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Abstract

Today obesity is known as a causal or a strong risk factor for type 2 diabetes mellitus (T2D) and many of
common cancers; however, is really obesity an independent risk factor for diabetes mellitus and cancer?

Studying the etiology of obesity, T2D and many types of cancers, we can see important common players.
Genetic and epigenetic similarities between the diseases, role of microbiota in their development and progression,
effect of life style related factors such as physical activity, diet and etc., are some of these players. Based on these
evidences and also with recent identification of metabolically healthy obese individuals, the obese individuals whose
mortality and morbidity rate is the same as non-obese people, we can conclude that obesity is not an independent
risk factor for diabetes or cancer per se, and it is probably results from the same risk factors as these diseases. In this
review we will explain the similarities between pathophysiology of obesity, cancer and diabetes and also coexisting

conditions with obesity which may relate to cancer and T2D.
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Introduction

According to the World Health Organization(WHO) estimation,
at present, there are about one billion overweight people worldwide
and at least 300 million people are obese [1]. Because of its general
application and feasibility, body mass index (BMI) is the method most
commonly used as a surrogate measure for obesity [2]. Based on the
diagnostic criteria of the WHO, obesity is defined as BMI 30 kg/m?*and
more and overweight is defined as BMI 25-30 kg/m? [2].

In numerous studies, obesity has been considered as the one of
the main causes of diabetes mellitus and many types of cancers or at
least a strong association has been reported between obesity and an
increased risk of diabetes mellitus and many kinds of common cancers
[1,3,4]. The most acceptable mechanism which explains the links
between obesity and diabetes is that obesity is a state of low grade
systemic inflammation which can cause insulin resistance in muscle,
liver, and adipose tissue [5]. Also Excessive nutrient intake promotes
adipocyte hypertrophy, another hallmark of obesity, resulting in
mitochondrial dysfunction and increased oxidative stress, as well as
endoplasmic reticulum stress, and thus adipose tissue dysfunction
[6]. These disturbances in the physiological function of adipose tissue
play an important role in the development and progression of type
2 diabetes mellitus. Regarding cancer, it has been estimated that,
overall, overweight and obesity cause about 20% of all cancer cases
[7]. The reported possible mechanisms for this association includes:
increased circulating levels of insulin, bioavailable insulin-like growth
factor (IGF)-1, leptin, inflammatory factors, and vascular integrity-
related factors such as vascular endothelial growth factor(VEGF) and
plasminogen activator inhibitor (PAI)-1 [3].

Although the development of obesity is largely driven by the
consumption of high-energy food and a sedentary lifestyle, it is also
influenced by many other factors [8]. When studying the etiology of
obesity, we can see the role of genetic, epigenetic modifications, gut
microbiota and life style related factors. All of these factors have also
important role in the pathophysiology of diabetes and cancer. As a
result it seems obesity is not an independent causal or risk factor for
diabetes and cancer, but rather results from some of the same risk
factors that influence diabetes and cancer. Also when reviewing the
literature, recently we can see some phrases such as “Metabolically
Healthy Obese individuals” [9] or “Metabolically Obese but Normal-
Weight” [10]. These phrases clearly show that obesity per se is not
necessarily a risk factor for diabetes or cancer because metabolically
healthy individuals have high insulin sensitivity, favorable cholesterol
levels, and normal blood pressure, despite excess adiposity [11]. On the
other hand it is plausible from the idea of metabolically obese normal
weight individuals that, the distribution of adiposity in the body is more
important in determining risk of metabolic disorders and cancer than
obesity. In the following paragraphs we will explain the similarities
between etiology of obesity, diabetes mellitus and cancer and it will be
clarified that some co-existing conditions with obesity also may play
role in the development or progression of diabetes or cancer.

Genetic and Epigenetic

Along with environment, genetic has an undeniable role in the
development of obesity. Twin studies estimate heritability of BMI to be
40-70% in children and adults [12]. Like many other diseases, obesity
genome-wide studies of association have implicated multiple loci in the
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recent years. However the most robust common obesity susceptibility
locus found to date is the fat mass and obesity associated (FTO) gene
following bymelanocortin-4 receptor (MC4R) [13]. The association
between polymorphism of these loci and different cancers has been
reported by several studied [14-16]. Some studies have shown that
this association is independent from BMI [14,17]. There are also clear
evidences from association of genetic variation in FTO and MC4R with
type 2 diabetes [18]. There is also evidence that shows this association
remains significant after adjusting for BMI [19].

In the past few years, epigenetics emerged as a complementary
model to explain the rapid emergence of obesity and metabolic
disorders [20]. Although there is ample evidence that epigenetic is
likely to play a role in the pathogenesis of obesity, T2D and cancer,
epigenetic studies of obesity and type 2 diabetes are still in an early
stage in humans [21]. However there are many studies about the role
of epigenetic alterations in cancer [22]. The hypomethylation of DNA
in tumors as compared with the level of DNA methylation in their
normal-tissue counterparts was one of the first epigenetic alterations
to be found in human cancer [23]. During the development of a
neoplasm, the degree of hypomethylation of genomic DNA increases
as the lesion progresses from a benign proliferation of cells to an
invasive cancer [24]. Another cancer related epigenetic alteration is
hypermethylation of the CpG islands in the promoter regions of
tumor-suppressor genes which is a major event in the origin of many
cancers [22]. In terms of diabetes and obesity it has been shown
that inter-individual DNA methylation variations is associated with
different individual susceptibility to Type 2 Diabetes Mellitus and
obesity [25]. Associations of the FTO risk allele with hypermethylation
have now been demonstrated and replicated in several studies, [25-27]
but it remains unclear whether methylation is the causal link between
the FTO risk allele and T2D or obesity [25].

Although there is still a long way to understand the epigenetic links
between obesity, T2D and cancer completely, there is little doubt that
nutritional and other exposures during early life generate long-term
changes that later predispose the individual to obesity, T2D and cancer
[21].

Microbiota

The gut microbiota in the human body consists of wide range of
bacteria, many of which are playing important roles in human health,
including metabolism, homeostasis of the immune system, and in
colonization resistance. However, imbalances in gut microbiota is
related to numerous disorders, such as cancers, diabetes and obesity
[28] The reason for this dysbiosis (alterations in the microbial
community) is not clear yet but dietary habits probably can play a
role in this area [29]. Recently the possible role of gut microbiota in
the development of obesity and metabolic disorders has gained many
attentions [30]. The evidences from animal models suggest that it is
possible that the microbiota of obese subjects has higher capacity to
harvest energy from the diet providing substrates that can activate
lipogenic pathways. In addition, microorganisms can also influence
the activity of lipoprotein lipase, interfering in the accumulation of
triglycerides in the adipose tissue [31]. Also gut microbiota-derived
lipopolysaccharide is a key molecule involved in the early development
of inflammation and metabolic diseases [32]. As we know inflammation
is one of the mechanisms which are proposed to explain why obesity
increases cancer risk and now we can see that, at least to some extent,
the inflammation is attributable to the microbiota and not obesity per
se. A recent study has proposed that microbiota promotes epithelial

cell proliferation through local activation of the IL-6 pathway and
thus leading tofaster cancer growth [33]. The relationship between
microbiota with several cancers especially gastrointestinal related
cancers has been reported by various studies [34-36].

Life Style Related Factors

Life style related factors which are associated with etiology of
obesity, T2D and cancer are very vast, including dietary habits, physical
activity, alcohol consumption, smoking and etc. Here we just review
effects of some of the most important of these factors in the patho
physiology of the diseases.

Calorie intake

Obesity develops when energy intake exceeds energy expenditure
for a prolonged time. Thus intake of calorie dense foods was considered
as the main reason of obesity during the last decades. At the other end
of the spectrum, several studies on animals and human have shown
that dietary energy restriction inhibits mammary cancers [37-38].
Several mechanisms have been proposed in this area including elevated
levels of sirtuin 1(SIRT1) [39]. or suppression of insulin-like growth
factor-I (IGF-I) receptor [40]. In terms of T2D it has been shown that
energy restriction even without weight reduction can enhance insulin
sensitivity [41]. As a result it is probable that excess calorie intake and
not necessarily obesity itself is a risk factor for diabetes and cancer
growth.

Other dietary factors

It is expected that obese people to have unhealthier dietary
habits such as western dietary pattern compared with normal weight
individuals [42]. The association between these dietary habits such as
high intake of saturated fatty acids or low intake of fruits and vegetables
on insulin resistance and many types of cancer is well established [43-
46]. In the other words there are probably lots of dietary factors which
can be considered as risk factors for both obesity and T2D and cancer.

Physical activity

Regular physical activity is associated with enhanced sense of health
and well-being. The results of numerous studies have revealed that
regular physical activity can reduce the risk of obesity, T2D and many
types of cancers [47]. The associated mechanisms include, decrease in
endogenous sexual hormones (estradiol, estrone, testosterone) levels
and increase in generation of sex hormone-binding globulin [48],
decrease in production of pro-inflammatory cytokines such as tumor
necrosis factor-alpha (TNF-a) and interleukin 6 (IL-6) [49], increases
in the levels of antioxidant enzymes and reduction of oxidative stress
[50].

In contrast sedentary and inactive life style which are some of the
main causes of obesity also is an important risk factor for T2D and
cancer [51,52].

Signal Pathways in the Development of Obesity,
Diabetes and Cancer

Several signal pathways have been proposed in the pathogeneses of
cancer, T2D and obesity. We can see lots of similarities between these
signal pathways in these diseases. Here we will explain some of the
most important of them.

TRAIL
TNF-related apoptosis-inducing ligand (TRAIL) is a protein
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originally identified for its ability to modulate cancer cell death. More
over it has been shown that TRAIL regulates homeostasis of the
immune system, infection, and autoimmune diseases, all known to
involve inflammation [53]. Recently, TRAIL has been implicated in the
pathogenesis of diabetes, obesity, and metabolic diseases, highlighting
a possible mechanistic link between cancer, obesity, diabetes, and
inflammation [54]. Although there are lots of controversies about the
role of TRAIL in obesity, T2D and cancer, there is substantial evidence
that TRAIL is protective against obesity, diabetes and cancer in murine
models and in vitro systems [54].

mTOR

The mammalian target of rapamycin (mTOR), is a serine/
threonine kinase that regulates cell growth and metabolism in response
to diverse external stimuli [55]. During the past few decades, the
mTOR-mediated pathway has been shown to promote tumorigenesis
through the coordinated phosphorylation of proteins that directly
regulate cell-cycle progression and metabolism, as well as transcription
factors that regulate the expression of genes involved in the oncogenic
processes [56]. Besides tumorigenesis, deregulation of mTORCI is
also involved in many other human diseases and metabolic disorders,
including T2D and obesity [57]. Both T2D and obesity are associated
with insulin resistance. It has been demonstrated that one of the causes
is dysfunction of the insulin receptor substrates (IRS) via a negative
feedback loop from mTOR-S6K [58].

Fat Distribution

In 1947, for the first time Jean Vague proposed that the android
obesity phenotype is a common feature in metabolic abnormalities
associated with type 2 diabetes and cardiovascular disease [31]. Today
it is widely accepted that abdominal adiposity is an important risk
factor for metabolic disease and cancer than is general adiposity [59].
Abdominal obesity has both subcutaneous adipose tissue (SAT) and
visceral adipose tissue (VAT). Because VAT secretes adipo cytokines
and other vaso active substances that can influence the risk of
developing metabolic traits, it is considered as a pathogenic fat depot
[60]. Thus it is plausible that some forms of fat distribution and not
obesity in general can be considered as risk factors for diabetes and
cancer. In agreement with this hypothesis, an analysis in National
Health and Nutrition Examination Survey III data showed that higher
BMI in both sexes were associated with increased survival in older
adults, while a higher waist-to-hip ratio or waist-to-thigh ratio either
decreased or did not influence risk of death [61].

Conclusion

Takingall together obesity is not an independent causal or risk factor
for diabetes and cancer but it rather results as a consequence from some
of the same risk factors enhancing diabetes and cancer. There are
similarities between pathogenesis of obesity, T2D and many type of
cancer. Similarities in genetic and epigenetic predisposition, role of
micro biota, life style related risk factors, signal pathways and etc. These
findings are in agreement with a previous hypothesis by the authors
[62]. According to this hypothesis, there are common links between
various chronic diseases, and disturbance of regulatory mechanisms in
different levels (gene expression, transcription, post transcription) is
probably the root of the degenerative diseases.
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