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Abstract

Worldwide, obesity has become a major public health crisis. Overweight and obesity not only 

increase the risk of cardiovascular disease and type-2 diabetes, but also are now known risk 

factors for a variety of cancer types. Among all cancers, increasing body mass index is most 

strongly associated with endometrial cancer incidence and mortality. The molecular mechanisms 

underlying how adipose tissue and obesity contribute to the pathogenesis of endometrial cancer 

are becoming better understood and have revealed a number of rational strategies, both behavioral 

and pharmaceutical, for the prevention of both primary and recurrent disease.
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Obesity and Endometrial Cancer Risk: Mechanisms and Rational Strategies 

for Cancer Prevention

Obesity is a well-established risk factor for the development of multiple types of cancer, 

cancer-related mortality, and all-cause mortality1, 2. Among all cancers, increasing body 

mass index (BMI) and obesity is most strongly associated with endometrial cancer incidence 

and mortality1. In a recent meta-analysis of 19 reviews and prospective studies, Renehan et 

al. found that each increase in BMI of 5 kg/m2 significantly increased a woman's risk of 

developing endometrial cancer (RR 1.59, 95% CI 1.50-1.68)3. In the Million Women Study 

conducted in the U.K the investigators found that increasing BMI was associated with 

increased incidence of endometrial cancer (trend in relative risk per 10-units = 2.89, 95% CI 

2.62-3.18)1. Endometrial cancer mortality is also adversely impacted by obesity. Calle et al., 
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in a prospective study of over 495,000 women followed for 16 years, showed a significantly 

increased risk of death in obese women with endometrial cancer. Even more striking was the 

trend associated with increasing BMI; the relative risk of uterine cancer-related death for 

women considered obese (BMI 30-34.9 kg/m2) was 2.53 while for morbidly obese women 

(BMI > 40 kg/m2) it was 6.254. Not only does obesity impact cancer-related death, but 

through its association with other medical co-morbidities, such as diabetes mellitus and 

hypertension, it adversely impacts all-cause mortality. In a retrospective review of 380 

patients with early endometrial cancer, the Gynecologic Oncology Group (GOG) found that 

morbid obesity was associated with a higher mortality (HR 2.77, 95% CI 1.21-6.36) from 

causes other than endometrial cancer or disease recurrence5. Further complicating matters, 

there is limited public knowledge of the relationship between obesity and cancer risk. A 

recent survey indicated that up to 58% of women were not aware that obesity increased 

endometrial cancer risk6.

While it has been presumed that excess estrogen due to the peripheral conversion of 

androstenedione to estrone accounts for the increased risk of endometrial cancer in obese 

women, new studies implicate other mechanisms by which obesity promotes endometrial 

cancer. This review will discuss the current understanding of what factors underlie the 

association of obesity and endometrial cancer, and what strategies are available for both 

prevention and treatment.

Obesity and Hormone Imbalance

Estrogen is a known endometrial growth factor. While the ovaries are the primary source of 

estrogen in pre-menopausal women, peripheral tissues including adipose tissue become the 

primary sources of circulating estrogen in post-menopausal women7-9. Androgens are 

converted to estrone and estradiol by the enzyme aromatase in adipose tissue. Aromatase is 

produced by mesenchymal stromal cells, including adipocyte stem cells, and to a lesser 

degree by mature adipocytes themselves. Aromatase levels increase as a function of age and 

obesity and are reflected by an increase in circulating estrogen levels with increasing BMI in 

postmenopausal women10, 11. Cauley et al, demonstrated greater than 40% increases in both 

circulating estrone and estradiol in obese (BMI >30) versus normal (BMI < 27) post-

menopausal women10. Furthermore, concentrations of estrogens in adipose tissue have been 

measured at levels several fold above that observed in plasma12, 13. Therefore visceral 

adipose tissue represents not only a source of estrogen, but also provides an ideal milieu for 

the growth of metastatic, estrogen sensitive endometrial cancer. Furthermore, serum 

hormone binding globulin (SHBG) levels decrease with increasing adiposity14. This 

glycoprotein binds both estrogen and testosterone, and inhibits their activity. Therefore, 

irrespective of de novo synthesis, obesity can influence biologically active levels of these 

hormones.

Estrogen promotes the growth of endometrial cancer cells by both direct and indirect 

regulation of gene transcription. The binding to cytoplasmic estrogen receptors alpha and 

beta (ERα and ERβ) leads to recruitment of transcriptional co-factors and the direct 

activation of a wide variety of estrogen responsive genes. Estrogen receptors can also bind 

in an estrogen-dependent and independent manner to other transcription factors and enhance 
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gene transcription through alternative response elements15, 16. It is also apparent that 

estrogen itself exerts rapid, non-genomic effects, associated with a variety of cytoplasmic 

kinase signaling cascades16, 17. 17β-estradiol (E2) treatment activates both the PI3-kinase 

and MAPK pathways, which are associated with cellular proliferation, and are frequently 

hyperactivated in cancers. The direct association between estrogen receptors and cell surface 

receptors, including IGF-1R and EGFR, represents a mechanism that directly links estrogen 

to the downstream kinase cascades that promote cell growth and tumor progression.

In normal premenstrual endometrium, progesterone counters estrogen-driven proliferation 

and induces glandular differentiation and decidualization of the endometrial stroma. 

Conditions that are accompanied by prolonged progesterone deficiencies therefore promote 

endometrial proliferation and increase the risk of endometrial hyperplasia and its 

progression to endometrial cancer18,19. For example, nulliparity, irregular menses, and 

extended, post-menopausal hormone replacement therapy with unopposed estrogen, are 

associated with increased endometrial cancer risk18-20. In pre-menopausal obese women, 

lack of progesterone due to anovulation, such as that observed in polycystic ovarian 

syndrome (PCOS), is also likely to contribute to endometrial cancer risk.

PCOS is a heterogeneous disorder affecting 6-8% of women characterized by androgen 

excess, menstrual abnormalities due to ovulatory dysfunction, and is often associated with 

polycystic ovarian morphology21. Obesity is found in approximately 30 to 70% of women 

with PCOS22. A principle element of this disorder is the presence of insulin resistance, 

which is worsened by obesity. A recent Australian case-control study of women under the 

age of 50 years, has shown that women with PCOS had a four-fold greater risk of 

endometrial cancer as compared to women without PCOS23. When adjusted for BMI, PCOS 

remained an independent risk factor and was associated with a greater than two-fold 

increased risk for endometrial cancer.

Type 2 Diabetes and Hyperinsulinemia

Hyperinsulinemia and the insulin resistant state are closely associated with obesity. 

Epidemiologically, a number of studies have shown a modest association of diabetes with 

endometrial cancer risk.24-28 Interestingly, in three studies the most significant risks were 

seen in women who were both obese and diabetic24, 27, 29. A study by Troisi et al examined 

insulin levels in women with endometrial cancer compared to controls in order to determine 

if elevated insulin levels could explain the association of obesity and endometrial cancer30. 

While elevated serum insulin levels, as measured by C-peptide were associated with 

increased risk of endometrial cancer, elevation of serum insulin levels alone could not 

account for the association of obesity and endometrial cancer.

Several recent studies, including one by our group, demonstrate an association of insulin 

resistance with endometrial cancer risk using adiponectin as surrogate marker for insulin 

resistance31-34. This adipokine can be measured in serum or plasma, and demonstrates levels 

that are inversely proportional to insulin resistance. Using a case-control study design, our 

group found that low adiponectin levels were highly associated with endometrial cancer risk, 

independent of BMI. Subsequently, a large prospective, nested case-control study sponsored 
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by the World Health Organization, performed a study on adiponectin and endometrial cancer 

risk34. All samples were collected prospectively, and those used for analysis were from a 

time point prior to the onset of endometrial cancer. This study confirmed that low 

adiponectin levels were associated with endometrial cancer risk, again independent of BMI, 

strongly suggesting that insulin resistance is an independent risk factor for endometrial 

cancer.

The specific effects of hyperinsulinemia on the pathogenesis of obesity-associated cancers 

are not well defined. Our group has demonstrated that the proliferative effect of estrogen on 

the endometrium is enhanced in obese versus lean animals35. Using the Zucker rat model of 

hyperinsulinemia, estrogen induced significantly higher expression of the proproliferative 

genes, cyclin A and c-myc and in endometrium of obese rats, as compared that observed in 

lean control animals. Conversely, the estrogen-induced suppression of the cell cycle 

inhibitor, p27Kip1, and the anti-proliferative genes sFRP4 and RALDH2 are more 

pronounced in the obese endometrium. Obesity, therefore, alters the balance between pro- 

and anti-proliferative signals to favor endometrial growth.

Insulin-like Growth Factors

Systemic levels of IGFs are also altered by obesity. Six IGFBPs bind to and modulate IGF 

bioactivity by interfering with receptor binding. While increased estrogen production 

directly increases IGF-1 synthesis36,37 sustained hyperinsulinemia results in the decreased 

synthesis of IGFBP1 and 27. IGFBP1 is most highly expressed by human endometrium38, 39. 

Therefore, obesity contributes to the simultaneous increase in circulating IGF and decrease 

in IGFBP1, resulting in the net increase of bioavailable IGF-17, 40, 41.

Insulin and IGF Signaling Pathways

Insulin and IGFs utilize common signaling mechanisms42. As illustrated in figure 3, upon 

ligand binding, receptor mediated phosphorylation of the Insulin Receptor Substrate 1 

(IRS-1) scaffold protein results in the activation of both the PI3K/AKT/mTOR and MAPK 

signaling pathways, which promote cell survival and proliferation42.

Hyperactivity of the PI3K/AKT/mTOR pathway is frequently observed in endometrial 

cancer. The ubiquitously expressed phosphatase and tensin homolog (PTEN) lipid/protein 

phosphatase dephosphorylates PI3K substrates and acts as a PI3K antagonist and tumor 

suppressor gene. PTEN inactivation or loss is observed in greater than 40% of type I 

endometrial cancers. Therefore, coupled with elevated circulating IGF-1, the loss of PTEN 

promotes the hyperactivity of the PI3K/AKT/mTOR pathway and facilitates endometrial 

cancer growth in obese individuals. Furthermore, the insulin and IGF receptors 

simultaneously activate the MAPK signaling pathway, another mechanism that promotes 

mTOR signaling 42.

AMPK (5’ adenosine monophosphate-activated protein kinase) inhibits signaling through 

the PI3K/AKT/mTOR pathway by serving as a counterbalance to AKT and ERK activity. 

AMPK inactivation is commonly associated with obesity (energy/caloric excess) and insulin 

resistance. When phosphorylated by AMPK, the tuberous sclerosis complex (TSC1/2) 
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prevents mTOR-mediated endometrial proliferation. Inactivation of AMPK therefore 

represents an additional mechanism contributing to the hyperactivity of mTOR and 

tumorigenesis in the endometrium.

Adipokines

Adipose tissue is a complex endocrine organ that secretes a variety of both anti- and pro-

inflammatory factors classified as “adipokines”. The state of chronic systemic inflammation 

associated with obesity is increasingly linked to the development of insulin resistance and 

chronic hyperinsulinemia43-43. For example, secretion of the adipokine, TNFα disrupts 

insulin receptor signaling by inducing the inhibitory phosphorylation of IRS proteins, 

thereby uncoupling insulin from downstream signaling cascades44, is associated with In 

addition to TNFα45, additional pro-inflammatory adipokines associated with endometrial 

cancer include include leptin46, interleukin-6 (IL-6)47 and resistin48.

In opposition to the pro-inflammatory adipokines, circulating levels of adiponectin are 

inversely proportional to BMI and insulin resistance, and play a role in increasing insulin 

sensitivity and as an anti-inflammatory. Adiponectin signals through its receptors 

(AdipoR1/2) to activate AMPK and inhibit PI3K/AKT/mTOR signaling49, and should 

therefore inhibit tumor progression driven by the PI3K pathway. In support of this 

hypothesis, studies performed by our group and others confirm that adiponectin levels are 

independently and inversely associated with endometrial cancer risk31-34.

Adipokines and other inflammatory proteins associated with obesity, such as C-reactive 

protein, show promise as biomarkers of endometrial cancer risk 50-52, however, additional 

studies will be necessary to determine the complex roles of adipokines in the development 

of insulin resistance and obesity-associated endometrial cancer.

Rational Interventions

These known biochemical mechanisms by which overweight and obesity contribute to 

endometrial cancer risk suggest several rational strategies for cancer prevention. These 

include behavioral, pharmaceutical and surgical interventions that prevent or reverse the 

hormonal and metabolic imbalances associated with obesity and insulin resistance.

Oral Contraceptives

Multiple epidemiologic studies demonstrate that women who use combination estrogen and 

progesterone oral contraceptives (OCP) decrease their risk of endometrial cancer by 

50% 53, 54, 55. While there is no data to support a decreased efficacy in endometrial cancer 

protection in obese women, there are studies that suggest that obese women have a slightly 

decreased contraceptive efficacy compared to thin women56. A study by Maxwell et al 

found that OCP with higher potency progestins may be more effective for women with a 

higher BMI57. More data will be necessary to refine the optimal OCP for endometrial cancer 

chemoprevention in an obese population.
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The levonorgestrel containing IUD (LNG-IUD) is also an attractive candidate for 

endometrial cancer prevention. The use of IUDs alone is associated with a lower risk of 

endometrial cancer58, and the progestin may further protect the endometrium. A few studies 

have reported the use of the LNG-IUD for reversal of endometrial hyperplasia and cancer, 

but additional data will be necessary before it can be recommended for cancer prevention.

Synthetic progestogens are commonly used in oral contraceptives and intrauterine devices, 

and for the treatment of menorrhagia, infertility, and the symptoms of menopause. Progestin 

therapy is also standard for the treatment of women who have endometrial hyperplasia 

without atypia, a likely precursor lesion for endometrial cancer59. The response of complex 

hyperplasia with atypia and well-differentiated endometrial carcinoma to progestin has also 

been investigated. In studies performed by Wheeler et al, complete remission was observed 

in 67% of women with complex atypical hyperplasia, while 11% regressed to complex 

hyperplasia without atypia, and 22% had persistent disease with a median follow-up of 11-

months59. In women with well-differentiated endometrial carcinoma, 42% of women 

demonstrated a complete remission, while 58% had persistent disease over a 12-month 

follow up period.

Behavioral: Diet and Exercise

Body mass and physical activity are modifiable risk factors, which can be manipulated to 

favorably impact cancer patient outcome. A recent study of 42,672 post-menopausal women 

enrolled in the American Cancer Society Cancer Prevention Study II Nutrition Cohort, 

evaluated the incidence of endometrial cancer in relation to physical activity and BMI60. 

During the period between 1992 and 2003, a total of 466 new cases of endometrial cancer 

were diagnosed. Recreational and moderate physical activity was associated with a 33% 

lower endometrial cancer risk, and the effect was pronounced among women who were 

overweight or obese.

Circulating estrogen levels correlate with increasing BMI in post-menopausal women, while 

weight loss either by dietary changes or exercise or a combination thereof reduce estrogen 

synthesis. Both caloric restriction, as well as the source of calories appears to influence 

serum hormone concentration. High-fiber, low-fat diet interventions have been shown to 

lower bioavailable concentration of estradiol in breast cancer survivors even in the absence 

of concurrent weight loss 6162, 63.

Physical activity consistently demonstrates a pronounced effect on hormone levels in both 

lean and obese individuals64-65 and is associated with a decreased risk of post-menopausal 

breast cancer, as well as breast cancer recurrence. However, diet and exercise are also 

known to prevent recurrence of tumors types typically unresponsive to hormones, including 

estrogen-receptor negative breast cancer, suggesting that additional pathways activated by 

physical activity and diet influence tumor growth66, 67.

Weight loss, whether by behavioral changes (diet and exercise) or by surgery, is known to 

reverse insulin resistance, decrease bioactive IGF-1 levels and prevent the onset of type 2 

diabetes. Recently, Pendyala et al conducted expression profiling on rectosigmoid mucosal 

biopsies obtained from obese women pre and post diet-induced weight loss68. Following a 
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10% weight loss, tissues demonstrated significant decreases in a variety of inflammatory 

cytokines including TNFα, IL-6, IL-8, and MCP-1, as well downregulation of markers of 

proinflammatory pathways, prostaglandin metabolism and transcription factors. This was 

reflected by decreases in circulating TNFα and IL-8 as well as serum glucose, cholesterol 

and triglycerides, and lower T-cell and macrophage counts in tissues. Taken together, this 

data suggest that weight loss reduces colorectal inflammation and uncouples cancer 

promoting signaling pathways, thereby reducing colorectal cancer risk. In addition to their 

effects on insulin, IGF and inflammatory signaling, caloric restriction and exercise activate 

AMPK as a consequence of a systemic increase in AMP secondary to ATP depletion. It is 

probable that weight loss can play a therapeutic role in the prevention of all obesity-

associated cancer types.

Metabolic/Bariatric Surgery

Modest weight loss of 5-10% of body weight through diet and exercise reduces the 

incidence of type 2 diabetes and other co-morbidities associated with obesity, and is 

currently recommended as a weight loss goal by the American Cancer Society for 

overweight cancer survivors69. Unfortunately, the significant lifestyle changes associated 

with weight loss are difficult to adopt and maintain for many obese and morbidly obese 

individuals, and many are unsuccessful in maintaining a healthy weight.

By producing a sustained weight loss, bariatric surgery has recently been demonstrated to 

reduce both cancer risk and recurrence70. Sjostrom et al have demonstrated a reduced cancer 

risk in a 10-year follow up of individuals in Sweden who underwent bariatric surgery71. 

Interestingly, this effect favored women (RR 0.58, 95% CI 0.44-0.77) over men (RR 

0.97,0.62-1.52). A larger study performed by Adams et al, demonstrated a decreased 

incidence of cancer in 6,596 U.S. subjects who underwent gastric bypass surgery (HR 0.76, 

95% CI 0.65-89, p = 0.006) 72. In agreement with the Swedish study, bariatric surgery 

produced a more pronounced cancer-preventive effect in women (HR 0.73, 95% CI 

0.62-0.87, p = 0.0004) over men (HR 1.02, 0.69-1.52, p = 0.91). The hazard ratio of 

endometrial cancer was dramatically reduced to 0.22 (95% CI 0.13-0.40, p < 0.0001). These 

data underscore the profound effect of obesity on endometrial cancer risk and suggest that 

weight loss, whether by behavioral change or surgical intervention, is critical to endometrial 

cancer prevention.

Antidiabetic Agents: Metformin

Metformin is an oral anti-hyperglycemic drug long used in the management of type-2 

diabetes73. Metformin lowers blood glucose levels by inhibiting gluconeogenesis and 

improves insulin sensitivity by increasing peripheral glucose uptake and utilization. Based 

on its positive effect on increasing insulin sensitivity, metformin represents a rational 

chemopreventive agent for endometrial and other obesity-associated cancers. Additional 

studies suggest the chemopreventive and therapeutic benefits of metformin are mediated 

through activation of the growth inhibitory AMPK pathway74-75, thereby counteracting the 

PI3K/AKT/mTOR signaling, as illustrated in figure 3.
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These mechanisms of action suggest a promising and novel role for this “old drug” in the 

chemoprevention of primary and recurrent tumors76, 77. Indeed, this has been demonstrated 

by retrospective epidemiologic studies. Li et al have demonstrated that diabetic patients who 

had taken metformin had a significantly lower risk of pancreatic cancer compared with those 

who had not78. Furthermore, diabetic breast cancer patients receiving metformin 

demonstrate a greater incidence of pathologic complete response to neoadjuvant therapy79. 

Metformin use is also associated with a decrease in prostate cancer risk80.

Recently, metformin has further been shown to inhibit aromatase expression by primary 

cultures of human adipose stromal cells81. If this effect hold true in vivo, we expect that 

metformin would inhibit the localized production of estrogens in tumor stromal tissue and 

also decrease circulating levels of estrogen observed in obese individuals. Metformin has 

also been shown to increase progesterone receptor expression in endometrial cancer cell 

lines82 and in breast cancer patients83. It is possible, therefore, that metformin augments the 

anti-proliferative effects of progestins by virtue of amplified PR signaling.

While the multiple mechanisms of action of metformin have biological plausibility for its 

use as a chemopreventive agent for cancer in general, it is an ideal drug choice for the 

primary and tertiary prevention of endometrial cancer.

Summary

Current evidence suggests that by targeting the hormonal imbalances and hyperactive 

proliferative pathways associated with obesity, the lifetime risk of endometrial cancer can be 

significantly reduced. While achieving and maintaining a healthy body weight by diet and 

exercise represents the ideal solution to endometrial cancer prevention, the reality of the 

worldwide obesity epidemic necessitates the availability of pharmaceutical and surgical 

alternatives to reduce the impact of obesity on endometrial cancer risk.
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Figure 1. Overview
The contribution of obesity to endometrial cancer progression and preventive strategies.
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Figure 2. The systemic effects of obesity on endometrial cancer initiation and progression
Increased adiposity and inflammation coupled with the decrease in adiponectin synthesis, 

contribute to insulin resistance. This leads to hyperglycemia and a further compensatory 

increase in insulin synthesis. Hyperinsulinemia is associated with the decreased synthesis of 

IGF binding proteins, and increased IGF bioavailability. The simultaneous increase in 

estrogen production promotes additional IGF-1 synthesis. Signaling through the IGF-1R 

promotes endometrial proliferation with an increased risk of endometrial cancer.
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Figure 3. Insulin and IGF-1 signaling drive endometrial cancer progression
The binding of IGF-1 to its receptor leads to IGF-1R autophosphorylation and the 

subsequent activation of multiple downstream signaling pathways. Cellular proliferation is 

driven through the PI3K and the MAPK pathways. Behavioral and pharmaceutical 

interventions, which decrease adiposity and IGF-1 levels, and that activate AMPK, and 

therefore represent rational therapeutic strategies for the prevention of endometrial cancer.
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