin are
increased, whereas adiponectin concentrations are reduced. Leptin promotes angiogenesis,
cellular proliferation, and migration through activation of signaling pathways such as
JAK/STAT, PI3K/AKT, and MAPK. In contrast, adiponectin exhibits anti-inflammatory and
anti-proliferative properties. Reduced adiponectin levels therefore remove an important
protective mechanism against tumor development (Pérez-Pérez et al., 2020; Stabuszewska-
Jozwiak et al., 2022).
This imbalance between pro-tumorigenic and protective adipokines may contribute to a
microenvironment that favors tumor development. In addition, obesity-related metabolic
disturbances may influence oxidative stress, mitochondrial dysfunction, and DNA damage,

which further increase the likelihood of malignant transformation.

3.5 Molecular pathways and genomic alterations

Advances in molecular oncology have demonstrated that endometrial cancer is a
heterogeneous disease characterized by distinct genomic alterations. The TCGA classification
identifies four molecular subtypes: POLE ultramutated, mismatch repair deficient (MMR-d),
copy-number low (NSMP), and copy-number high (p53-abnormal) (Levine, 2013).
Metabolic disturbances associated with obesity may particularly influence pathways frequently
altered in endometrioid endometrial carcinoma. Mutations affecting genes such as PTEN,
PIK3CA, KRAS, and alterations in the PI3K/AKT/mTOR pathway are commonly observed in
obesity-associated tumors. These findings highlight the close relationship between metabolic

dysregulation and oncogenic signaling in endometrial carcinogenesis.



3.6 Molecular classification of endometrial cancer

Advances in genomic research have significantly improved the understanding of the
biological heterogeneity of endometrial cancer. Molecular analyses conducted within The
Cancer Genome Atlas project identified four major molecular subtypes of the disease (Levine,
2013).
The POLE ultramutated subtype is characterized by mutations in the exonuclease domain of
the DNA polymerase epsilon gene. Despite often presenting with high-grade histological
features, tumors in this group are associated with an excellent prognosis and strong immune
cell infiltration (Vrede et al., 2022).
The mismatch repair deficient subtype exhibits microsatellite instability and increased
mutation rates resulting from defects in DNA mismatch repair mechanisms. Tumors in this
category often demonstrate high immunogenicity and may respond favorably to immune
checkpoint inhibitors (Le et al., 2017).
The p53-abnormal subtype is characterized by extensive genomic instability and mutations in
the TP53 gene. These tumors frequently correspond to serous or high-grade endometrial
carcinomas and are generally associated with more aggressive clinical behavior and poorer
outcomes (Levine, 2013).
The non-specific molecular profile subtype represents a heterogeneous group lacking the
defining alterations observed in the other categories. These tumors are often associated with
endometrioid histology and may be linked with hormonal and metabolic risk factors, including
obesity (Talhouk et al., 2015).
Integration of molecular classification with traditional clinicopathological factors has
significantly improved risk stratification and may guide therapeutic decision-making in clinical

practice.

3.7 Lifestyle factors and physical activity

Lifestyle factors may play an important role in the development and prevention of
obesity-related cancers. Sedentary behavior and low levels of physical activity contribute to
weight gain, metabolic dysfunction, and insulin resistance, which are key elements in obesity-
associated carcinogenesis (Friedenreich, Ryder-Burbidge & McNeil, 2020).
Regular physical activity has been shown to improve insulin sensitivity, regulate glucose
metabolism, and support body weight control. Exercise may also reduce systemic inflammation
and improve immune function, which could influence biological pathways involved in tumor

development (McTiernan, 2008).

10



Additionally, physical activity contributes to the reduction of visceral adiposity, which is
closely associated with metabolic disturbances linked to endometrial cancer risk. By improving
metabolic homeostasis, regular exercise may therefore inhibit some of the biological
mechanisms associated with obesity-related carcinogenesis. Epidemiological studies suggest
that women who maintain healthy body weight and engage in regular physical activity have a
lower incidence of endometrial cancer. Although the precise mechanisms remain under
investigation, improved metabolic regulation and reduction of chronic inflammation are
considered key mediators of this protective effect.

Although physical activity alone cannot eliminate the risk of cancer, increasing evidence
suggests that it may represent an important component of lifestyle-based preventive strategies
aimed at reducing the burden of obesity-related malignancies.

A healthier lifestyle, measured using the Healthy Lifestyle Index (HLI) including diet, physical
activity, BMI, alcohol consumption, and smoking, was associated with a reduced risk of
endometrial cancer. Each standard deviation increase in HLI score corresponded to
approximately 14% lower risk of endometrial cancer (HR 0.86; 95% CI 0.78-0.94). Among
lifestyle components, BMI and physical activity were identified as the strongest contributors

to the protective association between healthy lifestyle and endometrial cancer risk (Burkett et
al.,2023).

Lifestyle-related interventions may influence several biological pathways involved in
endometrial carcinogenesis, including estrogen signaling, insulin resistance, chronic

inflammation and adipokine imbalance (Table 2).

Mechanism Key biological effects Lifestyle intervention and

potential impact

Estrogen excess (aromatase | Increased estrogen levels Weight reduction through
activity) and stimulation of diet and physical activity
endometrial proliferation may lower circulating

estrogen levels

Insulin resistance/IGF-1 Hyperinsulinemia and Physical activity and weight
signaling activation of PI3K-AKT- loss improve insulin
mTOR pathway sensitivity

11



Chronic inflammation (NF- | Pro-inflammatory Reduction of adiposity and

kB, IL-6, TNF-a) microenvironment and regular exercise decrease
angiogenesis systemic inflammatory
markers
Adipokine imbalance Increased leptin and Weight loss and physical
(leptin/adiponectin) decreased adiponectin activity increase adiponectin

promoting proliferation and | and reduce leptin levels

angiogenesis

Table 2. Effects of healthy lifestyle interventions on biological mechanisms associated with endometrial cancer risk.

3.8 Microbiome dynamics in obesity-associated endometrial cancer

Recent evidence suggests that the gut microbiome may play an important role in the
relationship between obesity and endometrial cancer. Obesity is associated with reduced
microbial diversity and an increased abundance of bacterial species that promote chronic low-
grade inflammation and metabolic dysregulation. These microbiota alterations may influence
host metabolism through the production of microbial metabolites, modulation of immune
responses, and effects on intestinal permeability.
An important mechanism linking the microbiome with endometrial carcinogenesis is the
regulation of estrogen metabolism. Certain intestinal bacteria possess -glucuronidase activity,
which allows them to deconjugate estrogens and facilitate their reabsorption into the
circulation. This process increases systemic estrogen exposure and may contribute to the
“unopposed estrogen” environment that promotes endometrial proliferation and
carcinogenesis.
Furthermore, microbiome-related metabolic pathways may interact with insulin resistance,
adipokine signaling, and inflammatory pathways that are characteristic of obesity. Dysbiosis
can enhance systemic inflammation and alter immune surveillance, potentially facilitating
tumor initiation and progression. Emerging studies therefore suggest that microbiome
composition may represent both a modifiable risk factor and a potential therapeutic target in
obesity-related endometrial cancer.

Although current evidence is still limited, understanding microbiome dynamics may
help explain the complex metabolic interactions between obesity and endometrial

carcinogenesis and may support the development of preventive strategies focused on diet,
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metabolic  regulation, and lifestyle modification (Burkett et al., 2023).

Expansion of
adipose tissue

Inflammaton
mechanisms

Metabolic
mechanisms

Hormonal
mechanisms

Adipokine
imbalance

§ Adiponectin

Figure 1. Pathophysiological mechanisms linking obesity and endometrial carcinogenesis.

Obesity promotes endometrial cancer development through several interacting biological pathways including increased estrogen production
due to aromatase activity in adipose tissue, insulin resistance and activation of the IGF-1 signaling pathway, chronic inflammation mediated
by cytokines, and imbalance of adipokines such as leptin and adiponectin. These mechanisms converge on oncogenic intracellular pathways
including PI3K/AKT/mTOR and MAPK signaling, ultimately promoting endometrial cell proliferation, angiogenesis, and tumor

development.

4. Discussion

This review summarizes current knowledge about the relationship between obesity and
the development of endometrial cancer. The available literature clearly indicates that obesity
is one of the most important risk factors associated with this malignancy. Epidemiological
studies consistently show that women with higher body mass index have a significantly
increased risk of developing endometrial cancer.
Several biological mechanisms may explain this relationship. One of the most important factors
is increased estrogen production in adipose tissue. In postmenopausal women, adipose tissue

becomes the main source of estrogen synthesis due to increased aromatase activity. As a result,
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the endometrium is exposed to prolonged estrogen stimulation, which may lead to excessive
cell proliferation and increase the risk of malignant transformation.

Metabolic disturbances associated with obesity also play an important role. Insulin resistance
and elevated insulin levels are commonly observed in obese individuals. These metabolic
changes may activate signaling pathways that stimulate cell growth and inhibit apoptosis,
which may contribute to tumor development.

Another important mechanism is chronic low-grade inflammation. In obesity, adipose

tissue becomes infiltrated by immune cells that produce inflammatory mediators. These
molecules may influence cellular signaling pathways related to proliferation, angiogenesis, and
tumor progression.
Recent advances in molecular research have also improved the understanding of endometrial
cancer. The molecular classification proposed by The Cancer Genome Atlas identifies four
major subtypes of the disease. These subtypes differ in prognosis and response to therapy,
which may help clinicians choose more appropriate treatment strategies.

Lifestyle-related factors should also be considered when discussing cancer prevention.
Low levels of physical activity are associated with obesity and metabolic dysfunction, whereas
regular exercise improves insulin sensitivity, reduces systemic inflammation, and supports
body weight control. Although physical activity alone cannot completely eliminate cancer risk,
it may help reduce some of the metabolic disturbances linked to obesity.

Overall, the development of endometrial cancer appears to result from a combination
of hormonal, metabolic, inflammatory, and genetic factors. Understanding these interactions
may help improve prevention strategies and support earlier identification of individuals at

increased risk.

5. Conclusions

The present narrative review highlights the complex relationship between obesity and
endometrial cancer, emphasizing the interplay between metabolic, hormonal, and
inflammatory pathways involved in tumor development. The available evidence clearly
indicates that obesity is not only a coexisting condition but a major biological driver of
endometrial carcinogenesis.
Epidemiological studies consistently demonstrate a strong association between increased body
mass index and the risk of endometrial cancer. This relationship appears particularly

pronounced for endometrioid tumors, which are strongly influenced by hormonal and
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metabolic factors. The growing prevalence of obesity worldwide may therefore partly explain
the rising incidence of this malignancy observed in many developed countries.

Several biological mechanisms have been proposed to explain the link between obesity and
endometrial cancer. One of the most widely recognized pathways involves excess estrogen
production in adipose tissue. Increased aromatase activity leads to enhanced peripheral
conversion of androgens to estrogens, resulting in prolonged stimulation of the endometrial
lining. In the absence of adequate progesterone opposition, this hormonal imbalance may
promote endometrial hyperplasia and increase the risk of malignant transformation.
Metabolic disturbances associated with obesity also play an important role in carcinogenesis.
Insulin resistance and hyperinsulinemia are frequently observed in obese individuals and may
contribute to tumor development through activation of insulin and insulin-like growth factor
signaling pathways. These pathways stimulate cell proliferation and inhibit apoptosis, thereby
creating favorable conditions for tumor growth.

Another important aspect discussed in recent literature is the role of chronic
inflammation. Adipose tissue expansion is associated with increased infiltration of immune
cells and the production of inflammatory mediators such as interleukin-6 and tumor necrosis
factor-a. Persistent inflammatory signaling may activate molecular pathways involved in cell
survival, angiogenesis, and genomic instability, further contributing to cancer progression.

In addition to metabolic and inflammatory mechanisms, advances in genomic research
have improved the understanding of endometrial cancer heterogeneity. The TCGA molecular
classification distinguishes four major molecular subtypes that differ in prognosis and
therapeutic response. Integrating molecular classification with traditional clinicopathological
factors may therefore improve risk stratification and facilitate the development of more
personalized treatment strategies.

Lifestyle-related factors should also be considered when discussing cancer prevention.
Physical inactivity and sedentary behavior contribute to obesity and metabolic dysfunction,
whereas regular physical activity has been shown to improve insulin sensitivity, regulate body
weight, and reduce systemic inflammation. Although physical activity cannot completely
eliminate the risk of cancer, it may play a supportive role in reducing obesity-related metabolic
disturbances and improving overall health outcomes.

Taken together, the available evidence suggests that endometrial cancer arises from the
combined effects of hormonal imbalance, metabolic dysregulation, inflammatory processes,

and genetic alterations. A better understanding of these mechanisms may support the

15



development of more effective preventive strategies and may help identify individuals at

increased risk of disease.
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