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Highlights 

 Obesity is increasing worldwide and recognized as pandemic.  

 Cardiovascular complications and cancer are the two most fearsome long-term sequelae of 

obesity  

 The present review summarize main common biological pathways linking obesity with 

cardiovascular diseases and cancer in order to suggest possible intervention strategies with 

double beneficial effect in terms of cancer prevention and cardiovascular risk reduction. 

 

ABSTRACT 

Obesity is constantly increasing worldwide due to the progressive globalization of sedentary lifestyle 

and diet rich in lipids and processed food. Cardiovascular complications and cancer are the two most 

fearsome long-term sequelae of obesity that justify the recent definition of this threaten as ‘obesity 

epidemic’.  Shared biological pathways can be recognized for obesity-induced cardiovascular and 

oncological complications that might prompt targeted interventions with potentially double beneficial 

effect. The present review aims at summarizing main common biological pathways linking obesity 

with cardiovascular diseases and cancer in order to provide a research framework within which 

therapeutic strategies might have at the same time cardiovascular-protective and cancer-preventive 

effects. 
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INTRODUCTION 

In the last three decades, the impressive risk for the health associated with obesity has been 

increasingly recognized and the threat represented by the apparently unstoppable rise in obesity 

prevalence over the years has been labeled as the ‘obesity pandemic’1. 

                  



Obese and overweight subjects have approximately a 50% increase in the risk of dying compared to 

normal weight subjects2. Most of this excess mortality is due to cardiovascular disease (about 70%), 

while cancer is responsible for about 10% of these extra-deaths3.  In obese cancer patients, a poor 

prognosis could also be related to a decreased response to treatment, either caused by adipocytes-

promoted resistance to chemotherapy or to the occurrence of radioresistant phenotypes4,5  

Based on the common link between obesity, cancer and cardiovascular complications, it is evident 

that effective interventions aiming at reducing body weight in high Body Mass Index (BMI) patients 

will have significant impact on both overall mortality and comorbidities burden.  

The aim of the present review is to describe main physiological and biological changes triggered by 

obesity that might increase the risk of developing both cancer and cardiovascular diseases, in order to 

provide a mechanistic framework that might help develop fields of research on targeted interventions 

with double preventive effects: both cancer prevention and cardiovascular protection. 

GENERAL MECHANICAL AND STRUCTURAL EFFECTS OF OBESITY 

Accumulation of excess fatty acids derived from the diet and abnormal increase of adipose tissue is 

defined as obesity. Over-representation of the adipose tissue first determines well known 

hemodynamic and metabolic changes6,7,8,9,10,11 

In order to meet the metabolic requests of enlarged tissues, an overall increase in total blood volume 

is generated as form of adaptation. This determines an increase in cardiac output (CO).  High CO is 

accompanied by sympathetic hyperactivity which increases the peripheral vascular resistance and the 

heart rate. All these changes underlie the increased blood pressure seen in obese patients12 

The above-described hemodynamic adaptations, if chronically persistent, lead to adverse structural 

modifications of the heart with left ventricular hypertrophy, left atrium enlargement, increased 

pulmonary artery systolic pressure, which ultimately determine dilated cardiomyopathy, heart failure 

and heart arrhythmias13. Interestingly, specific patterns of body fat distribution and composition seem 

to be more relevant than overall adipose tissue content for the occurrence of adverse cardiovascular 

adaptations. In a study by Park et al14 of nearly 2000 subjects it was demonstrated that most harmful 

heart modifications were observed when visceral adipose tissue accumulation and muscle mass 

wasting in the limbs  occurred synergistically. 

 

Abnormal adipocyte proliferation may directly change and impair normal tissue composition by 

infiltrating and substituting structural cell components. In obese patients, myocardiocytes are 

progressively substituted by adipocytes and irregular bands of fat tissue that determine an overall 

adverse structural change of the heart with cardiac hyperthrophy and contractile dysfunction15 

                  



A number of studies demonstrated how in obese subjects subclinical changes in the structure of the 

heart may precede of several years overt dilated cardiomyopathy and heart failure16. 

 

CIRCULATING MEDIATORS INVOLVED IN THE SYSTEMIC CHANGES OF OBESITY 

 

Apart from mechanical and structural effects caused by obesity, it is now widely recognized a real 

endocrine function of the adipose tissue, with direct synthesis and secretion from adipocytes of a 

number of bioactive substances, collectively named adipokines, that may significantly contribute to 

the systemic changes observed in obese patients17. A specific mention in terms of systemic effect of 

obesity merits the well characterized insulin-resistance and metabolic syndrome observed in obese 

and overweight subjects18.  Authors summarize the systemic mediators involved in common pathways 

of oncological and cardiovascular complications of obesity in four groups 

1. Hyperinsulinemia and insulin-resistance.  

A large body of literature is present about insulin-resistance during obesity. We will summarize 

findings regarding the double effect of insulin as cancer growth hormone and atherogenic 

mediator. 

2. Sex-hormone alterations. 

Another systemic alteration frequently observed in obese patients is a significant sex hormone 

switch consisting of the combined estradiol increase and testosterone decrease. Estradiol, in 

particular, is recognized as a growth factor exerting protumoral effect potentially in all sex 

hormone-sensitive tissues such as gynecological organs, breast gland and prostate19. 

3. Systemic inflammatory mediators. 

Different patterns of adipokine secretion are observed in obese and normal weight subjects, 

thus prompting researchers to conclude that functional alterations accompany abnormal 

adipose tissue accumulation. Overall this dysfunction may be summarized as a state of chronic 

low grade inflammation which is present both locally within the adipose tissue and 

systemically.  

 Adipose tissue enlargement is associated to both adipocyte hyperplasia with recruitment and 

proliferation of adipocyte precursors and adipocyte hypertrophy. This is concomitant to 

vascular rarefaction within the adipose tissue, mainly due to angiogenesis inhibition by 

dysfunctional fat. All these changes lead to a chronic state of localized ischemia with adipocyte 

necrosis and apoptosis that stimulate a persistent low grade inflammatory milieu mainly 

driven by resident macrophages. In this regard, adipose tissue can be considered as an highly 

active player of the innate immune response, in which adipocytes and macrophages are 

entwined in a paracrine loop and contribute to the systemic chronic low-grade inflammation 

that represents a favorable niche for tumor development and generalized cardiovascular 

                  



insult20. The low grade adipose tissue inflammation is reflected by an endocrine switch from 

anti-inflammatory mediators produced under normal conditions (e.g. adiponectin, 

transforming growth factor β (TGF-β), interleukin 10 (IL-10), secreted frizzled-related protein 5 

(SFRP5), nitric oxide (NO)) to pro-inflammatory adipokines seen in obesity (e.g. leptin, c-

reactive protein, angiotensin II,  tumor necrosis factor α (TNF-α), interleukin 1 (IL-1), 

interleukin 6 (IL-6), interleukin 18 (IL-18), resistin, retinol binding protein 4 (RBP-4), lipocalin 2, 

angiopoietin-like protein 2 (ANGPTL2)) 21,22. Chronic inflammation also facilitates insulin 

resistance, ,23. In addition to driving systemic inflammation, many of these mediators bind 

directly to epithelial cell receptors and activate oncogenic downstream signaling thus further 

fueling the increased risk of both cardiovascular and oncological comorbidities.  

4. Leptin increase and adiponectin decrease.  

Changes in leptin and adiponectin can be seen as part of the pro-inflammatory switch, 

however for their relevance they are treated separately in this review. 

 

 

 

INSULIN PATHWAY IN OBESE PATIENTS AT THE CROSSROAD OF CANCER AND CARDIOVASCULAR 

COMPLICATIONS 

A hallmark of obesity is the development of insulin-resistance and hyperinsulinemia. It is still debated 

whether the primum movens is the hyperinsulinemia occurring for the management of large quantity 

of metabolites in the context of over nutrition that chronically induces peripheral insulin-resistance, 

or whether, conversely, obesity initially causes peripheral changes of target tissues with reduced 

insulin sensitivity that subsequently determines a compensatory hyperinsulinemic state. In the latter 

case, it is hypothesized that insulin resistance is mainly due to activation of the PKC and TLR4 

pathways in the target cells caused by circulating free fatty acids that are abundant in obese 

patients24,25. It is possible that both viewpoints are true and different obese subjects have different 

hyperinsulinemia etiologies which might potentially influence the risk of complications such as 

cardiovascular disease and cancer26,27. 

Insulin binds to a tetramer receptor and can act as growth factor. The insulin receptor is constituted 

of two extracellular subunits (alpha), which bind to insulin to activate the receptor function, and two 

transmembrane subunits (beta) with intracellular tyrosine kinase domain. Insulin-induced intracellular 

tyrosine phosphorylation is the first step to potentially modulate a myriad of downstream signaling 

that control cell growth and proliferation, apoptosis, differentiation, metabolic circuits.  

Among the insulin-activated downstream pathways, two are well known as crucial in cancer growth, 

namely the RAS/RAF/MEK/ERK28 pathway and the PI3K/AKT/mTOR pathway. 

                  



There are two isoforms of insulin receptor (IR), A and B. IR-B is mainly expressed by target tissues 

such as muscle, liver and adipose tissue, and regulates metabolic homeostasis. IR-B is an isoform 12 

aminoacids longer than IR-A. IR-A is mainly expressed  during embryonic development and is also 

expressed on tumor cells where may activate both RAS and PI3K. Physiologically, IR-A modulates cell 

proliferation and differentiation during the fetal development29. When abnormally expressed on 

cancer cells, it might contribute to stimulate cancer growth30. 

Interestingly, IR-A is also able to hetoridimerize with the receptor of the insulin-like growth factor 

(IGF), another well-known cancer-promoting factor, and hence respond to multiple ligands31. 

Breast cancer has been found as one of the cancers most clearly influenced by obesity and insulin 

pathway32. Insulin and IGF receptors are expressed in almost 90% of breast cancer cells33 and 

hyperinsulinemia has been associated to both breast cancer development in healthy individuals and 

breast cancer relapse during follow-up in breast cancer patients initially radically resected for their 

disease34. 

Law et al. have investigated the impact of the expression of both total and phosphorylated IR and 

insulin-like growth factor receptor (IGF-R) by immunohistochemistry in over 400 cases of invasive 

breast cancer35. Amount of both phosphorylated and total IR/IGF-R were associated with significantly 

shorter survival (p values 0.05 and 0.009, respectively). Interestingly, phosphorylated IR/IGF-R were 

overexpressed in all the three principal subcategories of breast cancers (luminal, triple negative and 

HER2-positive subtypes) in a proportion ranging from 40 to 60% of cases, as compared to normal 

breast epithelial cells. In vitro, inhibitors of IR/IGF-R are able to reduce the receptor phosphorylation 

in breast cancer cell lines representative of the three breast cancer subtypes (MCF-7, SUM149, and 

AU565 lines) thus suppressing cancer cell growth. Clinical trials are underway to assess whether 

IR/IGF-R inhibitors might be confirmed as effective anti-cancer drugs in breast cancer patients. On the 

other hand, hyperinsulinemia and insulin-resistance can induce atheroma plaque formation and 

increased peripheral vascular resistance that ultimately may lead to cardiovascular complications. 

Insulin exerts stimulating effect on vascular smooth muscle cell (VSMC) proliferation (a key 

component of the atherosclerotic plaque) via the RAS/RAF/MEK/ERK pathway and also determines 

direct peripheral vasoconstriction36. Finally, it is able to chronically and diffusely activate pathways in 

endothelial cells that substantially contribute to cardiovascular complications. Specifically, insulin-

resistant endothelial cells reduce the production of Nitric Oxide (NO), which is essential in maintaining 

vasodilation. NO has also fundamental role in reducing platelet aggregation and local inflammation 

thus preventing the atherosclerotic disease37. 

Chapman et al reviewed competing causes of death in nearly 660 surgically resected breast cancer 

patients enrolled in a large phase III randomized trials of post-operative adjuvant therapy38. Of 170 

recorded deaths, 55 (32.4%) were defined as non-breast cancer related, of which 24 due to other 

malignancies and 31 due to other causes (mainly cardiovascular deaths). Interestingly, high BMI and 

                  



high c-peptide level (the product of degradation of insulin) were both significantly associated with 

non-breast cancer deaths (p value 0.02)  

OBESITY AND SEX HORMONE EFFECTS ON CANCER RISK AND CARDIOVASCULAR SYSTEM 

It is well known that adipose tissue is a major source of estrogen production, and estradiol, the main 

estrogen hormone, is found at increased levels in obese patients39. Adipose tissue is rich in the 

enzyme aromatase that is responsible for the conversion of testosterone to estradiol. The overall 

increased amount of aromatase in obese patients is thought to be the main driver of 

hyperestrogenemia in females and hypogonadism in males40. 

Main data on the link between obesity-related sex hormones and cancer development have been 

produced for breast cancer, nonetheless other tumors, such as endometrial cancer and prostate 

cancer seem to be particularly influenced by adipose tissue-derived reproductive hormones. 

Estradiol represents a main oncogenic stimulus for the epithelial cells of the breast tissue which 

physiologically express high levels of estrogen receptor and whose biology is almost totally regulated 

by the sex hormone homeostasis. The link between obesity, estradiol over-production  and breast 

cancer risk has been extensively studied and consistently demonstrated in regard to de novo 

development of breast malignancy (incident breast cancer). The link between estradiol and breast 

cancer recurrence and outcomes in patients with early tumor or overall survival in patients with 

advanced disease is less well established.  

In a recent analysis, Key et al. reviewed 18 prospective studies (over 7000 subjects) investigating the 

association of circulating levels of sex hormones (quantified using different essay methods) with BMI 

and breast cancer risk,41. Estradiol was significantly associated with breast cancer risk independently 

of the testing method (direct essay, mass spectroscopy or extraction method), with a nearly two-fold 

increase in the risk (Odds Ratio 2.15) when comparing the lowest versus the highest quintile of 

circulating estradiol level. The association of estradiol with prognosis in patients with an established 

diagnosis of breast cancer is less clear, with different studies showing conflicting results42,43,44,45,46. 

On the other hand, estradiol has long been thought to be protective for the cardiovascular system. 

The sex dimorphism in cardiovascular risk between men and premenopausal women has largely been 

explained by the higher circulating levels of estradiol observed in the latter group, and the raise in the 

incidence of cardiovascular complications seen with the menopausal transition is attributed to the 

remarkable drop in blood estradiol that accompanies that period of life47. However, the 

cardiovascular preventive effect of hormone supplementation in postmenopausal women studies has 

shown contradictory results, and evidence exists that prolonged exposition to estradiol may alter 

heart electrophysiology with QT interval prolongation, increased risk of torsades de pointes and 

cardiac sudden death48. 

 

                  



OBESITY-INDUCED SYSTEMIC INFLAMMATION AS A RISK OF CANCER AND CARDIOVASCULAR 

COMPLICATIONS 

A number of inflammatory mediators are increased following enlargement of dysfunctional adipose 

tissue.  

Among the others, C reactive protein (CRP) is often increased during obesity, mainly due to the effect 

of IL-6 produced by adipose tissue-associated macrophages that directly stimulate CRP synthesis in 

the liver. CRP has been shown in vitro to exert prothrombotic and anti-fibrinolytic effects on 

endothelial cells by local induction of adhesion molecules, IL-6 and plasminogen activator inhibitor-1 

(PAI-1)49,50 

Moreover, CRP contributes to the activation of complement cascade within the atherosclerotic plaque 

that has potent prothrombotic effect51. Finally it has been found that CRP enhances plaque formation 

through generation of foam cells52. 

Another important inflammatory insult to arteries under obese condition is driven by an increase in 

toxic oxidants in the vessel wall caused by reduced HDL often seen in obese patients. It is well known, 

in fact, that HDL particles have important antioxidant and cardiovascular protective properties, and 

their reduction during obesity greatly contributes to the cardiovascular risk53. 

Other two obese-induced pathways foster inflammation in the atherosclerotic plaques. Hyperplastic 

adipocytes produce greater amount of angiotensin II that, apart from inducing hypertension, has 

direct effect on immune cells that inhabit atheromas. Indeed, atheroma immune cells express high 

amounts of angiotensin II type 1 receptor on their surface and angiotensin II may elicit a T helper I 

immune response in atherosclerotic plaque54. Finally, TNF-α and IL-6 produced by the adipose tissue 

bind directly to their receptors expressed on endothelial cells, where they activate downstream 

signaling that reduce, among the others, phosphorylation of the insulin receptor thus leading to 

enhanced insulin-resistance (see the above paragraph for discussion on the cardiovascular effect of 

insulin resistance) 55. 

Most of the inflammatory mediators augmented during obesity and responsible for the increased 

cardiovascular risk also promote cancer growth by a double mechanism. A systemic oncogenic effect 

on a number of epithelial cells has been described for TNF-a, IL-1b, IL-6 and CRP during obesity, with a 

well-known process that associate chronically injured tissue, inflammation and tumor 

development56,57,58. Moreover a paracrine effect has been hypothesized  in obese women for 

inflamed adipose tissue proximal to the breast gland. In the peri-mammary fat are often observed 

typical dysfunctional structures known as crown-like structures (CLS) constituted of necrotic 

adipocytes surrounded by macrophages which are highly productive of TNF-a and IL-1b that locally 

promote breast cancer via induction of the enzyme aromatase59,60.  

                  



Apart from being oncogenic, obesity-associated IL-1b may also increase, in some cancer models, 

aggressiveness and resistance to chemotherapy by inducing enhanced peritumoral fibrotic reaction. 

Incio et al. demonstrated in a pancreatic cancer model that under obese conditions the pancreatic 

stromal cells known as pancreatic stellate cells (PSCs) are activated by IL-1b and angiotensin II 

produced by the adipose tissue.  PSCs drive an intense desmoplastic reaction that favors cancer 

growth and, because of the lower blood perfusion of hyper-fibrotic tissue, induce cancer resistance to 

standard chemotherapy. The same is not observed in non-obese pancreatic cancer models. In mouse 

models, inhibition of obesity-associated IL-1b and angiotensin II with the use of losartan reverses 

pancreatic desmoplasia, restrains pancreatic tumor growth and improves response to 

chemotherapy61. 

 

ROLE OF LEPTIN AND ADIPONECTIN 

Adipose tissue produces two adipokines, Adiponectin and Leptin, that were initially thought to be exclusively 

involved in appetite control, through binding to their hypothalamic receptors62. Obesity disrupts this balance, 

augmenting leptin release and reducing adiponectin. During obesity, a saturation of central leptin receptors is 

observed, leading to a condition known as leptin-resistance63. It is now known that increased leptin levels carry 

out peripheral and metabolic functions, justifying its potential role in tumor growth and cardiovascular 

diseases.  Leptin promotes inflammatory reactions, oxidative stress and both atherogenic and thromboembolic 

processes, and leads to endothelial dysfunction, smooth muscle cell proliferation, arterial stiffness and 

development of vulnerable atherosclerotic plaques64. Clinical and preclinical studies demonstrated a direct 

correlation between leptin levels and onset and severity of coronary heart disease (CHD), heart failure (HF), 

stroke and carotid artery disease as well as hypertension and type 2 diabetes mellitus65,66.  

Leptin involvement in tumor growth takes place through the binding to its receptor Ob-R, expressed on 

neoplastic cell surface, followed by  enablement of the Pi3K-AKT-mTOR pathway. An inverse correlation with 

survival between increased leptin and reduced adiponectin levels has been demonstrated in colorectal cancer 

patients suggesting that these two molecules might represent prognostic indicators in this disease. ,  

Maintenance of higher levels of adiponectin might identify patients with longer survival  as well as better 

response to treatment67.  

On the light of its key role in both pathologies, reducing leptin levels could positively influence prognosis in 

cancer and also be regarded as a form of cardiovascular prevention. Scientific attention has been focusing  on 

metformin, a biguanide antidiabetic medication. Metformin is able to reduce leptin with subsequent reduction 

in reactive oxygen species and smooth muscle cell proliferation, thus reducing the risk of cardiovascular 

disease., Metformin also determines a drop in insulin and glucose levels which negatively regulate Pi3K-AKT-

mTOR pathway and cancer growth risk.68.   

 

CONCLUSIONS 

                  



In the present review, we summarized pathways activated during obesity that simultaneously 

increase the risk of cancer and cardiovascular events (figure 1 and table 1). Weight-loss interventions 

and targeted pharmacological modulations in obese patients that particularly restrain 

hyperinsulinemia, estradiol secretion, CRP, TNF-α,IL-6 and leptin should be regarded as the most 

promising candidate to obtained double therapeutic effects against  oncological and cardiovascular 

sequelae of obesity epidemic. 
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Figure 1 representation of main obesity-related factors that contribute concurrently to cancer and 

cardiovascular diseases 

 

 

Table 1. Main mechanistic evidence relating obesity to cancer growth. 

                  



Cancer Type Obesity-related cancer 

promoting mechanisms 

Reference 

Breast cancer Hyperinsulinemia induces cell 

proliferation via direct activation 

of Insulin Receptors expressed on 

breast epithelial 

cells&&&Increased estradiol 

levels determine direct 

proliferative effect on breast 

epithelial cells&&&Brast-

associated adipocytes locally 

stimulate breast cancer 

38,39,40&&&&&&&&&45&&&&&&63,64 

Lung cancer Increased c-reactive protein 
promotes lung cancer 

62 

Pancreatic cancer Pancreatic adipocytes induce 
desmoplastic reaction with 
cancerogenic effect and 
resistance to anticancer drugs  

65 

Colorectal cancer Leptin directly activate Pi3K-AKT-
mTOR pathway with cancer 
promotion 

71 

 

 

 

                  


