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Abstract 
 

In the past decades disadvantageous changes in lifestyle caused a steady increase in 

average body weight, especially in the economically developed countries. Excessive 

adipose tissue deposition, particularly in visceral location may be regarded as a 

metabolically active endocrine organ inducing dysmetabolism and associated hormonal 

imbalances. Gender related similarities and differences in overall and site specific obesity 

related cancer incidence may provide revelation of associations among fatness, sexual 

hormone imbalance and cancer initiation. Male to female ratio of adiposity related cancer 

incidence may be highly influenced by the types of included malignancies, the age 

distribution of cases and controls and the ratio of examined pre- and postmenopausal 

women. Obesity and overweight cause deleterious metabolic and hormonal alterations in 

both male and female patients. In women, obesity associated excessive androgen and 

defective estrogen synthesis seem to be strong cancer risk factors in both pre- and 

postmenopausal cases, especially for the female organs. These organs exhibit active cell 

proliferation, which requires strict hormonal survaillance against mitotic failures and 

cancer initiation. In men, obesity associated insulin resistance and hyperinsulinemia are 

high risks for cancer at several sites. At the same time, obesity related diminished 

estrogen exposure exhibits no conspicuous additive carcinogenic effect on the male 

organs as their physiologic function requires much lower serum estrogen concentrations 

as compared with female organs.    

Recognition of dangerous alterations in the male to female sexual steroid levels in 

obesity may open new possibilities for the prevention and treatment of obesity by the 

compensatory restoration of metabolic and hormonal equilibrium.  
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Introduction 
 

Obesity is an excessive deposition of adipose tissue caused by a complex interaction 

between genetic, metabolic, hormonal, behavioral and environmental factors. The deleterious 

effects of obesity are diverse, ranging from an increased risk of life threatening diseases, such 

as; type-2 diabetes, cardiovascular lesions and malignancies to several non-fatal diseases with 

an adverse impact on life quality [1, 2]. 

Obesity has become a crucial public health problem in many parts of the world. In the 

past decades disadvantageous changes in lifestyle caused a steady increase in average body 

weight, especially in the economically developed countries [3]. Obesity and overweight may 

also be associated with malnutrition attributed to the excessive fat and carbohydrate intake in 

the developing countries and those undergoing economic and political transitions. 

Since the early 1980s fairly increased prevalence of obesity has been observed in the 

United States [1] and by the year 2000 nearly two-thirds of adults were overweight or obese 

[4]. Incidence of obesity is also enhanced in other parts of the world including the Caribbean 

region, South America and Southeast Asia [5, 6]. Trends in obesity from 1999 to 2008 and 

the prevalence of obesity and overweight for the years 2007-2008 were examined in the 

United States [7]. Over the 10-year period, prevalence of obesity showed no significant 

changes among women, whereas for men, there was a significant linearly increasing trend. In 

2007-2008, the prevalence of obesity was shockingly high, 32.2% among adult men, and even 

higher, 35.5% among adult women. 

Obesity is a multifaceted disorder and emerging research delineates the specific role of 

excessive visceral adiposity as opposed to predominantly subcutaneous fat deposition in 

morbidity and mortality of obese people [8]. Within each category of body mass index (BMI) 

there can be substantial individual variation in total and visceral adiposity, and in several 

related metabolic variables [1].     

Excessive adipose tissue, particularly in visceral location is a metabolically active 

endocrine organ inducing insulin resistance with associated dysmetabolism and hormonal 

imbalances [1]. The self-generating insulin resistance and the coexistence of hormonal 

disturbances mediate the development of obesity-associated serious illnesses, such as type-2 

diabetes, cardiovascular disease and malignancy [8, 9]. The incidence of type-2 diabetes 

during the examined time periods fairly increased too, mirroring a presumed co-morbidity of 

the obesity epidemic [10].      

High prevalence of obesity plays pivotal role in both cardiovascular disease and cancer 

related mortality. Researchers speculate that cancer may share a similar mechanism and risk 

factor interaction with that of cardiovascular disease [11]. Correlations among body mass 

index (BMI), diabetes, hypertension and short term mortality were examined in a population 

based observational study in 2000-2006, in a representative, contemporary United States 

sample [12]. Severe obesity (but not overweight) was associated with increased premature 

mortality, an association primarily accounted for by coexisting diabetes and hypertension.  

 In the United States, overweight and obesity were associated with 90 000 deaths from 

cancer per year and 280,000-325,000 deaths from all causes per year before 2000. [13, 14]. In 

the European Union, annual deaths from all causes attributed to overweight and obesity have 

been estimated at 279,000-304,000 [15]. Some studies estimate that the impact of overweight 



Sexual Dimorphism in Obesity Related Cancer Risk 43 

and obesity in terms of both mortality and health-care costs equals or exceeds that associated 

with tobacco use [16]. 

Excessive androgen and defective estrogen synthesis may also be regarded as 

concomitant features of adiposity [6]. Obesity and overweight cause deleterious metabolic 

alterations in both male and female patients [1]. In women, obesity associated dysmetabolism 

and sexual hormone imbalances seem to be strong cancer risk factors in both pre- and 

postmenopausal cases, especially for the female organs with high estrogen demand [17]. In 

men, obesity associated insulin resistance, such as metabolic syndrome and type 2 diabetes 

are high risks for cancers at several sites [8]. At the same time, obesity associated diminished 

estrogen exposure has no conspicuous additive carcinogenic effect on the male organs as their 

physiologic function requires much lower estrogen concentration than female organs. 

Considering these correlations, disturbances in endogenous hormonal mechanisms might be 

important crossroads linking obesity and cancer risk [17, 18].  

There have been global initiatives to reduce the rapidly increasing prevalence of obesity. 

Nevertheless, the prerequisite of a successful anti-obesity fight would be the revelation of 

exact mechanisms by which obesity develops and induces the high morbidity and mortality of 

life threatening diseases. Gender differences in overall and site specific obesity related cancer 

incidence may provide revelation of associations among fatness, sexual hormone imbalance 

and cancer initiation.  

 

 

Hormonal and Metabolic Disorders As Links 
between Obesity and Cancer Risk in Males  

and Females  
  

Healthy hormonal mechanisms and their signaling pathways have well identified roles in 

the promotion, maintenance and control of ideal body mass and the fat distribution 

characteristic to both males and females [19]. Consequently, hormonal disorders may be in 

strong correlation with pathologic changes in body weight. Obesity may be linked to 

endocrine diseases, including common ones such as type 2 diabetes, hypothyroidism and 

polycystic ovarian syndrome as well as rare ones such as Cushing’s syndrome [20]. 

Similarly, certain hormonal disorders, such as hyperinsulinism, deficient estrogen signaling, 

hypothyroidism and vitamin D deficiency are considered as causal factors in excessive body 

weight gain [21].  

Defective synthesis of estrogens and alterations in their receptor systems or signaling 

pathways in obese cases might be strong risk factors for cancer development [18, 22, 23, 24]. 

Moreover, excessive insulin production, hypothyroidism and vitamin D deficiency are also 

characteristic alterations in obese cases and these hormonal disorders are in close correlation 

with cancer risk [23, 25, 26]  

Male to female sexual hormone equilibrium has a pivotal role in the maintenance of 

somatic health, body weight and reproductive capacity in both men and women [18, 27]. 

Obesity related anomalies in the balance of sexual steroids have different effects on body 

mass and fatty tissue distribution in male and female cases [6]. Female type subcutaneous, 

gluteofemoral adipose tissue deposition is frequent in young premenopausal women and may 
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be associated with healthy insulin sensitivity and regular, ovulatory cycles [17]. By contrast, 

male-like central obesity is associated with insulin resistance in men and women [8].  

Disturbances in endogenous hormonal balance in obese patients mean crucial links 

between excessive body weight and risk for cancer. Moreover, deficient estrogen signaling in 

obese patients may explain the health disparity of obese women as compared with men highly 

affecting the sex dependent differences in obesity-related cancer morbidity and mortality [17]. 

 

 

Correlations among Obesity Associated Insulin 
Resistance, Hyperinsuinism and Cancer Risk 

  

In obesity associated metabolic syndrome or type 2 diabetes, the primary disorder of 

cellular glucose uptake is at least partially counteracted by a reactive hyperinsulinemia [28]. 

In the compensated phase of insulin resistance excessive insulin synthesis may help to 

maintain the normal glucose level. Later on, with the self generated deepening of insulin 

resistance, the serum glucose level will increase in spite of the overproduction of insulin. 

At the same time, insulin itself is a growth factor and excessive insulin secretion results 

in overproduction of further insulin-like growth factors. This overwhelming growth factor 

activity denotes a risk for uncontrolled, increased cell proliferation rate and possibility for 

mitotic failures as well as cancer initiation [29, 30]. Results of clinical and epidemiologic 

studies indicate that increased serum levels of both insulin and insulin-like growth factors 

may mediate cancer risk at several sites [31, 32].  

Insulin excess may attribute to a wide range of endocrine disorders. Hyperinsulinism 

suppresses FSH and favors LH synthesis in the hypophysis, resulting in a shift in the direction 

of excessive androgen synthesis at the expense of defective estrogen production in both 

ovaries and adrenal glands [33]. As regards breast cancer cases, the cessation of ovarian 

hyperandrogenism by bilateral oophorectomy may provide a rationale explanation for 

transitory tumor regression [17].  

In obese patients, insulin resistance and hyperinsulinism also decrease androgen to 

estrogen transformation by a strong inhibition of aromatase activity in the endocrine organs 

and peripheral tissues [34]. Decreased estrogen synthesis and defective estrogen receptor 

signaling induce further deterioration of cellular glucose uptake generating a vicious circle 

[22]. 

 

 

Does Excessive or Defective Estrogen Signaling 

Mediate Strong Cancer Risk in Obese Patients? 
 

Role of estrogen levels in obesity associated cancer risk, particularly in female cancers, 

seems to be highly controversial posing a great challenge for clinicians and scientists.  

Cancers of the highly estrogen dependent female organs are in the forefront of scientific 

interest since these are regarded as malignancies induced by hormones. Correlation  

between estrogen action and breast cancer growth has been acknowledged for more than  

100 years, given that transitory remission of advanced breast cancer was experienced  

after performing bilateral oophorectomy in premenopausal cases [35]. Since that time, 
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evidence has accumulated that seemingly support the hypothesis that both endogenous and 

exogenous estrogens are thoroughly related to both the initiation and promotion of breast 

cancer [36, 37, 38, 39]. Strong relationship between the high level of female sexual steroids 

and breast cancer risk was erroneously justified by the excessive, or about 100-150-fold 

greater incidence of breast cancer in women compared to men [40]. 

By contrast, estrogen deficiency as cancer risk factor emerged first in a Hungarian study 

conducted in 2007 on oral cancer cases [41]. Although for a long time oral cancer was 

regarded a tumor associated with smoking and drinking, conspicuous accumulation of oral 

malignancies among non smoker non drinker elderly women suggested the carcinogenic 

impact of estrogen loss in these patients. Critical reevaluation of the contradictory results of 

hormone replacement therapy yielded a complete conversion; estrogen deficiency may confer 

cancer initiation even in the female breast [27]. 

Concepts regarding linkage between obesity associated malignancies and circulating 

estrogen levels are highly controversial [42]. In obese postmenopausal women, the 

mistakenly presumed excessive endogenous estrogen production of their adipose tissue mass 

is regarded as strong cancer risk for the highly hormone dependent female breast. On the 

other hand, obesity associated defective estrogen synthesis was established in premenopausal 

cases [43], which was erroneously supposed to be a cancer protective effect. Nevertheless, the 

conspicuously low risk for female cancers in obese young women and the steeply enhanced 

incidences of these malignancies with ageing justify the increasing trend of cancer 

development in women after menopause in association with low hormone exposure [17].  

In young obese women, hormone measurements indicated adiposity to show inverse 

correlation with serum estrogen levels [43]. In concordance with those hormonal defects, 

obese young women frequently exhibit irregular anovulatory cycles, infertility and nulliparity 

as compared with normal weight cases [44, 45]. At the same time, fertility disorders and 

nulliparity are in close correlation with breast cancer risk in premenopausal women [46]. 

Nevertheless, obesity associated cancer risk among premenopausal women is much lower 

than in postmenopausal cases as even their partially preserved estrogen level may counteract 

the carcinogenic impact of obesity associated dysmetabolism [17].  

In older obese women, hypothetical, deleterious hyperestrogenism after the cessation of 

ovarian estrogen synthesis seemed to be a puzzling paradigm. Epidemiologic studies justified 

that in obese women, the incidence of endometrial, breast and ovarian cancers increase with 

ageing, especially after menopause, in spite of the termination of ovarian hormone production 

[47, 48, 49].  

Possibility of estrogen induced carcinogenesis in obese postmenopausal women was 

apparently supported by the justification of extraovarian estrogen synthesis at several sites, 

such as in the mesenchymal cells of adipose tissue [50]. Moreover, in the tumor free, fatty 

breast tissue of older, postmenopausal women, 8-10 fold higher estrogen concentration was 

found as compared with their low serum estrogen level [51]. This abundantly estrogen rich 

milieu seemed to be a reassuring justification of cancer initiation by hyperestrogenism in 

hormone deficient elderly women [52]. 

In obese postmenopausal women, exogenous estrogens in the form of postmenopausal 

hormone therapy equivocally reduce the risk of colorectal cancer [53]. As a speculative 

explanation, oral intake of exogenous estrogens could have inverse effects than endogenous 

estrogens on the risk of colon cancer.  
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A positive correlation was found between estrogen synthesis and estrogen receptor (ER) 

positivity of breast tumors [54], suggesting that the higher the differentiation of cancers the 

stronger the capacity for estrogen production. Considering the crucial role of ER positivity of 

tumors in the survival of patients [55], estrogen as the ligand of ERs and effective estrogen 

signaling seem to provide anticancer capacity [24]. 

Aromatase in human breast carcinoma is regarded as a key regulator of intratumoral sex 

steroid concentrations [56, 57, 58]. Tumor aromatase expression was a good prognostic factor 

in young breast cancer patients after breast-conserving surgical treatment [59]. This finding 

suggests that estrogen production in tumors may advantageously influence the tumor free 

survival [24, 60].        

Further observation leaded to deduction concerning estrogen induced tumor progression 

in obese women. In breast cancer cases, much higher aromatase activities and estrogen levels 

were measured in the adipose tissue adjacent to the tumor as compared with distant regions 

[51]. Considering the concept of the anticancer capacity of estrogen, hormone synthesis by 

stromal cells and adipocytes adjacent to the invasive front of cancer may be regarded as a 

defensive host reaction against tumor spread [60].  

Extraovarian estrogen synthesis from precursor steroids by aromatase enzyme activity is 

a physiologic protective process in many cell and tissue types including the vascular 

endothelium, bone, brain, breast and endometrium [51, 56, 61, 62]. Estrogen deficient elderly 

cases are highly endangered by cardiovascular diseases, osteoporosis and ischemic injuries of 

the central nervous system. Extragonadal estrogen synthesis in the highly estrogen dependent 

tissues, such as in the breast and endometrium provide important defensive biologic 

mechanisms so as to preserve their integrity rather than to increase the possibility of cancer 

initiation [27, 63].  

 In conclusion, high estrogen level in obese women does not seem to be a real mediator of 

cancer initiation. Clinical and epidemiologic studies support that obesity deteriorates both 

ovarian and peripheral estrogen synthesis resulting in deepening insulin resistance, 

hyperinsulinism and their comorbidities [22].  

 

 

Controversial Results on Obesity Related Overall 
Cancer Incidence in Men and Women 

 

High body weight, expressed as increased body-mass index (BMI), is associated with the 

risk of some common and less common cancers [64, 65, 66, 67]. Great studies have 

demonstrated gender differences in obesity associated overall cancer risk, revealing 

sometimes quite inverse data. Male to female ratio of adiposity related cancer incidence may 

be highly influenced by the types of included malignancies, the age distribution of cases and 

controls and the ratio of examined pre- and postmenopausal women [17, 18, 27]. Moreover, 

the geographic location of performed studies and the skin color of included patients also have 

defining role in the hormonally influenced sex prevalence of obesity related cancer risk [23]. 
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 Differences in the Gender Related Overall Cancer 
Risk of Obesity Defined by Geographic Regions 
  

Contradictory correlations between obesity and gender related overall cancer morbidity 

may at least partially be explained by the geographic differences in the location of studies 

[66, 67]. Geographic differences in overall cancer risk suggest that the more northern the 

location of a country the higher the cancer incidence among the inhabitants, especially in 

women [23, 26].  Northern regions, such as Denmark, Iceland, Norway and Sweden, are 

conspicuously highly represented among European countries leading the rank of female 

overall cancer morbidity and mortality [68]. By contrast, countries with highest male cancer 

incidence and mortality do not exhibit accumulation in special geographic location. The 

excessive female risk for overall cancer morbidity and mortality in Northern countries 

suggests that women are especially vulnerable to certain environmental factors, such as light 

deficiency in Northern regions owing to their special hormonal features [69].  

In Canada, a population based case-control study was conducted on 21,022 incident cases 

of 19 types of malignancies and on 5,039 controls aged 20-76 years, to examine the 

association between obesity and the risks of various cancers [66]. This study found that 

compared with people with normal weight (≤ 25 kg/m
2
) obese men and women (≥ 30 kg/m

2
) 

had an increased risk of overall cancer (OR: 1.34). In Canada, excessive body mass accounted 

for 7.7% of all malignancies; 9.7% among men and 5.9% among women. The study provided 

further evidence that obesity increases the risk of different malignancies; such as lymphoid 

tumors and many types of cancers. The much higher prevalence of obesity associated 

malignancies among men as compared with women may be at least partially attributed to the 

wide age range of the included cases (20-76 yrs) with the accumulation of young women who 

have stronger endogenous defense mechanisms. The Canadian study stressed a close 

correlation between postmenopausal status and increased obesity associated cancer risk in 

women regarding breast tumor cases in particular. 

A population based cohort study in Northern Sweden provided evidence of a highly 

increased obesity related cancer risk in women, whereas men were not markedly affected. 

[67]. Effects of body mass index (BMI) on overall cancer risk and on the risk of several 

common cancer types were analyzed. Women with BMI ≥27.1 had a 29% higher risk of 

developing any malignancy as compared with women within normal weight range. In 

northern Sweden, up to 7% of all cancers were attributable to overweight and obesity in 

women. The highly estrogen dependent endometrium and ovary as well as the colon proved 

to be the individual cancer sites being most strongly related to obesity in women. These 

organs are characterized by their high cell proliferation rate requiring thorough estrogen 

surveillance by healthy female cycle, and even the slight or moderate defect in their estrogen 

signaling may provoke cancer initiation. In men, there was no significant association of BMI 

with overall cancer risk; however, obese men had a higher risk of developing kidney and 

colon cancer. 

In Sweden, a further prospective study on obesity and cancer risk found a 33% excess 

incidence of cancer among obese patients, 25% in men and 37% in women. Conspicuously 

high risk elevations were observed for cancers of the larynx (SIR=2.1) and the endometrium 

(SIR=2.9) [65]. 
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In northern regions, the higher incidence of obesity associated malignancies among 

women than men substantiates a harmful partnership in cancer initiation between obesity, 

darkness associated defective estrogen signaling and dysmetabolism. 

 

 

Race Related Disparities in Obesity Associated 
Cancer Risk in Men and Women 

  

Obesity associated cancer incidence may strongly be influenced by the coexistence of 

race related cancer risk factors. Dark skin associated cancer risk may be in direct or indirect 

correlation with deficient light exposure and hormonal alterations [69]. 

 Results of studies on dark skinned immigrants in northern countries justified that they 

have excessive cancer risk as compared with the natives of their adoptive country. It was 

found in Sweden, that there is an excessive pharyngeal cancer risk of brown skinned 

immigrants, particularly in women. Moreover, the risk of cancer in black skinned immigrants 

was even greater, being disproportionately higher in black women [70]. Disparity of breast 

cancer risk among African-American women is a well known finding as compared with 

whites [71]. These patients may also be regarded as dark skinned immigrants in a northern 

country. Moreover, the 5-year relative survival rate is lower in African Americans than in 

whites for every stage of diagnosis for most cancer sites [72]. Central fat deposition and 

diabetes is more frequent among African American women as compared with Caucasian 

cases [73]. Central obesity associated dysmetabolism and hormonal imbalance may be in 

close correlation with the high risk and poor prognosis of breast cancer in dark skinned 

women [74, 75, 76]. Light exposure is a very important player in the healthy life of human 

beings and mammalians [77]. Diurnal changes of the illumination of daylight and nocturnal 

darkness evolve periodically different pineal melatonin hormone synthesis. Melatonin levels 

are low at daylight, during the period of physical and biologic activity in humans and the 

majority of mammalians, which requires higher speed of metabolic processes and increased 

insulin sensitivity. Higher melatonin production in the resting period during nighttime 

darkness suppresses thyroxin and estrogen synthesis and reduces insulin sensitivity [78]. 

Moreover, sunshine during daytime is an important source of vitamin-D synthesis in the skin 

and either the diminished exposure of sunshine or the excessive pigmentation of dark skinned 

people results in vitamin D deficiency [79, 80]. Disturbances in diurnal hormonal fluctuations 

associated with light deficiency may be in close correlation with an increased cancer risk, 

especially for hormonally challenged obese cases. Deficient light exposure and dark skin 

associated hormonal disorders strongly deteriorate the conversion of androgens to estrogen. 

High estrogen demand of female organs may be an important player in darkness associated 

cancer risk.   

 

 

Gender Related Differences in the Obesity 
Associated Risk for Individual Cancer Sites 

 

The main hormonal difference between men and women is the inverse sexual steroid 

hormone ratio, namely, estrogen predominance in women and androgen predominance in 



Sexual Dimorphism in Obesity Related Cancer Risk 49 

men. Although for a long time estrogens were regarded as principally the hormones of female 

physiology, nowadays their physiological serum concentration in men seems to be similarly 

crucial in the regulation of cellular metabolism, growth and proliferation [81].  

Healthy, cycling levels of estrogen in young, premenopausal women stand for a higher 

level of the surveillance of all cellular functions, and female organs and structures seem to be 

more resistant to endogenous or environmental injuries as compared with men at the same age 

[17]. By contrast, with ageing and after menopause in particular, a moderately or strongly 

estrogen deficient milieu results in a higher cancer risk for female organs as compared with 

aging men, which may be attributed to their higher estrogen demand [27].   

Excess body weight, expressed as increased body-mass index (BMI) or circumference 

measurements are associated with the risk of several common adult cancers. Systematic 

review and meta-analysis of literary data help to assess the strength of associations between 

obesity and the different sites of cancer and to investigate differences in these correlations 

between male and female groups [64]. 

The association between overweight/obesity and thyroid cancer risk was confirmed [82]. 

The relationship between excess body weight or body mass index (BMI) and risk of thyroid 

cancer was examined by meta-analysis. Obesity was linked with increased thyroid cancer risk 

in males and females, the strength of the association increased with increasing BMI. The 

combined RR of thyroid cancer was 1.18 for overweight and obesity. Conversely, obesity was 

associated with differentiated thyroid cancer risk in women, while did not show associations 

with thyroid cancer risk in men [83]. 

Increased prevalence of obesity related salivary gland tumors suggests that obesity and 

the associated metabolic and hormonal alterations have important role in their development 

[84]. Close correlations between obesity, insulin resistance and risk for salivary gland tumors 

proved to be stronger among women as compared with men. Among women with malignant 

salivary gland tumors, the postmenopausal status was predominant and a high prevalence of 

insulin resistance and obesity were characteristic concomitants. 

Quantitative assessment was performed on the associations between excessive body 

weight and the risk of primary liver cancer by an updated meta-analysis of prospective 

observational studies [85]. Obese males had a higher risk of primary liver cancer than obese 

females did (P=0.027). A stronger cancer risk of excessive body weight was observed for 

patients with HCV infection or cirrhosis compared with the general population. 

An increased risk of pancreatic cancer was observed among obese men and women [86]. 

Risk of pancreatic cancer was independently increased among men and women who reported 

a tendency for central weight gain compared with men and women reporting a tendency for 

peripheral weight gain. 

The risk for kidney cancer is 1.5-2.5-fold higher in overweight and obese persons than in 

normal weight cases. In several studies, the risk is higher in women than in men with 

increasing BMI [13, 87]. Obesity associated chronic hyperinsulinemia and type-2 diabetes 

may also contribute to the high prevalence of kidney cancer risk [88].  

Increasing abdominal diameter was associated with an increased risk of esophageal 

adenocarcinoma, independent of BMI. Cancer risk was not mediated through gastro 

esophageal reflux-type symptoms. Abdominal obesity is more common among males; these 

findings suggest that increased obesity may disproportionately increase the risk of esophageal 

adenocarcinoma in males [89].  
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Colorectal cancer risk is increased in obese men and women [1]. There are certain 

controversial results suggesting gender related differences in colorectal cancer risk. In the 

majority of studies obese men were observed somewhat more likely to develop colorectal 

cancer than obese women [1]. As a speculative reason central adiposity and associated 

dysmetabolism emerged as it has higher prevalence in men than in women. By contrast, 

according to a further study high waist circumference was associated with slightly higher 

increase in colorectal cancer incidence in women (RR:1.75) as compared with men (RR:1.68) 

[90].  

High incidence rate of obesity associated colorectal cancer risk in both men and women 

may partially be explained by the high proliferative activity of colorectal epithelial lining in 

both genders compensating the continuous intra-luminal shedding of epithelial cells. High 

rate of colorectal cell proliferation requires strong hormonal surveillance, and obesity related 

dysmetabolism and sexual hormone imbalance may induce failures in mitotic activity and 

cancer initiation.   

The inconsistent epidemiologic results may be associated with differences in the age 

distribution of obese colon cancer cases included. Central obesity is prevalent in aged, 

hormonally challenged women, consequently; the older the examined group of obese cases 

with colon cancer the higher the ratio of female cases in relation to males. 

 

 

Paradigm of Extreme Differences in Breast Cancer 
Incidence between Obese Men and Women 

  

Breast cancer in men is an extremely rare disease, accounting for less than 1% of all 

breast cancer cases [91]. By contrast, in women, mammary cancers are the most frequently 

diagnosed malignant tumor and the leading cause of cancer death globally [92]. In the United 

States, mammary cancer is the most common malignancy in female patients and the second 

most common cause of cancer death among women [93]. 

Results of studies on the risk of breast cancer in males suggest that the causal factors may 

be quite similar to those of female breast malignancies [40, 91]. Obesity increases the 

incidence of male breast cancer cases, presumably through similar hormonal mechanisms as 

in case of females [94]. Aging, dietary factors, dysmetabolism, low physical activity, BRCA 

gene mutation, smoking and excessive alcohol consumption all deserve attention [91, 95]. 

In the Male Breast Cancer Pooling Project, including a consortium of 11 case-control and 

10 cohort investigations involving 2405 cases, anthropometric and hormonal risk factors for 

male breast cancer were investigated [96]. The risk was statistically significantly associated 

with high body weight (highest/lowest tertile: OR = 1.36) with evidence that recent rather 

than earlier BMI was the strongest predictor. Diabetes also emerged as an independent risk 

factor for male breast cancer (OR = 1.19). There were also suggestive relations of male breast 

cancer risk with cryptorchidism (OR = 2.18) and orchitis (OR = 1.43), which disorders highly 

alter the male fertility. Moreover, men who never have had children, also exhibited increased 

breast cancer risk (OR = 1.29). This finding suggests parallelism with the high breast cancer 

risk of nulliparous women [46]. 

As estrogens are regarded as crucial fuels for breast cancer growth till now, certain 

investigations suggest that defective estrogen exposure and anovulatory infertility in 
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premenopausal women provide strong defense against breast cancer initiation [97]. This 

concept apparently justifies that men are highly protected from the risk of breast cancer by 

their physiologically lower estrogen level. Moreover, hyperestrogenism is mistakenly 

supposed as a breast cancer risk even in men [95] attributed to the analogy of erroneous 

findings in women.  

Excessive endogenous estrogen level may be associated with gene anomalies causing 

defective estrogen signaling. Among patients with BRCA gene mutation and increased cancer 

risk, decreased ligand activated estrogen signaling was observed [98]. Reactively high 

estrogen level may occur in BRCA mutation carrier breast cancer cases but it may not be in 

causal correlation with cancer initiation. BRCA1 mutation is associated with high breast 

cancer risk and moderate increase in estrogen synthesis, while BRCA2 mutation cases exhibit 

lower breast cancer risk and higher increase in estrogen level [99]. Estrogen overproduction 

in these BRCA mutation carrier cases rather serves as counteraction so as to break through 

the dangerous defect of estrogen signaling. 

Pregnancy and the administration of pregnancy analogue estrogen dose in animal 

experiments stabilize the DNA for a long time, may kill mutagenic cells and promote the 

differentiation of tumor cells occurring by chance [100, 101, 102]. Moreover, pregnancy 

mimicking estrogen dose proved to be protective from breast cancer in highly endangered 

nulliparous women [103].  

Analysis of uniform embryonic mammary development and the dichotomy of pubertal 

breast tissue growth in male and female cases may at least partially reveal the extreme gender 

related differences in breast cancer risk. In the serum of pregnant women and in fetoplacental 

units, estrone, estriol and estradiol levels increase exponentially and reach about 60-300-fold 

levels during pregnancy as compared with the follicular phase levels of menstrual cycle [104]. 

This abundance of estrogens ensures the surveillance of safe, explosion-like cell proliferation 

in embryonic structures [24, 60]. Male and female sexual differentiation is genetically 

defined; however diverse inner and outer sexual organs and similarly rudimentary breasts of 

male and female embryos develop under the control of the same estrogen rich environment.   

Sexual maturity during puberty means a milestone in the breast development of girls. 

Genetically programmed extreme cell proliferation and differentiation of mammary cells 

begin under the surveillance of the increased concentration of female sexual hormones. 

Failures in the hormonal and metabolic equilibrium in adolescent girls are crucial risk factors 

for the defective development of both regular, ovulatory menstrual cycles and female breast 

tissue maturation [17]. By contrast, in adolescent boys with high male to female sexual 

steroid ratio, the rudimentary breast tissue remains at rest.  

Obesity in adolescent girls may strongly disturb the insulin sensitivity and estrogen 

signaling of highly proliferating tissues, the breasts in particular. Obesity associated insulin 

resistance, hyperinsulinism, excessive androgen and defective estrogen synthesis in this 

crucial period of rapid breast development may cause severe disturbances in cell proliferation, 

and induce mitotic failures and cancer initiation [17, 24]. In obese adolescent boys, insulin 

resistance and hormonal alterations are also dangerous. Although their male to female sex 

hormone ratio develops inversely as compared with females, a proper estrogen level also is 

essential for the surveillance of all cellular functions. Nevertheless, the resting male breast 

exhibits a very low rate of cell proliferation and does not require strong hormonal surveillance 

presenting minimal risk for tumor initiation. 
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In premenopausal women, the proper estrogen supply of mammary tissue cells remains 

crucial as the female breast undergoes continuously cycling proliferative activity parallel with 

the menstrual cycles. Close correlations between physiologic estrogen surveillance and the 

safety of cell proliferation may explain why actively proliferating female breast is much more 

vulnerable in obesity associated sexual hormone imbalance as compared with the resting male 

breast. Consequently, all exogenous and endogenous factors, which deteriorate estrogen 

synthesis or estrogen receptor signaling, increase the risk of cancer, particularly in highly 

proliferating female breast [22, 23, 24]. 

 

 

Conclusion 
   

Obesity and the associated metabolic and hormonal imbalances may provoke severe, life 

threatening diseases in pre- and postmenopausal women, as well as in men. Results of animal 

experiments and human studies suggest that estrogens have advantageous impact against 

obesity associated dysmetabolism and hyperandrogenism, which have essential role in the 

development of obesity related co-morbidities; such as malignancies.  

Differences in the cancer risks of obese men and women justify that obesity related 

hormonal alterations, such as sexual steroid imbalance may diversely mediate cancer risk in 

male and female cases. Recognition of the dangerous alterations in the male to female sexual 

steroid levels in obesity open new possibilities for the prevention and treatment of obesity and 

associated cancer risk.      
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