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Abstract

Numerous epidemiological studies confirm that the prevalence of obesity and the cardiorenal
metabolic syndrome (CRS) is extraordinarily high and that the rates have increased dramati-
cally in the last three decades. In addition, epidemiological data demonstrate that obesity, the
CRS, and diabetes are inextricably linked and are all associated with an increased incidence of
a number of solid tissue cancers. The mechanisms for this association have been examined, in-
cluding, but not limited to, higher levels of insulin and free levels of insulin-like growth factor
and insulin resistance in obesity and the CRS. Mortality, morbidity, and the associated health
care costs which are the link between obesity, the CRS, and diabetes are just beginning to be
examined. In addition, we review the advantages of implementing lifestyle and surgical chang-
es to modify obesity, lessening the development of the CRS, diabetes, and associated cancers.
Epidemiological data regarding the general mechanisms of the pathogenesis of cancers associ-
ated with obesity, the CRS, and diabetes (specifically colon, pancreas, esophageal, liver, breast,
prostate, thyroid, and renal carcinomas) are reviewed. The mechanisms by which obesity and
other components of the CRS contribute to the pathogenesis of these cancers, such as hormone
alterations and insulin- and insulin-like growth factor-dependent pathways of tumor pathogen-
esis, include the attending roles of inflammation and oxidative stress. Emphasis has been placed
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on obesity as a modifiable risk factor which, when addressed, provides a reduction in the rate
of cancer deaths. In a second part to be published in the next issue of this journal, the relation-
ship between diabetes and cancer will be reviewed in detail. Copyright © 2012 S. Karger AG, Basel

Diabetes Mellitus

The prevalence of diabetes mellitus (DM) has increased substantially over the past sev-
eral decades, in large part due to the growing epidemic of obesity. Approximately 8% of the
US population has diabetes, of which more than 90% of cases are classified as type 2 diabetes
mellitus (T2DM), with insulin resistance as the major underlying pathophysiology. Obesity
has a strong association with insulin resistance, hyperinsulinemia, and glucose intolerance.
Adiposity, both subcutaneous and visceral, has been proposed to contribute to insulin resis-
tance, eventually leading to T2DM. Strong evidence exists for the increased glucose intoler-
ance and incidence of T2DM with increasing weight gain in both men and women [1-3].
Diabetes affects 25.8 million people in the United States, of which 18.8 million cases are di-
agnosed and 7 million are undiagnosed [1]. National databases, such as the National Health
and Nutrition Examination Survey (NHANES), have suggested a greater than fourfold in-
crease in the diabetes prevalence over the past three decades. Given the marked increase in
childhood obesity, there is concern that the prevalence of diabetes will continue to increase
substantially [1, 3]. According to the NHANES, based on fasting glucose or hemoglobin Alc
levels, 35% of adults aged 20 years or older and 50% of adults aged 65 years or older had pre-
diabetes in the United States in 2005-2008. Applying this percentage to the entire US popu-
lation in 2010 yields an estimated 79 million American adults aged 20 years or older with
pre-diabetes [1, 3, 4].

DM is clearly an overwhelming pandemic with deathly consequences. The risk of death
among people with diabetes is twice that of people of a similar age without diabetes. Adults
with diabetes have heart disease death rates that are two to four times higher than those of
adults without diabetes, and the risk for stroke is also two to four times higher among people
with diabetes [1]. T2DM doubles the risk of all-cause mortality [4] and is also the leading
cause of end-stage renal disease, blindness, and non-traumatic amputations [5]. In a recent
analysis of 97 prospective studies (820,900 people) calculating the hazard ratio (HR) for
cause-specific deaths according to diabetes status in addition to vascular disease, diabetes
has been associated with substantial premature death from several cancers, infectious dis-
eases, and degenerative disorders [6].

Obesity

Obesity rates have mirrored diabetes rates and have also trended upward significantly
since the 1960s. Overweight is defined as a body mass index (BMI) of 25-29.9, obesity as a
BMI >30, and severe obesity as a BMI >40 (or =35 in the presence of comorbidities) [7].
Currently, approximately 30% of adults in the United States are obese and 34.4% are over-
weight. Therefore, over 65% of Americans are overweight or obese [8]. The NHANES,
which provides the opportunity to track trends for the prevalence of obesity in the United
States by collecting data on height and weight since 1960, shows significant increases in
obesity in all sex and age groups. The most striking increases occurred in the 1980s and
1990s. The prevalence of obesity among adults aged 20-74 years increased by 7.9% in men
and by 8.9% in women between 1976-1980 and 1988-1994 and, subsequently, by 7.1% in
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men and by 8.1% in women between 1988-1994 and 1999-2000. The most current data
from 2007-2008 suggest that the prevalence rates may have entered a period of relative sta-
bility, perhaps with only small increases in obesity. However, the prevalence rates continue
to exceed 30% in most sex and age groups [7, 9, 10]. Worldwide, approximately 1 billion
people are overweight and 475 million are obese [11]. Excess body weight leads to consider-
able morbidity, premature mortality, and impaired quality of life. It accounts for 2-8% of
all health care costs in developed nations and is rapidly increasing in developing countries
[12, 13].

Of the many health conditions associated with obesity, the cardiorenal metabolic syn-
drome (CRS) sequelae, including cardiovascular and kidney disease, are among the most
prevalent ones. When compared to individuals who have a normal BMI, the 10-year risk of
developing diabetes increases approximately 20-fold in persons with a BMI =35 [14]. In the
Prospective Studies Collaboration analysis [15], in individuals within the upper BMI range
(25-50), each 5-kg/m? increase in BMI was associated with a significant increase in mortal-
ity from each of the following disorders: ischemic heart disease (HR 1.39) and stroke (HR
1.39), diabetes (HR 2.16), non-neoplastic chronic kidney disease (HR 1.59), and neoplastic
disease (HR 1.10). The association between BMI and mortality was significant for several
types of cancer, including liver, kidney, breast, endometrial, prostate, colon, and respiratory
diseases (HR 1.20) [15].

Obesity among Diabetics

A recent trial analyzing BMI and waist circumference among adults with and without
T2DM obtained by the NHANES over the 30-year period from 1976 to 2006 revealed that
approximately two-thirds of the US population with T2DM and approximately one-third of
the population without diabetes are now obese. What is most concerning is the rapid rise in
the prevalence of class III obesity, which has more than doubled over the past two decades.
Among adults with T2DM, class III obesity is now present in 1 out of every 5 adults. Among
non-Hispanic blacks with T2DM, 1 out of every 3 adults now has class III obesity [16]. In
another recent meta-analysis combining 12 fairly homogeneous, high-quality studies, the
relative risk of developing T2DM for obese persons, compared to those with normal weight,
was sevenfold. The relative risk for overweight individuals was almost threefold [17].

Obesity, Diabetes, and the CRS

Obese adults with T2DM are more likely to suffer from other diabetes-related comor-
bidities such as end-stage kidney disease. A Swedish population-based case-control study
reported that a BMI =35 at any point during a person’s lifetime increased the odds of dia-
betic nephropathy by over sevenfold compared to maintaining a lifetime BMI of 25. Other
complications include sleep-disordered breathing, non-alcoholic steatohepatitis, and osteo-
arthritis [16].

The Link between Obesity, Diabetes, and the CRS
The link between diabetes and obesity is well known to medical professionals. In fact,

the term ‘diabesity’ was famously coined by several investigators in the 1970s to highlight
the close relationship between T2DM and obesity. These investigators [18, 19] demonstrated
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that young men with no family history of diabetes, when overfed for 6 months, underwent a
BMI increase to 28.0, alongside reversible rises in levels of fasting insulin, glucose, and tri-
glycerides as well as impaired glucose tolerance [18, 19]. Around 90% of T2DM patients have
a BMI>23.0, with the risk of diabetes being greatly increased by a family history of diabetes
or gestational diabetes and early weight gain.

Cohort studies of diabetes incidence have provided a rich body of literature [20-25] on
the association of BMI and diabetes and have shown, for example, that about half of incident
diabetes cases have a BMI >30 and that one-fourth to one-sixth have a BMI >35 [24, 25]. In-
terestingly, both elevated insulin levels and BMI have been shown to be independent predic-
tors of cardiovascular disease [26].

In the Nurses’ Health Study [21], the risk of developing T2DM was shown to correlate
with an increasing BMI in women. In this study, a cohort of over 100,000 nurses was followed
over a 14-year period. Based on their findings, women with a BMI of 24.0-24.9 had five times
the risk of developing T2DM compared to women with a BMI <22. The risk of T2DM in
women with a BMI >31 and >35 was increased further to 40 times and 93 times, respective-
ly [21]. The lowest risk was associated with a BMI <22 (slightly lower than in men from the
Health Professionals Study) [27].

Weight gain after the age of 18 years in women and after the age of 20 years in men also
increases the risk of T2DM. The Nurses’ Health Study, for example, compared women with
stable weight (those who gained or lost <5 kg) after the age of 18 years to women who gained
weight [21, 27]. Those who had gained between 5.0 and 7.9 kg had a relative risk of diabetes
of 1.9; this risk increased to 2.7 for women who gained between 8.0 and 10.9 kg. Similar
findings were noted for men in the Health Professionals Study [21, 27]. Men with a BMI >35
had 42 times the risk of developing T2DM compared to men with a BMI <23 [28]. Addition-
ally, in men, both BMI and absolute weight gain at the age of 21 years were reported to be
independent risk factors for T2DM [27, 28]. Thus, the excess risk for diabetes with even
modest weight gain is substantial [28]. It has been reported that weight gain in men and
women during early adulthood (between ages 25 and 40 years) was associated with an in-
creased risk of diabetes as opposed to weight gain in late adulthood (between ages 40 and
55 years). Furthermore, in those individuals who gained weight in early and late adulthood,
the relative risk for T2DM was more than 14 times that of individuals who maintained their
BMI [29].

The relationship between weight gain and diabetes appears to be relatively consistent
among different ethnicities. In a cross-sectional study, the risk of T2DM increased in both
obese African-American and Caucasian adults from the United States [30]. Weight gain pre-
ceded the onset of diabetes. For example, among Pima Indians (a group with a particularly
high incidence of T2DM), body weight gradually increased by 30 kg (from 60 to 90 kg) in the
years preceding the diagnosis of diabetes [31, 32].

Obesity and Insulin Resistance

A strong association has been observed between obesity and insulin resistance. Obesity
includes both subcutaneous and visceral adiposity [33]. Increased adipose tissue in obese in-
dividuals is important because it correlates with higher insulin levels and insulin resistance.
It has been postulated that with increased abdominal adiposity there is greater lipolytic ac-
tivity leading to higher concentrations of free fatty acids (FFA) [34]. Plasma FFA concentra-
tions are high in obese patients. A high plasma FFA concentration is a risk factor for T2DM
[relative risk (RR) 2.3] [35], may inhibit insulin secretion, and can inhibit insulin-stimulated
glucose uptake in patients with T2DM [36]. In response to the increased circulating FFA, the
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liver increases synthesis of triglycerides and is unable to breakdown insulin proficiently, re-
sulting in hyperinsulinemia [37].

In overweight/obesity and the CRS, adipocytes expand and enlarge; further, they do
not only release fatty acids but also adipokines, which are inflammatory cytokines such
as tumor necrosis factor-alpha (TNF-a), interleukin (IL)-6, plasminogen activator inhib-
itor-1, retinol-binding protein, visfatin, and other adipose-derived hormones such as adi-
ponectin, obestatin, and leptin. These substances are known to increase insulin resistance.
TNF-a, for instance, can increase the risk of DM development through the inactivation
of the insulin receptor substrate-1 (IRS-1) which results in insulin resistance [38-42]
(fig. 1).

Intensive lifestyle interventions and metformin have been shown to decrease markers
of inflammation [43]; additionally, among patients with rheumatoid arthritis or psoriasis,
the use of anti-inflammatory disease-modifying anti-rheumatic drugs, such as inhibitors
of TNF and hydroxychloroquine, is associated with a lower incidence of diabetes than the
use of other agents [44]. Furthermore, decreased insulin binding has been suggested as a
key feature of insulin resistance in obesity [45]. Obese individuals display hyperinsulinemia
during fasting and after a glycemic stimulus; however, despite elevated levels of insulin,
they are unable to completely compensate for insulin resistance within peripheral tissues
[46]. Ultimately, this leads to an impaired ability to uptake glucose and suppress hepatic
glucose production. Thus, both hyperinsulinemia and insulin resistance have been linked
to glucose intolerance and other metabolic abnormalities including the metabolic syn-
drome [34].

Color version available online
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The CRS

The CRS, which links abdominal obesity and other cardiovascular and kidney risk fac-
tors, was first described in the American Diabetes Association Banting lecture in 1988 [47].
The initial description explored the method by which adipose tissue, skeletal muscle, and
liver become resistant to the effects of insulin, the subsequent hyperglycemic drive, and com-
pensatory hyperinsulinemia. Eventually amidst increasing demands for insulin, cell failure
occurs, blood glucose rises unchallenged, and T2DM develops. Other organs of the body;,
such as the ovaries, kidneys, and brain, react badly to raised insulin levels and were described
as ‘innocent bystanders’ of the hyperinsulinemic state [48, 49]. According to the Interna-
tional Diabetes Federation, obesity is the single characteristic which must be present for an
individual to be categorized as having the metabolic syndrome [18]. A meta-analysis of 21
studies [9] demonstrated that the metabolic syndrome is associated with an increase in the
risk of death from cardiovascular disease [RR 1.4; 95% confidence interval (CI) 1.2-1.6] and
mortality (RR 1.7; 95% CI 1.3-2.4).

Prevention

The primary benefit of weight loss in patients with T2DM is improved glycemic control
[50, 51]. Furthermore, weight loss may reduce fasting hyperinsulinemia, hepatic glucose pro-
duction, and insulin resistance [51-53]. In a randomized controlled trial of middle-aged
men, weight loss decreased fasting glucose and improved insulin levels compared to aerobic
exercise [54]. The same authors suggest that actual weight loss is more important to improv-
ing glucose tolerance and should be an essential element of any interventional strategy. Oth-
ers reported that weight loss significantly reduced the risk for T2DM during a 14-year follow-
up in women [21]. Impressively, based on their findings, a weight loss of 5.0 kg reduced the
risk of T2DM by 50%. In those with existing impaired glucose tolerance, moderate weight
loss combined with physical activity may delay or prevent T2DM [55]. Recent randomized
controlled trials have demonstrated that prevention or delay of T2DM is feasible in high-risk
populations. A meta-analysis of 8 studies [56] involving 4,573 patients reported that lifestyle
modification reduced the incidence of T2DM in patients at risk for T2DM by 63% (95% CI
49-79).

The largest of these trials involving lifestyle impact on diabetes was the Diabetes Preven-
tion Program (DPP) [57] - a 4-year (mean follow-up 2.8 years) randomized controlled trial
involving 3,234 individuals with pre-diabetes. Patients were randomly assigned to placebo,
metformin, or intensive lifestyle modification. The lifestyle modification intervention in-
volved a 16-session core curriculum delivered by a multidisciplinary team over 24 weeks,
which was followed by a long-term maintenance program. Weight losses of 7%, dietary fat
intake reductions to less than 25% of total calories, an overall caloric intake of 1,200-1,800
kcal/day, and at least 150 min of physical activity per week were recommended. Weight loss-
es of 0.1 kg in the placebo group, 2.6 kg in the metformin group, and 5.6 kg in the lifestyle
modification group were achieved. Compared with placebo, the incidence of T2DM was re-
duced by 56% (from 11 to 4.8%; 95% CI 48-66) with intensive lifestyle modifications and by
29% (from 11 to 7.8%; 95% CI 17-43) with metformin therapy.

The 3-year cost-effectiveness of the intervention as it was delivered in the DPP was USD
50,000/quality-adjusted life year (QALY) and USD 27,000/QALY in the modified form (pri-
marily assuming that the intervention would be given in groups of ten rather than on an
individual basis) [58]. The long-term (30-year) cost-effectiveness for the lifestyle interven-
tion varied between USD 8,800/QALY and USD 63,000/QALY depending on the type of
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economic model used and the underlying assumptions regarding downstream complica-
tion rates [59].

Non-diabetic patients with glucose intolerance were randomized to lifestyle modifica-
tions, metformin treatment, or placebo, and a reduced incidence of T2DM was reported in
those treated with lifestyle modifications at 2.8 years [55]. According to one group of inves-
tigators, improving insulin resistance with weight loss is related to abdominal visceral adi-
posity [60]. This group reported a 40% decrease in visceral adipose tissue following weight
loss. The strong association between abdominal adiposity and insulin resistance supports
weight loss as a primary strategy to treat T2DM [61]. Furthermore, according to the 4-year
results of the Look AHEAD trial, weight loss markedly improved diabetes control in a large
patient cohort [62]. Weight loss was correlated with lower glycated hemoglobin levels in pa-
tients treated with intensive lifestyle modifications.

Surgery

Bariatric surgery is recommended by the National Institute for Health and Clinical
Excellence (NICE) as a treatment option for adults with obesity if all of the following cri-
teria are fulfilled: the person has a BMI =40 or between 35 and 40 as well as another sig-
nificant disease (for example, T2DM or high blood pressure) that could be improved if they
lost weight; all appropriate non-surgical measures have been tried but have failed to achieve
or maintain adequate, clinically beneficial weight loss for at least 6 months; the person has
been receiving or will receive intensive management in a specialist obesity service; the per-
son is generally fit for anesthesia and surgery, and the person commits to the need for long-
term follow-up. Bariatric surgery is also recommended by the NICE as a first-line option
for adults with a BMI >50, in whom surgical intervention is considered appropriate [18,
63].

The goal of an effective weight management strategy remains a long-term sustainable
weight loss. A subsequent goal of weight management therapy in patients with T2DM is the
discontinuation of diabetic medications and improved glycemic control. The role of bariatric
surgery has increased over the last two decades as a result of these goals. Bariatric surgery
encompasses a range of surgical procedures, broadly classified as either restrictive or malab-
sorptive. Restrictive procedures include laparoscopic gastric banding and laparoscopic sleeve
gastrectomy (LSG), both designed to decrease the quantity of intake by reducing the avail-
able gastric volume [64]. In the LSG technique, an inflatable silicone band with a balloon at
the inner margin of the ring is placed around the upper part of the stomach. The balloon is
connected via a tube to a subcutaneous port situated under the lower rib margin or xiphi-
sternum. Postoperatively, band adjustments to alter the stoma diameter can be made at out-
patient follow-up [18].

Malabsorptive bariatric procedures including roux-en-Y gastric bypass (RYGB) are de-
signed to decrease the absorption of nutrients ingested. A RYGB involves dividing the upper
part of the stomach to create a small 20-ml pouch as well as the creation of an anastomosis
between this pouch and the jejunum, thereby bypassing most of the stomach, duodenum,
and about 3 feet of the upper small intestine, rendering them obsolete in processing food [64,
65]. In a systematic review of over 1,846 patients, a T2DM resolution rate of 76% followed
bariatric surgery. Resolution was defined as a normalization of laboratory values (i.e. fasting
plasma glucose) or discontinuation of medications. Bariatric procedures including RYGB
produced impressive T2DM resolution rates of 84 and 97%, respectively. The cause-specific
mortality in the surgery group was decreased by 56% for coronary artery disease, by 92% for
diabetes, and by 60% for cancer [66]. After a mean follow-up of 7.1 years, in the surgery
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group, 171 deaths from disease were prevented per 10,000 operations — a net reduction of 136
if other deaths are taken into account [66]. The mortality rate reported by one group was 9%
compared to 28% in medically treated controls, which was attributed to a decrease in cardio-
vascular-related deaths [67].

Restrictive procedures such as LSG have also been shown to be effective in producing
weight loss and T2DM resolution. Two-thirds of obese patients had resolution of T2DM fol-
lowing LSG, with an improvement in the majority of the other patients [68]. Plasma glucose
levels were reduced from 181 to 119 mg/dl in these patients. The Swedish Obesity Subjects
(SOS) study also demonstrated that the 2-year recovery rates from diabetes were higher in
the group treated with bariatric surgery [69]. Laparoscopic sleeve banding has been shown
to improve T2DM compared to lifestyle changes in a randomized controlled trial [70]. The
results are impressive: weight loss is slower than with bypass but equally effective at 4 years,
given vigorous postoperative follow-up. The SOS study demonstrated only an average 20%
[21] weight loss with the gastric band, but the versions used were early non-adjustable ver-
sions [71]. The resolution rate for patients with T2DM is not as high as with gastric bypass;
however, an Australian paper reported a 73% remission rate in newly diagnosed diabetic pa-
tients compared to 13% in the control group [64].

In conclusion, obesity, the CRS, and diabetes are inevitably linked and, since obesity is
clearly a modifiable risk factor, the high prevalence rates of obesity, the CRS, and diabetes can
be altered, thereby preventing numerous deaths, associated health care conditions, and costs.

Obesity, the CRS, and Cancer

Obesity is one of the greatest pandemics of our time, and the direct relationship to mor-
bidity and mortality is well known to medical professionals. Despite this knowledge, how-
ever, the prevalence of obesity is astounding. There are currently 475 million obese individ-
uals worldwide, and the WHO predicts that by 2015 approximately 2.3 billion adults will be
overweight and more than 700 million will be obese [11]. Much of the emphasis on obesity-
related complications has included diabetes, cardiovascular disease, hypertension, hyperlip-
idemia, renal disease, and stroke; however, the striking association to a variety of cancers has
often been overlooked. It has been estimated that 15-20% of all cancer deaths in the United
States can be attributed to being overweight or obese [72, 73].

In a recent study, an estimated 33,966 new cancers (4% of all estimated cancers) in males
and 50,535 (7% of all estimated cancers) in females or 6% of all new cancers diagnosed in
2007 may potentially be attributable to obesity [74]. In a landmark epidemiological study,
those with a BMI =40 had death rates from cancer that were 52% (for men) and 62% (for
women) higher than the rates in men and women with normal weight [72]. In a systematic
review and meta-analysis from the Comparative Risk Assessment Project evaluating data on
7 million deaths from cancer worldwide, 2.43 million were attributable to potentially modi-
tiable risk factors, including being overweight or obese [75].

Which Cancers Are Associated with Obesity?

In 2002, the International Agency for Research on Cancer’s Handbook on Weight Con-
trol and Physical Activity concluded that being overweight or obese is related to cancers of
the colon, endometrium, kidney, pancreas, and esophagus (adenocarcinomas) as well as to
postmenopausal breast cancer [75]. Since that report, continuing epidemiological investiga-
tion has suggested that other cancers are also related to being overweight or obese. In addi-
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tion to those listed above, the 2007 report by the World Cancer Research Fund (WCRF)
Panel on Food, Nutrition, Physical Activity, and the Prevention of Cancer determined that
there was convincing evidence for an association of cancers of the pancreas, colon, and rec-
tum and a probable association with cancers of the gall bladder as well [76]. In addition, the
authors found probable evidence that abdominal fatness, in particular, increases the risk for
pancreatic, endometrial, and postmenopausal breast cancer [77].

In a meta-analysis of 141 studies that included 282,137 cancer cases, a 5-kg/m? increase
in BMI in men was associated with esophageal, colon, thyroid, and renal cancers [76]. In
women, a 5-kg/m2 increase was associated with endometrial, gallbladder, esophageal, and
renal cancers. Associations with leukemia and thyroid, postmenopausal breast, pancreas,
and colon cancers as well as with non-Hodgkin’s lymphoma were similar in studies from
North America, Europe, Australia, and the Asia-Pacific region, with the exception of stron-
ger associations between BMI and breast cancer in the Asia-Pacific populations [76].

The strong epidemiological data presented above suggest that obesity is one of the causes
of cancer. However, these data cannot prove cause-effect relationships and may be confound-
ed by selection bias. There are also limited data clarifying the underlying mechanisms for
this association. It is possible that the increased production of estrogens by adipose tissue
stromal cells, together with the decrease of sex steroid-binding globulin, is responsible for
the increased risk of endometrial and, perhaps, breast cancer. Insulin resistance and in-
creased free levels of insulin-like growth factor-1 (IGF-1) may play a role in cancer formation
(fig. 1,2) [78-80].

Insulin-/IGF-1-Dependent Pathway of Tumor Pathogenesis

In obesity, an increased release of FFAs from adipose tissue and TNF-a as well as a re-
duced release of adiponectin and reduced generation of 5’-adenosine monophosphate-acti-
vated protein kinase (AMPK) lead to the development of insulin resistance and compensa-
tory, chronic hyperinsulinemia (fig. 1). Increased insulin levels upregulate the hepatic syn-
thesis of IGF-1, and the growth effects of IGF-1 are mediated through several downstream
signaling networks, including the phosphatidylinositol 3-kinase (PI3K) and mammalian tar-
get of rapamycin (mTOR) system. Insulin and IGF-1 signal through the insulin and IGF-1
receptors, respectively, to promote cellular proliferation and inhibit apoptosis in many tissue
types. These effects might contribute to tumor pathogenesis [80-82].

Obesity and Hormone Production

Adipose tissue produces aromatase enzymes. Therefore, in obese individuals, there is
typically an increased conversion of the androgens androstenedione and testosterone into
the estrogens estrone and estradiol by these aromatase enzymes. In parallel, obesity leads to
hyperinsulinemia, which in turn causes a reduction in the hepatic synthesis and circulating
levels of sex hormone-binding globulin (SHBG). The combined effect of the increased forma-
tion of estrone and testosterone along with the reduced levels of SHBG leads to an increase
in the bioavailable fractions of estradiol that can diffuse to target cells, and, in some tissues,
for example breast epithelium and endometrium, they promote cellular proliferation and
inhibit apoptosis (fig. 2) [82].
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Fig. 2. Obesity-promoting insulin- and IGF-1-dependent pathways of tumorigenesis. There is increased
aromatase activity in adipose tissues. Therefore, in obese individuals, there is typically an increased con-
version of the androgens androstenedione and testosterone into the estrogens estrone and estradiol by
aromatase enzyme. In parallel, obesity leads to hyperinsulinemia, which in turn causes a reduction in the
hepatic synthesis and circulating levels of SHBG. The combined effect of the increased formation of es-
trone and estradiol along with the reduced levels of SHBG leads to an increase in the bioavailable fractions
of estradiol that can diffuse to target cells, and, in some tissues, for example breast epithelium and endo-
metrium, they promote cellular proliferation and inhibit apoptosis.

The Role of Inflammation and Oxidative Stress

Obesity is associated with systemic low-grade inflammation, which has been suggested
to have an important role in the pathogenesis of some disorders such as insulin resistance,
atherosclerosis, and cancer. Adipose tissues release a variety of factors, including cytokines
(IL-6 and IL-1) and TNF-a, chemokines [monocyte chemotactic protein 1 (MCP-1)] and
adipokines [haptoglobin, leptin, visfatin, resistin, and vascular endothelial growth factor
(VEGF)], and the reduction of anti-inflammatory adipokines (e.g. adiponectin, IL-10, IL-1)
(83, 84].

TNF-a is involved in carcinogenesis, and recent studies have suggested that this is be-
cause of its ability to activate nuclear factor-kappa B (NFkB), which promotes cell survival
(85, 86]. Also, TNF-a appears to contribute to the development of the tissue architecture
necessary for tumor growth and metastasis [87, 88]. It also induces other cytokines, angio-
genic factors, and matrix metalloproteinases (MMPs) and thus drives the increased growth
and survival of tumor cells [89]. IL-6 is an important regulator of immune cell growth and
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differentiation. Recent studies have demonstrated that IL-6 regulates chronic inflammation,
which can create a cellular microenvironment beneficial to cancer growth [90]. High circu-
lating IL-6 concentrations in obesity correlated with overall cancer death and increased risk
of cancer precursor lesions [91]. The activation of the IL-6 complex activates Janus kinases
(JAK) and the signal transducer and activator of transcription 3 (STAT3) pathways, which
regulate cell proliferation and apoptosis [92].

Adiponectin is a hormone mainly secreted by adipose tissue. The most important func-
tions of adiponectin are anti-atherogenic, anti-inflammatory, and insulin-sensitivity effects.
In contrast to other adipokines, circulating levels of adiponectin are negatively associated
with obesity, BMI, visceral fat accumulation, and insulin resistance [93]. Several case-control
studies have observed that serum adiponectin levels were significantly decreased in breast
cancer patients [94]. Moreover, in vitro studies have demonstrated that adiponectin treat-
ment suppressed cell proliferation and caused cell growth arrest and apoptosis in breast can-
cer cells [95]. Adiponectin has been shown to inhibit endothelial NFkB signaling and to
markedly reduce TNF-a production in cultured macrophages [96].

Colon Cancer and Obesity

Obesity has been consistently associated with a higher risk of colorectal cancer in men
and women in both case-control and cohort studies [97-100]. A meta-analysis performed in
2007 examining 30 prospective studies demonstrated that there was an increased risk of co-
lon cancer with increasing waist circumference (per 10-cm increase) in both men and wom-
en and with increasing waist-hip ratio in both men and women. BMI was positively associ-
ated with rectal cancer in men but not in women [100].

For colon cancer, growing evidence points to insulin pathways mediating the effect of
increased BMI and associated cancer risk [101]. Studies of blood glucose levels and colon can-
cer have shown a direct relation between higher glucose level and the subsequent risk [102].
Providing further biologic rationale, C-peptide [103], a marker of insulin production, has
also shown this positive relationship, and animal models using insulin injection versus saline
have demonstrated a significantly higher incidence of colon cancer among those animals
injected with insulin [104]. The PI3K/Akt pathway stimulation of mTOR and serine 6-kinase
(S6K-1) likely mediates the downstream growth effects of insulin and IGF-1, and is one of the
pathways most commonly altered in tumors [105]. Drugs which target this pathway are in-
teresting possibilities for the treatment of cancers which are promoted by signaling through
this pathway (fig. 1) [106].

Pancreatic Cancer and Obesity

Obesity has also been linked to other types of cancer, although overall the amount of
studies or data available is still limited. Several recent studies have suggested that a high BMI
may be associated with approximately doubling the risk for pancreatic cancer in men and
women [107]. Moreover, a recent meta-analysis supports a positive relationship between BMI
and risk of pancreatic cancer [108]. Two further studies have found some evidence for a pos-
itive association with waist circumference in men but not in women [109, 110].
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Esophageal Cancer and Obesity

Obesity is associated with a threefold increase in the risk for adenocarcinoma of the
esophagus [107]. The link between obesity and risk of esophageal cancer has recently been
confirmed by a quantitative meta-analysis that included 12 case-control studies and 2 cohort
studies [111]. Obesity is associated with gastroesophageal reflux, and frequent reflux is, in
turn, very strongly associated with esophageal adenocarcinoma [107].

Liver Cancer and Obesity

Obesity has been established as a significant risk factor for liver diseases. A large pro-
spective mortality study demonstrated that a high BMI was significantly associated with
higher rates of liver cancer-related deaths. Compared to patients with a normal BMI, the
relative risk of mortality from liver cancer was 1.68 times higher in women and 4.52 times
higher in men with a BMI >35 [72]. Similarly, data obtained from the United Network of
Organ Sharing (UNOS) database on all liver transplants carried out in the United States from
1991 to 2000 showed that the overall incidence of hepatocellular carcinoma (HCC) in pa-
tients undergoing liver transplantation was 3.4%, with a slightly higher prevalence among
obese patients with an incidence of 4.0%. Moreover, in this study, obesity was confirmed to
be an independent risk factor for HCC in patients with alcoholic cirrhosis (odds ratio 3.2)
and cryptogenic cirrhosis (odds ratio 11.1) [112]. Obesity has definitively been established as
a risk factor for the development of HCC. It is likely that this association underlies the pro-
gression from non-alcoholic fatty liver disease to cirrhosis, but it remains unclear whether
cirrhosis is a necessary prerequisite for the development of HCC [113]. Animal models of
non-alcoholic fatty liver disease support the hypothesis that obesity-related metabolic abnor-
malities, rather than cirrhosis, initiate the hepatic neoplastic process during obesity [114].

Breast Cancer and Obesity

Many epidemiological studies since the 1970s have shown an association between obe-
sity and risk of breast cancer. Early studies established that the association between body size
and risk of breast cancer varied based on the menopausal status, and that heavier women
were at increased risk of developing postmenopausal, but not premenopausal, breast cancer
[115]. Obesity has been consistently shown to increase the rates of breast cancer in postmeno-
pausal women by 30-50% by increasing serum concentrations of free estradiol [116, 117].
Both BMI and weight gain are more strongly related to the risk of breast cancer among post-
menopausal women who have never used hormone replacement therapy, compared with
women who have used hormones [118]. Furthermore, abdominal adiposity has been found
to be positively associated with a higher risk of breast cancer in postmenopausal women, this
relationship being stronger among those without hormone replacement therapy than among
those with hormone replacement therapy [119]. Several hypotheses have been proposed to
explain this effect, including alterations in sex hormones, growth factors, cytokines, and in-
sulin and/or IGFs, but there are numerous mechanisms at play and many are not fully un-
derstood (fig. 1, 2) [120].
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Endometrial Cancer and Obesity

There is convincing and consistent evidence from both case-control and cohort studies
that being overweight or obese is strongly associated with endometrial cancer [72]. In fact,
the risk of developing endometrial cancer is about two to four times higher in obese women
than in lean women [72], and about 40% of endometrial cancer incidence has been estimated
to be attributable to excess body weight [121]. As with breast cancer, the potential mechanism
for the increased risk of endometrial cancer associated with obesity is the increase in circu-
lating estrogens [72]. Many studies have shown large increases in the endometrial cancer risk
among postmenopausal women who take unopposed estrogen (i.e. estrogen in the absence
of progesterone) [122].

Thyroid Cancer and Obesity

The prevalence of thyroid cancer has risen dramatically since the 1980s [123] along with
the prevalence of obesity [1]. Several studies have shown an association between thyroid
cancer and obesity. In a meta-analysis of 141 studies that included 282,137 cancer cases, a
5-kg/m? increase in BMI in men was associated with thyroid cancer [76]. In addition, a recent
pooled analysis of 5 prospective studies examined the association between BMI and thyroid
cancer risk of 413,979 women and 434,953 men. Over a median follow-up of 10.3 years, 768
women and 388 men were diagnosed with thyroid cancer. The risk of thyroid cancer was
greater with each 5-kg/m2 increase in BMI (in women, HR 1.16; 95% CI 1.08-1.24; in men,
HR 1.21; 95% CI 0.97-1.49) [123].

Renal Cancer and Obesity

An analysis of the association of body size, lifestyle, and medical conditions with renal
cell cancer risk was performed among 161,126 participants of the Hawaii-Los Angeles Mul-
tiethnic Cohort (1993-2002). After 8.3 years of follow-up, 347 renal cell cancer cases (220
men, 127 women) were identified. The renal cell cancer risk increased with increasing BMI
in men and women. The RR associated with being obese compared with being lean was 1.76
[124]. A meta-analysis of 141 studies also found an association between renal cancer and in-
creased BMI in men and woman [76].

Obesity, Cancer, and Death

Obesity also increases the likelihood of dying from cancer. A 16-year prospective study
0f>900,000 men and women in the United States found a RR of death from cancer of 1.5 for
men and 1.6 for women in the group with a BMI >40 versus the group with a BMI of 18.5-
24.9. For both men and women, increasing BMI was associated with higher death rates due
to cancers of the esophagus, colon and rectum, liver, gallbladder, pancreas, and kidney as
well as due to non-Hodgkin’s lymphoma and multiple myeloma. Men were also at increased
risk for death from stomach or prostate cancer, while women were at increased risk of death
from cancers of the breast, cervix, uterus, or ovary. On the basis of these data, the authors
estimated that being overweight or obese could account for 14% of all cancer deaths in men
and for 20% in women in the United States [72].
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Effects of Weight Gain and Loss

Loss of weight and weight maintenance are associated with a decreased risk of cancer.
There has been a documented 50% reduction in the risk for breast cancer among women
who lost =10 kg after the menopause and kept it off. Menopause is a time in life when
obesity clearly increases the risk for breast cancer, so it is important for women to be cog-
nizant of their weight at this time. This lower incidence of postmenopausal breast cancer
follows the decline in circulating estrogen after weight loss [125]. More recent evidence
confirms that weight gain in adulthood appears to increase the risk for colon cancer. In a
case-control study in Canada, men who gained more than 21 kg after the age of 20 years
had a 60% higher risk for colorectal cancer than men who had gained just 1-5 kg [126,
127].

Physical Activity and Weight Loss

The majority of evidence points to weight at diagnosis as the major lifestyle risk for poor
breast cancer outcomes (and poorer quality of life), with growing evidence that weight gain
after diagnosis exacerbates the risk [128] - a result seen most clearly among women who were
lean at the time of diagnosis or non-smokers. Non-smoking women with an increase in their
BMI of more than 2 kg/m? after a breast cancer diagnosis had a RR of 1.64 (95% CI 1.07-2.51)
for death during 9 years of follow-up, compared with woman with a stable weight. Insulin/
IGF-1 pathways have been suggested as one mechanism for this effect [129]. Weight gain fol-
lowing diagnosis may be particularly problematic because research suggests that it is largely
an increase in fat mass and not muscle mass [130]. Furthermore, evidence shows that physi-
cal activity after diagnosis reduces the risk for breast cancer recurrence [131], and interven-
tion trials of diet and physical activity have shown longer disease-free survival times among
the intervention group, whose members lost substantially more weight than the control
group [132]; these results point to the importance of energy balance in predicting progres-
sion of breast cancer.

Chemotherapy

In addition to the impact of obesity on disease incidence and progression, concern has
been raised regarding the potential for chemotherapy dosing to be poorly matched to
weight in heavier cancer patients. The narrow therapeutic index associated with chemo-
therapeutic drugs prompts a rational concern on the part of the medical oncologist that
high doses of chemotherapy required by very obese individuals will result in excess toxic-
ity. Research in this area has suggested that obese patients are frequently treated at lower
chemotherapy dose intensities than the non-obese patients. Paradoxically, studies have not
demonstrated greater chemotherapy-related toxicity in obese patients treated at full dose
intensities [133].

Obesity may also interfere with the ability to deliver other forms of treatment. Wong et
al. [134] found that there was a shift in the delivery of external beam radiation in obese pa-
tients, resulting in the target location not receiving the full dose. In addition, research has
suggested that, among men undergoing prostatectomy, surgical margins may not be as clean
in obese men and that they may have fewer nerve bundles preserved [135]. The quality of life
among cancer patients and those free from cancer is reduced by a higher BMI. Limited data
suggest that weight loss is associated with improved quality of life. More substantial data in-
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dicate that an increase in physical activity among cancer survivors leads to significant in-
creases in their quality of life [136].

Some of the best evidence indicating that weight loss can reduce the risk for cancer
comes from recent studies in bariatric surgery patients. Two large cohort studies suggest that
large weight loss from bariatric surgery reduces the risk for cancer death [67, 71]. The mean
weight loss 15 years after surgery was in the range of 14-27% in a Swedish patient population
[71]. In a US patient sample, cancer death rates, excluding prevalent cancers, were 38% lower
(HR 0.62; 95% CI 0.61-0.74) in patients undergoing RYGB than in BMI-matched controls,
with some indication that the reduction in the death rate was stronger in men than in wom-
en. The cancer death rate reduction was larger when including prevalent cases of cancer at
baseline (HR 0.40; 95% CI 0.25-0.65) [67].

In summary, the role of obesity, the CRS, and diabetes in contributing to an increased
incidence of cancer has been reviewed. In addition, adipokines, sex and growth hormones,
insulin-/IGF-1-dependent growth pathway inflammation, and oxidative stress have been ex-
plored as factors promoting cancer. Emphasis has been placed on obesity as a modifiable risk
factor which, when addressed, provides a reduction in the cancer death rate. Finally, the cor-
relation between DM and cancer was presented, including the associated cancers and the
mechanisms linking obesity, the CRS, and DM in the pathogenesis of solid tumors.
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