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Preface

The notion that obesity is associated with a higher risk of certain cancers has been
known among cancer epidemiologists and nutritional epidemiologists for quite
some time but only within the past decade became more widely distributed in the
scientific community and lately in clinical practice. While organizations like the
World Cancer Research Fund (WCRF) have put studying the impact of obesity on
cancer occurrence and outcome as top research priority for several years now, it was
only in 2013/2014 that the American Society of Clinical Oncology identified
obesity as a strategic issue for the society, laid out key priorities, and published a
position paper. The number of studies on obesity and cancer—and in parallel the
number of cancers for which we now have sufficient evidence for a causal rela-
tionship to obesity—increased substantially during the past decade, and it seems
that this increase is ongoing with accelerated pace. These developments make it
more and more challenging to keep up-to-date with the current status that is
achieved in this field. Having a book that comprehensively summarizes that status
is therefore appealing. We were therefore more than happy when the Managing
Editors and Springer Verlag invited us to become volume editors of a book on
Obesity and Cancer.

The aim of this book is to provide a comprehensive and up‐to‐date review on the
relation between obesity and cancer. It includes an introductory overview, followed
by in‐depth reviews on those cancers for which we have sufficient evidence of a
causal relationship to obesity. The chapters address effects of obesity and body fat
distribution on cancer incidence and cancer survival, effects of weight gain and
weight loss, and of childhood and adolescent obesity. Potential biologic pathways
are discussed from both an epidemiological and an experimental perspective. The
book closes with a population perspective on the cancer burden due to obesity.

For each chapter, we have invited the leading experts in their field, and we are
deeply grateful to the authors for their contribution to this book. We would also like
to thank the Managing Editors, Prof. P.M. Schlag and Prof. H.-J. Senn, as well as
the employers of Springer Verlag, Ms M. Stoeck, Ms D. Ignasy, and Ms B. Dhayalan,
for their support in publishing this book. We believe this book is of particular value
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to researchers and epidemiologists and is also of interest to public health workers
and clinicians. We would welcome feedback from the readers on their perception
of the book.

Berlin, Germany Tobias Pischon
September 2016 Katharina Nimptsch
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Obesity and Risk of Cancer:
An Introductory Overview

Tobias Pischon and Katharina Nimptsch

Abstract
The prevalence of obesity has increased substantially in the past in almost all
countries of the world, and a further increase is expected for the future. Besides
the well-established effects on type 2 diabetes and cardiovascular disease, there
is convincing evidence today that obesity also increases the risk of several types
of cancer, including colorectal cancer, postmenopausal breast cancer, endome-
trial cancer, renal cell carcinoma, esophageal adenocarcinoma, pancreatic cancer,
and liver cancer. Obesity probably also increases the risk of ovarian cancer,
advanced prostate cancer, gallbladder cancer, and gastric cardia cancer. For
some cancer types, there is also some evidence that weight gain during
adulthood increases cancer risk, e.g., colorectal cancer, postmenopausal breast
cancer, endometrial cancer, and liver cancer. However, for most cancers, it is an
open question as to whether vulnerability to weight gain in relation to cancer risk
depends on specific life periods. There are a number of plausible mechanisms
that may explain the relationship between obesity and cancer risk, including
pathways related to insulin resistance, inflammation, and sex hormones. For
most cancers, there is only limited evidence that weight loss in adulthood
decreases cancer risk, which is primarily due to the limited long-term success of
weight loss strategies among obese individuals. There is limited evidence
suggesting that obesity may also be associated with poor prognosis among
patients with colorectal cancer, breast cancer, endometrial cancer, ovarian
cancer, and pancreatic cancer. Taken together, these findings support efforts to
prevent weight gain on an individual level as well as on a population level.
Whether and to what extent overweight or obese cancer patients benefit from
weight loss strategies is unclear and needs to be addressed in future studies.

T. Pischon (&) � K. Nimptsch
Molecular Epidemiology Research Group, Max Delbrück Center for Molecular Medicine in the
Helmholtz Association (MDC), Robert-Rössle-Straße 10, 13125 Berlin, Germany
e-mail: tobias.pischon@mdc-berlin.de

© Springer International Publishing Switzerland 2016
T. Pischon and K. Nimptsch (eds.), Obesity and Cancer, Recent Results
in Cancer Research 208, DOI 10.1007/978-3-319-42542-9_1
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1 Introduction

The prevalence of obesity has increased substantially in the past in almost all
countries of the world, and a further increase is expected for the future [1].
According to recent estimates, the global age-standardized prevalence of obesity
increased between 1975 and 2014 from 3.2 to 10.8 % in men, and from 6.4 to
14.9 % in women [1]. On a regional level, the highest obesity prevalence is
observed for men in high-income Western countries (27.2 %) and for women in
Central Asia, the Middle East and North Africa (31.4 %) [1]. Obesity is a risk factor
for a number of chronic diseases, most notably type 2 diabetes, hypertension,
dyslipidemia, and coronary heart disease [2]. In the past decade, it became more and
more evident that obesity is also a risk factor for certain types of cancer [3]. In
addition, more and more studies suggest that obesity may also increase the risk of
poor prognosis for patients with certain cancers [4]. Cancer has traditionally pri-
marily been viewed as a disorder of proliferation but has today been suggested to be
also considered as a metabolic disease [5, 6]. This suggestion was primarily based
on the notion of cancer-associated metabolic changes on a tissue (tumor) level [6].
In this context, it is interesting to note that within the past years, it also became clear
that there is likely some overlap in the potential mechanisms that may link obesity
with cardiovascular–metabolic diseases such as type 2 diabetes or coronary heart
disease on the one hand, and with cancer on the other hand [7]. Thus, cancer cannot
only be considered as a metabolic disorder in terms of existing tumors but also in
terms of cancer risk, at least for tumor progression. The current article provides an
overview on the association of obesity and risk of cancer.

2 Definition and Assessment of Obesity

Current guidelines classify states of obesity still primarily based on the body mass
index (BMI), which is body weight (in kg) divided by height squared (in m2) [8, 9].
A BMI <18.5 kg/m2 defines underweight, 18.5 to <25.0 kg/m2 normal weight, 25.0
to <30 kg/m2 overweight, and ≥30 kg/m2 obesity. BMI is highly correlated with fat
mass and morbidity and mortality, and it reflects obesity-related disease risk in a
wide range of populations, but there are some well-known important limitations.
First, for the same BMI, older adults tend to have a higher body fat composition,
and therefore, risk assessment using BMI is less accurate in these individuals
(>65 years of age) [10]. Second, current BMI cut-off points for overweight and
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obesity are suggested to be too high for Asian populations; this fact has been well
recognized more than 10 years ago [11]. For the definition of abdominal obesity in
the context of the metabolic syndrome (see below), different cut-offs for waist
circumference have been defined to acknowledge differences in ethnicities [12], but,
surprisingly, such differences so far did not make their way into national or
international guidelines to assess obesity [13, 14]. Third, and probably most
important, the BMI does not assess body fat distribution. Obesity is conceptually
defined as a condition of abnormal or excessive body fat accumulation to the extent
that health may be impaired [8, 9, 15]. However, although BMI is correlated with
the amount of fat, it is neither a specific marker of body fat nor a marker for
abnormal fat accumulation. In this context, accumulation of visceral adipose tissue
is of particular concern because it is metabolically more active and it secretes more
cytokines and hormones that may be relevant for disease risk compared with
subcutaneous adipose tissue [2], yet BMI is only a crude measure of visceral fat
mass. Waist circumference or waist–hip ratio shows much closer correlations with
the amount of visceral fat, which may explain why they are more strongly asso-
ciated with risk of metabolic diseases than BMI. Current obesity guidelines rec-
ommend to measure waist circumference as a marker of regional body fat
distribution in Caucasian persons with a BMI between 25.0 and 34.9, and they
propose cut-off points for waist circumference of 102 cm in men and 88 cm in
women to define abdominal obesity and to identify persons at risk of disease [8, 9].
The choice of these cut-offs is somewhat arbitrary and goes back to the observation
that they largely correspond to a BMI of 30 kg/m2 in men and women, respectively
[16]. Results from the large European Prospective Investigation into Cancer and
Nutrition (EPIC study) suggested that at any given BMI, an increase in waist
circumference increases the risk of death, thus questioning the usefulness of
thresholds for waist circumference [17]. Also, in contrast to current recommenda-
tions to measure waist circumference in overweight or obese persons only [8, 9],
results of the EPIC study also suggested that measurement of waist circumference
could particularly be useful for persons with a BMI in the normal range [17].

Body fat distribution can also be determined by imaging techniques such as
computed tomography (CT) or magnetic resonance imaging (MRI) scans, but these
methods have not been used often in large-scale epidemiological studies and may
not readily be applicable in clinical practice [18].

3 Obesity and Cancer—Weighing the Evidence:
A Historical Perspective

The notion that obesity may be a risk factor for cancer goes back to the 1930s when
—based on the observation that overnutrition is common in cancer patients—it was
speculated that overabundant food consumption may be a cause of cancer [19]. Yet,
the evidence for a causal role of obesity remained inconclusive. In 1997, the World
Cancer Research Fund (WCRF)/American Institute for Cancer Research (AICR)
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published a first report on the evidence for a causal relationship between diet and
cancer, based on the evaluation of over 100 experts [20]. In 2002, the International
Agency for Research on Cancer (IARC) published a monograph on the evaluation
of cancer-preventive strategies, focusing on weight control and physical activity
[21]. This was followed by a report by the World Health Organization on diet,
nutrition and the prevention of chronic diseases in 2003 [22]. Taken together, these
were among the first steps to not only investigate the association of diet with cancer
but also to evaluate the evidence of a causal relationship. Although slightly different
in detail, at that time, the overall evaluation was that there was convincing evidence
for obesity to increase risk of colorectal cancer, postmenopausal breast cancer,
endometrium cancer, renal cell carcinoma, and adenocarcinoma of the esophagus
[22]. Yet, it was already clear that obesity may also be related to other cancers as
well. Thus, in 2003, Eugenia Calle and colleagues published a seminal paper
reporting that obesity was significantly associated with total cancer mortality in men
and women [23]. Further, for specific cancers, they found in their study obesity
associated with increased mortality from cancer of the breast, colorectum, endo-
metrium kidney, esophagus, stomach, liver, gallbladder, pancreas, cervix, ovaries,
and prostate, as well as to mortality from non-Hodgkin’s lymphoma, multiple
myeloma, and leukemia [23]. Although cancer mortality depends not only on
incidence but also on survival, these data suggested that obesity may be causally
related to other cancers as well. In 2007, the WCRF published a second report on
diet and cancer, this time based on a thorough systematic literature review and
meta-analysis of around 7000 relevant studies [24]. Since then, the WCRF has
initiated the continuous update project (CUP), which is an ongoing program to
update the evidence. Based on these reports, the list of cancers for which we
currently have convincing evidence for a causal relationship due to obesity includes
colorectal cancer, postmenopausal breast cancer, endometrial cancer, renal cell
carcinoma, esophageal adenocarcinoma, pancreatic cancer, and liver cancer
(Table 1) [24, 25]. Obesity is probably also a cause of ovarian cancer, advanced
stage prostate cancer, gallbladder cancer, and gastric cardia cancer [26–29]. Most
recently, the IARC had convened a working group to reassess the relationship
between obesity and cancer [30]. In their viewpoint, the working group concluded
that there is sufficient evidence for a causal relationship between obesity and all of
the above-mentioned cancers with the exception of prostate cancer. The IARC
working group also concluded that there is sufficient evidence for thyroid cancer,
multiple myeloma, and meningioma.

3.1 Colorectal Cancer

In terms of incidence, colorectal cancer is worldwide the third most common cancer
in men (746,000 cases in the year 2012) and the second most common cancer in
women (614,000 cases), accounting for 10.0 and 9.2 % of all incident cancers in
men and women, respectively [31]. There is substantial variation in the trends of
colorectal cancer incidence: Incidence rates tend to increase in many parts of Asia,
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Latin America, and Eastern Europe, whereas in the high-income countries, rates
tend to decrease in the USA, New Zealand, and France; to increase in Norway,
Spain, and Italy, and to remain relatively stable in Australia and Canada [32]. The
highest incidence of colorectal cancer is observed in Australia/New Zealand, and
the lowest in Western Africa [31].

There is convincing evidence that higher body fatness is associated with a higher
risk of colorectal cancer [24, 25]. There is also substantial evidence that weight gain
during adulthood increases colorectal cancer risk [25]. Overall, obese individuals
have a 20–40 % higher risk of colorectal cancer compared to normal-weight per-
sons, with stronger associations in men than women, and stronger associations for
colon than for rectal cancer [33]. Thus, obese versus normal-weight men have a 50–
70 % higher risk of colon cancer and a 25–75 % higher risk of rectal cancer, while
obese versus normal-weight women have a 10–25 % higher risk of colon cancer
and a 2–40 % higher risk of rectal cancer [33]. The reasons for the difference in the
strength of the association of obesity with colon cancer risk between men and
women have long been unclear. It was suggested that one potential reason is that
men and women have different body fat distribution [34]. Thus, men are more likely
to present with abdominal obesity, while women are more likely to have glute-
ofemoral obesity. Therefore, BMI may not accurately reflect the colon cancer risk
that is associated with abdominal fat accumulation, at least in women. In fact,
abdominal obesity is an almost equally strong risk factor for colon cancer in men
and women, although slight gender differences may remain [33, 34]. Possible
mechanisms for the association of obesity with colorectal cancer risk include insulin
resistance, hyperinsulinemia, chronic inflammation, altered levels of growth factors,
adipocytokines, and steroid hormones [33]. Whether weight loss during adulthood

Table 1 Cancers for which there is convincing or probable evidence that they are caused by
obesitya

Strength of evidence Cancer type

Convincing • Colorectal cancer
• Postmenopausal breast cancer
• Endometrial cancer
• Renal cell carcinoma
• Esophageal adenocarcinoma
• Pancreatic cancer
• Liver cancer

Probable •Ovarian cancer
•Advanced stage prostate cancer
•Gallbladder cancer
•Gastric cardia cancer

aBased on evaluations by the World Cancer Research Fund (IARC) [24–29, 36, 39, 41, 43, 45].
A recent report of a working group by the International Agency for Research on Cancer (IARC)
concluded that there is sufficient evidence for a causal relationship between obesity and the cancers
listed above, with the exception of prostate cancer [30]. In addition, the working group concluded
that there is sufficient evidence for thyroid cancer, multiple myeloma, and meningioma
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decreases the risk of colorectal cancer is less clear [33]. The reason for the lack of
evidence is primarily the limited success of long-term strategies to lose weight
among overweight or obese individuals, which underscores the importance of
avoiding weight gain in adulthood.

The association of obesity with survival among colorectal cancer patients is less
clear. Most studies conducted so far suggest that obesity is associated with poorer
survival among colorectal cancer patients, but it is less clear whether this is due to a
higher mortality from colorectal cancer or from other causes [33]. Further, many of
the studies conducted so far used pre-diagnostic instead of post-diagnostic BMI or
have other limitations, which limit the interpretability to give evidence-based rec-
ommendations for colorectal cancer patients.

3.2 Breast Cancer

Breast cancer is the most common cancer among women (1,677,000 cases in 2012),
accounting for 25.2 % of incident female cancer cases [31]. Breast cancer incidence
varies substantially, with the highest rates in Northern America, Australia/New
Zealand, and Northern and Western Europe, and low rates in Africa and Asia [35].
Breast cancer incidence rates have increased in most countries of the world over the
past decades, although among western countries, the increases have slowed or
plateaued within the past 10 years [32].

The association of obesity with breast cancer risk is complex. There is con-
vincing evidence that after menopause, obesity increases the risk of breast cancer
[36]. Weight gain in adulthood probably also increases postmenopausal breast
cancer risk. Conversely, before menopause, obesity probably decreases breast
cancer risk [36]. These opposing associations are most likely mediated via
endogenous sex hormones, primarily estradiol, which is likely to have
tumor-promoting activities. After menopause, adipose tissue is the major source of
estrogens, and obesity is associated with higher estrogen concentrations, which may
explain the higher breast cancer risk. Interestingly, the higher risk of post-
menopausal breast cancer associated with obesity is primarily seen for estrogen and
progesterone receptor-positive disease, and it is limited to women not using hor-
mone replacement therapy, which gives indirect evidence to support the hypothesis
that estrogens may be the crucial link [37]. The inverse association between obesity
and premenopausal breast cancer is primarily thought to be due to reduced exposure
to endogenous progesterone because of obesity-induced ovarian hyperandrogenism
[37]. There is limited evidence showing that among breast cancer patients, obesity
is related to poorer survival [38].

3.3 Esophageal Cancer

Esophageal cancer is the sixth most common cancer in men and the twelfth most
common cancer in women, accounting worldwide for 323,000 cases (4.3 %) in men
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and 133,000 cases (2.0 %) in women in the year 2012 [31]. The highest incidence
rates for esophageal cancer are found in Eastern Asia and in Eastern and Southern
Africa, while low rates are found in Western Africa [35]. There are two main types
of esophageal cancer: squamous cell carcinoma and adenocarcinoma. Squamous
cell carcinoma is the predominant type of esophageal cancer, especially in devel-
oping countries [35]. Risk factors include alcohol consumption, smoking,
high-temperature beverage drinking, low consumption of fruits and vegetables, and
poor nutritional status. Esophageal adenocarcinoma is more common in developed
countries, and the incidence rates are increasing in these areas [32]. There is con-
vincing evidence that obesity increases the risk of esophageal adenocarcinoma [39].
Overweight is associated with an approximately 1.5- to 2.0-fold higher risk of
esophageal adenocarcinoma, while obesity is associated with an approximately 2.0-
to 3.0-fold higher risk, compared to normal weight [40]. Likely mechanisms
include gastroesophageal reflux disease, and Barrett’s esophagus, which are more
prevalent among obese persons [40]. There are only a limited number of studies that
have investigated whether obesity influences survival among esophageal cancer
patients, and these studies have found conflicting results [40].

3.4 Kidney Cancer

Kidney cancer accounted for 214,000 incident cancer cases (2.9 %) in men and for
124,000 cancer cases (1.9 %) in women worldwide in the year 2012 [31]. The
highest rates of kidney cancer are found in Northern America, Australia/New
Zealand, and Europe, while lowest rates are observed in Africa and the Pacific
Islands [31]. There are two major types of kidney cancer: renal cell cancer, which
arises from the renal tubules, and renal pelvis cancer. Renal cell cancer accounts for
80–90 % of adult kidney cancer. There is convincing evidence that obesity
increases the risk of renal cell cancer [41]. Overweight persons have approximately
a 30 % higher risk of renal cell cancer, and obese persons approximately an 80 %
higher risk compared to normal-weight persons [42]. Some studies report slightly
stronger risks of renal cell cancer associated with obesity in women than in men
[42]. Possible mechanisms for the association of obesity and kidney cancer include
the insulin-like growth factor (IGF) pathway, sex steroid hormones, and other
hormones such as adiponectin [42]. Whether weight gain in adulthood is related to
risk of renal cell cancer has been examined in only a few studies. It is unclear
whether obesity has an effect on survival among kidney cancer patients [42].

3.5 Pancreatic Cancer

Pancreatic cancer accounted for 178,000 incident cancer cases (2.4 %) among men
and for 160,000 cancer cases (2.4 %) among women worldwide in the year 2012
[31]. The highest incidence rates are observed in Asia and Europe, whereas the
lowest rates are observed in Africa and Oceania [31]. There is convincing evidence
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that obesity increases the risk of pancreatic cancer [43]. Compared to
normal-weight persons, overweight as well as obese individuals have a 20 % higher
risk to develop pancreatic cancer [44]. Possible mechanisms for the association of
obesity with pancreatic cancer risk include insulin resistance and associated
hyperglycemia/hyperinsulinemia, inflammatory and immune pathways, and sex
steroid hormones [44]. There are only few studies that have examined whether
weight gain during adulthood is associated with pancreatic cancer [44]. Among
pancreatic cancer patients, preliminary evidence suggests that obese persons have
poorer survival compared to normal-weight individuals [44].

3.6 Endometrial Cancer

Worldwide, endometrial cancer is the sixth most common cancer type in women,
accounting for 320,000 incident cancers (4.8 %) in the year 2012 [31]. The highest
rates are observed in Northern America, and Northern and Western Europe, while
low rates are observed in South-Central Asia and Africa [31]. There is convincing
evidence that obesity increases the risk of endometrial cancer [45]. This relationship
is particularly strong. Thus, obesity is associated with a 2.6-fold higher risk of
endometrial cancer compared to normal weight [46]. Similarly, weight gain during
adulthood is associated with a higher risk [46]. Potential mechanisms for the
observed association primarily include endogenous sex steroid hormones, but also
insulin resistance, chronic inflammation, and adipokines. There are only a few
studies that have investigated whether the association of obesity with survival
among women with endometrial cancer, and these studies suggest that obesity is
related to poorer survival [46].

3.7 Liver Cancer

Liver cancer is the fifth most common cancer in men and the ninth most common
cancer in women, accounting for 554,000 incident cancer cases (7.5 %) in men and
228,000 incident cancer cases (3.4 %) in women worldwide in the year 2012 [31].
High incidence rates of liver cancer are observed in less developed countries, and
lower rates in more developed countries [31]. Incidence rates of liver cancer have
increased over the past years in developed countries of Western Europe, North
America, and Oceania, but decreased in the highest risk areas of Asia [32, 47]. The
major form of liver cancer is hepatocellular carcinoma, which accounts for 70–
90 % of liver cancer. Established traditional risk factors for liver cancer include
chronic hepatitis C virus (HCV) and hepatitis B virus (HBV) infection, exposure to
toxins, such as aflatoxin, and excessive alcohol consumption [48]. However, there
is now also convincing evidence that obesity increases the risk of liver cancer,
which may explain to some extent the increasing incidence rates in developed
countries [25, 32]. Thus, every 5 kg/m2 higher BMI is associated with a 30 %
higher risk of liver cancer [25]. Studies suggest that weight gain during adulthood is
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also associated with liver cancer [49]. Potential mechanisms for the higher risk
include the development of non-alcoholic fatty liver disease and non-alcoholic
steatohepatitis, which are often observed in obese persons and are risk factors for
liver cancer [49]. There are only a limited number of studies that have investigated
whether obesity is associated with prognosis in liver cancer patients [49].

3.8 Prostate Cancer

Prostate cancer is the second most common cancer in men, accounting for
1,112,000 incident cases (15.0 % of all cancers) worldwide in the year 2012 [31].
Incidence rates vary substantially; the highest rates are found in Australia/New
Zealand, Northern America, and in Western and Northern Europe, whereas low
rates are observed in Asian populations [31]. The association of obesity with
prostate cancer risk is complex. There is probable evidence that obesity increases
the risk of advanced prostate cancer (and most likely also fatal prostate cancer) [28].
For every 5 kg/m2, there is a 1.09-fold higher relative risk of advanced prostate
cancer [50]. In contrast, obesity is not (or even inversely) related to total or
non-advanced prostate cancer [50]. The biological mechanisms for the association
of obesity with advanced prostate cancer risk are speculative and include insulin
and IGF axis pathways, sex steroid hormones, and alterations in metabolism. The
inverse association of obesity with local prostate cancer is likely due to method-
ological issues, including detection bias, since obesity is associated with less PSA
screening, lower PSA levels, and lower accuracy of digital rectal examination in
obese men [50]. There are only a few studies on weight gain and prostate cancer
risk, which found no significant association with total, local or advanced prostate
cancer risk [50].

3.9 Ovarian Cancer

Ovarian cancer is the seventh most common cancer among women, and accounted
for 239,000 cases (3.6 %) of incident cancers worldwide among women in the year
2012 [31]. Incidence rates are highest in developed regions, and lower in less
developed regions [31]. Obesity probably increases the risk of ovarian cancer [26].
The association with obesity is weaker than for other types of cancer. Thus, each
5-unit higher BMI is approximately associated with a 7 % higher risk of ovarian
cancer [51]. One reason for this weaker association may be that ovarian cancer is a
heterogeneous disease, and studies suggest that the strength of the association with
obesity may differ according to type of tumor [51]. Potential mechanisms for the
association of obesity with ovarian cancer include inflammatory pathways and
hormonal factors, including androgens. Current evidence does not allow definite
conclusions about whether adult weight gain is associated with ovarian cancer risk
[51]. A few studies have investigated the association of obesity with mortality
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among ovarian cancer patients, and these studies suggest that obesity is associated
with poor prognosis among these patients [51].

3.10 Gallbladder Cancer

Worldwide, gallbladder cancer accounted for 77,000 incident cancer cases (1.0 %)
in men and 101,000 cancer cases (1.5 %) in women in the year 2012 [31]. The
highest incidence rates are observed in South America and Eastern Asia. There is
probable evidence that obesity increases the risk of gallbladder cancer [27]. When
estimated on a linear scale, every 5 kg/m2 higher BMI is associated with a 1.25-fold
higher risk of gallbladder cancer [27]. However, there is some evidence for non-
linearity, indicating that the risk increases only at BMI levels higher than or equal to
24 kg/m2 [27]. The underlying mechanisms that may link obesity with gallbladder
cancer are unclear and may include hormones like insulin and IGF 1 [27]. Another
possible link is the presence of gallstones, which is a risk factor for gallbladder
cancer and may be caused by obesity [27]. It is unclear whether weight gain in
adulthood is associated with an increase in gallbladder cancer risk. It is also not
clear whether obesity affects prognosis among patients with gallbladder cancer.

4 Potential Mechanisms and Pathways for the Association
of Obesity with Cancer Risk

The exact mechanisms that link obesity with cancer risk are not entirely clear and
may differ by cancer type. Obesity is associated with a number of metabolic
abnormalities, and several of these have been proposed as a link to cancer risk.
They can broadly be classified into three major pathways: the insulin resistance/IGF
pathway, the inflammatory pathway, and the sex hormone pathway [52]. Notably,
this classification is somewhat artificial since there is a high degree of overlap
between these pathways. Insulin resistance in liver, muscle, and adipose tissue is a
hallmark of obesity, and it is also a central feature of the metabolic syndrome
(MetS), which is clinically defined as a minimum of 3 out of 5 metabolic abnor-
malities, including abdominal obesity, elevated blood glucose levels, elevated blood
pressure levels, low high-density lipoprotein (HDL) cholesterol levels and high
triglyceride levels [2, 12]. Insulin resistance leads to hyperinsulinemia, which in
turn leads to elevated levels of free bioavailable IGF-1 concentrations, and both,
insulin and IGF-1, purportedly have anti-apoptotic and cell proliferative effects,
which may promote tumor development [52, 53]. Insulin resistance is also closely
related to (and probably partly caused by) abnormal production of adipose tissue
derived cytokines and hormones, including leptin, adiponectin, and tumor necrosis
factor (TNF) alpha. There are several lines of evidence that indicate that some of
these cytokines and hormones, as well as clinical features of the metabolic syn-
drome, may be a link for obesity-related cancer risk [53]. The insulin resistance/IGF
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pathway may be particularly relevant for colorectal cancer, pancreatic cancer, and,
potentially, prostate cancer. Obesity is also closely related to chronic subclinical
inflammation, as reflected by elevated concentrations of pro-inflammatory cytoki-
nes and acute phase proteins, including TNF-alpha, interleukin-6 (IL-6), and
C-reactive protein (CRP). Inflammation plays a critical role in tumor progression
[54] and may therefore be a critical link to obesity-related cancers [55]. The
inflammatory pathway is probably particularly important for colorectal cancer,
which is supported by the observation that patients with inflammatory bowel dis-
ease have higher colorectal cancer risk and that aspirin use decreases colorectal
cancer risk [52]. Obesity also has profound effects on sex hormone metabolism.
Thus, as indicated above, before menopause, obesity-induced ovarian hyperan-
drogenism may lead to reduced ovarian progesterone synthesis, whereas after
menopause, obesity may lead to higher levels of bioavailable estradiol and
testosterone, and these hormones purportedly reduce apoptosis and increase cell
proliferation, which may promote tumor development. The sex hormone pathway is
probably particularly relevant for breast cancer and endometrial cancer [52].

There are of course also other potential pathways for the obesity–cancer link.
One specific example is obesity-induced gastroesophageal reflux that predisposes to
esophageal adenocarcinoma, as described further above.

5 Burden of Cancer Attributable to Obesity
on a Population Level

The burden of cancer attributable to obesity is usually expressed as the population
attributable fraction (PAF), which can be interpreted as “the proportion of disease
cases over a specified time that would be prevented following elimination of the
exposures, assuming the exposures are causal.” [56]. The PAF depends on the
prevalence of exposure and on the relative risk estimates. Both, the relative risk
estimates for the association of obesity with cancer, as well as the prevalence
estimates for obesity include substantial uncertainty; therefore, estimates for the
fraction of cancer that is attributable to obesity have to be interpreted carefully. It
was recently estimated that worldwide, among men, 33.3 % of esophageal ade-
nocarcinoma, 13.0 % of colon cancer, 6.2 % of rectal cancer, 8.4 % of pancreatic
cancer, 16.6 % of kidney cancer, and 11.9 % of all obesity-related cancers are
attributable to overweight and obesity [57, 58]. Among women, 33.8 % of eso-
phageal adenocarcinoma, 7.6 % of colon cancer, 3.6 of rectal cancer, 32.3 % of
gallbladder cancer, 7.8 % of pancreatic cancer, 10.2 % of postmenopausal breast
cancer, 34.0 % of endometrial cancer, 4.0 % of ovary cancer, 25.9 % of kidney
cancer, and 13.1 % of all obesity-related cancers are attributable to overweight and
obesity [57]. There is substantial worldwide variation in these estimates, which is
mainly due to the substantial variation in the prevalence of obesity. For example,
the PAF for colon cancer due to obesity is 21.0 % in North America but 5.0 % in
Sub-Saharan Africa [57]. The largest PAF is usually observed for endometrial
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cancer, which is mainly due to the relatively strong relative risk estimates. For
example, in North America, almost half (47.8 %) of endometrial cancer is attri-
butable to overweight and obesity [57]. Taken together, these data indicate that for
some cancer sites, a substantial proportion could be prevented.

6 Conclusions

Besides the well-established effects on type 2 diabetes and cardiovascular disease,
there is convincing evidence today that obesity also increases the risk of several
types of cancer, including colorectal cancer, postmenopausal breast cancer,
endometrial cancer, renal cell carcinoma, esophageal adenocarcinoma, pancreatic
cancer, and liver cancer [24, 25]. Obesity probably also increases the risk of ovarian
cancer, advanced prostate cancer, gallbladder cancer, and gastric cardia cancer [26–
28]. It is likely that this list of obesity-related cancers will increase in the future.
Thus, a recent statement by the IARC added thyroid cancer, multiple myeloma, and
meningioma to this list [30]. For some cancer types, there is also some evidence that
weight gain during adulthood increases cancer risk, e.g., colorectal cancer, post-
menopausal breast cancer, endometrial cancer, and liver cancer [33, 37, 46, 49].
However, for most cancers, it is an open question as to whether vulnerability to
weight gain in relation to cancer risk depends on specific life periods. There are a
number of plausible mechanisms that may explain the relationship between obesity
and cancer risk, including pathways related to insulin resistance, inflammation, and
sex hormones [52, 53]. For most cancers, there is only limited evidence that weight
loss in adulthood decreases cancer risk. This is primarily due to the limited
long-term success of weight loss strategies among obese individuals. There is
limited evidence suggesting that obesity may also be associated with poor prognosis
among patients with colorectal cancer, breast cancer, endometrial cancer, ovarian
cancer, and pancreatic cancer [33, 37, 44, 46, 51]. Taken together, these findings
support efforts to prevent weight gain on an individual level as well as on a
population level. Whether and to what extent overweight or obese cancer patients
benefit from weight loss strategies is unclear and needs to be addressed in future
studies [4, 59].
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Obesity and Colorectal Cancer
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Abstract
There is strong evidence that modifiable lifestyle factors such as obesity play a
key role in colorectal carcinogenesis. Epidemiologic data have consistently
reported a positive association between obesity and colorectal cancer. The
relative risk associated with general obesity (as assessed by BMI) is higher in
men than in women and for cancer of the colon than for cancer of the rectum.
Abdominal obesity (as assessed by waist circumference (WC) or waist-to-hip
ratio) is associated with an increased risk of colorectal cancer in both sexes, with
stronger associations for cancer of the colon than for cancer of the rectum.
Plausible biological mechanisms include insulin resistance, hyperinsulinemia,
chronic inflammation, altered levels of growth factors, adipocytokines and
steroid hormones. In addition to its effect on colorectal cancer incidence, obesity
may play a role in colorectal cancer recurrence, treatment outcomes and survival.
Understanding the effects of childhood and adolescent obesity and weight
change over the life course in relation to future risk of colorectal cancer is
incomplete but essential for targeted preventive recommendations. This chapter
summarizes the current evidence on the relationship between obesity and
colorectal cancer and colorectal adenoma, a common precursor lesion.
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1 Introduction

Worldwide, colorectal cancer is the third1 most common cancer in men and the
second2 leading malignancy in women, accounting for 10.0 and 9.2 % of all cancer
cases, respectively [1]. In 2012, approximately 746,000 new colorectal cancer cases
were diagnosed in men and 614,000 were diagnosed in women [1].
Age-standardized incidence rates (ASRs) vary widely across the world, and almost
55 % of all cases occur in economically more developed regions such as
Australia/New Zealand (men: 44.8 per 100,000, women: 32.2), Europe (men: 37.3,
women: 23.6) and Northern America (men: 30.1, women: 22.7) [1]. Incidence rates
are lowest in economically less developed regions such as Africa (men: 7.0,
women: 5.8) and South Central Asia (men: 7.0, women: 5.2) [1]. Colorectal cancer
is the fourth3 most common cause of death from cancer, contributing to 8.5 % of
total cancer mortality worldwide (694,000 deaths per year in both sexes) [1].
Overall, colorectal cancer is among those cancers that contribute most to the global
burden of cancer—in terms of incidence, mortality and disability-adjusted life years
(DALYs) [2].

Higher rates of colorectal cancer in “westernized” countries suggest that envi-
ronmental or lifestyle factors may play a key role in the etiology of colorectal
cancer beyond genetic factors. Early migrant studies showed that individuals who
originated from regions with relatively low incidences of colorectal cancer and their
descendants tended to adopt the higher risk of the new host population [3]. In
addition, an increase in colorectal cancer incidence in rapidly developing Asian
countries such as Japan, Singapore and China during the past 20–50 years points to
an etiologic role of dietary and lifestyle habits [4]. In addition, ecological data show
high rates of colorectal cancers in countries with high obesity prevalence (Fig. 1).

Today, there is convincing evidence that lifestyle-associated risk factors such as
abdominal4 and general5 obesity and nutritional factors such as red and processed
meat and alcoholic beverages increase the risk of colorectal cancer, whereas
physical activity and foods rich in dietary fiber decrease the risk [5]. Additionally,
cigarette smoking and low vegetable and fruit consumption may be associated with
an increased risk of colorectal cancer [6].

Whereas only approximately 5–10 % of colorectal cancer cases are hereditary in
nature (with familial adenomatous polyposis and hereditary non-polyposis col-
orectal cancer as the two major forms), the vast majority are sporadic colorectal
cancer cases (including approximately 20 % of familial colorectal cancer cases)
with genetic and environmental causes [7].

1Following lung cancer and prostate cancer.
2Following breast cancer.
3Following death from cancer of the lung, liver and stomach.
4Defined as an increase in waist circumference (WC) or waist-to-hip ratio (WHR).
5Defined as a body mass index (BMI) � 30 kg/m².
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The pathogenesis of colorectal tumorigenesis is based on the concept of the
adenoma–carcinoma sequence (Fig. 2), which implies that mutations of oncogenes
(such as K-ras) and tumor suppressor genes [e.g., adenomatous polyposis coli gene
(APC)] together with other genetic abnormalities determine the stepwise progres-
sion from normal to dysplastic epithelium to invasive carcinoma [8].

Transition rates from advanced adenomas to colorectal carcinomas appear to be
age dependent, with a 10-year cumulative risk of progression from 25 % at age 55
to approximately 40 % at age 80 [9].

This chapter outlines the association between obesity and colorectal cancer risk,
and it highlights plausible underlying biological mechanisms. In particular, this
chapter summarizes current evidence on the relations of general and abdominal
obesity, weight change, childhood and adolescent obesity to risks of colorectal
adenoma (as a precursor of colorectal cancer), colorectal cancer and colorectal
cancer survival.

Fig. 1 Plot of age-standardized colorectal cancer incidence (ASR per 100,000) [84] versus
obesity prevalence (%) [85] for 26 selected countries

Obesity and Colorectal Cancer 19



2 Association Between Obesity and Colorectal Cancer
Incidence

The relationship between general and abdominal obesity and colorectal cancer and
its precursor—colorectal adenoma—has been investigated in numerous epidemio-
logic studies. Whereas several studies reported on the association between general
obesity [as assessed by body mass index (BMI)] and colorectal cancer risk, others
used WC or waist-to-hip ratio (WHR) to investigate the association between
abdominal obesity and colorectal cancer risk.

2.1 General Obesity and Colorectal Cancer Risk

In the past 15 years, a number of systematic reviews and meta-analyses have
summarized the findings from a large number of epidemiologic studies that
investigated the relationship between general obesity, as assessed by BMI, and risk
of colorectal cancer (Table 1).

In 2001, Bergström and colleagues were the first to quantitatively summarize the
association between general obesity and risk of colon cancer from six studies and
reported an overall RR for colon cancer of 1.03 (95 % CI 1.02–1.04) per 1 kg/m2

higher BMI [10]. They estimated the risk of developing colon cancer to be 33 %
higher in obese people compared to people with normal weight [10]. The analysis
showed that approximately 11 % of colon cancer cases in 15 countries of the
European Union are attributable to overweight and obesity [10].

In 2007, the World Cancer Research Fund and the American Institute for Cancer
Research (WCRF/AICR) quantified the relative risk of colorectal cancer per 1 kg/m2

higher BMI in a meta-analysis including 28 cohort studies as 1.03 (95 %CI 1.02–1.04)
[11]. In 2011, an expert panel of the Continuous Update Project (CUP) included the
findings of 24 additional publications, of which 20 showed a positive association
betweenobesity and colorectal cancer [5].Theupdated overall risk estimate per 1 kg/m2

higher BMI was again 1.03 (95 % CI 1.02–1.03) [5]. The association was stronger for

Normal epithelium Early adenoma/ 
dysplastic crypt

Intermediate 
adenoma Late adenoma Colorectal

carcinoma

APC K-ras p53Loss of 18q

Fig. 2 Schematic representation of the adenoma–carcinoma sequence underlying colorectal
carcinogenesis
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Table 1 Meta-analyses on the association between general obesity and colorectal cancer

Authors, year
No. of studies included

Exposure
category

Outcome Sex RR (95 % CI)

Bergström et al., 2001 [10]

6 studies (4 cohort, 2 case–control) Per 1 kg/m2

higher BMI
CC All 1.03 (1.02–1.04)

Dai et al., 2007 [19]

15 cohort studies Highest to lowest
quantiles of BMI

CC M
F

1.59 (1.35–1.86)
1.22 (1.08–1.39)

RC M
F

1.16 (0.93–1.46)
1.23 (0.98–1.54)

BMI � 30
versus BMI
18.5–24.9

CC M
F

1.71 (1.33–2.19)
1.10 (0.92–1.32)

Prox. CC
Dist. CC

All
All

1.41 (0.66–3.01)
1.23 (0.80–1.90)

RC M
F

1.75 (1.17–2.62)
1.12 (0.84–1.49)

Larsson and Wolk, 2007 [20]

30 cohort studies Per 5 kg/m2

higher BMI
CC M

F
1.30 (1.25–1.35)
1.12 (1.07–1.18)

Prox. CC
Dist. CC

M
F
M
F

1.29 (1.17–1.42)
1.35 (1.22–1.48)
1.13 (0.93–1.36)
1.14 (1.01–1.28)

RC M
F

1.12 (1.09–1.16)
1.03 (0.99–1.08)

Moghaddam et al., 2007 [18]

31 studies (23 cohort, 8 case–
control)

BMI � 30
versus BMI < 25

CRC All
M
F

1.19 (1.08–1.30
1.40 (1.33–1.47)
1.07 (0.97–1.18)

CC All
M
F

1.21 (1.06–1.38)
1.53 (1.33–1.75)
1.09 (0.93–1.28)

RC All
M
F

1.12 (0.98–1.28)
1.27 (1.17–1.37)
1.02 (0.85–1.22)

Per 2 kg/m2

higher BMI
CRC All 1.06 (1.03–1.09)

World Cancer Research Fund/American Institute for Cancer Research, 2007 [11]

28 cohort studies Per 1 kg/m2

higher BMI
CRC All 1.03 (1.02–1.04)

Renehan et al., 2008 [86]

29 cohort studies Per 5 kg/m2

higher BMI
CC M

F
1.24 (1.20–1.28)
1.09 (1.05–1.13)

RC M
F

1.09 (1.06–1.12)
1.02 (1.00–1.05)

(continued)
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Table 1 (continued)

Authors, year
No. of studies included

Exposure
category

Outcome Sex RR (95 % CI)

Guh et al., 2009 [87]

12 cohort studies BMI � 30
versus BMI < 30

CRC M
F

1.95 (1.59–2.39)
1.66 (1.52–1.81)

Harriss et al., 2009 [88]

28 studies (25 cohort, 3 case–
control)

Per 5 kg/m2

higher BMI
CC M

F
1.24 (1.20–1.28)
1.09 (1.04–1.14)

Prox. CC
Dist. CC

M
F
M
F

1.16 (0.99–1.37)
1.12 (0.97–1.37)
1.28 (1.18–1.39)
1.09 (0.95–1.24)

RC M
F

1.09 (1.06–1.12)
1.02 (0.99–1.04)

Ning et al., 2010 [89]

58 studies (44 cohort, 14 case–
control)

BMI � 30
versus BMI < 23

CRC All
M
F

1.41 (1.30–1.53)
1.53 (1.44–1.62)
1.25 (1.14–1.37)

CC All
M
F

1.49 (1.35–1.63)
1.60 (1.53–1.69)
1.25 (1.12–1.39)

RC All
M
F

1.26 (1.17–1.37)
1.30 (1.17–1.43)
1.14 (1.02–1.27)

Per 5 kg/m2

higher BMI
CRC All

M
F

1.18 (1.14–1.21)
1.25 (1.20–1.30)
1.12 (1.06–1.16)

CC All 1.21 (1.17–1.26)

RC All 1.11 (1.06–1.16)

World Cancer Research Fund/American Institute for Cancer Research Continuous Update
Project (CUP), 2011 [5]

24 cohort studies identified during
the CUP (January 2006–December
2009)

Per 1 kg/m2

higher BMI
CRC All

M
F

1.02 (1.02–1.03)
1.03 (1.03–1.04)
1.02 (1.01–1.03)

CC All
M
F

1.03 (1.03–1.04)
1.04 (1.03–1.05)
1.02 (1.01–1.03)

Prox. CC
Dist. CC

All
M
F
All
M
F

1.03 (1.01–1.05)
1.06 (1.02–1.09)
1.02 (0.99–1.04)
1.04 (1.02–1.05)
1.05 (1.02–1.08)
1.03 (1.01–1.05)

RC All
M
F

1.01 (1.01–1.02)
1.02 (1.01–1.02)
1.01 (1.00–1.02)

(continued)
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men than for women, with risk estimates for colorectal cancer of 1.03 (95 % CI 1.03–
1.04) and 1.02 (95 % CI 1.01–1.02) per unit higher BMI, respectively [5]. Stronger
associations were observed for colon than for rectal cancer [5].

The most recent systematic review came from Ma and colleagues (2013) and
included 41 prospective studies on BMI and colorectal cancer, with a total of

Table 1 (continued)

Authors, year
No. of studies included

Exposure
category

Outcome Sex RR (95 % CI)

Matsuo et al., 2012 [13]

8 cohort studies BMI � 30
versus BMI
23 � 25

CRC M
F

1.24 (1.06–1.44)
1.17 (0.87–1.57)

CC M
F

1.47 (0.99–2.18)
1.18 (0.83–1.68)

Prox. CC
Dist. CC

M
F
M
F

1.61 (0.83–3.09)
1.26 (0.79–1.99)
1.77 (1.06–3.00)
1.42 (0.76–2.66)

RC M
F

1.57 (0.97–2.53)
1.39 (0.81–2.39)

Per 1 kg/m2

higher BMI
CRC M

F
1.03 (1.02–1.04)
1.07 (1.05–1.08)

CC M
F

1.04 (1.02–1.06)
1.03 (1.01–1.05)

Prox. CC M
F

1.03 (1.00–1.06)
1.03 (1.01–1.06)

Dist. CC M
F

1.05 (1.03–1.08)
1.02 (0.99–1.05)

RC M
F

1.02 (0.99–1.04)
1.00 (0.97–1.03)

Ma et al., 2013 [12]

41 cohort studies Obese versus
normal category
of BMI

CRC All
M
F

1.33 (1.25–1.42)
1.47 (1.36–1.58)
1.15 (1.08–1.23)

CC All
M
F

1.47 (1.35–1.60)
1.55 (1.47–1.63)
1.23 (1.10–1,37)

Prox. CC
Dist. CC

All
All

1.30 (1.11–1.51)
1.37 (1.16–1.61)

RC All
M
F

1.15 (1.10–1.20)
1.24 (1.11–1.38)
1.07 (1.01–1.14)

Abbreviations: BMI body mass index; CC colon cancer; prox. CC proximal colon cancer; dist. CC
distal colon cancer; CI confidence interval; CRC colorectal cancer; F females; M males; RC rectal
cancer; RR relative risk
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8,115,689 individuals and 85,935 colorectal cancer cases [12]. They reported an
overall RR for colorectal cancer of 1.33 (95 % CI 1.25–1.42) when comparing
obese with normal categories of BMI [12]. The association was stronger for men
than for women, for colon than for rectal cancer and for distal than for proximal
colon cancer [12].

In order to examine the association between obesity and colorectal cancer in
populations other than Caucasians, Matsuo and colleagues [13] conducted a pooled
analysis of eight population-based prospective studies in Japan. Comparing the risk
estimates of obese with normal-weight categories, stronger associations were shown
for men than for women and for distal than for proximal colon cancer [13]. These
findings extend the evidence of a positive association between general obesity and
colorectal cancer risk from Caucasian to Asian populations.

Summing up the findings from published meta-analyses and systematic reviews,
the overall risk of developing colorectal cancer is 20–40 % greater for obese than
for normal-weight individuals, with stronger associations observed in men than in
women. The risk of obese men for developing colon cancer is between 50 and 70 %
higher than the risk of men with normal BMI. Obese women have a 10–25 %
higher risk of developing colon cancer than women with normal BMI. The risk of
developing rectal cancer is about 25–75 % higher for obese men and about 2–40 %
higher for obese women than for their normal-weight counterparts. Furthermore,
there is evidence for a dose–response relationship, with an increase in colorectal
cancer risk by 2–3 % for each unit (1 kg/m2) higher BMI.

2.2 General Obesity and Colorectal Adenomatous Polyps

According to the adenoma–carcinoma sequence, most colorectal cancer cases
develop from colorectal adenomas. Thus, the relationship between general obesity
(as assessed by BMI) and colorectal adenomas is of interest, and the heterogeneous
findings from epidemiologic studies have been summarized in several
meta-analyses. Compared to normal-weight individuals, obese people have a 32–
47 % higher overall risk of colorectal adenoma [14–16]. The risk of colorectal
adenoma is 2 % (95 % CI 0.99–1.03) per 1 kg/m2 higher BMI, although that risk
estimate is statistically nonsignificant [16]. A meta-analysis by Ben and colleagues
showed that a 5-kg/m2 higher BMI was associated with an increased risk of col-
orectal adenomas of 1.19 (95 % CI 1.13–1.26) [17]. There was no statistically
significant difference between men and women. The risk was significantly increased
for colon but not for rectal adenomas [17]. These findings show that there is
consistent evidence for a statistically significant positive association between
general obesity and colorectal adenoma risk.
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2.3 Abdominal Obesity and Colorectal Cancer Risk

Several systematic reviews and meta-analyses investigated the association between
abdominal obesity (as assessed by WC or WHR) and colorectal cancer and reported
similar overall results (Table 2). The risk of colorectal cancer is about 45 % higher
for those in the highest category of WC compared to those in the lowest category
and is similar for men and women [12, 18]. The risk of developing colon cancer is
approximately 50–70 % higher for men and about 45–50 % higher for women in
the highest compared with the lowest gender-specific categories of WC [12, 19].
For rectal cancer, Dai et al. reported similar risk estimates for men and women,
although they were not statistically significant [19]. Ma and colleagues showed an
overall risk of rectal cancer of 1.35 (95 % CI 1.11–1.63) for the highest compared
to the lowest category of WC [12]. When stratified by sex, the association was
statistically significant only for women [12]. Further, risk estimates for the highest
compared to the lowest category of WC were similar for proximal and distal colon
cancer [12].

The WCRF/AICR expert panel analyzed the association between abdominal
obesity and colorectal cancer and showed a 3–5 % higher risk of colorectal cancer
per 2.5-cm higher WC [5, 11]. The CUP showed that the positive association was

Table 2 Meta-analyses on the association of abdominal obesity with colorectal cancer

Authors, year
No. of studies included

Exposure category Outcome Sex RR (95 % CI)

Dai et al., 2007 [19]

7 cohort studies Highest versus lowest
quantiles of WC

CC M
F

1.68 (1.36–2.08)
1.48 (1.19–1.84)

Prox. CC
Dist. CC

All
All

2.05 (1.23–3.41)
1.86 (1.05–3.30)

RC M
F

1.26 (0.90–1.77)
1.23 (0.81–1.86)

6 cohort studies Highest versus lowest
quantiles of WHR

CC M
F

1.91 (1.46–2.49)
1.49 (1.23–1.81)

Prox. CC
Dist. CC

All
All

1.66 (0.69–3.99)
1.79 (0.82–3.90)

RC M
F

1.93 (1.19–3.13)
1.20 (0.81–1.78)

Larsson and Wolk, 2007 [20]

3 cohort studies Per 10-cm higher WC CC M
F

1.33 (1.19–1.49)
1.16 (1.09–1.23)

RC M
F

1.12 (1.03–1.22)
1.09 (0.99–1.20)

Per 0.1-unit higher WHR CC M
F

1.43 (1.19–1.71)
1.20 (1.08–1.33)

RC M
F

1.22 (0.81–1.83)
1.15 (0.95–1.39)

(continued)
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stronger for colon than for rectal cancer, and within colon cancer, the relation was
stronger for men than for women [5]. Meta-analyses that quantified the association
between WHR and colorectal cancer showed an overall risk of 17–30 % per
0.1-unit higher WHR [5, 11]. Whereas the CUP showed statistically significant risk
estimates for colon as well as for rectal cancer [5], Larsson and Wolk reported a
statistically significant association only for colon but not for rectal cancer [20].

Table 2 (continued)

Authors, year
No. of studies included

Exposure category Outcome Sex RR (95 % CI)

Moghaddam et al., 2007 [18]

8 cohort studies Highest versus lowest
category of WC

CRC All 1.45 (1.31–1.61)

World Cancer Research Fund/American Institute for Cancer Research, 2007 [11]

4 cohort studies Per 2.5-cm higher WC CRC All 1.05 (1.03–1.07)

5 cohort studies Per 0.1-unit higher WHR CRC All 1.30 (1.17–1.44)

Guh et al., 2009 [87]

3 cohort studies WC � 102 cm versus
WC < 102 cm (men) or
WC � 88 cm versus
WC < 88 cm (women)

CRC M
F

2.93 (2.31–3.73)
1.55 (1.27–1.88)

World Cancer Research Fund/American Institute for Cancer Research Continuous Update
Project (CUP), 2011 [5]

6 cohort studies
identified during the
CUP (January 2006–
December 2009)

Per 2.5-cm higher WC CRC All 1.03 (1.02–1.04)

CC All
M
F

1.05 (1.03–1.06)
1.06 (1.04–1.08)
1.03 (1.02–1.04)

RC All 1.03 (1.01–1.04)

6 cohort studies
identified during the
CUP

Per 0.1-unit higher WHR CRC All 1.17 (1.09–1.25)

CC All 1.27 (1.15–1.41)

RC All 1.20 (1.07–1.34)

Ma et al., 2013 [12]

13 cohort studies Highest versus lowest
category of WC

CRC All
M
F

1.46 (1.33–1.60)
1.48 (1.30–1.68)
1.44 (1.30–1.60)

CC All
M
F

1.61 (1.42–1.84)
1.81 (1.46–2.24)
1.50 (1.25–1.79)

Prox. CC
Dist. CC

All
All

1.87 (1.12–3.14)
1.94 (1.25–3.02)

RC All
M
F

1.35 (1.11–1.63)
1.28 (0.99–1.66)
1.50 (1.03–2.18)

Abbreviations: CC colon cancer; prox. CC proximal colon cancer; dist. CC distal colon cancer; CI
confidence interval; CRC colorectal cancer; F females; M males; RC rectal cancer; RR relative risk;
WC waist circumference; WHR waist-to-hip ratio
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In summary, there is consistent evidence that abdominal obesity is a strong risk
factor for colorectal cancer in both sexes, with risk appearing to be more strongly
associated with colon than with rectal cancer.

2.4 Abdominal Obesity and Colorectal Adenomatous Polyps

A meta-analysis conducted by Lee and colleagues included 12 studies and found
that abdominal obesity was associated with an increased overall risk of colorectal
adenomas (RR = 1.42; 95 % CI 1.30–1.56) [14]. A meta-analysis by Hong and
colleagues showed that a 10-cm higher WC was associated with a RR of 1.23
(95 % CI 1.12–1.36) for developing colorectal adenomas, and the RR for the
highest versus lowest level of WC was 1.39 (95 % CI 1.24–1.56), with similar risk
estimates for men and women [21]. A 0.1-unit higher WHR was associated with an
overall RR of 1.16 (95 % CI 1.06–1.26) [21]. Individuals in the highest WHR
category had a 22 % greater colorectal adenoma risk compared with individuals in
the lowest category of WHR (RR = 1.22; 95 % CI 1.10–1.35) [21].

2.5 Shortcomings of Existing Studies
and Future Research Needs

The existing literature on the association between obesity and risk of colorectal
cancer and adenoma has several shortcomings. First, between-study variation in the
definitions of BMI and WC exposure categories represents a potential source of
heterogeneity, resulting in less accurate risk estimates. Second, although studies
usually adjusted for common confounders, problems with unknown confounding
factors cannot be excluded. Third, findings on the association between obesity and
colon cancer anatomic subsite are heterogeneous, which needs to be resolved.
Fourth, in order to develop targeted public health prevention strategies, possible
heterogeneity in risk across ethnicities should be investigated in more detail.

2.6 Summary on the Association Between Obesity
and Colorectal Cancer

There is consistent evidence supporting a positive association between obesity and
colorectal cancer. General obesity (as assessed by BMI) and abdominal obesity (as
assessed by WC and WHR) are independently associated with higher colorectal
cancer risk. For general obesity, the relative risks are stronger in men than in
women, and they are more pronounced for cancers of the colon than of the rectum.
For abdominal obesity, the association also appears to be stronger for colon than for
rectal cancer, but sex differences are less clear. For both BMI and WC, there is
evidence for a dose–response relationship with colorectal cancer risk. Both general
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obesity and abdominal obesity seem to be associated with an increased risk of
colorectal adenomatous polyps, a precursor of colorectal cancer.

3 Association Between Obesity and Colorectal
Cancer Survival

In contrast to the considerable amount of published literature on obesity and col-
orectal cancer incidence, little data are available on the relation of obesity to col-
orectal cancer recurrence and survival. In the USA, 5-year relative colorectal cancer
survival is 65 % and in 2012, an estimated 1,168,929 people were living with
colorectal cancer [22]. Although survival rates differ across countries, the large
number of people being diagnosed with colorectal cancer requires additional
research on the relations of obesity and other lifestyle factors to colorectal cancer
survival in order to provide adequate weight recommendations for colorectal cancer
patients.

3.1 General Obesity and Mortality in Colorectal
Cancer Patients

A recent meta-analysis by Lee and colleagues investigated the association between
pre- and post-diagnostic BMI and colorectal cancer prognosis. That meta-analysis
included 16 prospective cohort studies with a total of 58,917 colorectal cancer cases
and follow-up periods between 4.9 and 20 years [23]. Pre-diagnostic obesity was
associated with statistically significant increases in colorectal cancer-specific mor-
tality and all-cause mortality, with risk estimates of 1.22 (95 % CI 1.003–1.35) and
1.25 (95 % CI 1.14–1.36), respectively [23]. However, post-diagnostic obesity was
positively associated only with all-cause mortality (RR = 1.08; 95 % CI 1.03–1.13),
but not with colorectal cancer-specific mortality [23]. Thus, a healthy weight may
protect colorectal cancer patients against other causes of death such as cardiovas-
cular disease but not against colorectal cancer recurrence. In subgroup analyses, Lee
and colleagues showed that post-diagnostic obesity was statistically significantly
associated with all-cause mortality in women (RR = 1.13; 95 % CI 1.05–1.21) but
only borderline statistically significantly so in men (RR = 1.05; 95 % CI 0.99–1.23)
[23]. When analyzed according to anatomic subsite, post-diagnostic obesity was
positively associated with all-cause mortality in colon cancer patients (RR = 1.09;
95 % CI 1.05–1.15), but not in rectal cancer patients [23]. Other systematic reviews
summarizing the association between general obesity and colorectal cancer survival
revealed heterogeneous results [24, 25]. Thus, the association between general
obesity and colorectal cancer survival remains unclear and more long-term studies
are needed.
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3.2 Abdominal Obesity and Mortality
in Colorectal Cancer Patients

Several epidemiologic studies investigated the association between abdominal
obesity and colorectal cancer survival. Some studies found that abdominal obesity
was associated with a reduction in colorectal cancer-specific or overall survival [26,
27]. Haydon and colleagues showed that a 10-cm higher WC increased
disease-specific mortality by 20 % (95 % CI 1.02–1.31) [26]. Findings from the
Iowa Women’s Health Study showed that women in the highest versus lowest
tertiles of WC and WHR had 34–45 % greater risks of all-cause and colon
cancer-specific mortality [27]. Another study demonstrated that there was no dif-
ference between overall survival of overweight (including obese) and
normal-weight colorectal cancer patients [28]. However, there was a statistically
nonsignificant borderline increase in risk of tumor recurrence in overweight (and
obese) patients with resectable cancer [28]. Although the available evidence points
to an adverse influence of abdominal obesity on colorectal cancer survival, more
research is needed in this field.

3.3 Obesity and Treatment Outcomes
in Colorectal Cancer Patients

Studies investigating the role of obesity on treatment outcomes in patients with
colorectal cancer showed an increased risk of surgical and wound-related compli-
cations, such as wound infection and slow healing following colon cancer surgery
[29], and anastomotic leak following proctectomy [30]. A meta-analysis on the
outcomes of laparoscopic colorectal surgery showed that obesity was significantly
associated with increased conversion rates (to open procedures), operating times
and postoperative morbidity [31]. Furthermore, obesity may decrease the effect of
drug treatment, such as bevacizumab (an antibody against vascular endothelial
growth factor) [32]. However, other studies showed opposing findings, implying
that further research is required to establish causal links between obesity and
specific treatment outcomes and to draw appropriate conclusions regarding treat-
ment options and therapeutic guidelines for obese colorectal cancer patients.

3.4 Summary and Recommendation on Weight Management
in Colorectal Cancer Patients

The association between obesity and colorectal cancer survival remains unclear, but
the sparse literature suggests that obesity may adversely influence the outcomes of
surgical and chemotherapeutic treatments and colorectal cancer recurrence and
survival. Based on the existing evidence, colorectal cancer patients should be
recommended to maintain (or reach) normal weight in order to improve survival
and to reduce all-cause mortality. Since pre-diagnostic BMI is strongly associated
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with post-diagnostic BMI, it is preferable to maintain normal weight throughout the
life span. In addition, adherence to other healthy lifestyle behaviors such as physical
activity and a healthy diet should be recommended to colorectal cancer patients
[33].

4 Weight Change in Adulthood and Risk
of Colorectal Cancer

The vast majority of studies on obesity and colorectal cancer used one-time mea-
surements of BMI, WC or WHR as exposure variables. However, anthropometric
measures of individuals may change during the course of their lives. As colorectal
tumorigenesis has a long latent period from tumor initiation to progression, changes
in weight may play a role in the complex etiology of colorectal cancer. Therefore, it
is of interest to examine whether dynamic exposure variables such as weight change
(including weight gain and weight loss) are associated with colorectal cancer risk.

4.1 Weight Gain and Colorectal Cancer Risk

Four recently published meta-analyses summarized the relationship between weight
gain during adulthood and colorectal cancer risk [34–37].When comparing the largest
weight gain group with those in the weight-stable reference group, all meta-analyses
reported similar overall risk estimates and quantified the risk of colorectal cancer for
those in the groupwith the highest weight gain as being 16–25 %higher than for those
in the stable weight group [34–36]. Overall, the strength of the association was
comparable across colorectal cancer anatomic subsites, and the relation was stronger
in men than in women. The meta-analysis conducted by Karahalios and colleagues
showed that the association was stronger in studies that assessed weight change from
early adulthood to midlife compared with studies examining change from midlife to
older age [36]. In line with this, Schlesinger and colleagues reported that body weight
gain in early adult life was slightly more strongly associated with colorectal cancer
risk than weight gain in midlife adulthood [34].

In dose–response meta-analyses, a weight gain of 5 kg was associated with a 3–
5 % increased risk of colorectal cancer [34–36]. Schlesinger et al. and Chen et al.
presented similar results, with increased risks of colorectal cancer of 8, 12–14 and
16–21 % for 10, 15 and 20 kg increases in weight, respectively [34, 35].

The studies included in the published meta-analyses used weight or BMI as body
size measurements. However, it would be of interest to examine whether changes in
WC during adulthood are associated with colorectal cancer risk. In addition, more
prospective studies are needed to examine the time frames of weight change in
more detail.
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In conclusion, weight gain during adulthood, particularly from early adulthood
to midlife, appears to be associated with an increased risk of colorectal cancer,
regardless of cancer anatomic subsite.

4.2 Weight Loss and Colorectal Cancer Risk

Only one meta-analysis quantified the association between weight loss and the risk
of colorectal cancer [36]. No association with risk of colorectal cancer was found
when comparing weight loss with a weight-stable reference group (RR = 0.96;
95 % CI 0.89–1.05), regardless of the time frame during which weight loss
occurred [36]. Since no information was available to distinguish between inten-
tional and unintentional weight loss, reverse causation due to unintentional weight
loss in colorectal cancer patients may be responsible for this finding. The associ-
ation between weight loss after bariatric surgery and risk of colorectal cancer has
been summarized by two meta-analyses [38, 39]. Bariatric surgery is the surgical
treatment of obesity by gastric bypass or adjustable gastric banding, and it repre-
sents an effective means for weight loss in obese patients, reducing obesity-related
comorbidities, even though risks of complications exist [40]. BMI loss within five
years after bariatric surgery typically lies in the range of 12–17 kg/m2 [40]. It was
shown that weight loss after bariatric surgery was associated with a significantly
reduced risk of colorectal cancer by 24–27 % [38, 39]. However, the evidence base
is limited due to the small number of existing studies in this area.

4.3 Summary on the Effects of Weight Change on Colorectal
Cancer Risk

There is increasing evidence that weight gain, particularly weight gain during early
adulthood, is associated with an increased risk of colorectal cancer. The association
is less clear for weight loss, although there is a significantly decreased risk of
colorectal cancer in obese patients with weight loss after bariatric surgery. Nev-
ertheless, based on the existing evidence, avoidance of weight gain during adult-
hood can be recommended in order to minimize the risk of colorectal cancer
development.

5 Relations of Childhood and Adolescent Obesity to Risks
of Colorectal Cancer and Colorectal Adenoma

The long latent period of colorectal cancer development suggests that certain
exposures that lie in the past may play a role in its etiology. In particular, childhood
and adolescence may represent critical time windows during which obesity may
affect the future development of colorectal cancer.
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In contrast to the well-studied association between adulthood obesity and col-
orectal cancer risk, the relations with childhood and adolescent obesity are less well
known, and epidemiologic studies have yielded contrasting results, perhaps due to
heterogeneous study designs and different exposure classifications.

The association between childhood obesity and colorectal adenoma was inves-
tigated in the Nurses’ Health Study II [41]. Women who were in the highest versus
lowest body fatness category at age 5 years had a 44 % greater risk of colorectal
adenoma (RR = 1.44; 95 % CI 1.04–1.99), independent of adult BMI. A statisti-
cally nonsignificant positive association was seen for body fatness at age 10 years,
and no association was apparent for body fatness at age 20 years [41]. Thus, in
addition to obesity during adulthood, childhood obesity seems to be associated with
an increased risk of colorectal adenoma, at least in women. Hormonal changes
during adolescence may explain the null association with body fatness at age 20.

The relationship between obesity in childhood, adolescence and young adult-
hood and colorectal cancer was investigated in several cohort studies. The Nurses’
Health Study included 75,238 women who were followed up over 22 years and
showed positive relations of body fatness in childhood and adolescence to col-
orectal cancer risk [42]. Women in the highest body fatness category (as assessed
by somatotypes) in childhood and adolescence had a 27–28 % greater risk of
colorectal cancer compared to those in the lowest body fatness category, inde-
pendent of adult BMI [42]. When comparing BMI categories � 30 to <18.5 kg/m2

in young adulthood (age 18 years), women in the highest BMI category had a 60 %
greater risk of colorectal cancer than women in the lowest BMI category [42]. The
association was stronger for rectal cancer (RR = 3.16; 95 % CI 1.40–7.08) than for
other anatomic subsites [42].

In the Health Professionals Follow-up Study involving 34,544 men, a statisti-
cally nonsignificant positive association was seen between early-life body fatness
and risk of colorectal cancer (RR = 1.04; 95 % CI 0.82–1.31) [42].

A large Israeli cohort comprising 1.1 million men showed that higher versus
lower BMI during adolescence was associated with an increased risk of colon
cancer but not rectal cancer [43]. Male adolescents in the highest BMI quintile had
a 69 % higher risk of colon cancer compared to those in the lowest BMI quintile
(95 % CI 1.24–2.29) [43].

A large Norwegian study showed that the risk of colorectal cancer mortality was
higher in men and women whose BMI was � 85th percentile compared to those
with BMI within the 25–74th percentile during adolescence (age 14–19 years) [44].
The relative risks of colorectal cancer mortality were 2.1 (95 % CI 1.1–4.1) for men
and 2.0 (95 % CI 1.3–3.5) for women [44].

The Harvard Alumni Health Study cohort showed that there was no statistically
significant association between a higher BMI (by one standard devia-
tion = 2.56 kg/m2) in early adulthood and colorectal and colon cancer mortality
[45].

Similarly, the Atherosclerosis Risk in Communities cohort found no statistically
significant relations of early adulthood BMI to colorectal cancer incidence or
mortality [46].

32 C. Jochem and M. Leitzmann



In conclusion, the existing literature on childhood and adolescent obesity and its
relations to colorectal cancer risk is sparse. Studies differ substantially in their
assessments and categorizations of exposures, and results are rather inconsistent.
However, several studies found positive associations between obesity during
childhood or adolescence and colorectal cancer. Although it is not clear how many
colorectal cancer cases in adulthood might be prevented, there is some evidence that
obesity in early life should be avoided.

6 Potential Biological Mechanisms Linking Obesity
to Colorectal Cancer

Although there is convincing evidence linking obesity to colorectal cancer risk, the
underlying biological mechanisms have not yet been fully elucidated.
Obesity-induced insulin resistance, chronic inflammation, adipokines and sex
hormones likely play a crucial role in the complex metabolic pathways in colorectal
carcinogenesis.

6.1 Insulin Resistance, Hyperinsulinemia and Insulin-like
Growth Factor

One of the main features of obesity is excess adipose tissue. Hypertrophic and
dysfunctional adipocytes result in an increased release of free fatty acids (FFAs)
[47]. By inhibiting insulin-stimulated glucose uptake (in skeletal muscle) and
glycogen synthesis, elevated serum concentrations of FFAs lead to insulin resis-
tance and hyperinsulinemia [48]. Tumorigenic effects of insulin may be direct
through mediation of the insulin receptor (IR) in target cells, or indirect through
influencing synthesis and biological availability of insulin-like growth factor 1
(IGF1) and sex hormones [49]. In vitro, both insulin and IGF1 have been shown to
stimulate growth of both normal colorectal epithelial and carcinoma cells by pro-
moting cell proliferation and inhibiting apoptosis [50].

Epidemiologic evidence has shown an increased risk of colorectal cancer in
relation to clinical conditions associated with high levels of IGF1 (acromegaly) and
insulin (type 2 diabetes mellitus) [51, 52]. For example, a meta-analysis reported a
21 % (95 % CI 1.02–1.42) increased risk of colorectal cancer in diabetic compared
to non-diabetic individuals [51].

Supportive evidence also comes from serologic studies. A meta-analysis by
Rinaldi and colleagues analyzed the findings from 10 prospective studies on IGF1
blood levels and colorectal cancer risk and showed that higher pre-diagnostic serum
concentrations of IGF1 were modestly associated with risk of colorectal cancer
[53]. Meta-analyses have consistently shown that higher levels of IGF, circulating
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insulin and C-peptide (a marker for insulin production and hyperinsulinemia) were
associated with an increased risk of colorectal cancer [53–55]. Similarly, higher
levels of insulin and C-peptide have been shown to be associated with an increased
risk of colorectal adenoma [56].

6.2 Chronic Inflammation

Obesity is considered a condition of chronic low-grade inflammation, and
obesity-enhanced inflammation is mediated through adipose tissue macrophages
that secrete pro-inflammatory cytokines, such as tumor necrosis factor alpha
(TNF-a), interleukin 6 (IL-6) and monocyte chemotactic protein 1 (MCP-1) [57].
Increased synthesis of acute phase proteins, such as C-reactive protein (CRP), and
activation of pro-inflammatory pathways are further mechanisms related to
obesity-induced inflammation [58]. For example, animal studies have shown that
diet-induced obesity leads to an increase in colonic TNF-a and consecutively to an
activation of the Wnt signaling pathway, which plays a critical role in colorectal
carcinogenesis [59]. It has been shown that obesity is strongly associated with
elevated levels of CRP in children and adults, whereby these associations were
stronger in women than in men [60]. Similarly, IL-6 and TNF-a are positively
associated with obesity [61]. Higher pre-diagnostic concentrations of CRP (a sys-
temic marker of inflammation) have been found to be associated with elevated risk
of colorectal cancer, particularly in men [62]. Furthermore, colorectal cancer
patients have higher serum levels of IL-6 compared to healthy individuals [63], and
higher IL-6 serum levels appear to be associated with increased tumor stage and
size, greater metastasis and decreased survival [63].

The hypothesized association between chronic inflammation and colorectal car-
cinogenesis is supported by studies that investigated the relationship between chronic
inflammatory bowel diseases (IBD)—Crohn’s disease and ulcerative colitis—and
colorectal cancer. There is strong evidence that individualswith IBDshave an increased
risk of developing colorectal cancer compared to healthy individuals [64–66]. In
addition, it has been shown that (long-term, low-dose and regular) use of aspirin (a
nonsteroidal anti-inflammatory drug) is associated with a 20–26 % decreased risk of
colorectal cancer [67].

6.3 Hypoadiponectinemia and Hyperleptinemia

Adipocytes secrete adiponectin and leptin—molecules that have been proposed to
be involved in several steps of colorectal tumorigenesis.

Adiponectin is an adipose tissue-derived protein hormone which is expressed at
high levels in healthy individuals and has several beneficial effects through
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insulin-sensitizing, anti-angiogenic, anti-inflammatory and probably anti-
carcinogenic properties [68]. Circulating adiponectin levels correlate inversely with
BMI [69].Animal and invitro studies have shown that adiponectin reduces colon cancer
cell proliferation, adhesion and invasion and directly inhibits angiogenesis [70].

Three meta-analyses have summarized the heterogeneous findings from epi-
demiologic studies and showed that adiponectin was inversely associated with risks
of colorectal adenoma and colorectal cancer [71–73].

Leptin, a product of the Ob gene, is a hormone primarily produced by adipo-
cytes, with higher serum concentrations in obese compared to normal-weight
individuals [74, 75]. Leptin is involved in the regulation of energy homeostasis,
neuroendocrine function, metabolism and immune function [76]. In vivo studies
revealed proliferative and anti-apoptotic effects of leptin on cell growth [77].

The relationship between leptin concentrations and colorectal cancer risk in
humans has been investigated in several epidemiologic studies, though with
inconsistent results. Meta-analyses found no association between circulating leptin
levels and colorectal cancer risk, but a positive association of serum leptin with
colorectal adenoma was suggested [71, 78].

6.4 Sex Hormones

In an attempt to explain the apparent sex-specific discrepancies in the association
between general obesity and colorectal cancer risk, differences in body composition
between men and women and the influence of hormone status and hormone
replacement therapy in postmenopausal women have been taken into consideration.

Epidemiologic studies investigating the relationship between endogenous
estrogen levels with colorectal cancer risk showed inconsistent findings [79–81].
However, hormone replacement therapy (estrogen plus progestin) in post-
menopausal women is related to decreased risk of colorectal cancer [82, 83].
Estrogen may act through genomic and non-genomic pathways, but its exact role in
colorectal carcinogenesis remains unclear and further research is required.

6.5 Summary of Potential Biological Mechanisms

Although the exact mechanisms linking obesity with colorectal cancer development
and progression are not completely elucidated, it appears biologically plausible that
obesity-induced increased levels of insulin and IGF1 and obesity-associated chronic
inflammation contribute to colorectal carcinogenesis. Furthermore, low levels of
adiponectin and high levels of leptin may play a role in the complex pathways
underlying colorectal cancer development. Other potential mechanisms such as the
influence of estrogen are not understood in detail.
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7 Summary and Future Research

The existing literature provides strong and consistent evidence that obesity is
positively related to colorectal cancer. Both general obesity and abdominal obesity
are associated with an increased risk of colorectal cancer development and with
reduced survival among colorectal patients. In order to prevent obesity-associated
colorectal cancer, the maintenance of normal weight and the avoidance of adult
weight gain can be recommended to all individuals. The same holds true for col-
orectal cancer patients in order to improve treatment outcomes and survival.

Further research in this field is required in order to answer important questions
such as the appropriateness of existing measures of obesity, the impact of obesity
on colorectal cancer treatment outcomes, recurrence and survival, the effect of
weight change throughout the life course and the role of childhood and adolescent
obesity, the variation in risk according to sex and colorectal cancer anatomic
subsite, and the underlying biological mechanisms.
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Abstract
The relationship between adiposity and breast cancer risk and prognosis is
complex, with associations that differ depending on when body size is assessed
(e.g., pre- vs. postmenopausal obesity) and when breast cancer is diagnosed (i.e.,
pre- vs. postmenopausal disease). Further, the impact of obesity on risk differs
by tumor hormone receptor status (e.g., estrogen (ER) and progesterone
(PR) receptor) and, among postmenopausal women, use of exogenous hormones
(i.e., hormone replacement therapy (HRT)). In the context of these complexities,
this review focuses on associations between childhood and adolescent adiposity,
general adiposity, weight changes (i.e., loss and gain), abdominal adiposity, and
breast cancer risk and survival. Finally, we discuss potential mechanisms linking
adiposity to breast cancer.
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1 Introduction

Breast cancer is the most frequently diagnosed cancer in women worldwide (1.67
million new cases in 2012) and a leading cause of cancer mortality [1]. Age, age at
menarche, first full-term pregnancy and menopause, parity, use of hormone
replacement therapy (HRT), alcohol consumption, and postmenopausal obesity are
among the established risk factors for disease. Obesity is a modifiable risk factor,
but the relationship between adiposity and breast cancer risk is complex, and differs
by tumor characteristics, menopausal status, and exogenous hormone use. We
describe the association between body size, from childhood through
post-menopause, and breast cancer risk and survival, and discuss the mechanisms
linking adiposity to breast cancer risk.

2 Body Size Across the Life Course and Breast Cancer Risk

Higher adiposity has opposing effects on breast cancer risk, depending on a
woman’s menopausal status. Among premenopausal women, higher adiposity, in
childhood or during adult life, is associated with decreased risk of breast cancer,
while among postmenopausal women obesity increases risk [2, 3]. Interestingly,
greater adiposity during childhood and adolescence is inversely associated with
both hormone receptor-positive disease (i.e., tumors expressing estrogen (ER) and
progesterone (PR) receptors) and receptor-negative disease. In contrast, obesity in
adulthood has been found to be associated predominantly with ER+/PR+ breast
cancer, and, in the case of postmenopausal obesity, with increased risk of ER+/PR+
disease only among women not using HRT. Of note, while the relationship between
body size in pre- and postmenopausal women and subsequent breast cancer risk has
been extensively investigated, it still remains somewhat uncertain until what point
in the premenopausal period obesity is protective, and, similarly, from what point in
the postmenopausal period obesity begins to show a deleterious effect.

2.1 Childhood Body Size

In several prospective cohort studies, larger recalled body size in childhood and
adolescence has been found to be inversely associated with subsequent breast cancer
risk, independently of current body mass index (BMI, kg/m2) [3]. In the largest and
most comprehensive study to date, Baer et al. investigated recalled childhood body
size (ages 5 and 10 years; Fig. 1) and breast cancer risk among 188,860 women in the
Nurses’Health Studies [4].Women reporting larger body size in childhood had lower
risk of breast cancer regardless of menopausal status at diagnosis and tumor hormone
receptor status (e.g., RRs per 1-unit higher body size at age 5, premenopausal: 0.94
[0.90–0.97], postmenopausal: 0.93 [0.91–0.95]; RRs per 1-unit higher body size in
adolescence: ER+/PR+: 0.92 [0.89–0.95], ER−/PR−: 0.85 [0.80–0.90]); results were
essentially unchanged after controlling for BMI at age 18 or BMI at baseline
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recruitment (e.g., RRs per 1-unit higher body size at age 5, not adjusted for BMI at
older ages RR: 0.93 (0.92–0.95), adjusted for current BMI, RR: 0.93 [0.91–0.95]),
adjusted for BMI at age 18, RR: 0.95 [0.94–0.97]. Similar inverse associations have
been observed in other prospective studies [3].

2.2 General Adiposity in Adulthood and Breast Cancer

2.2.1 BMI and Premenopausal Breast Cancer Risk
Consistent with larger childhood body size, obesity in adulthood is associated with
lower breast cancer risk in premenopausal women [3], though this inverse associ-
ation is observed only for hormone receptor-positive disease. For example, in the
European Prospective Investigation into Cancer and Nutrition (EPIC) cohort, a
5 kg/m2 higher BMI was associated with a 20 % decreased risk of ER+/PR+ breast
cancer (RR: 0.80 [0.69–0.93]) among premenopausal women (age ≤ 49 years), but
showed no association with ER−/PR− disease (RR: 0.90 [0.71–1.13], p hetero-
geneity = 0.44) [5]. Similar observations were made in the Nurses’ Health Study II
(RRs, per 1-unit higher BMI, ER+: 0.91 [0.84–0.99]; ER−: 1.03 [0.91–1.15]) [6].

2.2.2 Premenopausal BMI andPostmenopausal BreastCancer Risk
The protective effect of larger body size in early adulthood persists into the post-
menopausal period [4, 7–10]. In the most recent prospective investigation, Fagher-
azzi et al. [7] observed a 14 % decrease in risk of postmenopausal breast cancer for
women reporting larger body sizes at age 20–25 years (RR, ≥4 vs. 1 on pictogram:
0.86 [0.74–1.00]). These results are in line with findings from another large cohort
using the somatotype pictogram [4] and prospective investigations evaluating breast
cancer risk and BMI at age 18 [8–10]. The protective effect of premenopausal BMI on
postmenopausal breast cancer risk is likely strongest for ER+/PR+ tumors; however,
risk differences by hormone receptor status are not well characterized.

Of note, Fagherazzi et al. observed no association between later premenopausal
body size (ages 35–40 years) and postmenopausal breast cancer risk (RR, ≥4 vs.
1 on pictogram: 0.98 [0.82–1.18]). Further data in prospective settings are required
to clarify until what point larger premenopausal body size is inversely associated
with postmenopausal breast cancer risk.

Fig. 1 Somatotype pictogram to assess body shape at different ages. Reproduced from Stunkard
et al. [94]
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2.2.3 Postmenopausal BMI and Breast Cancer Risk
In contrast to the inverse association between larger early adult body size and breast
cancer risk, higher postmenopausal BMI increases risk, though this association
appears to be limited to ER+/PR+ disease among women not using HRT [5, 8, 10–
12]. This differential effect by HRT use has been consistently observed across studies,
with few exceptions [13]. In the EPIC cohort, risk was 28% higher for every 5 kg/m2

higher BMI in women who had never used HRT, with no association observed
among current HRT users (RRs ER+/PR+, HRT never users: 1.28 [1.18–1.38]; past
users: 1.47 [1.26–1.72]; current users: 1.01 [0.91–1.12]). Further, in analyses
cross-classified by both BMI andHRT use, higher BMIwas associatedwith increased
risk in a stepwise fashion among both never and past-HRT users, while risk of ER+/
PR+ disease was more than twofold higher among current HRT users, regardless of
BMI (all relative to HRT never users with BMI ≤ 22.5 kg/m2; Fig. 2).

Fat-derived estrogens are widely considered the principal mechanism through
which postmenopausal obesity impacts breast cancer risk. Adipose tissue expresses
high levels of aromatase and represents a major source of endogenous estrogens in the
postmenopausal period. In turn, postmenopausal endogenous estrogens, as well as
exogenous hormones (i.e., HRT), increase breast cancer risk [14–16]. It is plausible
that fat-derived endogenous estrogens are only etiologically relevant for breast cancer
in the context of the lower estrogen environment experienced by postmenopausal
women not using HRT, and that obesity, and its actions via endogenous estrogens, is
not etiologically relevant in the context of exogenous hormone use.

On balance, data to date do not support a relationship between BMI and ER−/PR−
disease [5, 11, 13, 17]. In the EPIC cohort, BMI > 25.9 versus ≤22.5 kg/m2 was
associated with an increased risk of ER−/PR− disease, but only among never HRT
users (RR: 1.59 [1.08–2.34]) [5]. However, the impact of BMI on postmenopausal
ER−/PR− disease is not fully understood, with few other studies examining risk of
ER−/PR− disease by HRT use [12]. Possibly, some breast tumors presenting as
receptor-negative tumors at diagnosis were still receptor-positive and hormone–re-
sponse reflects earlier stages of development. There are limited prior data on obesity
by other tumor classifications based on molecular phenotype [18], though existing

Fig. 2 BMI and risk of ER+ PR+ and ER− PR− tumors across HRT use categories, among
postmenopausal women. HRT never users in BMI tertile1 serve as the reference category. BMI
tertile cutpoints: T1: ≤22.5 kg/m2; T2: 22.6–25.8 kg/m2; T3: ≥25.9 kg/m2 [5]
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data suggest obesity impacts androgen receptor (AR)-positive and androgen
receptor-negative tumors similarly [19].

To date, it remains unclear precisely when in the postmenopausal period
higher BMI begins to increase risk. Data from the EPIC cohort suggest BMI may
become a relevant risk factor especially for breast cancer diagnosed at a more
advanced, postmenopausal age. [5] evaluated risk in 5-year age bands (e.g., women
55–59 or 60–64 for both BMI assessment and diagnosis) to address the issue of
timing (Fig. 3). In this investigation, higher BMI was significantly related to higher
risk of ER+/PR+ disease among women aged 65 or older, but not significantly
related to risk among women earlier in menopause (i.e., ages 55–64) [5].

These results suggest that it may take several years after the onset of menopause
before the inverse association of excess adiposity with breast cancer risk among
premenopausal women is offset, and gradually turned into a positive association.
The findings by [5]. are in agreement with a pooled analysis of prospective cohort
data by van den Brandt et al. which suggested postmenopausal BMI increases
breast cancer risk after age 65 [20], but contrast with findings in the Women’s
Health Initiative which suggested stronger positive associations among younger
postmenopausal women [10].

3 BMI and Breast Cancer-Specific Survival

Higher BMI is associated with poorer breast cancer-specific survival. A recent
meta-analysis showed that overweight (25–29.99 kg/m2) and obese (≥30 kg/m2)
women were at higher risk of breast cancer-specific mortality than normal weight
women (18.5–24.99 kg/m2) (RRs, overweight: 1.11 [1.06–1.17]; obese: 1.35
[1.24–1.47]), whether BMI was assessed before diagnosis, within one year after
diagnosis, and at least 12 months after diagnosis [21]. In contrast to investigations
on BMI and breast cancer risk, studies on BMI and breast cancer survival generally
do not suggest strong heterogeneity by menopausal status or tumor hormone
receptor status [21].

Fig. 3 Hazard ratios of ER+ PR+ and ER− PR− tumors for increases in BMI across age bands.
All models are for a 5 kg/m2 increase in BMI and were stratified by age at recruitment and study
center [5]
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4 Weight Changes

Independently of BMI, adult weight gain has been found to increase breast cancer
risk in many epidemiologic studies. In addition to the possible independent effect of
weight gain on risk, this observation underscores the importance of maintaining a
healthy weight, or minimizing weight gain [22].

4.1 Weight Gain and Risk of Premenopausal Breast Cancer

Data with respect to weight gain and premenopausal breast cancer risk are sparse
and results are inconsistent. In a recent meta-analysis of three prospective studies,
weight gain was not associated with premenopausal breast cancer risk [22]. In
contrast, weight gain was associated with increased risk of premenopausal breast
cancer in two subsequent evaluations in the EPIC cohort and the Nurses’ Health
Study (e.g., EPIC: RR, ≥0.83 kg/year weight gain vs. stable weight: 1.37 [1.02–
1.85]) [23], and these associations persisted after adjustments for current [23] or
average [24] BMI. In the Nurses’ Health Study, weight gain was only associated
with PR− tumors (i.e., ER+/PR−, ER−/PR−) and not with ER+/PR+ disease [24];
in the EPIC study, analyses by hormone receptor status among the premenopausal
women were not reported.

Both studies investigated whether the impact of weight gain differed by baseline
BMI at the time of recruitment into the cohort, with contradictory results. In EPIC,
results were similar regardless of baseline BMI (RR ≥ 0.83 kg weight gain vs.
stable weight, BMI < 25 kg/m2: 1.23 [0.87–1.72]; BMI ≥ 25 kg/m2: 1.42 [0.76–
2.65]; p for heterogeneity >0.05) [23]. In the Nurses’ Health Study, by contrast,
weight gain was related to higher risk only among women leaner at baseline (RR
per 11 kg weight gain, BMI < 25 kg/m2: 1.65 [1.35–2.02]; BMI ≥ 25 kg/m2: 1.02
[0.83–1.25]; p for heterogeneity <0.001) [24].

4.2 Weight Gain and Postmenopausal Breast Cancer Risk

As with overall postmenopausal obesity, adult weight gain is associated with
postmenopausal breast cancer risk among women not using HRT (RRs per 5 kg
increase, HRT nonusers: 1.11 [1.08–1.13]; HRT users: 1.01 [0.99–1.02]) [22] and
according to recent meta-analyses appears to be more strongly associated with ER+/
PR+ disease (RR: 2.33 [2.05–2.60]) than with ER−/PR− disease (RR: 1.34
[1.06–1.63]) [25]. However, it should be noted that two subsequent prospective
analyses observed similar results regardless of HRT use and for both ER+/PR+ and
ER−/PR− tumors [23, 24]. In most prospective studies, weight gain was associated
with postmenopausal breast cancer risk irrespective of body size at baseline [24,
26–29], though three large studies, including recent analyses in the EPIC cohort and
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Women’s Health Initiative, reported stronger associations among women leaner at
baseline [13, 23, 30].

4.3 Weight Loss and Breast Cancer Risk

Data to date do not support a relationship between weight loss and breast cancer
risk, with most investigations observing no association [13, 23, 24, 26, 28, 31], or
risk reductions only in subgroups of postmenopausal women (i.e., >10 kg weight
loss after menopause and only in never HRT users (RR: 0.43 [0.21–0.86] [30]);
>1 kg weight loss between ages 45–55 years (RR: 0.5 [0.3–0.9] [29]).

4.4 Weight Change and Breast Cancer-Specific Survival

Weight gain after breast cancer diagnosis is common [32, 33], but whether weight
gain impacts breast cancer-specific survival is not fully understood. Weight gain of
>10 % body weight was suggestively associated with increased risk of breast
cancer-specific mortality in a recent meta-analysis (RR: 1.17[1.00–1.38]) [32]; it
remains to be determined whether the effect of weight gain differs depending on
baseline BMI. Clinical trials are underway to assess the effect of post-diagnosis
weight loss on disease-free survival [34].

5 Visceral Adiposity: Waist Circumference/Waist-Hip Ratio

While imaging studies suggest that BMI is a valid parameter of general adiposity, it
does not reflect the visceral fat compartment well [35]. Waist circumference
(WC) and waist–hip ratio (WHR) provide measures of body fat distribution and are
proxy measures of abdominal subcutaneous fat and of visceral adiposity. Inde-
pendent of BMI, higher WC and WHR increase risk of several chronic diseases
including other cancers, cardiovascular disease, and all-cause mortality [36–38] and
accumulating evidence suggests WC and WHR may be risk factors for breast
cancer [2, 39]. Whether the relationship between WC and WHR and breast cancer
risk differs by tumor hormone receptor subtype has not been thoroughly explored in
prior studies, though limited data to date suggest heterogeneity by tumor subtypes.

5.1 WC/WHR and Risk of Premenopausal Breast Cancer

On balance, data support a positive association between WHR and premenopausal
breast cancer risk. Each 0.1 unit higher WHR was related to 8 % higher risk of
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premenopausal breast cancer in a recent meta-analysis of 12 studies [40]. Few
studies have investigated WC and WHR and premenopausal breast cancer by
hormone receptor subtype, and results are conflicting. After adjusting for BMI, WC
and hip circumference (HC) were not associated with premenopausal ER+/PR+ or
ER−/PR− breast cancer in the EPIC cohort [5], whereas higher WC, HC, and WHR
was related to higher risk of ER−breast cancer risk in the Nurses’ Health Study II
(e.g., WC ≥ 87 cm vs. <69 cm, RR: 2.75 [1.15–6.54], multivariable models
including adjustment for BMI) [41]. Consistent with the results from EPIC, in the
Nurses’ Health Study no association was observed for premenopausal ER+/PR+
disease.

5.2 WC/WHR and Risk of Postmenopausal Breast Cancer

Prospective investigations suggest higher WC and WHR increase postmenopausal
breast cancer risk. A meta-analysis restricted to cohort studies observed a 5 %
increase in risk with each 8 cm higher WC (RR: 1.05 [1.00–1.10]) and a 19 %
increase in risk of with each 0.1 unit higher WHR (RR: 1.19 [1.10–1.28]) [2].
However, data to date are not consistent [5, 9, 10, 26, 42–46].

Investigations on the relationship between WHR and WC with postmenopausal
breast cancer classified by hormone receptor subtype are limited [5, 44, 45, 47]. In
the largest study to date, from the EPIC cohort, larger WC was not associated with
ER+/PR+ or ER−/PR− breast cancer risk in BMI-adjusted models (ER+/PR+,
n = 3586; ER−/PR−, n = 1021); WHR was not included in this investigation [5].
In contrast, higher WC was related to higher risk of ER+ breast cancer, but not
triple negative disease (i.e., ER−/PR−/HER2−), in the Women’s Health Initiative
(RRs WC > 95 vs. <76 cm, ER+: 1.34 [1.09–1.64] n = 2610 cases; triple negative:
0.66 [0.37–1.20], n = 307 cases; after adjustment for BMI); WHR was not asso-
ciated with either subtype [47]. Other prospective studies [44, 45] observed no
association between WHR and WC and postmenopausal breast cancer by ER status.
While there is some evidence that the association between WC and breast cancer
risk may differ by HRT use [5, 47], this is not well characterized.

5.3 WC and WHR and Breast Cancer-Specific Survival

The impact of abdominal adiposity on survival after a breast cancer diagnosis is not
established; however, data to date do not support an association between WC and
breast cancer-specific mortality [48, 49], and the evidence for WHR is weak (e.g.,
RR, ≥0.867 vs. <0.763: 1.27 (0.98–1.65), ptrend = 0.04; n = 11,351 breast cancer
cases) [48].

50 R.T. Fortner et al.



Body fat distribution versus general adiposity: Limitations of anthropometric
exposure assessments

While general adiposity is well reflected by BMI, imaging data show that this is
not the case for visceral adiposity (Fig. 4) [35, 50]. The use of alternative anthro-
pometric parameters more directly reflecting visceral adiposity (e.g., WC and WHR)
may not fully resolve this issue; however, anthropometric measures of adiposity in
most large prospective investigations are limited to BMI, WC, and WHR.

An additional pitfall with the use of anthropometric parameters, especially in
studies on breast cancer survival, is that muscle mass is not sufficiently captured [51].
It is plausible that sarcopenic adiposity, characterized by reduced muscle mass and
abdominal fat accumulation, rather than overall adiposity, is related to worse prog-
nosis in breast cancer patients [51, 52]. Although there is a lack of prospective patient
trials, studies on other cancer types clearly indicate that both visceral fat accumu-
lation and sarcopenic adiposity may be much more relevant for cancer progression
than general adiposity [51]. Imaging studies to assess the effects of visceral and
sarcopenic adiposity in breast cancer patients, as well as in the general population, are
needed to achieve a better understanding of the role of different types of adiposity in
cancer development and to facilitate a more precise quantification of risk estimates.

Fig. 4 Individuals with similar age, gender, BMI and same % body fat. Reproduced from Thomas
et al. [95]
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6 Potential Biologic Mechanisms

6.1 Endogenous Sex Hormones

Numerous observations document the relationships between breast cancer devel-
opment and endogenous sex hormone metabolism. Cancer registry data worldwide
show that before the average age at menopause of about 50 years breast cancer
incidence rates increase more strongly with age than after the age of 50 [53]. Also, an
older age at menopause, indicative of a longer cumulative period of premenopausal
steroid hormone levels, is associated with increased risk of breast cancer; this is more
strongly the case for ER+ than for ER− tumors [54]. These observations point to
tumor-enhancing effects of ovarian sex hormones, notably estradiol, and possibly
progesterone. Anti-estrogenic pharmacologic treatments with selective estrogen
receptor modulators (SERMs) [55] or aromatase inhibitors (AIs) reduce the risk of
ER+ breast tumor recurrences among cancer patients, and have also been shown to
reduce first occurrence of breast tumors among high-risk women [56]. Conversely,
the postmenopausal use of hormone replacements—especially combined
estrogen-plus-progestin regimens, but to a lesser extent also regimens based on
estrogen only—increases the risk of breast cancer, and this increase in risk consis-
tently has been found to be stronger among women who are comparatively leaner
and have a lower endogenous synthesis of estrogens [5, 47, 57].

Especially in postmenopausal women, the impact of adiposity on concentrations
of circulating sex steroid hormones likely represents the main mechanism linking
adiposity and breast cancer risk. Aromatase is a key enzyme in the synthesis and
metabolism of sex steroid hormones (Fig. 5).

Aromatase activity is well known to be upregulated in the context of obesity, and
adipose tissue is a major source of estrogens in postmenopausal women [58, 59].
Adiposity is consistently associated with higher concentrations of estradiol and
estrone (e.g., estradiol, BMI ≥ 30 kg/m2: 54.9 pmol/L; BMI < 22.5 kg/m2:
30.0 pmol/L; [60]) in postmenopausal women [60–64]. Beyond total estrogen
concentrations, obesity is associated with lower sex hormone-binding globulin
(SHBG) (e.g., BMI ≥ 30 kg/m2: 29.6 nmol/L; BMI < 22.5 kg/m2: 52.8 nmol/L)
[60], resulting in higher concentrations of bioavailable estradiol, as well as
bioavailable testosterone, unbound to SHBG.

Prospective epidemiologic investigations have consistently documented direct
associations between circulating endogenous estrogens (i.e., estradiol, estrone) and

Fig. 5 Synthesis of sex steroid hormones
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postmenopausal breast cancer risk [14–16]. In a pooled analysis of eight cohort
studies (total of 624 incident cases of breast cancer), the Endogenous Hormones
and Breast Cancer Collaborative Group evaluated the mediation effect of post-
menopausal sex steroid hormones on the association between BMI and post-
menopausal breast cancer. In this analysis, which included only women not using
HRT at the time of blood donation, a 5 kg/m2 unit higher BMI was associated with
a 18 % increase in breast cancer risk (RR: 1.18 [1.06–1.16]) before adjusting for
hormone concentrations. This increase in risk was attenuated and no longer sta-
tistically significant after adjusting for estrogens, with the strongest attenuations
observed for estradiol and free estradiol (e.g., RRs, after estradiol adjustment: RR:
1.07 [0.95–1.20]; after free estradiol adjustment: RR: 1.02 [0.89–1.17]) [60]. Very
similar findings were noted in a study within the EPIC cohort (613 incident cases of
breast cancer), again in support of a mediation effect of estradiol and free estradiol
on the association between other anthropometric measures and breast cancer risk
[61].

With regard to premenopausal breast cancer, the mechanisms underlying the
inverse associations between childhood and adult life overall adiposity and risk are
less well understood. One postulated mechanism [65] refers to reductions in ovarian
progesterone synthesis, especially among more obese women, as consequence of
obesity-induced ovarian hyperandrogenism [66]. This hypothesis gains some sup-
port from epidemiologic observations that, among postmenopausal women, use of
combined estrogen-plus-progestin HRT induces a stronger increase in breast cancer
risk than the use of estrogen-only formulations [57]. However, prospective studies
have not observed significant associations between higher serum progesterone
levels and increased breast cancer risk among premenopausal women [67, 68],
although in the same studies a significant reduction in progesterone levels was
observed for women with BMI > 30 kg/m2 [67]. For estrogens, prospective studies
among premenopausal women have shown a positive association between higher
circulating estrogen levels and breast cancer risk [67, 68], as well as a weak inverse
association between BMI and circulating total, but not bioavailable (calculated free,
estradiol concentrations) [67].

Besides estrogens, prospective studies have shown increases in breast cancer risk
among both pre- and postmenopausal women who have higher blood concentra-
tions of androgenic steroid hormones, including androstenedione and testosterone
[67–69]. Like estrogens, blood levels of androgens also show positive associations
with BMI, among both pre- and postmenopausal women.

6.2 Insulin

Obesity and visceral adiposity are associated with insulin resistance, resulting in
hyperinsulinemia and the metabolic syndrome [70], and insulin has been implicated
in breast cancer due to its mitogenic and anti-apoptotic effects as a growth factor
[70–73]. High insulin levels, furthermore, lead to increased levels of bioactive (free)
IGF-I due to downregulation of IGF-binding proteins −1 and −2, and also lead to
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increased blood levels of bioavailable testosterone and estradiol by downregulating
the hepatic synthesis and blood concentrations of SHBG. Finally, in at least a
subgroup of susceptible women, hyperinsulinemia can cause overstimulation of
ovarian androgen synthesis, which in a small percentage (3–5 %) of premenopausal
women can result in anovulatory menstrual cycles coupled with impaired proges-
terone synthesis (polycystic ovary syndrome; PCOS) [66, 74].

The above various observations have led to speculations that, in addition to
alterations in estrogen metabolism, hyperinsulinemia could provide a major phys-
iologic link between excess adiposity and breast cancer development [73, 75].
Prospective studies, however, have yielded somewhat conflicting results regarding
the relationship between insulin levels and risk of breast cancer [76–80]. A study
within the EPIC cohort (1141 cases, 2204 matched controls), which included only
women who did not use any exogenous hormones (i.e., oral contraceptives; HRT)
at the time of blood donation, found a variable, age-dependent association of breast
cancer risk with C-peptide, a marker for pancreatic insulin secretion, and breast
cancer risk [78]. Elevated serum C-peptide levels were associated with a reduced
risk of breast cancer diagnosed up to the age of 50 years, but with an increase of
breast cancer risk among women above 60 years of age, mimicking the
age-dependent association of breast cancer risk with BMI [78]. A study within the
Women’s Health Initiative cohort (835 cases, 816 controls) showed a positive
association of serum insulin concentrations with breast cancer risk among post-
menopausal women not using HRT (top vs. bottom quartile, RR: 2.48 [1.38–4.47]),
but no association among HRT users (e.g., estrogen and progesterone HRT, RR:
1.15 [0.34–3.84]), again mimicking associations observed between breast cancer
risk and BMI [76]. Further, within this subgroup, insulin was most strongly asso-
ciated with ER+ disease (top vs. bottom quartile, RR for ER+: 3.23 [1.62–6.49],
ptrend = 0.001; ER−: 1.37 [0.57–3.25], ptrend = 0.99). Finally, a study within the
Nurses’ Health Studies (1084 cases, 1785 controls) showed an approximately 50 %
increase in risk of invasive breast cancer for the top versus bottom quartile of serum
C-peptide; associations were similar after adjustment for free estradiol and sex
hormone-binding globulin [79]. In this latter study, however, the association was
stronger for ER− disease (RR: 2.0 [1.2–3.6]) than ER+ disease (RR: 1.4 [1.0–2.0]),
contrary to the associations observed in the WHI cohort. Furthermore, in contrast to
data from the EPIC cohort, associations were similar for breast cancers diagnosed
before and after menopause (top vs. bottom quartile, RR, postmenopausal women:
1.4 [0.79–2.5]: premenopausal women: 1.5 [1.1–2.0]). Taken together, while
experimental evidence supports growth promoting effects of insulin on breast
cancer cells [72], epidemiologic associations between serum insulin or C-peptide
and breast cancer risk are inconsistent with regard to menopausal status, users and
nonusers of HRT, and tumor ER status. Thus, at present the evidence for insulin as
an independent physiologic link between adiposity and breast cancer development,
further to estrogens, remains limited.
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6.3 Insulin-like Growth Factor 1 (IGF-1)

IGF-I is a peptide with high structural homology to insulin, and plays a central role in
regulating anabolic (growth) processes as a function of available energy and ele-
mentary substrates, particularly amino acids. IGF-I has well-documented effects on
cell proliferation, differentiation, and apoptosis. Further, higher IGF-I may both
increase sex steroid hormone synthesis and decrease SHBG concentrations, resulting
in higher concentrations of circulating free estradiol and free testosterone [81].

Epidemiologic investigations support a role for IGF-I in breast cancer risk.
A pooled analysis of nested case–control data from 17 prospective cohorts,
including a total of 4790 incident cases of breast cancer and 9428 matched controls,
showed a modest positive association of breast cancer risk with blood levels of
IGF-I (top vs. bottom quintiles, RR: 1.28 [1.14–1.44], p < 0.0001). This association
did not vary significantly by menopausal status at blood collection, but was
restricted to ER+ (RR: 1.38 [1.14–1.68]). No association was seen for ER-negative
tumors (RR: 0.80 [0.57–1.13]) (p for heterogeneity = 0.007) [82, 83]. A comple-
mentary study within the EPIC cohort (938 breast cancer cases and 1394 matched
controls) observed similar findings (top vs. bottom quartiles, IGF-I and ER+ dis-
ease, RR: 1.41 [1.01–1.98]), and no association for ER− tumors [83]. These
observations suggest synergism between IGF-I and estrogens in promoting breast
tumor development—an interpretation that is in line with experimental findings
[84]. Epidemiologic data, however, did not indicate any clear evidence for inter-
action between IGF-I and BMI, or between IGF-I and serum estrogen levels, among
either post- or premenopausal women [82, 83].

Although the association of higher IGF-I with higher risk of ER-positive breast
tumors is well documented, this association can provide only a marginal explana-
tion for the observed epidemiologic relationships of breast cancer risk with adi-
posity. First of all, the association of IGF-I with breast cancer risk is relatively
weak. More importantly, however, the relationship between BMI and serum total
IGF-I concentration is nonlinear and shows modest increases in IGF-I with BMI
increasing from less than 18 to about 26 kg/m2, followed by a progressive drop in
IGF-I concentrations as BMI levels increase further [82, 83, 85]. A more direct,
linear relationship may exist between BMI and serum levels of free IGF-I, a small
fraction (1–2 %) of circulating IGF-I that is unbound to IGF-binding proteins,
rather than with total IGF-I [81, 86], and one might anticipate a stronger association
of free IGF-I with breast cancer risk. However, due to complexities associated with
assays for free IGF-I only few prospective studies on the relationship of free IGF-I
with breast cancer risk have been conducted so far, and did not document any clear
association [76].

6.4 Chronic Inflammation

Obesity has been characterized as a condition of low-grade chronic inflammation
[87]. To a large extent, the inflammation is the result of increased macrophage
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infiltration of adipose tissue. Adipocytes and macrophages synergize to increase the
production of inflammatory mediators, including the pro-inflammatory cytokines
including interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) [88]. The
pro-inflammatory cytokines contribute to the development of obesity-related insulin
resistance and hyperinsulinemia [89], and also play a key role in upregulating
aromatase expression and activity [90].

Recent studies have shown that overweight and obesity-associated aromatase
expression and activity (i.e., hormone alterations) correlate with inflammation in the
breast tissue of women, and, additionally, that increased levels of
cyclo-oxygenase-2 (COX2) and its product prostaglandin E2 (PGE2) contribute to
elevated aromatase expression in inflamed breast tissue of obese women [91]. The
inflammation was strongly related to the presence of crown-like structures, formed
by macrophages around large, lipid-filled adipocytes which are present in the
breasts of obese women, and the severity of breast inflammation, defined as the
CLS-B (crown-like structure) index, was found to correlate with both body mass
index and adipocyte size [92]. COX2 is also frequently expressed in breast tumors
and correlates with tumor size and a worse disease-free interval. Observations
suggest that PGE2 produced by the tumor directly increases aromatase activity in
immediately surrounding adipose tissue [90]. The local production of estrogens, in
turn, can further stimulate proliferation of the tumorous breast epithelium. Besides
increasing aromatase activity and estrogen synthesis in breast tissue, the inflam-
matory response in adipose tissue also causes the systemic increase in circulating
estrogen levels observed in obese women.

6.5 Summary: Biologic Mechanisms

Taken together, epidemiologic, clinical and experimental data indicate a dominant
role of estrogens in the development of ER+ breast cancer, the breast tumor subtype
most clearly associated with adiposity. Overweight and obesity may drive breast
cancer development by increasing estrogen synthesis in adipose tissue. This
increase is largely the result of an inflammatory response of adipose tissue, which is
characterized by macrophage infiltration and the production of pro-inflammatory
cytokines and PGE2. Recent findings suggest that the obesity–inflammation–aro-
matase axis is present in the breast tissue of most overweight and obese women, and
is likely to contribute to the increased risk of hormone receptor-positive breast
cancer and the worse prognosis of obese patients with breast cancer. In addition to
increasing aromatase activity and estrogen synthesis in breast tissue, the inflam-
matory response in adipose tissue also causes the systemic increase in circulating
estrogen levels observed in obese women. Increased circulating levels of insulin
and bioactive IGF-I may contribute to breast tumor development by increasing
bioavailable estrogen levels, or directly as growth factors (Fig. 6).
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7 Summary and Conclusions

Higher adiposity has opposing effects on breast cancer risk, depending on the
window of exposure (Table 1). Among premenopausal women, higher adiposity, in
childhood or during adult life, is associated with decreased risk of both hormone
receptor-positive and hormone receptor-negative disease. Conversely, post-
menopausal obesity increases risk of hormone receptor-positive disease, though
only among women not using HRT. It still remains uncertain until what point in the
premenopausal period obesity is protective, and, similarly, from what point in the
postmenopausal period onwards obesity begins showing a deleterious effect.
Higher BMI is associated with poorer breast cancer-specific survival, irrespective of
menopausal status or hormone receptor status of the tumor. As with post-
menopausal BMI, weight gain increases risk of postmenopausal disease, though
these effects may be limited to women not using HRT and appear to be predomi-
nantly impact risk of ER +/PR + disease. Data to date support a weak but signif-
icant positive association between WHR and pre- and postmenopausal breast cancer
risk, with suggestive heterogeneity by tumor subtypes.

While the strengths of risk associations with respect to postmenopausal breast
cancer risk may seem modest, it has been argued that approximately 10 % of all
postmenopausal breast cancer cases worldwide, and up to 14 % of cases in North
America and Europe, can be attributed to high BMI, given the high global

Fig. 6 Mechanisms linking
adiposity and breast cancer
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prevalence of adiposity [93]. These observations underscore the relevance of
maintaining a healthy weight, or minimizing weight gain, as a strategy for modu-
lating breast cancer risk.
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Obesity and Oesophageal Cancer

Katharina Nimptsch, Annika Steffen and Tobias Pischon

Abstract
A substantial increase in the incidence of oesophageal adenocarcinoma has been
observed in Western countries during the past 30 years, which may be related to
the parallel rise of the obesity prevalence. On the other hand, incidence rates of
oesophageal squamous cell carcinomas, the other major histological type of
oesophageal cancer, have remained relatively stable. Epidemiological research
of the past decades has identified obesity as risk factor for oesophageal
adenocarcinoma. Studies investigating general obesity as assessed by body mass
index (BMI) provide evidence for a strong positive association with oesophageal
adenocarcinoma. Studies investigating abdominal obesity in relation to
oesophageal adenocarcinoma observed also positive associations, which may
be independent of general obesity. Some studies indicate that early life obesity is
also associated with higher risk of oesophageal adenocarcinoma, but it is as to
date unclear whether these associations are independent of adult obesity. Part of
the positive association between obesity and oesophageal adenocarcinoma may
be explained through obesity-related mechanical promotion of gastroesophageal
reflux disease, which is one of the main risk factors for oesophageal
adenocarcinoma. Other lines of evidence point to an independent role of
metabolic pathways modulating cell proliferation, apoptosis and cell growth
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such as pro-inflammatory cytokines, adipokines and insulin resistance, the role
of which in oesophageal carcinogenesis is, however, as to date insufficiently
understood. Studies investigating obesity in relation to squamous cell carcinoma
observed inverse relationships, but the underlying mechanisms remain unclear.

Keywords
Obesity � Oesophageal cancer � Oesophageal adenocarcinoma �
Gastro-oesophageal reflux disease

1 Introduction

Oesophageal cancer is ranked as ninth most common incident cancer and sixth
most common cancer death by the Global Burden of Disease Cancer Collabo-
ration [1]. With a five-year survival rate between 15 and 25 %, oesophageal
cancer poses an immense burden of disease globally [2, 3]. Unlike many other
common types of cancer, oesophageal cancer occurs more frequently in devel-
oping countries than in developed countries. Global incidence rates differ up to
20-fold, with highest observed incidence rates in countries in East and Central
Asia and southern sub-Saharan Africa. There is a male predominance of oeso-
phageal cancer, which occurs globally 2–3 times more often in men than in
women [4]. Two major histopathological types of oesophageal cancer can be
distinguished, i.e. squamous cell carcinoma and adenocarcinoma, which differ in
aetiology and risk factors. Worldwide, squamous cell carcinoma is the predom-
inant type of oesophageal cancer while adenocarcinoma is less common [3].
During the last 30 years, a substantial increase in the incidence of oesophageal
adenocarcinoma has been observed in Western Europe, North America, and
Australia, making it the most rapidly growing cancer in developed countries [5].
Although this rise may be partly related to better diagnostic techniques [6], the
parallel rise in the obesity prevalence has been suggested as a possible expla-
nation. Incidence rates of oesophageal squamous cell carcinomas on the other
hand did not face substantial changes in incidence rates [5]. Tobacco use and
alcohol consumption are the main risk factors for squamous cell carcinoma of the
oesophagus [3], which together may account for half of squamous cell carcinoma
cases [7]. Tobacco use is also a risk factor for oesophageal adenocarcinomas, but
observed relative risks (RR) are weaker. Gastrooesophageal reflux disease
(GERD), Barrett’s oesophagus and obesity are the best-established and strongest
risk factors for oesophageal adenocarcinoma [8]. Barrett’s oesophagus is a
pre-malignant lesion that may develop as a consequence of long-term GERD and
is considered a precursor of oesophageal adenocarcinoma. Since GERD is more
prevalent in obese than non-obese individuals, it has been suggested that obesity
is positively related to Barrett’s oesophagus and oesophageal adenocarcinoma
mainly through GERD. On the other hand, several lines of evidence also
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observed an association between obesity and oesophageal adenocarcinoma
independent of GERD, suggesting that also indirect mechanisms such as alter-
ations in obesity-related biomarkers may play an aetiologic role [9].

In the following chapter, the current epidemiologic evidence on the association
between obesity and risk of oesophageal adenocarcinoma will be summarized, with
special emphasis on the distinction between general obesity and body fat distri-
bution and the role of obesity during early life. We will further review current
knowledge on the impact of pre-diagnostic obesity on survival among oesophageal
cancer patients. Finally, we will give an overview on the current knowledge on the
biological mechanisms underlying the positive association between obesity and
oesophageal adenocarcinoma. Furthermore, we will give an overview on the current
knowledge on the association of obesity and squamous cell carcinoma.

2 Association Between Obesity and Oesophageal
Adenocarcinoma Incidence

A number of epidemiological studies have investigated the association between
obesity and risk of oesophageal adenocarcinoma. There are abundant studies
investigating general obesity represented by body mass index (BMI), while fewer
studies have investigated abdominal obesity, for instance represented by waist
circumference or waist-to-hip ratio. The definition of the outcome varies from study
to study: some studies report results on oesophageal adenocarcinoma alone, while
others report results for oesophageal adenocarcinoma and the anatomically related
gastric cardia adenocarcinoma combined.

2.1 General Obesity

A positive association between BMI and risk of oesophageal adenocarcinoma has
been observed in a number of case–control and cohort studies, and several
meta-analyses and pooled analyses have been conducted to summarize the existing
evidence (Table 1). The first comprehensive meta-analysis was published in 2006
and investigated the association between BMI and adenocarcinomas of the
oesophagus or gastric cardia [10] combining data from 2 cohort and 12 case–control
studies. In this data synthesis, being overweight or obese (BMI � 25 kg/m2) was
associated with a 1.7-fold (odds ratio (OR) 1.7, 95 % confidence interval (CI) 1.6,
1.9) higher risk of oesophageal adenocarcinoma (including studies that combined
oesophageal and gastric cardia adenocarcinomas). When studies using a combined
endpoint were excluded (leaving 1 cohort and 5 case–control studies for analysis),
the association was slightly stronger (OR 2.1, 95 % CI 1.7, 2.4) and indicated a
linear relationship. In a systematic review summarizing the evidence from epi-
demiological studies published between this first meta-analysis and May 2010,
obesity (BMI � 30 kg/m2) was associated with a significantly higher risk of
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oesophageal adenocarcinoma in all studies [6], with RR ranging from 2.5 to 11.3.
Another meta-analysis on the association of BMI with oesophageal and gastric
adenocarcinoma was published in 2013 and included 22 studies (12 case–control,
10 cohort studies) [11]. The results of this meta-analysis are generally in line with
the previous meta-analysis: a positive association between overweight and obesity
and risk of oesophageal or gastric cardia adenocarcinoma combined was observed
(RR for overweight 1.71, 95 % CI 1.50, 1.96; RR for obesity 2.34, 95 % CI 1.95,
2.81). Risk estimates were higher when pooling data from case–control as com-
pared with cohort studies, but associations were statistically significant for both
study designs. No substantial sex differences were observed. Similar to the previous
meta-analysis, the positive association with BMI was stronger for oesophageal
adenocarcinoma (RR for overweight 1.87, 95 % CI 1.61, 2.17; RR for obesity 2.73,
95 % CI 2.16, 3.46) than for gastric cardia adenocarcinoma. In this meta-analysis,
also a dose-response meta-analysis was conducted, estimating a 13 % higher risk of

Table 1 Summary of pooled analyses and meta-analyses on the association between overweight
and obesity and risk of oesophageal adenocarcinoma

Publication Data
synthesis
type

Number and design of
included studies

Findings for oesophageal
adenocarcinoma

Lindkvist
et al. (2014)

Pooled
analysis

7 prospective cohorts Compared with BMI
18.5–25.0 kg/m2

BMI 25.0–29.9 kg/m2: RR
2.32 95 % CI 1.51, 3.57
BMI � 30 kg/m2: RR 3.29,
95 % CI 1.82, 5.95

Hoyo et al.
(2012)

Pooled
analysis

10 case–control studies, 2
prospective cohorts

Compared with
BMI < 25.0 kg/m2

BMI 25.0–29.9 kg/m2, RR
1.54 95 % CI 1.26, 1.88
BMI 30.0–34.9 kg/m2, RR
2.39, 95 % CI 1.86, 3.06
BMI 35.0–39.9 kg/m2, RR
2.79, 95 % CI 1.89, 4.12
BMI � 40 kg/m2: RR 4.76,
95 % CI 2.96, 7.66

Turati et al.
(2013)

Meta-analysis 12 case–control studies, 10
prospective cohorts

Compared with
BMI < 25.0 kg/m2

BMI 25.0–29.9 kg/m2: RR
1.87 95 % CI 1.61, 2.17
BMI � 30 kg/m2: RR 2.73,
95 % CI 2.16, 3.46

Kubo et al.
(2006)

Meta-analysis 12 case–control studies, 2
prospective cohorts

Compared with
BMI < 25.0 kg/m2

BMI 25.0–29.9 kg/m2: RR
1.9 95 % CI 1.5, 2.4
BMI � 30 kg/m2: RR 2.4,
95 % CI 2.0, 2.8

Abbreviations: RR relative risk; CI confidence interval
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oesophageal adenocarcinoma associated with 5 kg/m2 higher BMI. However, the
meta-analysis also revealed potential publication bias, which may indicate an
overestimation of the true association. Adjustment for publication bias resulted in
lower, but still statistically significant estimates for overweight and obesity.

In a pooled analysis using individual participant data from 12 epidemiological
studies (10 case–control and 2 cohort studies), the association between BMI and
oesophageal and oesophagogastric junction adenocarcinoma was investigated with
special regard to potential effect modification by GERD or sex [9]. With respect to
oesophageal adenocarcinoma, a strong positive dose-response association with BMI
was observed, with risk estimates increasing linearly across BMI categories, up to
an almost fivefold risk for a BMI � 40 kg/m2 (compared with BMI < 25 m/2).
These findings were multivariable adjusted for age, sex, smoking and study-specific
adjustment variables and remained unchanged after additional adjustment for
GERD in the five studies that collected information on GERD symptoms. Fur-
thermore, the positive association between BMI and risk of oesophageal adeno-
carcinoma was similar in individuals with and without history of GERD symptoms.
These observations suggest that also indirect metabolic pathways may explain part
of the association between obesity and risk of oesophageal adenocarcinoma beyond
the pathway via GERD. However, an analysis testing for interaction found evidence
for synergism between BMI and GERD with respect to oesophageal adenocarci-
noma risk, i.e. the joint effect of both exposures had a greater effect on the risk than
would be expected from their independent effects. Similar associations between
BMI and oesophageal adenocarcinoma were observed after stratification by sex, but
there was some indication that sex may modify the association between BMI and
oesophageal adenocarcinoma in individuals without GERD symptoms, which,
considering the sex-specific differences in fat distribution, especially differences in
the amount of metabolic active visceral fat, also points to a role of indirect meta-
bolic pathways. BMI was also positively associated with adenocarcinoma of the
oesophagogastric junction in a dose-response manner, but associations were less
pronounced than with oesophageal adenocarcinoma. Compared with the study-level
meta-analyses, this pooled analysis used individual-level data and harmonized
variables and statistical models enabling targeted investigation of confounding,
effect modification and interaction. However, the pooled studies had some limita-
tions in common, which may also influence pooled findings. For instance, most of
the pooled studies were case–control studies lacking the ability to investigate the
time-sequence between obesity and oesophageal adenocarcinoma. In addition, BMI
was derived from self-reported adult height and weight in all pooled studies, which
may introduce misclassification bias. However, a positive association between BMI
and risk of oesophageal adenocarcinoma was also observed in a consortium of
seven prospective cohort studies from Austria, Norway and Sweden, in all of which
weight and height weight were measured at baseline [12]. In the pooled analysis
adjusted for sex, age and smoking status, overweight at baseline was associated
with more than twofold higher (RR 2.32, 95 % CI 1.51, 3.57) and obesity with
more than threefold (RR 3.29, 95 % CI 1.82, 5.95) higher risk of oesophageal
adenocarcinoma compared with normal weight.
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2.2 Abdominal Obesity

It has been suggested that abdominal obesity, reflecting the amount of metabolically
active visceral fat, may be more important for the risk of Barrett’s oesophagus and
oesophageal adenocarcinoma than general obesity [13]. In particular, it has been
proposed that abdominal obesity may be associated with Barrett’s oesophagus and
oesophageal adenocarcinoma independent of BMI and GERD. In a meta-analysis
from 2013, abdominal obesity measured by waist circumference, waist-to-hip ratio
or visceral fat determined by abdominal computed tomography (CT) was associated
with risk of Barrett’s oesophagus independent of BMI [14]. In addition, abdominal
obesity was associated with risk of Barrett’s oesophagus independent of GERD,
while no association was observed with general obesity after adjustment for GERD
symptoms. The association between both general and abdominal obesity and risk of
oesophageal and gastric adenocarcinoma was investigated in the EPIC study [15].
In this prospective study with measured anthropometry at baseline, general obesity
represented by BMI as well as abdominal obesity represented by waist circum-
ference or waist-to-hip ratio were strongly positively associated with risk of
oesophageal adenocarcinoma. After mutual adjustment, BMI was no longer asso-
ciated with oesophageal adenocarcinoma, whereas both waist circumference and
waist-to-hip ratio remained strongly positively associated (RR 3.76, 95 % CI 1.72,
8.22 and RR 4.05, 95 % CI 1.85, 8.87, respectively). On the other hand, in the large
prospective NIH-AARP Diet and Health Study, where both general and abdominal
obesity were associated with higher risk of oesophageal adenocarcinoma [16], the
association with abdominal obesity (waist-to-hip ratio) was attenuated but not
eliminated by simultaneous adjustment for BMI, while the association with BMI
was only slightly attenuated. In a meta-analysis on the association between waist
circumference and risk of oesophageal adenocarcinoma, five studies including
findings from the NIH-AARP Study [16] and an earlier investigation of EPIC [17]
were summarized [14]. This meta-analysis concluded that abdominal obesity is
associated with higher risk of oesophageal adenocarcinoma, although substantial
heterogeneity was present.

2.3 Association Between Obesity During Early Life
and Risk of Oesophageal Cancer

Because carcinogenesis is a long process that may take several decades, it is possible
that not only obesity during adulthood, but also earlier in life may impact cancer risk.
There is some evidence from epidemiological studies that overweight and obesity
during early childhood or adolescence are related to later risk of cancer, such as
colorectal neoplasia [18, 19], independent of adult obesity. Also for oesophageal
adenocarcinoma, early life body fatness may be of importance, since there is epi-
demiologic evidence that high BMI in children is associated with GERD [20]. So far
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only few studies have investigated whether BMI during childhood or adolescence is
related to later risk of oesophageal adenocarcinoma. In a study from Israel, more
than one million men whose weight and height were measured during an obligatory
medical board examination to assess their suitability for military service were fol-
lowed for cancer incidence including oesophageal and gastroesophageal junction
adenocarcinomas by data linkage with the National Cancer Registry [21]. Adoles-
cent overweight (BMI � 25 kg/m2; mean age at examination was 17 years) was
associated with more than twofold higher combined risk of oesophageal and gas-
troesophageal junction adenocarcinomas. In Denmark, the association between BMI
during childhood (ages 7–13 years) and risk of oesophageal adenocarcinoma were
investigated by linking the Copenhagen School Health Records Register with the
Danish Cancer Registry [22]. Authors observed a linear positive association between
childhood BMI and later risk of oesophageal adenocarcinoma, in particular for BMI
from ages 10 years onwards. For example, per one unit higher BMI z-score at age
13 years, the risk of oesophageal adenocarcinoma during adulthood was 31 %
higher (RR 1.31, 95 % CI 1.13, 1.51). It is a downside of both these studies that
follow-up measures of BMI were not available. Thus, it could not be evaluated
whether these associations are independent of adult overweight or obesity. Although
tracking rates of early life overweight into adulthood appear to be moderate [23], the
distinct effect of obesity throughout the life course should be addressed in long-term
cohort studies with repeated anthropometry measurement.

3 Association Between Obesity
and Squamous Cell Carcinoma

A number of studies have also investigated obesity in relation to squamous cell
carcinoma, observing either no association or inverse relationships. A meta-analysis
summarizing evidence from 7 case–control and 3 cohort studies estimated linear
inverse associations (RR per 5 kg/m2 higher BMI 0.49, 95 % CI 0.44, 0.55 for
case–control; RR 0.69, 95 % CI 0.69, 0.75 for cohort studies) [24]. Overweight and
obesity were also strongly inversely associated in a pooled analysis of prospective
studies (RR for BMI � 25 vs. 18.5–25.0 0.64, 95 % CI 0.47, 0.87) [12]. It has
been discussed whether the consistently observed inverse association with obesity
may be real or due to residual confounding, for instance by smoking, which is a
strong risk factor for squamous cell carcinoma. In line with this hypothesis, a
significant inverse association with obesity was only observed in smokers, but not
in former or never smokers in the pooled analysis [12]. The biological mechanisms
that could explain the inverse association remain unclear.

Obesity and Oesophageal Cancer 73



4 Association Between Obesity
and Oesophageal Cancer Survival

Because oesophageal cancer is often diagnosed at advanced stages, the prognosis is
generally poor with 5-year survival rates around 15 % [3]. The predominant
determinants of survival from oesophageal cancer are the pathologic stage and
tumour grade at the time of diagnosis [25]. Some studies have investigated whether
risk factors of oesophageal cancer including obesity are also associated with sur-
vival, independent of clinicopathologic factors [26]. The studies investigating
pre-diagnostic BMI in relation to survival among oesophageal cancer patients were
heterogeneous, in particular with respect to the time of when BMI measures were
determined or recalled: the definition of pre-diagnostic BMI varied from usual BMI
[27] to BMI one year [28] or 20 years prior to diagnosis [29]. The first study
investigated the association between usual BMI and survival in oesophageal ade-
nocarcinoma patients and observed longer survival associated with usual over-
weight but not obesity [27]. In a nationwide Swedish study in oesophageal
adenocarcinoma patients, overweight or obesity 20 years before diagnosis was
associated with a tendency of better survival compared with normal weight [26, 29].
On the other hand, BMI one year prior to diagnosis was not associated with
oesophageal adenocarcinoma survival in a study conducted in Australia [28].
A meta-analysis summarizing these studies concluded that pooled results were
suggestive of pre-diagnostic overweight or obesity being associated with longer
survival in oesophageal adenocarcinoma patients, although there was substantial
heterogeneity among studies [26]. Authors of the meta-analysis also observed a
suggestive association between overweight or obesity and better survival among
oesophageal squamous cell carcinoma patients, summarizing evidence from four
studies that also showed heterogeneity. A better survival associated with
pre-diagnostic overweight or obesity is contrary to what is observed for other
obesity-related types of cancer such as breast cancer [30] and colorectal cancer [31].
Although most studies adjusted for tumour stage, residual confounding by clini-
copathological characteristics cannot be excluded. In addition, it could be specu-
lated that the observed survival benefits are due to a higher likelihood of early
diagnosis in obese individuals, since a higher BMI is associated with GERD and
Barrett’s oesophagus, both of which increase the likelihood of undergoing endo-
scopic examination which increases the chance of early detection and better sur-
vival. Finally, the observed association between pre-diagnostic obesity and better
survival among oesophageal cancer patients may be consistent with a phenomenon
commonly termed the “obesity paradox”, which has also been observed for car-
diovascular and metabolic diseases and may be related to reverse causation or a
special form of selection bias, but could also indicate a true association [32].
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5 Potential Mechanisms for the Association of Obesity
with Oesophageal Adenocarcinoma

The mechanisms underlying the positive association between obesity and higher
risk of oesophageal adenocarcinoma are not fully elucidated. The major hypotheses
include mechanical effects of (abdominal) obesity promoting GERD on the one
hand, and GERD-independent metabolic pathways on the other hand.

5.1 Pathways Related to Gastroesophageal
Reflux Disease (GERD)

GERD is more common in obese individuals due to mechanically increased
intra-abdominal pressure [6]. GERD is the main cause of Barrett’s oesophagus,
which is considered a precursor of oesophageal adenocarcinoma. It has been
hypothesized that the obesity-related development of oesophageal adenocarcinoma
follows a stepwise process leading from obesity-related GERD to Barrett’s
oesophagus and eventually to oesophageal adenocarcinoma [13]. Support for this
hypothesis comes from the observation that BMI about two decades before cancer
diagnosis is more strongly associated with risk of oesophageal adenocarcinoma
than BMI closer to diagnosis [33, 34]. On the other hand, studies showing that the
positive association between obesity and risk of oesophageal adenocarcinoma
persisted after adjustment for GERD symptoms, and was observed in individuals
with and without GERD symptoms, are in favour of the hypothesis that obesity and
GERD are independent risk factors [9]. Further support for a GERD-independent
pathway comes from a Mendelian Randomization study showing that a genetic risk
score for obesity was unrelated to gastroesophageal reflux symptoms, but was
associated with higher risk of Barrett’s oesophagus and oesophageal adenocarci-
noma [35]. Taken together, these observations suggest that an indirect metabolic
pathway may link obesity with oesophageal adenocarcinoma in addition to
GERD-related mechanisms.

5.2 Metabolic Pathways

Adipose tissue, in particular visceral adipose tissue, results in altered concentrations
and/or bioavailability of a variety of endogenous hormones such as insulin,
proinflammatory cytokines and adipokines such as leptin and adiponectin. These
metabolic factors may influence carcinogenicity by modulating cell proliferation,
apoptosis and cell growth [36]. In particular, obesity can be considered a state of
chronic low-grade inflammation due to the production of pro-inflammatory
cytokines such as TNF-alpha or IL-6, which may exert systemic as well as local
mediating effects [37]. It has been suggested that these pro-inflammatory processes
may promote oesophageal metaplasia and carcinogenesis independently or
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synergistically with GERD symptoms [14]. Such a synergistic effect may be
explained by an exacerbating effect of a pro-inflammatory environment on local
inflammation due to reflux-related gastric acid exposure at the oesophagogastric
junction, which may then lead to metaplasia and development of oesophageal
adenocarcinoma [37].

Compared with other obesity-related types of cancer such as colorectal cancer or
postmenopausal breast cancer, high-quality epidemiologic evidence relating
obesity-related metabolic markers to risk of oesophageal adenocarcinoma is scarce.
However, several studies have investigated the association between metabolic
biomarkers and risk of Barrett’s oesophagus, which is considered a precursor lesion
of oesophageal adenocarcinoma. For instance, a case–control study among indi-
viduals undergoing oesophagogastroduodenoscopy showed that circulating leptin
and pro-inflammatory cytokines were positively associated with Barrett’s oesoph-
agus [38]. In addition, it has been observed that among individuals with GERD
symptoms high concentrations of the anti-inflammatory low-molecular weight
adiponectin are associated with lower risk of Barrett’s oesophagus [39]. Findings
from another case–control study suggest that blood concentrations of leptin and
adiponectin mediate part of the positive association between obesity and risk of
Barrett’s oesophagus [40]. There is also some evidence for the insulin and
insulin-like growth factor-1 (IGF-1) axis playing a role in obesity-related devel-
opment of oesophageal adenocarcinoma [41–43]. However, there is an urgent need
of well-designed epidemiological studies, for instance nested case–control studies
of prospective cohorts in order to clarify the role of obesity-related metabolic
biomarkers in the development of oesophageal adenocarcinoma.

6 Summary and Outlook

Epidemiological research of the past decades has provided strong evidence for
overweight and obesity as risk factors for oesophageal adenocarcinoma. Thus, the
latest scientific evidence up to today remains in line with the 2007 report of the
World Cancer Research Fund and the American Institute for Cancer Research, in
which the evidence for body fatness as risk factor for oesophageal adenocarcinoma
was judged as “convincing” [44]. Recent epidemiological studies have extended
previous evidence by indicating the importance of abdominal obesity for oeso-
phageal cancer risk. The association of abdominal obesity with oesophageal ade-
nocarcinoma may be even independent of general obesity, as has been
demonstrated in recent analyses from large prospective cohort studies.

Part of the positive association between obesity, in particular abdominal obesity,
and oesophageal adenocarcinoma may be explained through obesity-related
mechanical promotion of GERD, which is one of the main risk factors for oeso-
phageal adenocarcinoma. On the other hand, the observed GERD-independent
positive association between obesity and risk of oesophageal adenocarcinoma
points to metabolic pathways modulating cell proliferation, apoptosis and cell
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growth such as pro-inflammatory cytokines, adipokines and insulin resistance. The
specific role of obesity-related biomarkers in oesophageal cancer development,
however, is as to date insufficiently understood and deserves further attention in
future research. In particular, there is a need of prospective investigations of a large
variety of obesity-related biomarkers, in order to study the complex interrelations of
potentially mediating pathways in oesophageal adenocarcinoma risk. Furthermore,
the role of overweight and obesity throughout the life course, and in particular the
association between early life independent of adult overweight and obesity should
be addressed in long-term prospective investigations monitoring anthropometric
measures throughout the life course. Also a potentially protective role of weight
loss in relation to oesophageal adenocarcinoma risk should be addressed in
well-designed studies.

In conclusion, the state-of-the-art epidemiological knowledge suggests a strong
association of general obesity and in particular abdominal obesity with risk of
oesophageal adenocarcinoma. These associations support the hypothesis that at
least part of the increase in oesophageal adenocarcinoma incidence rates that has
been observed particularly in Western countries may be due to the parallel increase
in obesity prevalence. On the other hand, incidence rates of squamous cell carci-
noma of the oesophagus have remained relatively stable. There are still aspects in
the role of obesity in relation to oesophageal cancer that remain to be elucidated in
well-designed future epidemiological studies. These investigations may pave the
way for targeted prevention of oesophageal cancer through lifestyle or medical
interventions.
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Obesity and Kidney Cancer

Kathryn M. Wilson and Eunyoung Cho

Abstract
Renal cell cancer (RCC) is the major type of kidney cancer with increasing
incidence. Obesity is one of the well-established risk factors for RCC.
Meta-analyses including multiple cohort and case–control studies have found
a consistent positive association between obesity and RCC. The association
appeared to be independent of other RCC risk factors including hypertension and
has been often stronger in women, although a positive association has also been
observed in men. Obesity has been largely measured as body mass index (BMI).
Studies which evaluated other measures of obesity including waist circumfer-
ence (WC), waist-to-hip ratio (WHR) as well as increase in weight have reported
similar positive associations with RCC. Although the mechanisms by which
obesity influences renal carcinogenesis have been under-explored, insulin
resistance and certain growth factors including insulin-like growth factor
(IGF-1), sex steroid hormones, and biochemical markers such as adiponectin
may be involved. The positive association with obesity has been observed with
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the clear cell type of RCC, which is the major histological subtype. On the other
hand, the association between obesity and RCC survival appears to be much
more complex. An apparent inverse association between obesity at time of
diagnosis and RCC survival has been observed in some studies‚ generating
speculation of an “obesity paradox” hypothesis. However, this “paradox” may
be due to reverse causation, selection bias, or other forms of bias rather than a
true biological association.

Keywords
Obesity � BMI � Renal cell carcinoma � Cancer survival � Obesity paradox

1 Introduction

In 2012, there were an estimated 338,000 new cases of kidney cancer worldwide
and 144,000 deaths due to kidney cancer [1]. Kidney cancer is made up of renal cell
cancer (RCC), which arises from the epithelium of the renal tubules‚ and cancer of
the renal pelvis. Cancers of the renal pelvis appear to have more in common with
bladder cancer. Only RCC, which comprises 80–90 % of adult kidney cancers, will
be addressed in this chapter.

RCC is itself comprised of multiple histological subtypes including clear cell
(75–80 % of cases), papillary (10–15 % of cases), chromophobe, and collecting
duct as the most common histological subtypes [2]. While there is some indication
that risk factors for these subtypes may differ, few studies have had sufficient case
numbers of non-clear cell type RCC to examine them separately.

RCC does not usually show symptoms (pain, hematuria, or constitutional
symptoms) until the tumor is relatively large. Locoregional and distant metastatic
spread are common at the time of diagnosis. Furthermore, 30–40 % of patients
treated with surgery experience relapse with distant metastases. Incidence of RCC
has been rising in the USA [3]. Although incidental detection by increased
abdominal imaging for many different medical conditions (e.g., hypertension,
diabetes) might have contributed to the rising incidence, increase in incidence of all
stages of RCC suggests that other factors may also contribute to the increase in
incidence [4, 5].

Well-established RCC risk factors include smoking, obesity, and hypertension
[6]. Other risk factors relatively recently identified include parity, alcohol con-
sumption, history of diabetes, and use of analgesics. RCC is also more common in
men than women [7]. Overweight and notably obesity are well-established risk
factors for RCC in both women and men. The proportion of all cases of RCC
attributable to overweight and obesity has been estimated to about 40 % in the USA
and up to about 30 % in European countries [8, 9].
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The majority of epidemiological studies have used body mass index (BMI) as a
measure of obesity, though some studies have used WC and/or WHR. Studies have
varied in terms of dealing with possible confounding by hypertension and smoking,
two other well-established risk factors for RCC; however, the association with
obesity appears fairly consistent in spite of differences in study designs and sta-
tistical analyses.

The relationship between obesity and survival among RCC patients is much less
clear. Many studies have found that obesity measured around the time of diagnosis
or treatment is associated with improved survival. The observation of an increased
risk of disease but improved survival with obesity has been called an “obesity
paradox;” such paradoxes have been described in multiple diseases, including type
2 diabetes [10] and congestive heart failure [11]. However, this “paradox” may be
due to reverse causation, selection bias, or other forms of bias rather than a true
biological association.

In this chapter, we will review the evidence on obesity and both incidence and
survival in RCC and will also discuss possible mechanisms and important
methodological issues involved in the study of obesity and RCC.

2 Body Mass Index and Risk of RCC

A 2014 meta-analysis of 21 cohort studies with 15,144 cases and 9,080,052 par-
ticipants was the most recent and comprehensive meta-analysis of BMI and RCC.
The study found increased risks of RCC associated with higher BMI [12]. The
pooled relative risk of overweight (BMI 25 kg/m2 ≤30 kg/m2) was 1.28 (95 % CI
1.24–1.33) and of obese (BMI ≥ 30 kg/m2) was 1.77 (95 % CI 1.68–1.87) [12].
There was no evidence of heterogeneity across studies. The Egger’s test to test for
publication bias showed a possibility of publication bias (p = 0.001), although the
Begg’s test, another test for publication bias, was not significant (p = 0.16). Rel-
ative risks were somewhat stronger for women than for men (RR for obesity of
1.63, 95 % CI 1.50–1.77 for men; 1.95, 95 % CI 1.81–2.10 for women) [12]. The
association was also slightly stronger among Asian studies than those conducted in
North America or Europe. Although most of the included studies adjusted for age
and smoking status, many of the studies did not adjust for some potentially
important confounders including hypertension, physical activity, and alcohol con-
sumption. The meta-analysis also omitted a few prospective studies including Rapp
et al. (137 cases from Austria) [13], Somanic 2006 (820 cases from Sweden) [14],
Kuriyama et al. (5 cases from Japan) [15], and Tulinius et al. (58 cases from
Iceland) [16]. An earlier meta-analysis of 17 prospective studies evaluated BMI and
incidence of cancer overall. RCC was evaluated as part of it. Many of the studies
included overlapped with the 2014 meta-analysis. The three studies omitted in the
2014 meta-analysis were included in this meta-analysis. The meta-analysis found
that a 5 unit higher BMI was associated with a 24 % increase in RCC risk for men
(95 % CI 15–34 %) and a 34 % increase in risk for women (95 % CI 25–43 %)
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[17]. Among the 6 studies that included both men and women, the increase in risk
per 5 unit higher BMI was 18 % (95 % CI 8–29 %) in men and 35 % (95 % CI 29–
42 %) in women, a statistically significant difference by sex (p value = 0.004) [17].
On the other hand, a dose–response meta-analysis in the American Institute of
Cancer Research Continuous Update Project kidney cancer report combined 17
studies (both case–control and cohort) and found a 29 % increased risk for men and
a 28 % increase for women associated with a 5 unit higher BMI [18]. Therefore,
there was a consistent positive association between BMI and RCC risk in studies
conducted in North America, Europe, and Asia in all 3 of the meta-analyses often
with dose–response manner. The analyses also consistently reported stronger
association in women than in men. The population attributable risks attributable to
excess BMI were 11.2 % in men and 17.1 % in women based on data from 30
European countries based on Globocan 2002 [19]. Using the same data, the esti-
mated incident cancer burden attributable to excess BMI (BMI ≥ 25 kg/m2) was
4520 cases in men and 3786 cases in women.

3 Waist Circumference, Weight Change, and Risk of RCC

WC and WHR provide an estimate of abdominal or central obesity, a powerful
contributor to metabolic abnormalities such as insulin resistance and hyperinsu-
linemia. Several studies have examined WC, WHR, and risk of RCC and found
positive associations. [20–24] Four of these studies also examined WC or WHR
with adjustment for either BMI or body weight to examine independent effects. In
women, two studies found that WHR was significantly associated with RCC risk
independent of body weight [20, 23], whereas one study found that WHR was no
longer associated with risk upon adjustment for body weight [21]. In men, WHR
but not WC was associated with RCC risk in one study, and the WHR associated
was independent of body weight [21]. In another study, WC was associated with
RCC risk both with and without adjustment for BMI [24]. The AICR Continuous
Update Project report meta-analysis combined 3 studies [21, 23, 24] for a relative
risk of 1.11 (95 % CI 1.05–1.19) for a 10 cm higher WC [25].

Weight change has been examined in four studies. One study among post-
menopausal women found that those who gained weight during the study period
were at nonsignificantly increased risk of RCC (adjusted RR 1.3, 95 % CI 0.9–1.8)
[23]. In addition, women who gained and lost more than 4.5 kg were at increased
risk (adjusted RR 1.5, 95 % CI 1.1–2.0), with increased relative risks for those with
more episodes of weight fluctuations [23]. A population-based case–control study
also found an association between 2 or more weight loss periods and risk of RCC
among women, but not among men [26]. A large cohort study of men and women
found that weight gain in early adulthood (18–35 years) and mid-adulthood (35–
50 years) was associated with increased risk of RCC, whereas weight gain after age
50 was not related to risk [22]. A population-based case–control study found that
weight gain was a risk factor for RCC among women, but not among men [27].
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4 Interpretation and Possible Mechanisms
for Risk Associations

The findings for BMI and risk of RCC are remarkably consistent. The AICR
Continuous Update Project found 21 studies including 30 relative risk estimates for
BMI and kidney cancer risk; of these, 28 showed a positive association between
BMI and risk, and 14 were statistically significant [25]. The findings for WC and
weight change are also quite consistent. While each of these measures has limita-
tions, the consistency across measures suggests a true underlying association
between obesity and RCC risk.

It is somewhat difficult to separate the effects of obesity from related risk factors
for RCC, particularly hypertension. However, the 2014 meta-analysis found similar
associations with obesity among 7 studies that adjusted for hypertension and 14
studies that did not [12]. The relative risk of obesity among studies with adjustment
for hypertension was 1.93 (95 % CI 1.74–2.16) and among studies without
adjustment was 1.72 (95 % CI 1.62–1.83) [12]. Associations were also consistent
across studies with and without adjustment for alcohol intake, smoking, and
physical activity. Thus, the association between obesity and RCC appears to be
independent of these other RCC risk factors.

The mechanisms by which obesity influences renal carcinogenesis are not clear,
but several plausible explanations exist. RCC has been described as a “metabolic
disorder” [28]. The genes associated with kidney cancer are all associated with
cells’ ability to sense oxygen, nutrients, and energy. In addition, type 2 diabetes and
hypertension—both of which are also related to metabolic syndrome—are associ-
ated with risk of RCC [29]. This suggests a role of insulin along with the inter-
related hormonal systems of insulin-like growth factor (IGF) axis, sex hormones,
and adipokines.

Obesity is associated with insulin resistance and increased levels of growth
factors such as insulin-like growth factor (IGF)-I. It is also related to decreased
levels of sex hormone-binding globulin and progesterone and to anovulation in
women. The IGF pathway may be especially important for clear cell RCC which is
strongly related to the von Hippel–Lindau (VHL) tumor suppressor gene, which in
turn helps regulate IGF-I-mediated cell signaling [30]. The VHL tumor suppressor
gene leads to an autosomal dominant familial syndrome called VHL syndrome,
which is characterized by multiple RCCs. VHL is a critical player in renal car-
cinogenesis, especially for clear cell type. The VHL gene is directly related to
IGF-I-mediated cell signaling, which in turn is inhibited in the presence of the
wild-type VHL gene. Sex steroid hormones may affect renal cell proliferation and
growth by direct endocrine receptor-mediated effects, by regulation of receptor
concentrations, or through paracrine growth factors such as epidermal growth
factor. Adiponectin, an adipokine involved in regulating glucose and fatty acid
metabolism, has been associated with RCC risk in case–control studies [31, 32] and
in a prospective nested case–control study among male smokers [33].
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5 Obesity and RCC Subtypes

The association between obesity and histological subtypes of RCC has been
examined in only a few studies. An analysis of two case–control studies of RCC,
one from the USA and one from Europe, found that BMI was associated with
increased risk of clear cell (OR 1.2, 95 % CI 1.1–1.3 per 5 kg/m2 higher BMI) and
chromophobe (OR 1.2, 95 % CI 1.1–1.4) but not papillary RCC (OR 1.1, 95 % CI
1.0–1.2, p value for difference from clear cell = 0.006) [34]. Combined there were
1524 clear cell cases, 207 papillary cases, and 50 chromophobe cases. The US
study was a population-based case–control study, and the European study was a
hospital-based case–control study. Hospital-based case–control studies of body size
measures are difficult due to the wide range of conditions associated with obesity,
making selection of controls difficult. However, results were similar when the 2
studies were analyzed separately.

An Italian hospital-based case–control study also found a suggestion that higher
BMI at age 30 was more strongly associated with clear cell than with non-clear cell
histology (p value for interaction = 0.08) [35]. There were 398 clear cell cases and
147 non-clear cell, of whom 34 % were papillary, 7 % were chromophobe, and
59 % were unclassified. Only 3 of the non-clear cell cases were in the BMI ≥ 30
group at age 30, limiting statistical power in this group. In an analysis of WHR at
the time of the study, there were similar positive associations between WHR and
RCC risk of both clear cell and non-clear cell subtypes. As this was also a
hospital-based case–control study, again the difficulty of appropriately selecting
controls for studies of obesity or body size should be noted.

Several clinical cohorts of patients treated surgically for localized RCC have
examined the cross-sectional association among cases of obesity at the time of
diagnosis and histological subtypes. Among 706 patients surgically treated for
localized RCC in Korea, abdominal obesity as measured by visceral adipose tissue
percent (VAT%) (measured by CT scan) was associated with relatively more clear
cell and chromophobe cases and fewer papillary cases [36]. However, a study of
285 patients found an increased risk associated with higher visceral adiposity of
clear cell and papillary, but not chromophobe RCC [37].

Thus, obesity seems to be related to clear cell RCC; this is not surprising given
that clear cell is the most common subtype, so it plays a major role in driving the
overall association between obesity and RCC risk. The relation of obesity and the
less common subtypes is less certain at this point.

6 Obesity and Stage and Grade at Diagnosis of RCC

The American Joint Committee on Cancer (AJCC) TNM staging for RCC, last
updated in 2010, stages RCC based on primary tumor size, involvement of adjacent
structures (adrenal gland, renal vein, vena cava), involvement of lymph nodes, and
distant metastasis for anatomic staging [38]. Stage is a strong predictor of

86 K.M. Wilson and E. Cho



prognosis; 5-year relative survival is 92 % among those with localized disease,
65 % among those with regional spread, and 12 % with distant metastasis [39].

Multiple grading systems have been suggested in RCC. Fuhrman grade, a four
level nuclear grading system put forward in 1982, is the commonly used. It is now
used only in clear cell and papillary subtypes and is a prognostic factor for those
subtypes independent of stage [40, 41].

Obesity is significantly or suggestively associated with lower stage of disease at
diagnosis in most clinical studies that have examined this question [42–50]. While
obesity is not always significantly associated with lower T stage, it is almost always
associated with less N1 or M1 disease. Several studies also found that obesity was
associated with lower risk of presenting with symptoms [42, 45, 48, 49], while only
one study found no association between obesity and symptoms at presentation [43],
suggesting that obese patients may be more likely to be diagnosed incidentally in
the course of other imaging studies.

Obesity is associated with lower grade, though this association is weaker than
that seen for stage. Of seven clinical cohorts examining the cross-sectional asso-
ciation between obesity and Fuhrman grade, obesity was associated with signifi-
cantly lower grade in three studies [42, 45, 47], a suggestive but nonsignificant
chance of lower grade disease in three studies [44, 48, 49], and no suggestion of an
association with grade in one study [43].

It should be noted that almost all of these studies are of surgically treated
patients, so there is some possibility of selection bias if obesity is related to the
likelihood of undergoing surgery with curative intent as the primary treatment.

7 Obesity and RCC Survival

Two cohort studies have examined kidney cancer mortality as an outcome, with a
combined 1427 deaths [25]. The pooled relative risk per 5 unit higher BMI was
1.32 (95 % CI 1.01–1.71). This was almost identical to the relative risk of kidney
cancer incidence of 1.30 found across 21 studies [25]. Unlike these cohort studies
of kidney cancer mortality, multiple clinical cohorts of patients treated for RCC
have found that in case-only analyses, obesity measured at the time of diagnosis or
treatment was associated with improved survival [49, 50]. This has given rise to an
“obesity paradox” which stipulates that while obese people are more likely to be
diagnosed with RCC, they appear less likely to die of the disease.

A meta-analysis [49] of 15 studies of BMI and cancer-specific mortality found a
pooled relative risk of 0.66 (95 % CI 0.53–0.81) for a five unit higher BMI. Almost
all of the included studies adjusted for age and stage, and most also adjusted for
grade. However, most studies did not adjust for hypertension, and only one adjusted
for smoking. There was evidence of significant heterogeneity across studies and
evidence of publication bias. The heterogeneity may be partially explained by
geographical differences, with a stronger association in Asian compared to Euro-
pean and American studies, and to adjustment for the presence of symptoms at
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diagnosis, with a stronger association in studies that adjusted for the presence of
symptoms. The association was weaker (less protective) in studies that adjusted for
histological subtype. Sex does not appear to have been examined as a source of
heterogeneity in the meta-analysis. However, a Japanese study of 435 patients
surgically treated for RCC found that obesity was associated with better prognosis
in men, but not in women [51].

7.1 Visceral Adiposity

Several clinical studies have assessed survival based on visceral adiposity measured
by CT scan around the time of diagnosis. Visceral, or intra-abdominal, fat is more
metabolically active and has been associated with poorer health outcomes compared
to subcutaneous fat. Two studies of visceral fat area (VFA), an absolute measure of
fat mass, found conflicting results. A study of over 2000 patients treated with
nephrectomy found that VFA below the median was associated with worse
cause-specific and overall survival, independent of stage and grade, among those
with stage T3/T4 disease, but not T1/T2 disease [52]. A smaller study of 285
surgically treated non-metastatic RCC patients found that lower VFA was associ-
ated with worse survival in T1/T2 disease and in clear cell RCC, but not in the full
cohort of T1–T4 disease and across histological subtypes [37]. One other smaller
study of 220 clear cell RCC patients found no associations between VFA and
overall survival, though as in other studies, BMI was associated with improved
survival [53].

A study of 706 surgically treated patients found a U-shaped relation between
VAT%—i.e., the proportion of visceral to total adipose tissue—and RCC recur-
rence, with greater risk among those in the bottom and top quartiles of VAT% [36].

7.2 Histological Subtypes and Survival

A study of 2769 patients surgically treated for non-metastatic RCC in Korea found
that higher BMI was associated with significantly improved cancer-specific survival
in clear cell RCC, with significantly worse cancer-specific survival in chromophobe
RCC, and was not associated with survival in papillary RCC [54]. The lack of
association with papillary RCC is consistent with the observations for incidence, as
well.

7.3 Interpretation of Associations with Survival
Among RCC Patients

It has been hypothesized that obese patients develop a biologically less aggressive
disease. Supporting this, a study in a subset of 126 patients from a clinical cohort
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surgically treated at Memorial Sloan-Kettering Cancer Center who had data
available from The Cancer Genome Atlas Project found significantly lower gene
expression of fatty acid synthase (FASN) in obese patients [50]. FASN expression,
in turn, is associated with increased cancer-specific mortality in clear cell RCC. It is
worth noting that in this study, obesity was not significantly associated with sur-
vival after adjustment for stage and grade at diagnosis. In addition, obese patients in
this study and several others were less likely to present with symptoms at the time
of diagnosis and were more likely to be diagnosed incidentally (as discussed
above). Thus, is it possible that the observed association between obesity and
improved survival is because obesity is associated with the increasing trend toward
incidental diagnosis of RCC during imaging studies for other medical problems.

In addition, there are several methodological problems that may explain the
“obesity paradox,” most of which have not been considered in the literature.
Reverse causation is a major concern, given that the evidence comes from clinical
cohorts with measures of obesity at the time of diagnosis or treatment. At that point,
there may have been weight loss due to undiagnosed disease, which likely corre-
lates with disease severity. In addition, these clinical cohorts likely suffer from
selection bias, as they tend to be based among surgically treated RCC patients,
rather than among all patients diagnosed with RCC, regardless of treatment strat-
egy. Finally, another form of selection bias is a methodological problem in studies
of disease survival when the exposure of interest is also a risk factor for disease
incidence. This may arise in case-only survival analysis studying the association
between BMI, a risk factor for the disease, and mortality. Because the analysis is
done only among people with the disease, this conditioning on disease status can
induce a statistical association between BMI and mortality that is not, in fact, a
causal association. This form of bias is less intuitive than some of the other possible
sources of bias discussed here; it has been explored in the literature with respect to
other “obesity paradoxes” in heart disease and type 2 diabetes using methods on
causal inference and directed acyclic graphs (DAGs) [55–57].

Given these limitations, the association between obesity and prognosis in RCC
should be examined in settings that can include all incident RCC cases, rather than
those undergoing a particular primary treatment and with multiple measures of
obesity over time. Additional molecular epidemiological studies of tumor markers
associated with obesity may also shed light on this issue.

8 Conclusion

Obesity is clearly associated with risk of RCC and particularly with the clear cell
subtype. The positive association is seen for both BMI and WC. The association
with non-clear cell subtypes is less clear. Possible mechanisms linking obesity and
kidney cancer may include IGF-1, sex steroid hormones, and other hormones such
as adiponectin. Additional studies of biomarkers and molecular markers in tumors
are needed to better understand the relevant mechanisms. An inverse association
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between obesity and survival among RCC patients has been observed fairly con-
sistently in clinical cohorts; however, numerous methodological issues make the
interpretation of these findings difficult, and more work is needed in this area.
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Obesity and Pancreatic Cancer

Dominique S. Michaud

Abstract
Pancreatic cancer has fewknown risk factors, providing little in thewayof prevention,
and is the most rapidly fatal cancer with 7 % survival rate at 5 years. Obesity has
surfaced as an important risk factor for pancreatic cancer as epidemiological studies
with strongmethodological designs have removed important biases and solidified the
obesity associations. Moreover, studies indicate that obesity early in adulthood is
strongly associated with future risk of pancreatic cancer and that abdominal obesity is
an independent risk factor. There is increasing evidence suggesting long-standing
diabetes type 2 and insulin resistance are important etiological factors of this disease,
providing a strong mechanistic link to obesity. The challenge remains to determine
whether intended weight loss in midlife will reduce risk of pancreatic cancer and to
elucidate the complex underlying pathways directly involved with risk.
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1 Introduction

Pancreatic cancer is the fourth leading cause of cancer deaths in developed coun-
tries [1]. Pancreatic cancer incidence rates increase with age and are higher in men
than women [2]. In addition, incidence rates vary by racial groups; in the USA,

D.S. Michaud (&)
Department of Public Health and Community Medicine,
Tufts University School of Medicine, Boston, MA, USA
e-mail: Dominique.Michaud@tufts.edu

© Springer International Publishing Switzerland 2016
T. Pischon and K. Nimptsch (eds.), Obesity and Cancer, Recent Results
in Cancer Research 208, DOI 10.1007/978-3-319-42542-9_6

95



blacks have higher incidence rates than whites [2]. Countries with the three highest
incidence rates of pancreatic cancer are China, the USA and Japan [3]. Survival for
pancreatic cancer patients is very low; 93 % of cases die within the first five years
after diagnosis [4]. The dismal prognosis requires more attention to prevention of
this disease; cigarette smoking, obesity, long-standing diabetes and chronic pan-
creatitis are well-established modifiable risk factors for pancreatic cancer. Other
established risk factors that are not modifiable include age, race, family history and
genetic susceptibility. Most pancreatic cancers originate in the exocrine pancreas
(96 %), and most of these are adenocarcinomas (95 %). The remaining pancreatic
tumors originate in endocrine pancreas and have very different behaviors and
characteristics from exocrine tumors, consequently most epidemiological studies
typically restrict analyses to exocrine tumors.

2 Epidemiology of Obesity and Pancreatic Cancer Risk

The World Cancer Research Fund/American Institute of Cancer Research
(WCRF/AICR) 2007 Report on the prevention of cancer classified “body fatness”
as a convincing cause of pancreatic cancer [5]. Although now widely accepted as a
major risk factor for pancreatic cancer, obesity was only recently recognized as a
risk factor for pancreatic cancer. In 2002, the International Agency for Research on
Cancer (IARC) publication on “Weight Control and Physical Activity” concluded
that the evidence was too limited for any firm conclusion to be made on the
association between obesity and pancreatic cancer [6]. Most of the cohort studies on
obesity and pancreatic cancer, reporting positive associations, were published in the
past 15 years; in contrast, most results from case–control studies, published earlier
on, were null. The discrepancy between the two study designs can be explained by
three major limitations in case–control studies that resulted in bias toward the null:
(1) weight at diagnosis for cases did not reflect lifetime weight given severe weight
loss commonly associated with pancreatic cancer, (2) obesity is associated with
lower pancreatic cancer survival [7], such that cancer cases included in case–control
studies, unless identified through rapid case ascertainment, were likely to be those
that had survived longest and would have been less overweight, and (3) earlier
studies did not adjust adequately for smoking status (which is inversely associated
with weight). Cohort studies do not have the first two limitations, as weight is
ascertained prior to disease diagnosis, often many years prior to diagnosis, and all
cancer cases are included, regardless of survival. Furthermore, cohort studies typ-
ically have very accurate smoking data and adjust for this confounder in the
analyses.

Several meta-analyses and pooled analyses of prospective cohort studies have
been published on body mass index (BMI) and pancreatic cancer [8–11]. Similar
associations for weight and pancreatic cancer have been reported in these summary
analyses. In the largest meta-analysis, which included twenty-three prospective
studies and 9504 pancreatic cancer cases, a 10 % increase in risk was reported for
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each 5-unit higher BMI (RR 1.10, 95 % CI 1.07–1.14) [8]. In a large pooling study,
an 18 % increase in risk (RR 1.18, 95 % CI 1.03–1.35) was estimated for over-
weight (25–29.9 kg/m2) individuals, and a 20 % increase (RR 1.20, 95 % CI
1.00–1.44) for those who were obese (30–34.9 kg/m2), compared with those with a
healthy weight (18.5–24.9 kg/m2) [9]. A 55 % increase in risk was observed in
those who were morbidly obese (>35 kg/m2; RR 1.55, 95 % CI 1.16–2.07) [9];
associations are not linear [8]. For these analyses, weight at time of recruitment into
the cohorts was used to estimate BMI (i.e., over 40 years old in most studies).

In the largest meta-analysis [8], associations with obesity and pancreatic cancer
were similar in men and women and by geographical region, but stronger among
never smokers, as previously reported in a large pooling study [9]. Similar asso-
ciations have been reported in African-Americans [12]. In contrast, obesity does not
appear to be related to pancreatic cancer mortality in Asian populations [13, 14].

Abdominal obesity (measured using waist circumference or waist-to-hip ratio)
has also been associated with pancreatic cancer risk [8–10]. The summary RR for a
10-cm greater waist circumference was 1.11 (95 % CI 1.05–1.18) and for a 0.1-unit
higher waist-to-hip ratio was 1.19 (95 % CI 1.09–1.31) in the largest meta-analysis
[8]. The impact of abdominal obesity on risk appears to be independent of BMI as
controlling for BMI does not remove the positive association observed for
abdominal obesity [10]. The largest study to examine this question in detail
included 20 prospective cohort studies with pancreatic cancer mortality [15], in this
study, the positive association for waist-to-hip ratio remained statistically signifi-
cant after adjusting for BMI (HR 1.07, 95 % CI = 1.02–1.17, per 0.1 unit incre-
ment), and a similar magnitude of risk of waist-to-hip ratio was observed for
healthy, overweight and obese individuals at baseline.

A number of studies have examined the relationship between obesity at different
points in life and pancreatic cancer risk. The association between obesity at early
adulthood (ages 18 or 21 years) and pancreatic cancer has been measured in two
separate large pooled analyses of prospective cohort studies [10, 15]. In the first
pooled study using cancer incidence as the outcome, elevated BMI (>25 kg/m2) at
ages 18–21 years was associated with a 30 % increase in risk of pancreatic cancer
(95 % CI = 1.09–1.56, compared to BMI of 21–22.9 kg/m2) and was based on 11
studies. In a second pooled analysis examining pancreatic cancer mortality, early
adulthood BMI was strongly associated with risk (HR = 1.48, 95 % CI = 1.20–
1.84 for BMI 27.5–29.9, and HR = 1.43, 95 % CI = 1.11–1.85 for BMI 30+
compared to BMI 21–22.9) [15]. In this pooled study, BMI during early adulthood
was independent of baseline BMI, and substantial weight gain during adulthood
was also associated with increased risk (HR 1.29, 95 % CI = 1.12–1.47 for
BMI > 10 kg/m2 gain vs. 0–2.4 BMI gain) [15]. However, the association for
weight gain was not as large as that observed for early adulthood obesity, sug-
gesting that weight gained during early childhood plays an important role in later
risk.

Impact of weight changes at different ages (18, 35, and 50 years) on risk was
examined in the NIH-AARP cohort study, a large US prospective cohort study of
men and women between 50 and 71 years at baseline (1995–6) [16]. In this study,

Obesity and Pancreatic Cancer 97



BMI at 18 years was strongly associated with risk of pancreatic cancer; men and
women with BMI > 27.5 kg/m2 at age 18 years had a 56 % higher risk of pan-
creatic cancer (95 % CI 1.19–2.03) compared with those with a healthy BMI
(18.5–24.9 kg/m2) [16]. Further adjusting for current BMI had little impact on the
association observed with BMI at age 18, and the associations with BMI at 35 and
50 years old were weaker than that of the BMI at age 18, suggesting that early life
weight gain could be critical in the risk of pancreatic cancer. While weight gain
after the age of 50 was associated with higher risk of pancreatic cancer, no asso-
ciations were observed for weight gain in earlier time frames (i.e., between 18 and
50 years) in this study [16] and in other studies [17, 18]. As pancreatic cancer
patients often lose weight as a result of the cancer, elevated risks were observed
among participants losing weight after the age of 50 years [16].

3 Obesity and Pancreatic Cancer Survival

The question has been raised as to whether being overweight may impact survival
in pancreatic cancer patients. Several studies have reported elevated risk of dying
among patients with higher BMI at diagnosis [7, 19–21]. In one prospective study,
the risk of death was 53 % higher in patients with BMI > 35 kg/m2 prior to
diagnosis compared to those with normal BMI (<25 kg/m2; p trend = 0.002) [7].
The strongest association was observed for patients who were obese 18–20 years
prior to diagnosis compared to those who had a healthy BMI (HR = 2.31, 95 % CI,
1.48–3.61; p trend < 0.001) [7], and the associations weakened as BMI measures
were obtained closer to diagnosis. The associations between BMI and survival were
independent of stage of disease at diagnosis, even though obese patients were more
often diagnosed with advanced disease (72.5 % with metastatic disease vs. 59.4 %
of healthy weight patients).

Positive associations for obesity and pancreatic cancer survival have also been
observed in several retrospective case–control studies where patients were asked to
recall their usual adult weight or weight in earlier decades of life [19–21]. The
associations reported were consistently in the range of 30–75 % higher risk with
BMIs greater than 30 or 35 kg/m2 (compared to healthy weight) when BMI was
calculated prior to diagnosis. Furthermore, these associations do not appear to be
modified by stage of disease or other known risk factors [20].

4 Mechanisms for Obesity and Pancreatic Cancer

There are several mechanistic pathways that may explain the associations observed
in epidemiological studies and these include (1) hyperglycemia/hyperinsulinemia,
(2) inflammatory/immune response and (3) sex steroid hormones. The third path-
way is the least compelling for pancreatic cancer given the lack of excess risk in
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women (men have higher rates of pancreatic cancer incidence than women),
decreased risk associated with increasing parity [22] and a potentially inverse
association for exogenous estrogen-only use [23]. All of the associations with
estrogen-related risk factors suggest that obesity, through increased estrogen pro-
duction from adipose tissue, would decrease the risk of pancreatic cancer (rather
than increase risk). Therefore, the first two pathways are the most compelling and
will be discussed below.

4.1 Hyperglycemia/Hyperinsulinemia

The underlying mechanisms which may explain the association between obesity
and pancreatic cancer have been examined using epidemiological study designs and
include measuring glucose, insulin, C-peptide and hemoglobin A1c (HbA1c) in
cases and controls using prediagnostic, archived blood samples. In addition, the
association between long-standing diabetes and pancreatic cancer suggests that
glucose intolerance and hyperinsulinemia may be directly involved in the onset of
pancreatic cancer. While it is well known that diabetes is commonly diagnosed a
few years prior to pancreatic cancer, the etiological aspect of the association was
only confirmed with methodologically powerful studies demonstrating a higher risk
of pancreatic cancer among individuals with long-standing diabetes. In a large
meta-analysis, individuals with long-standing diabetes (10 or more years) had a
50 % higher risk of pancreatic cancer compared to those without diabetes (RR 1.51,
95 % CI 1.16–1.96) [24]. Studies have examined different aspects of diabetes to
understand mechanisms.

Elevated glycated hemoglobin (HbA1c), a time-integrated measure of hyper-
glycemia [25], has been associated with risk of pancreatic cancer in prospective
cohort studies with blood samples collected decades prior to diagnosis. Two large
prospective cohort analyses conducted analyses using HbA1c and examined how
the associations change over time (to diagnosis) [26, 27]. In the EPIC cohort study,
elevated HbA1c was associated with a 65 % higher risk of pancreatic cancer among
nondiabetics (OR = 1.65, 9 % CI = 1.01–2.70, comparing top to bottom quartiles),
and associations did not differ substantially when examined at different time periods
prior to diagnosis [26]. Similar associations were reported in a pooled analysis of
the five US cohort studies (OR = 1.79, 95 % CI = 1.17–2.72, comparing top to
bottom quintile) [27].

Five studies measuring blood glucose levels prior to diagnosis also reported
positive associations with pancreatic cancer risk [28–32]. Risk of mortality from
pancreatic cancer was higher in nondiabetic individuals who had baseline postload
plasma glucose levels above 198 mg/dL, compared to those with levels below
118.8, after excluding the first 5 years of follow-up (RR 1.97, 95 % CI 1.08–3.57)
[31]. In a separate study conducted among male smokers, risk of incident pancreatic
cancer remained elevated among those who had high fasting serum glucose
(>107 mg/dL), compared to <93 mg/dL, 10 or more years prior to diagnosis (RR
2.16, 95 % CI 1.05–4.42) [30].
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While these studies support a role for hyperglycemia in pancreatic cancer, the
precise role of glucose in carcinogenesis is unclear. Hyperglycemia can occur as a
result of insulin resistance, which is tied to hyperinsulinemia, or is due to abnormal
pancreatic b cell function. To try and disentangle the underlying mechanisms,
epidemiological studies have also measured blood levels of insulin, proinsulin and
C-peptide (cleaved from proinsulin to produce insulin).

Elevated fasting serum insulin levels and insulin resistance (measured using
homeostatic model assessment—insulin resistance [HOMA-IR]) were associated
with a higher risk of pancreatic cancer in a prospective cohort study of male
smokers [30], and nonfasting C-peptide levels were positively associated with
pancreatic cancer risk in a US study of men and women [33], both supporting the
hypothesis that insulin resistance plays a role in the etiology of pancreatic cancer.
Consistent with this hypothesis, a large study combining prediagnostic blood
samples from five large prospective cohort studies reported consistent and statis-
tically significant positive associations for insulin and proinsulin levels, with no
increase for the ratio of insulin to proinsulin levels (marker of normal pancreatic
b-cell function) [27]. Furthermore, the association for insulin and proinsulin
became more pronounced after restricting the analysis to those with greater time
between blood collection and pancreatic cancer diagnosis, and in a mutually
adjusted model, only proinsulin levels remained statistically significant
(p trend = <0.001) [27]. In contrast, the EPIC cohort study did not observe any
associations between fasting or nonfasting C-peptide levels and pancreatic cancer
[26], despite reporting positive associations for HbA1c.

Given that peripheral insulin resistance is associated with alterations of
numerous metabolic pathways, it is still unclear which ones are involved in pan-
creatic cancer. It has been proposed that proinsulin itself may play a role in car-
cinogenesis as it can impact cell proliferation through the insulin receptor itself
[34]. Other pathways, however, are likely also at play; insulin resistance is also
closely tied with chronic low-grade inflammation [35].

4.2 Inflammation/Immune Response

The role of inflammation in pancreatic cancer has been well described [36], and it is
well established that excess adipose tissue in overweight individuals can lead to
low-grade inflammation [35]. Chronic inflammation of the pancreas, chronic pan-
creatitis, is a well-established risk factor for pancreatic cancer [37]. What is less
clear, however, is whether systemic low-grade inflammation is directly associated
with pancreatic carcinogenesis. Studies that have attempted to answer this question
by measuring markers of inflammation in peripheral bloods, including C-reactive
protein, interleukin 6 (IL6) and receptors of tumor necrosis factor alpha (TNF-alpha
R1, R2) [38–40]. Three prospective studies examining these factors reported no
associations for C-reactive protein [38–40] or IL6 levels and risk of pancreatic
cancer [39, 40]. In one study, a statistically significant higher risk of pancreatic
cancer was observed with elevated levels of TNF-R1 in women, and but not men,
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and TNF-R2 levels were associated with risk in subjects who were overweight [39].
However, TNF-R2 was not associated with risk in another study, even when
stratified by BMI [40]. As the markers of inflammation used in these studies have
been previously associated with obesity [35], there is currently little compelling
evidence for a direct role of systemic inflammation in pancreatic cancer.

Obesity, however, is a complex condition that is intricately linked to excessive
caloric intake and impacts neuroendocrine factors regulating metabolism and
immune function [41]. There is increasing evidence that the impact of obesity on
the immune system extends beyond production of proinflammatory markers from
adipocytes and involves other components of the immune response, including the
adaptive immune response [41, 42]. There is growing evidence that obese indi-
viduals have higher risk of infection and experience reduced immunocompetence
[43]. The implications of changes in adaptive immune response associated with
obesity on cancer risk have not been addressed directly, but more research is
currently being directed toward understanding the role of the immune response in
cancer risk [44].

5 Summary

Obesity has only recently been confirmed as a risk factor for pancreatic cancer. The
highest risk associated with obesity is observed among subjects with elevated BMI
in early adulthood, compared to those who have a healthy BMI. In addition,
abdominal obesity is associated with an increased risk of pancreatic cancer inde-
pendently of BMI. The positive association with being overweight is
dose-dependent, and individuals who are morbidly obese (BMI > 35 kg/m2)
experience a 55 % higher risk of pancreatic cancer. The association between BMI
and pancreatic cancer is consistent by sex and race, although overweight Asians
may not be at higher risk. Obese individuals also experience lower survival rates
from pancreatic cancer. The mechanisms underlying the association with obesity
are likely to be linked to insulin resistance and associated pathways and develop
over several decades. Research on immune response and its role on the etiology of
pancreatic cancer may reveal new mechanisms linked to obesity.
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Obesity and Endometrial Cancer

Eileen Shaw, Megan Farris, Jessica McNeil
and Christine Friedenreich

Abstract
Endometrial cancer is the sixth most common cancer in women worldwide and
the most common gynecologic malignancy in the developed world. This chapter
explores the current epidemiologic evidence on the association between obesity
and endometrial cancer risk and mortality. Using body mass index (BMI) as a
measure of obesity, we found that obesity (defined as BMI > 30 and < 35 kg/m2)
was associated with a 2.6-fold increase in endometrial cancer risk, while severe
obesity (BMI > 35 kg/m2) was associated with a 4.7-fold increase compared to
normal-weight women (BMI < 25 kg/m2). Increased central adiposity also
increased endometrial cancer risk by 1.5- to twofold. Among both healthy and
endometrial cancer patient populations, obesity was associated with a roughly
twofold increase in endometrial cancer-specific mortality. This risk reduction was
also observed for obesity and all-cause mortality among endometrial cancer
patients. In the few studies that assessed risk associated with weight change, an
increased endometrial cancer risk with weight gain and weight cycling was
observed, whereas some evidence for a protective effect of weight loss was found.
Furthermore, early-life obesity was associated with a moderately increased risk of
endometrial cancer later in life. There are several mechanisms whereby obesity is
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hypothesized to increase endometrial cancer risk, including increased endoge-
nous sex steroid hormones, insulin resistance, chronic inflammation and
adipokines. Further research should focus on histological subtypes or molecular
phenotypes of endometrial tumors and population subgroups that could be at an
increased risk of obesity-associated endometrial cancer. Additionally, studies on
weight gain, loss or cycling and weight loss interventions can provide
mechanistic insight into the obesity–endometrial cancer association. Sufficient
evidence exists to recommend avoiding obesity to reduce endometrial cancer risk.

Keywords
Endometrial cancer � Obesity � Incidence � Survival � Biomechanisms

1 Basic Epidemiology of Endometrial Cancer

1.1 Incidence Rates

Endometrial cancer is the sixth most common cancer in women worldwide, with an
estimated 320,000 incident cases in 2012 [1]. In the United States (U.S.), it is the
fourth most common cancer in women and the most common gynecologic
malignancy diagnosed, with an estimated 49,154 incident cases of uterine cancer in
2012 [2].

Endometrial cancers can be divided into two histological subtypes [3]. Type I
endometrial cancers are estrogen-driven and have endometrioid differentiation,
while Type II endometrial cancers are not estrogen-dependent and are classified as
non-endometrioid (serous, clear cell, mucinous) [4]. Type I endometrial cancers
represent approximately 70–80 % of all endometrial cancers [5] and tend to have a
more favorable prognosis than Type II cancers, which are usually more aggressive
and consequently associated with poorer prognosis [6].

Worldwide incidence rates of endometrial cancer have been increasing, partic-
ularly in the twenty-first century, where age-standardized incidence rates have
increased from 6.5 per 100,000 in 2002 [7] to 8.2 per 100,000 in 2012 [1]. Fur-
thermore, Type I endometrial cancers have been increasing in the U.S. and in
Europe [8–10]. This increased incidence of endometrial cancer can likely be
attributed to changes in lifestyle risk factors (e.g., diet, sedentary behavior and use
of hormone replacement therapy), which are all strongly associated with endome-
trial cancer risk [8, 11].
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1.2 Mortality Rates

An estimated 76,000 endometrial cancer deaths occurred worldwide in 2012 [1].
The five-year survival rates for endometrial cancer are relatively high and estimated
to be 82 % in the U.S. [12]. Given the better cancer screening and treatment
programs, mortality rates for endometrial cancer are lower in developed countries
compared to developing countries [7]. Survival rates for endometrial cancer
increase with earlier diagnosis [13].

1.3 Major Risk Factors

Risk of endometrial cancer increases with age, and most cases are diagnosed
postmenopause [5]. Endometrial cancers diagnosed in older women tend to be of
higher grade and stage compared to younger women [14]. In the U.S., incidence
rates are higher in white women compared to other ethnic groups, while mortality is
significantly worse in black women compared to white women [15, 16]. Other risk
factors for endometrial cancer risk include long-term exposure to unopposed
estrogens, high postmenopausal concentrations of estrogens, nulliparity, history of
breast cancer and first-degree family history of endometrial cancer [5, 17]. Among
endometrial cancer patients, risk factors for endometrial cancer mortality (all-cause
or endometrial cancer-specific) include prediagnosis obesity, type 2 diabetes mel-
litus and heart disease [18–21]. The World Cancer Research Fund Continuous
Update Project panel has deemed there to be convincing evidence for the associ-
ation between body fatness and increased risk of endometrial cancer [22]. Obesity
ranks among the strongest risk factors for endometrial cancer development [11],
and it is strongly hypothesized that the increasing global prevalence of obesity,
particularly in developed countries, is contributing to the overall increase in
endometrial cancer incidence [11, 23]. The purpose of this chapter is to provide an
updated review of the extant literature on obesity and endometrial cancer and to
highlight the current gaps in the epidemiologic evidence.

2 Literature Review Methods

A search for studies of endometrial cancer incidence and mortality related to obesity
was performed using PubMed to search the MEDLINE database. Search terms used
to identify obesity were “body mass index,” “BMI,” “waist circumference,” “hip
circumference,” “waist-to-hip ratio,” “body weight,” “obesity,” “adiposity” and
“anthropometry,” along with “endometrial cancer” and “endometrial neoplasms” as
search terms to indicate endometrial cancer. The search was not restricted by date,
but only included studies in English up to March 2016. Overall, 38 cohort studies
and 42 case–control studies investigating obesity and endometrial cancer risk were
identified, with three pooled studies from the Epidemiology of Endometrial Cancer
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Consortium (E2C2) [24], an NCI-supported consortium consisting of over 45
studies worldwide. Twelve studies investigating obesity and endometrial cancer
mortality in both healthy and endometrial cancer patient populations were identified
using the above search terms along with “survival,” “mortality” and “death.”

Studies were excluded if no point estimates and 95 % confidence intervals
(CIs) were provided for risk and mortality estimates (n = 6 excluded). For studies
with multiple publications, the most recent update or largest sample size publica-
tions were selected for this review (n = 9 excluded). To provide more uniform
assessments of endometrial cancer risk and mortality, only studies presenting
estimates for categorical adiposity measurements were included (n = 10 excluded).
An additional three studies were identified that investigated obesity and mortality,
but were not included because of limited event observations (<20 deaths) [25–27].
This additional exclusion resulted in 28 cohort studies, 29 case–control studies and
one pooled study for inclusion in this review for endometrial cancer incidence.
There were three studies [28–30] that investigated obesity and endometrial
cancer-specific mortality in healthy populations and three studies [18, 31, 32] for
endometrial cancer-specific or all-cause mortality in endometrial cancer patient
populations.

In addition, studies that presented risk estimates stratified by other variables were
pooled in order to obtain one representative estimate for each study. Since BMI
categorization varied across studies, risk estimates were separated into obesity
(class I—generally BMI � 30 or 30 � BMI < 35) and severe obesity (class II or
III—generally BMI � 35). Random-effect models were used to calculate pooled
estimates with 95 % CIs for each set of studies [33].

3 Obesity and Endometrial Cancer Risk

3.1 BMI and Risk

There were 25 cohort studies, 28 case–control studies and one pooled study from
the E2C2 investigating the relation between BMI and endometrial cancer risk
identified, with almost all studies showing a statistically significant positive asso-
ciation. Using data from 26 case–control studies [34–59], the effect estimates of
obesity (30 < BMI < 35) and endometrial cancer risk ranged from 1.00 (95 % CI
0.60–1.50) [40] to 9.18 (95 % CI 4.30–19.62) [34] (Fig. 1). The overall pooled risk
estimate for endometrial cancer risk associated with obesity for case–control studies
was 2.32 (95 % CI 2.08–2.58), compared to normal-weight individuals (generally
BMI < 25). Similarly, 25 cohort studies [17, 28, 29, 60–81] ranged in effect esti-
mates from 1.50 (95 % CI 1.10–2.10) [63] to 4.50 (95 % CI 2.62–7.72) [17],
resulting in an overall pooled estimate of 2.49 (95 % CI 2.28–2.73), compared to
normal-weight individuals (generally BMI < 25). The pooled study from the E2C2
reported an effect estimate of 2.11 (95 % CI 1.46–3.05) [24], and the overall pooled
estimate for obesity and endometrial cancer risk was 2.65 (95 % CI 2.43–2.90).
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Effect estimates for endometrial cancer risk in relation to severe obesity were
notably higher than associations with obesity (Fig. 2). Seven case–control studies
[38, 46–48, 59, 82, 83] and seven cohort studies [63, 64, 68, 70, 73, 79, 81]
investigated this relation, resulting in pooled estimates of 6.45 (95 % CI 4.98–8.35)
and 3.61 (95 % CI 2.85–4.58), respectively. Additionally, the pooled study from
the E2C2 reported an estimate of 4.80 (95 % CI 2.13–10.82) [24]. The overall
pooled estimate for severe obesity and endometrial cancer risk was 4.66 (95 % CI
3.78–5.75).
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Fig. 1 Case–control and cohort studies of obese BMI and endometrial cancer risk
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3.2 Central Adiposity and Risk

Recently, central adiposity measures, defined either as waist circumference or as
waist-to-hip ratio, have also been considered in etiologic studies of anthropometry
and endometrial cancer risk. To date, five case–control [40, 45, 54, 57, 84] and five
cohort studies [68, 72, 74, 80, 81] examining waist circumference showed statis-
tically significant pooled estimates of 2.30 (95 % CI 1.71–3.09) and 1.58 (95 % CI
1.18–2.12), respectively, for higher waist circumference (generally >90 cm) and
endometrial cancer risk (Fig. 3). The overall pooled estimate for all studies com-
bined was 1.92 (95 % CI 1.57–2.35). Although the strength of association was
weaker, higher waist-to-hip ratio (generally >0.85) was also associated with an
increased risk of endometrial cancer risk. Three of the five case–control studies that
examined waist circumference and endometrial cancer risk also considered
waist-to-hip ratio, and their pooled estimate was 1.78 (95 % CI 1.24–2.55) [40, 45,
54]. All five cohort studies that measured the effect of waist circumference on
endometrial cancer risk also measured waist-to-hip ratio, along with one additional
study [68, 72, 74, 76, 80, 81]. The pooled estimate for waist-to-hip ratio on
endometrial cancer risk was 1.29 (95 % CI 1.13–1.47). The overall pooled estimate
for higher waist-to-hip ratio and risk of endometrial cancer was 1.43 (95 % CI
1.33–1.54) from these nine studies.
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Fig. 2 Case–control and cohort studies of severely obese BMI and endometrial cancer risk
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3.3 Weight Change (Gain/Loss), Weight Cycling and Risk

To date, 17 studies have investigated the effect of weight change (gain or loss) on
the risk of endometrial cancer (Fig. 4). In general, weight gain was significantly
associated with an increased risk of endometrial cancer in both case–control [38,
42, 43, 48, 55, 56, 59] and cohort [17, 27, 62, 67, 68, 74, 75, 79, 81, 85] studies.
There was considerable heterogeneity between studies with respect to weight gain
measurement, and thus, pooled estimates are not presented. Most studies examined
weight gain from early adulthood (age 18–25 years) and found that weight gain of
roughly 20 kg was associated with an approximately twofold increase in
endometrial cancer risk.

Studies in weight loss [42, 74, 79, 85] trended toward a protective effect on
endometrial cancer risk, although this effect was statistically significant in only one
study [79]. Similar to studies of weight gain, studies on weight loss were hetero-
geneous in measurements of weight loss, which precluded comparing the estimates
or pooling them. Lastly, only three studies [42, 59, 86] investigated the role of
weight cycling (purposeful loss of weight, followed by weight gain). All studies
indicated an increased risk of endometrial cancer with weight cycling; two of these
studies were statistically significant [42, 59]. In these studies, odds ratios for ever
versus never experiencing weight cycling over lifetime ranged from 1.27 (95 % CI
1.00–1.61) [42] to 2.30 (95 % CI 1.54–3.43). Additionally, an increased number of
weight cycles appeared to attenuate the risk as these estimates were statistically
nonsignificant [42, 86].
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Fig. 3 Central adiposity and endometrial cancer risk
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3.4 Childhood/Adolescence and Early Adult Weight and Risk

The role of childhood/adolescence or early adulthood obesity on endometrial cancer
risk later in life was examined in 14 studies [17, 38, 43, 48, 54, 55, 59, 67, 74, 75,
79, 81, 85, 87] (Fig. 5). Early adulthood obesity increased endometrial cancer risk
by 33 % (95 % CI 0.94–1.88) for case–control studies [38, 43, 48, 55, 59] and by
57 % (95 % CI 1.38–1.79) for cohort studies [17, 67, 74, 75, 79, 81, 85] compared
with normal weight in early adulthood. The overall pooled estimate for early
adulthood obesity and endometrial cancer risk was 1.44 (95 % CI 1.22–1.70).
Similarly, increased endometrial cancer risk associated with childhood/adolescent
obesity was smaller in magnitude for case–control studies [43, 54] and very close to
the null for cohort studies [79, 88]. These risk estimates must be interpreted with
caution since accurate exposure measurements for early adulthood or
childhood/adolescent obesity were often not available for these studies. BMI
reporting tended to rely on the participants’ ability to recall their early-life
anthropometry, and thus, measurement error likely affected these results.
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Fig. 4 Weight change (gain and loss), weight cycling and endometrial cancer risk
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4 Obesity and Endometrial Cancer Survival

4.1 Weight/BMI and Survival

Only six studies have investigated the association between BMI and mortality
(all-cause or endometrial cancer-specific) among healthy or endometrial cancer
patient populations (Fig. 6). With respect to endometrial cancer-specific mortality,
there were six studies with effect estimates for the association with obesity [18, 29–
32, 66], three of which were in healthy populations [28–30]. All point estimates
were above the null value, resulting in a pooled estimate of 2.39 (95 % CI 2.04–
2.80) in healthy populations and 1.91 (95 % CI 1.29–2.82) in endometrial cancer
patient populations. Severe obesity was also significantly associated with
endometrial cancer-specific mortality among healthy populations [28, 30], with a
pooled estimate of 4.69 (95 % CI 2.68–8.22), as well as among endometrial cancer
patients [31, 32], with a pooled estimate of 1.96 (95 % CI 1.25–3.07). Of the three
studies that examined the association between obesity and all-cause mortality in
endometrial cancer patient populations [18, 31, 32], all observed a positive asso-
ciation, with a pooled estimate of 1.64 (95 % CI 1.29–2.09). Two of these studies
also analyzed the association between severe obesity and all-cause mortality [31,
32], and both reported statistically significant positive associations, with a pooled
estimate of 2.06 (95 % CI 1.55–2.74).
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Fig. 5 Childhood/adolescence and early adult weight and endometrial cancer risk
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5 Biologic Mechanisms Involved in the Association
of Obesity and Endometrial Cancer Risk and Survival

Given the strong associations between obesity and increased endometrial cancer
risk and mortality, elucidating the mechanisms whereby this association occurs can
improve our understanding of the etiology of this disease and aid in developing
more efficient strategies for cancer prevention. There are several proposed mech-
anisms whereby obesity can lead to endometrial carcinogenesis (Fig. 7) [88, 89].
These include pathways involving endogenous sex steroid hormones, insulin
resistance and inflammation.

5.1 Endogenous Sex Steroid Hormones

The “unopposed estrogen” theory suggests that endometrial cancer risk is increased
in women with high plasma levels of bioavailable estrogen, or low plasma levels of
progesterone [90]. These altered sex steroid hormone levels have been associated
with Type I endometrial carcinomas [91]. Exposure of the endometrium to estrogen
when unopposed by progesterone stimulates endometrial cell growth and prolif-
eration, thus increasing the likelihood of malignant cell development [92].
Bioavailable estrogen increases IGF-1 receptor levels and reduces insulin growth

Bjorge, 2010
Reeves, 2007
Calle, 2003
Pooled estimate

Calle, 2003
Bjorge, 2010
Pooled estimate

Arem, 2013 (NIH−AARP)
Chia, 2007
Arem, 2013 (WHI)
Pooled estimate

Arem, 2013 (NIH−AARP)
Arem, 2013 (WHI)
Pooled estimate

Arem, 2013 (WHI)
Chia, 2007
Arem, 2013 (NIH−AARP)
Pooled estimate

Arem, 2013 (WHI)
Arem, 2013 (NIH−AARP)
Pooled estimate

Endometrial Cancer−Specific Mortality in Healthy Populations

Overweight/Obese

Severely Obese

Endometrial Cancer−Specific Mortality in Cancer Populations

Overweight/Obese

Severely Obese

All−Cause Mortality in Cancer Populations

Overweight/Obese

Severely Obese

quintile 4 vs. quintile 1
30+ 22.5−24.9

30−34.9 vs. 18.5−24.9

35+ vs. 18.5−24.9
quintile 5 vs. quintile 1

30−<35 vs. <25
30+ vs. <25

30−<35 vs. <25

35+ vs. 18.5−<25
35+ vs. <25

30−<35 vs. <25
30+ vs. <25

30−<35 vs. 18.5−<25

35+ vs. <25
35+ vs. 18.5−<25

1.99
2.28
2.53
2.39

4.10
5.35
4.69

1.80
2.00
2.06
1.91

1.79
2.23
1.96

1.57
1.60
1.73
1.64

1.85
2.23
2.06

0.85− 4.67
1.81− 2.87
2.01− 3.18
2.04− 2.80

1.85− 9.10
2.43−11.80
2.68− 8.22

1.05− 3.08
0.78− 5.10
1.01− 4.20
1.29− 2.82

1.00− 3.21
1.10− 4.54
1.25− 3.07

1.01− 2.45
1.02− 2.50
1.20− 2.50
1.29− 2.09

1.19− 2.88
1.54− 3.23
1.55− 2.74

Author, year High vs. low BMI Effect estimate 95% CI

1 2 5 10

Effect estimate

Fig. 6 Obesity (BMI) and all-cause or endometrial cancer-specific mortality
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factor binding protein (IGFBP) levels, thus increasing the affinity of IGF-1 with its
receptor within endometrial tissues [93]. Conversely, progesterone down-regulates
estrogen receptors, stimulates the synthesis of IGFBP-1, reduces inflammation and
promotes cell differentiation and apoptosis within the endometrium [88, 92, 94].

Several case–control studies have reported increased total [35, 95–98] and
bioavailable [35, 97] estrogen levels and decreased plasma SHBG levels [35, 98] in
postmenopausal women with endometrial cancer compared to controls. One
prospective cohort study [99] also reported an increased risk of endometrial cancer
risk among postmenopausal women in the top tertile for levels of free estradiol
compared to the lowest tertile. Therefore, increases in the synthesis of endogenous
estrogen by adipose tissue, coupled with decreased SHBG production by the liver,
leads to increased plasma levels of bioavailable estrogen, thereby increasing
endometrial cancer risk in obese postmenopausal women [90, 100]. On the other
hand, excess weight does not appear to be related to increased bioavailable estrogen
levels in premenopausal women with normal androgen levels [101]. Instead, excess
weight has been suggested to cause chronic anovulation and reduce progesterone
synthesis in premenopausal women, which may then increase bioavailable estrogen
levels and the risk of endometrial cancer [90, 99].

Similar to estrogen levels, free testosterone levels were 79 % greater in post-
menopausal women with excess weight (BMI � 30 kg/m2) compared to women

Fig. 7 Hypothesized biologic pathways relating excess obesity to endometrial cancer risk. Note
Δ4A androstenedione; CRP C-reactive protein; E1 estrone; E2 estradiol; FFA free fatty acids; HDL
high-density lipoprotein; IGFBP insulin growth factor binding protein; IGF-1 insulin-like growth
factor-1; IL-6 interleukin-6; LDL low-density lipoprotein; SHBG sex-hormone-binding protein;
T testosterone; TNF-a tumor necrosis factor-a
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with a BMI of � 22 kg/m2 [102]. Increased levels of circulating androgens have
also been associated with an increased Type I endometrial cancer risk in both pre-
and postmenopausal women [95, 103, 104]. While androgens do not have a direct
effect on endometrial cell proliferation, increased levels of androgens are converted
into bioavailable estrogen through aromatization within endometrial and adipose
tissues [89]. In premenopausal women, chronic anovulation and decreased pro-
gesterone levels may occur because of greater androgen production/conversion of
androgens to estrogens [90].

Studies in women with polycystic ovarian syndrome (PCOS), a metabolic
condition characterized by increased androgen levels, chronic anovulation and
insulin resistance [105], have provided some causal evidence between obesity,
endogenous sex steroid hormones and endometrial cancer. Two cohort studies have
demonstrated an increased risk of endometrial cancer in women with PCOS [105,
106]. Furthermore, weight loss in obese women with PCOS has resulted in nor-
malization of androgen levels and ovulatory cycles [107, 108]. Thus, suggesting a
reduction in adipose tissue may decrease the risk of endometrial cancer through
reductions in adipose-derived sex steroid hormones.

Taken together, endometrial cancer risk may be increased in women with excess
weight directly as a result of greater levels of bioavailable estrogen and lower
plasma SHBG levels, as well as indirectly through increased androgen levels. More
specifically to premenopausal women, greater estrogen and androgen levels may
lead to increased endometrial cancer cell proliferation as a result of reduced pro-
gesterone levels and/or chronic anovulation.

5.2 Insulin Resistance

Obesity is associated with chronically increased insulin levels and IGF-1 activity,
mechanisms that directly promote cell proliferation and inhibit apoptosis within the
endometrium in pre- and postmenopausal women [88, 89]. More specifically,
insulin promotes tumor growth by binding to IGF-1 and insulin receptors within the
endometrium [109] and has been previously associated with faster endometrial
cancer progression [110]. Glucose may also contribute to tumor growth by pro-
viding an energy source to cancer cells [111]. Insulin down-regulates IGFBP-1
activity, leading to an increase in bioavailable IGF-1 levels [112]. However, pro-
gesterone can counteract these effects by stimulating the production of IGFBP-1,
the most abundant IGFBP located in endometrial tissue, thus reducing the quantity
of bioavailable IGF-1 [89]. Excess adiposity can ultimately lead to the development
of insulin resistance and type 2 diabetes, as a result of chronically increased release
of free fatty acids (FFA) into the plasma by adipose tissue [113]. These increased
levels of circulating FFA will promote their uptake and oxidation by hepatic and
muscle tissues, therefore limiting the use of glucose as a source of energy [113].

Case–control studies reported that significantly more endometrial cancer cases
had elevated homeostatic model assessment of insulin resistance (HOMA-IR)
scores, which are indicative of insulin resistance, risk of type 2 diabetes, greater
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IGF-1, insulin and glucose levels compared to controls [114, 115]. Similarly,
women within the highest quartile of fasting insulin [116] and HOMA-IR scores
[115] had a greater than twofold increase in risk of endometrial cancer compared to
women in the lowest quartile, independent of anthropometry measures (e.g., BMI
and waist-to-hip ratio). Type 2 diabetes and insulin resistance have been consis-
tently associated with an increased risk of endometrial cancer in meta-analyses [38,
117–124]. Some studies reported attenuations in the strength of the associations
between type 2 diabetes and/or insulin resistance with endometrial cancer risk after
controlling for BMI [119, 120], while others did not [38, 117, 118, 122]. These
results suggest that the associations between type 2 diabetes/insulin resistance and
endometrial cancer risk may be partially explained by BMI [120]. It is also possible
that the combination of excess weight and diabetes/insulin resistance may lead to
even greater risks of endometrial carcinogenesis [118] as a result of interactions
between increased insulin levels with other adiposity-related biologic mechanisms,
such as chronic inflammation or increased estrogen production in postmenopausal
women [116]. Finally, it is well known that modest weight loss of 5–10 % can
reduce serum glucose levels, improve insulin sensitivity/reverse insulin resistance
and decrease IGF-1 levels [125, 126]. Therefore, weight loss may be an efficient
strategy for endometrial cancer prevention, as it would contribute to reducing
adiposity levels and IGF-1 levels, as well as potentially reversing insulin resistance.

Insulin also indirectly stimulates endometrial carcinogenesis by increasing
androgen production within the ovaries, which can lead to chronic anovulation and
progesterone deficiencies, as well as decrease the synthesis of SHBG by the liver.
Consequently, increased levels of bioavailable estrogens can be diffused into the
endometrium [89, 127]. Indeed, Goodman-Gruen and Barrett-Connor [128]
reported that postmenopausal women with impaired glucose tolerance or type 2
diabetes had greater levels of total and bioavailable estradiol compared to post-
menopausal women with normal glucose tolerance, independent of age and BMI.
Decreases in SHBG production by the liver in response to greater insulin levels are
proposed to cause this increase in estrogen levels in women with type 2 diabetes
[122].

In summary, greater endometrial cancer risk has been consistently associated
with increased insulin levels, the presence of insulin resistance and type 2 diabetes.
There is also sufficient evidence to suggest direct and indirect associations of
endometrial cancer with increased insulin and IGF-1 levels, with amplification of
these associations in the presence of obesity.

5.3 Adipokines and Inflammation

A variety of pro- (e.g., tumor necrosis factor (TNF)-a, leptin, interleukin (IL)-6,
C-reactive protein (CRP)) and anti- (e.g., adiponectin) inflammatory cytokines,
known as adipokines, are secreted by adipose tissue [88, 129, 130]. Obesity is
known to increase the release of pro-inflammatory markers, such as TNF-a and
IL-6 [131], while decreasing the release of anti-inflammatory markers and
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promoting a chronic low-grade inflammatory state [132]. IL-6, in turn, stimulates
the production and release of CRP by the liver [133].

Chronic, low-grade inflammation has been hypothesized to increase the risk of
endometrial cancer by promoting cell proliferation and the production of free
radicals that cause DNA damage [134]. Inflammatory markers can also indirectly
influence endometrial cancer risk by promoting insulin resistance, hyperglycemia or
aromatization activity within adipose tissue and the endometrium [112, 132, 135,
136]. Leptin, a prominent adipokine, stimulates the production and release of IL-6,
TNF-a and FFA and also reduces tissue sensitivity to insulin and promotes aro-
matase activity [137, 138]. Conversely, adiponectin reduces circulating blood
glucose and insulin levels, counteracts the pro-inflammatory effects of other
cytokines (e.g., TNF-a, IL-6 and CRP), increases tissue sensitivity to insulin and
promotes FFA oxidation [139–142]. Leptin will also directly promote cell growth,
whereas adiponectin suppresses cell proliferation within the endometrium [143,
144]. Therefore, a greater leptin/adiponectin ratio is associated with increased
endometrial cancer risk [145] and has been shown to be a surrogate marker of
insulin resistance in diabetic and non-diabetic individuals [146].

Dossus et al. [132] noted positive and significant associations between CRP and
IL-6 with endometrial cancer risk; however, these associations became
non-statistically significant after controlling for BMI. Friedenreich et al. [131]
added to these findings by reporting statistically significant positive associations
between levels of TNF-a, IL-6 and CRP with endometrial cancer risk in the
age-adjusted model, but only CRP remained significantly associated with
endometrial cancer risk in the multivariable model (i.e., following adjustments for
BMI, age and menopausal status among other risk factors). Similar results were
found in a case–control study in which a significant positive association between
CRP, but not IL-6 and TNF-a, and endometrial cancer risk after adjusting for BMI
was observed [147]. Several case–control studies also reported greater levels of
serum leptin, lower levels of serum adiponectin and/or greater leptin/adiponectin
ratio in cases versus controls [39, 58, 129, 131, 145, 148–152]. These differences in
leptin and adiponectin levels, or the leptin/adiponectin ratio, remained after con-
trolling for BMI [39, 129, 149] and/or other covariates (e.g., age, diabetes and
hypertension) [58, 131, 145, 148, 151, 152].

Some studies have reported possible effect modification by BMI when assessing
the association between adipokine and endometrial cancer risk [129, 131]. More
specifically, Cust et al. [129] reported a stronger inverse association between adi-
ponectin levels and endometrial cancer risk in obese women. In addition,
Friedenreich et al. [131] reported significant positive associations between
endometrial cancer risk and CRP in women with a BMI of � 30 kg/m2, whereas
IL-6 was significantly associated with endometrial cancer risk in women with a
BMI of � 25 kg/m2. Finally, significant decreases in a number of pro-inflammatory
adipokines (e.g., IL-6 and TNF-a) coupled with increases in adiponectin levels
following an approximate 10 % weight loss [130, 153] suggest that moderate
weight loss may reduce the risk of endometrial cancer development through
reductions in adipokine levels.
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In summary, greater endometrial cancer risk has been associated with an
increased low-grade, pro-inflammatory state induced by excess adiposity. There is
also evidence to suggest that the overall adipokine–endometrial cancer risk asso-
ciation is independent of BMI and other risk factors (e.g., diabetes, hypertension
and estradiol levels), but that the link between specific adipokines with endometrial
cancer may also be modified by BMI.

5.4 Metabolic Syndrome

Metabolic syndrome encompasses a number of risk factors/conditions that can
increase the risk of metabolic complications, such as type 2 diabetes, cardiovascular
disease and cancer [154]. These risk factors include: (1) obesity/excess central
adiposity/high waist circumference, (2) hypertension, (3) elevated blood glucose
levels/insulin resistance, (4) elevated triglyceride levels and (5) low high-density
lipoprotein (HDL) cholesterol levels [154].

A few case–control studies reported significantly greater risk of endometrial
cancer in study participants diagnosed with the metabolic syndrome [28, 57, 84], in
addition to those presenting individual components of the metabolic syndrome [50,
84, 155]. More specifically, an increased risk of endometrial cancer was noted in
individuals with hypertension [28, 50, 58, 84, 151, 155, 156], impaired fasting
glucose/insulin resistance [28, 58, 84, 129, 151, 155], obesity/high waist circum-
ference [28, 84, 155] and high triglyceride levels [28, 129, 155, 157]. The risk of
endometrial cancer was also inversely associated with HDL cholesterol levels
[129]. Conversely, both no association [129, 157] and an inverse association [158]
were reported between total serum cholesterol and/or low-density lipoprotein
(LDL) levels with endometrial cancer risk. It has been hypothesized that this lack
of, or reverse, association between cholesterol, LDL and endometrial cancer risk
may be explained by an increase in bioavailable estrogens [157, 158]. Indeed,
Wallace et al. [159] observed lower total cholesterol and LDL levels in menopausal
estrogen users, compared to nonusers. Lastly, some studies reported an increased
endometrial cancer risk with each additional metabolic syndrome component [28,
57, 129].

Many [28, 129, 151, 155, 156], but not all [157] studies reported that the
associations between each metabolic syndrome component and endometrial cancer
risk were independent of BMI. Furthermore, the associations between metabolic
syndrome components and endometrial cancer risk were strongest for overweight
versus normal-weight women [61, 84, 129]. Thus, it is hypothesized that some of
the effects of the metabolic syndrome on endometrial cancer risk may be mediated
by the presence of obesity/excess weight. In fact, weight loss of approximately
10 % led to reductions in a number of metabolic syndrome components (fasting
blood glucose, total cholesterol, triglycerides and LDL levels) [130].

Taken together, the presence of the metabolic syndrome increases the risk of
developing endometrial cancer. The presence of excess adiposity and diabetes that
often accompany metabolic syndrome provides evidence for the increased risk of
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endometrial carcinogenesis as a result of greater bioavailable estrogens and circu-
lating insulin/insulin resistance.

5.5 Mechanisms Related to Survival

There is limited evidence regarding the biomechanisms involved in the association
between obesity and endometrial cancer survival [31, 160]. The leading cause of
mortality in women with endometrial cancer is cardiovascular disease [161].
Therefore, it is hypothesized that obese women with endometrial cancer may have a
higher mortality rate because of metabolic complications (e.g., insulin resistance
and chronic inflammation) [89]. Indeed, a meta-analysis of all-cause mortality in
cancer patients reported a hazard ratio of 1.76 (95 % CI 1.34–2.31) for diabetic
versus non-diabetic women with endometrial cancer [162]. Bjorge et al. [28]
reported an increased risk of mortality due to endometrial cancer in individuals with
metabolic syndrome, greater BMI, hypertension and triglyceride levels. Despite
evidence suggesting increased endometrial cancer risk as a result of obesity-related
metabolic complications, the mechanism by which these complications may affect
endometrial cancer recurrence and mortality requires further investigation [100].

6 Conclusion and Future Research Directions

There is abundant epidemiologic evidence demonstrating a strong and consistent
association between obesity, as measured by BMI, and endometrial cancer risk.
However, there is considerably less evidence on the effect of obesity on mortality
(all-case and endometrial cancer-specific) among both healthy and endometrial
cancer patient populations. Associations were even stronger when severe obesity
was considered as observed effect estimates increased with both endometrial cancer
risk and mortality. Increased waist circumference and waist-to-hip ratio were also
strongly associated with increased endometrial cancer risk in pooled analyses of
studies from the literature. Additionally, studies tended to show that obesity during
childhood/adolescence or early adulthood also increased risk of endometrial cancer.
Weight gain in adult life and weight cycling were associated with an increased risk
of endometrial cancer, while weight loss was a protective factor.

Since observational epidemiologic studies are prone to effects of confounding,
reverse causation and measurement error, the true effect of obesity on cancer risk
cannot always be assessed without bias. Mendelian randomization could provide a
method by which the obesity to cancer association could be more accurately
measured because of the strong genetic component of obesity [163, 164]. By
controlling for genetic variants of obesity, it is possible to determine an unbiased
estimate of the causal effect of obesity on cancer risk, if additional defined
assumptions are maintained, including that the genetic variant only affects cancer
through its effects on obesity. However, measurement of genetic variants requires
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genotyping and identification of gene loci associated with obesity; thus, there have
been very few studies on Mendelian randomization with respect to obesity and
cancer risk [165–167]. These studies have provided mixed results, and there are
very limited studies with respect to endometrial cancer. One study by Nead et al.
[122] has since demonstrated a causal effect of increased insulin levels with
endometrial cancer risk using Mendelian randomization. Further studies using
Mendelian randomization can more accurately determine the true casual effect of
obesity on endometrial cancer risk.

As the epidemic of childhood obesity continues globally [168, 169], it is of
increasing importance to understand the effects of early-life obesity on future dis-
ease risk. In this literature review, there were very few studies on the effect of
childhood obesity on endometrial cancer risk and no studies on endometrial cancer
mortality. The few studies to date suggest an increased risk of endometrial cancer
with early-life obesity [43, 54, 79]; however, these studies were limited by
self-reported approximations of childhood obesity. Additional studies on the effect
of childhood obesity on endometrial cancer risk and survival using more accurate
measures of obesity are necessary to better quantify this relation. Furthermore, the
effects of weight gain or loss and weight cycling can aid in providing mechanistic
insight into the risk of cancer associated with obesity [170].

There has been some evidence demonstrating the differential effect of obesity on
Type I versus Type II endometrial cancers, since obesity is a stronger risk factor for
Type I endometrial cancers and does indeed show a stronger association with Type I
endometrial cancers in most studies [24, 66, 70, 85, 171, 172]. When considering
other histological tumor subtypes, stronger associations of obesity–endometrial
cancer risk have been found in endometrioid adenocarcinomas compared to other
carcinomas or uterine sarcomas [55, 59, 66, 73, 173]. Several endometrial tumor
molecular phenotypes have also been examined for potential effect modification in
the obesity–endometrial cancer association. Amankwah et al. [171] demonstrated a
stronger association between obesity and microsatellite-instable (MSI) tumors
compared to microsatellite-stable (MSS) tumors. MSI endometrial cancers are
indicative of impairment in DNA mismatch repair (MMR), and one study by Win
et al. [174] has examined the effect of MMR gene mutations on early adulthood
obesity and risk of endometrial cancer and found that there is an increased associ-
ation in non-carriers compared to carriers. Evidence on histological or molecular
subtypes of endometrial tumors remains limited, and further studies will contribute
to the understanding of the obesity–endometrial cancer association.

Some studies have examined differential effects of obesity on endometrial cancer
risk within population subgroups [29, 34, 40, 43, 52, 55, 67, 68, 70, 72, 74, 75, 79,
80, 87, 175, 176]. There have been mixed findings in terms of menopausal status
with some studies demonstrating a stronger obesity–endometrial cancer association
in postmenopausal women [29, 68], in premenopausal women [34, 43] or no dif-
ference between groups [40, 55, 79]. Two studies have also examined the associ-
ation, stratified by race and largely found no difference between groups [75, 175].
There appears to be a consensus among studies that the obesity–endometrial cancer
association is stronger in never users of hormone therapy [67, 68, 70, 74, 79, 80]
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and oral contraceptives [40, 68, 87]. Lastly, there have also been inconsistent
findings on potential effect modification by increased physical activity, with some
studies showing a stronger obesity–endometrial cancer association in inactive
women [52, 176] and other studies observing no difference based on physical
activity levels [55, 72, 87]. A limited number of studies have examined modifying
effects of other risk factors, and further research is needed to provide additional
mechanistic insights into the obesity–endometrial cancer association. Furthermore,
certain population subgroups may have stronger obesity–endometrial cancer risk
associations and would consequently have an increased benefit with a reduction in
body weight.

Although a number of hypothesized biologic pathways linking obesity and
endometrial cancer development have been previously discussed [89, 177],
experimental studies are needed to establish the causal associations between these
biologic risk factors and endometrial cancer development. Furthermore, assess-
ments of biologic risk factors independently of obesity are needed, since many of
the proposed risk factors may be present, or their effects amplified, as a result of
excess adiposity. Well-powered intervention studies aimed at reducing excess
adiposity may provide strong evidence on the biologic markers that indirectly affect
endometrial cancer risk through excess adiposity. Finally, further studies are nec-
essary to investigate the effects of biologic risk factors on endometrial cancer
progression and survival. These additional studies will improve our understanding
of the proposed biologic pathways and aid in developing more efficient strategies
for endometrial cancer prevention.
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Obesity and Prostate Cancer

Yin Cao and Edward Giovannucci

Abstract
Prostate cancer is a complex, heterogeneous disease. Factors related to detection,
particularly PSA screening, further increase heterogeneity in the manifestation of
the disease. It is thus not possible to provide a simple summary of the
relationship between obesity and prostate cancer. Findings on obesity, often
defined using body mass index (BMI), and total prostate cancer risk have been
mixed; however, obesity is relatively consistently associated with a higher risk
of aggressive prostate cancer, with aggressiveness defined in various ways (e.g.,
advanced stage, fatal, poorer prognosis in men with prostate cancer). Many
methodologic issues (e.g., influence of PSA screening, detection bias and
treatment) need to be thoroughly considered in both existing and future etiologic
and prognostic research. Biological mechanisms supporting the link are under
investigation, but may involve insulin and IGF axis, sex steroid hormones and
alterations in metabolism. Some promising data suggest that molecular sub-types
of prostate cancer may offer insights into etiology, but further study is required.
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A full evaluation of body fatness and weight change over the life course would
not only provide insights to the underlying mechanisms but also allow more
effective interventions.

Keywords
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1 Burden of Prostate Cancer

An estimated 1.1 million men worldwide were diagnosed with prostate cancer in
2012, accounting for 15 % of the cancers diagnosed in men, with almost 70 % of
the cases occurring in more developed regions. Age-standardized prostate cancer
incidence rates vary more than 25-fold worldwide [1]. In the USA, prostate cancer
is the most frequently diagnosed cancer in men, with 60 % higher incidence rates in
blacks than in non-Hispanic whites [2]. Although differences in prostate-specific
antigen (PSA) screening may account largely for the global variation in incidence,
geographic differences were apparent already in the era prior to PSA screening,
highlighting a potential role of lifestyle factors, including obesity, to account for the
variation in rates.

Prostate cancer is the fifth leading cause of death from cancer globally in men
with an estimated 307,000 deaths in 2012 [1]. There is less variation in mortality
rates worldwide (*10-fold) than is observed for incidence. Rates of mortality are
highest in countries in the Caribbean and among African-American men in the
USA. During the past decades, prostate cancer mortality rates have shown declines
in some countries, most notably in the USA since 1990s, which may be attributable
in part to earlier detection through PSA screening and subsequent earlier treatment
[3]. Notwithstanding the considerable mortality associated with this disease, most
men with prostate cancer die with and not from their cancer. Accumulating evi-
dence suggests that overweight and obese men may have poor outcome compared
to men with normal weight, and it is crucial to review evidence on obesity and
mortality and recurrence of prostate cancer, as proper management of this modi-
fiable lifestyle factor may help improve prostate cancer outcomes.

In considering the epidemiology of prostate cancer, it is critical to take into
account certain features of the natural history and heterogeneity of the disease. In a
recent synthesis of 19 available autopsy studies, among men aged 70–79, prostate
cancer was found in 36 % of Caucasians and 51 % of African-Americans [4]. PSA
screening detects many indolent cancers that otherwise would not have been
diagnosed. Thus, it is important to consider, in addition to total prostate cancer,
those cancers with lethal potential for several reasons. First, some evidence suggests
that risk factor patterns may differ for potentially lethal and indolent disease. This
suggests either that there may be separate etiologies for indolent and aggressive
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prostate cancer, or that some risk factors may affect progression rather than inci-
dence [5]. Secondly, some forms of detection biases may, for example, lead to an
underdetection of prostate cancer in obese men, yet despite the apparent lower
incidence, these men could still be at greater risk of fatal cancer. Potential useful
indicators are advanced stage disease at diagnosis, high-grade cancer and fatal or
metastatic cancer.

2 Epidemiological Evidence

2.1 Adulthood Obesity

2.1.1 Overall Obesity
Findings on obesity, often defined using body mass index (BMI), and total prostate
cancer risk have yielded inconsistent findings. Nonetheless, cumulative data support
a positive association between obesity and advanced/fatal prostate cancer, while the
association with total or non-advanced prostate cancer has been mostly null or even
inverse [6–9]. A recent meta-analysis suggests that for localized prostate cancer,
there was an inverse linear relationship with BMI (relative risk (RR) 0.94; 95 %
confidence interval (CI) 0.91–0.97 for every 5 kg m2 higher BMI). In contrast,
obesity was positively associated with advanced stage prostate cancer (RR 1.09;
95 % CI 1.02–1.16 for every 5 kg m2 higher BMI) [7]. A meta-analysis that
included studies up to 2010 suggests that among healthy population, a 5 kg m2

increase in BMI was associated with a 15 % (RR 1.15; 95 % CI 1.06–1.25) higher
risk of dying of prostate cancer. Obese men also have higher rates of cancer-specific
mortality after diagnosis. A 5 kg m2 higher BMI was associated with a 20 % (RR
1.20; 95 % CI 0.99–1.46) increased risk of prostate cancer-specific mortality [6].
However, in contrast, a recent analysis of 18 prospective cohort studies across 6
countries in southern and eastern Asia found that obesity was not associated with
prostate cancer mortality [10]. The fact that Asian populations may be more sus-
ceptible to abdominal and visceral fat accumulation rather than overall adiposity as
measured by BMI, as well as differences in detection and potentially distinct nature
of disease among Asians [11] compared to Western populations may contribute to
the null association. More research in other race/ethnicities is warranted.

Evidence on obesity and prostate cancer recurrence was limited. Meta-analysis
for studies up to 2010 suggests that a 5 kg m2 higher BMI was significantly
associated with a 21 % increased risk of biochemical recurrence (RR 1.21; 95 % CI
1.11–1.31), with a slightly stronger association for patients who had radical
prostatectomy (RR 1.25; 95 % CI 1.12–1.40) compared to patients treated with
radiation therapy (RR 1.15; 95 % CI 1.03–1.28) [6]. Some [12, 13] but not all the
subsequent studies [14] supported the positive association. Thus, the evidence for a
role of obesity on recurrence appears suggestive but not definitive at this point.
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2.1.2 Abdominal Obesity
The association between abdominal obesity and risk of total prostate cancer has
been inconsistent. A recent updated analysis from the Health Professionals
Follow-up Study (HPFS) suggests that waist circumference was not associated with
total prostate cancer risk [15], consistent with previous report with shorter
follow-up [14], and two partly overlapping meta-analyses [8, 16]. However, more
recent meta-analysis showed a 56 % (P = 0.007) increased risk of total prostate
cancer for waist circumference >102 cm (40.2 in) [17]. Some evidence suggests
that abdominal obesity is associated with more advanced disease. In the European
Prospective Investigation into Cancer and Nutrition (EPIC), waist circumference
(RR per 5 cm 1.06; 95 % CI 1.01–1.10) and waist-to-hip ratio (RR per 0.1 unit
1.21; 95 % CI 1.04–1.39) were positively associated with diagnosis of more
advanced prostate cancer [18]. Waist circumference was significantly associated
with more aggressive disease in the Melbourne Collaborative Cohort Study [19],
but it was not associated with advanced stage or high-grade disease in the HPFS
[15].

The role of abdominal obesity in prostate cancer recurrence and survival has
been less investigated. A recent study measured visceral adipose tissue using
computed tomography among prostate cancer patients who underwent radical
prostatectomy and found that BMI, waist circumference or VAT was not associated
with biochemical recurrence [20].

2.1.3 Weight Change
Research on weight change and prostate cancer risk, recurrence and survival is
limited. In a recent meta-analysis of four studies, adult weight gain was not asso-
ciated with risk of total prostate cancer (RR per 5 kg increase 0.98; 95 % CI 0.94–
1.02), and the summary RR per 5 kg adult weight gain was 0.96 (95 % CI 0.92–
1.00) for localized prostate cancer and 1.04 (95 % CI 0.99–1.09) for advanced
prostate cancer [21]. In a retrospective cohort study of 1337 men with clinically
localized prostate cancer who underwent prostatectomy, compared with men who
had stable weight (from 5 years before surgery to 1 year after surgery), those whose
weight increased by more than 2.2 kg had almost twice the recurrence risk (RR
1.94; 95 % CI 1.14–3.32) [12]. Analysis among 4376 men diagnosed with clini-
cally localized prostate cancer suggests that a weight gain > 5 % after diagnosis
was associated with an almost doubled increased rate of prostate cancer-specific
mortality (RR 1.93; 95 % CI 1.18–3.16) [22]. These findings merit further research.

2.2 Early-Life Obesity

Overweight and obesity in childhood and adolescence may influence or reflect sex
hormone levels during periods of growth and development and thus may be
important for later prostate cancer risk [23]. For body size in early adulthood
(≤30 years), the findings were inconsistent [24–28]. Obesity in childhood has been
inversely associated with risk of total, advanced or aggressive prostate cancer
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[27, 29, 30], whereas other studies have shown no association [31, 32]. In a recent
updated analysis of the HPFS, high BMI at age 21 was inversely associated with
total prostate cancer (RR 0.89; 95 % CI 0.80–0.98 for BMI ≥ 26 versus
20–21.9 kg m2, Ptrend = 0.01) and with fatal and advanced disease [15]. In addi-
tion, higher cumulative average BMI was associated with reduced risk of total,
non-advanced and less aggressive disease in men ≤65 years at diagnosis. However,
no clear association was observed between childhood body size and prostate cancer.
The authors observed greater attenuation overall when adjusting for BMI at age 21
in analyses of cumulative average BMI or waist circumference than the reverse,
supporting the possibility that body size in early adulthood is more strongly related
to prostate cancer development than body size later in life.

3 Methodology Issues

3.1 PSA Screening

Before PSA screening was introduced, potentially lethal cases could be identified as
those with advanced stage (T3b or higher) at diagnosis; thus, pre-PSA cases were
enriched with those of lethal potential, as compared to the distribution in screened
populations, among which over 90 % of cases are well-differentiated tumors with
low metastatic potential [33]. Therefore, epidemiologic studies of overall prostate
cancer in the pre-PSA era tended to observe relative risk estimates closer to those
found for lethal disease in contemporary studies.

Additionally, PSA screening may also be a potential confounder in epidemio-
logical studies. Men who take part in regular screening practice, including PSA
screening, tend also to take part in other health-related behaviors [34]. Thus, studies
in the PSA era should account for PSA screening practices in their study design or
data analysis.

3.2 Detection Bias

It has also been suggested that obesity makes the early detection of prostate cancer
more difficult due to less PSA screening, lower accuracy of digital rectal examination
in obese men and high missing rates due to large prostate [35]. In addition, obese
men have lower PSA values due to increased blood volume and PSA hemodilution
[36]. Among men with prostate cancer, PSA values are 7 % lower in overweight
patients (BMI 25–30 kg/m2), 14 % lower in obese patients (BMI 30–35 kg/m2) and
18 % lower in severely obese patients (BMI > 35 kg/m2), compared to men with
normal weight patients (BMI < 25 kg/m2) [36], with similar reductions in PSA
levels reported for overweight and obese cancer-free men [37]. As such, obese men
have lower PSA-driven biopsy rates. In the USA, where prostate biopsies are largely
driven by PSA screening, obese men have a reduced chance of undergoing biopsy
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compared to normal weight men, leading to the detection of fewer cancers in obese
individuals and biasing the association between obesity and prostate cancer toward
the null. In countries with lower PSA screening rates, such as Europe and Australia,
this detection bias is reduced and meta-analysis of studies from these regions
demonstrates a positive association between obesity and prostate cancer risk [9].

Although the existence of detection bias could not be fully ruled out, studies
suggest that elevated BMI was significantly associated with a higher risk of prostate
cancer-specific mortality in those without PSA screening [38] and in both pre- and
PSA screening eras [39], suggesting that biological mechanisms play a role.

3.3 Treatment

Alternatively, difficulties in treatment, such as increased risk of positive surgical
margins [40–42], and the greater day-to-day variation in prostate location that leads
to lower dose and less effective radiation [43] could also contribute to the poorer
outcome observed in diagnosed patients. However, the association with recurrence
was still significant after adjusting for margin status in many studies [6]. A study
among only patients with organ-confined disease and negative surgical margins also
suggests that obesity remains associated with biochemical recurrence following
radical prostatectomy [44].

4 Biological Mechanisms

A recent large case–control analysis of 22 studies in the PRACTICAL consortium
found that genetic variants previously associated with higher BMI were minimally
inversely associated with prostate cancer risk (RR per standard deviation higher
BMI genetic score 0.98; 95 % CI 0.96–1.00; P = 0.07) [45], supporting that other
factors play major roles in the link between obesity and prostate cancer. However,
higher BMI genetic score appeared to be associated suggestively with higher risk of
prostate cancer-specific mortality, especially among men with low-grade disease.
These findings require confirmation. The following mechanisms haven been pro-
posed so far.

4.1 Insulin and IGF Axis

Obesity induces insulin resistance [46], a condition whereby some organs become
resistant to insulin’s ability to shuttle glucose into cells, especially after eating a
meal high in carbohydrates. To compensate for this resistance to insulin, the pan-
creas produces more insulin, which leads to an increase in blood insulin levels.
Insulin could directly signal growth, or it could do this by increasing the levels of
other growth factors (insulin-like growth factors [IGF]), or it could make cells more
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sensitive to other growth factors and therefore may exert a cancer-promoting
influence.

Direct epidemiologic evidence linking circulating insulin and prostate cancer
risk is limited and mixed: A case–control [47] and a recent case–cohort study [48]
observed positive associations, whereas three other prospective studies observed no
association [49–51]. In addition, findings are inconclusive between C-peptide, a
marker for insulin secretion, and risk of prostate cancer [52–54], including a recent
analysis in HPFS (highest vs lowest quartile RR 1.05; 95 % CI 0.82–1.34,
Ptrend = 0.95) [52].

Circulating IGF-1 concentrations are regulated by growth hormone, present in
systemic circulation and expressed in body tissues. Approximately 0.5–1 % of
IGF-1 is free, with the majority being bound in the serum by acid-labile subunit and
IGFBPs, including IGFBP-3, the most ubiquitous of the binding proteins. Whether
obesity is associated with increased IGF levels is controversial, with most studies
showing no association between total IGF-1 and obesity [55–57]. Some studies
suggest that free IGF-1 levels may be more relevant. However, free IGF-1 measured
by immunoassays has not been consistently associated with obesity. Because
immunoassays are not able to take into account the modifying effects of IGFBPs on
interactions between IGF-1 and its receptor, other measures, such as kinase receptor
activation assay, have been proposed. A recent study using such method found that
24-h mean bioactive IGF-1 levels were not reduced in obese women and did not
correlate with BMI [58].

Higher circulating IGF-1 levels are consistently associated with an increased risk
of prostate cancer in epidemiologic studies [59]. A stronger association with
low-grade prostate cancer was suggested in a pooled analysis of 12 prospective
studies [60] and recent reports from EPIC [61] and the HPFS [62]. The growth of
poorly differentiated cancers may be more autonomous because the PI3k-Akt
pathway is constitutively active due to molecular defects (e.g., loss of PTEN, which
is associated with higher-grade tumors). Thus, high-grade prostate cancers may be
less sensitive to the action of IGF-1 than low-grade cancers [63]. Findings between
IGFBP-3 and risk of prostate cancer have been inconsistent [60].

It is unclear whether the insulin and IGF axes interact to affect prostate cancer
carcinogenesis. Recently, the role of IGFBP-1, a marker for insulin activity, which
also binds IGF-1 and inhibits its action, has emerged [51, 62, 64]. High insulin levels
inhibit production/release of IGFBP-1 and are associated with lower IGFBP-1
concentrations. In HPFS, higher pre-diagnostic fasting IGFBP-1 levels were asso-
ciated with a lower risk of prostate cancer (highest vs. lowest quartile RR 0.67; 95 %
CI 0.52–0.86, Ptrend = 0.003), which remained similar after adjusting for IGF-1, and
was primarily driven by lower-grade and non-advanced prostate cancer. Men in the
bottom IGFBP-1 and top IGF-1 tertiles had a 78 % increased risk of prostate cancer
compared with men in the top IGFBP-1 and bottom IGF-1 tertiles [62].
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4.2 Sex Steroid Hormones

Androgens are required for the normal growth and development of the prostate
gland. Most prostate tumors respond to androgen deprivation therapy until they
establish an androgen-independent growth mechanism. Inhibition of the conversion
of testosterone to the more potent dihydrotestosterone (DHT) by finasteride, a
5α-reductase inhibitor, reduced the occurrence of prostate cancer by approximately
25 % (95 % CI 19–31 %) during a 7-year follow-up [65]. The decrease was
entirely observed in low-grade cancers, so the ultimate impact on fatal prostate
cancer may be minimal [66]. Some evidence suggests that lower levels of testos-
terone in obese men might be linked to poorly differentiated and hormone-
insensitive tumors [67, 68]. However, the Endogenous Hormones and Prostate
Cancer Collaborative Group pooled 18 prospective studies that included 3886 men
with incident prostate cancer and 6438 control subjects and observed no associa-
tions between the risk of prostate cancer and serum concentrations of testosterone,
calculated free testosterone, DHT, dehydroepiandrosterone sulfate, androstene-
dione, androstanediol glucuronide, estradiol or calculated free estradiol, with sim-
ilar findings for both localized and advanced diseases, suggesting that endogenous
estrogen concentrations are not related to prostate cancer risk [69].

Interestingly, in the same pooled analysis by the Endogenous Hormones and
Prostate Cancer Collaborative Group, serum concentration of sex hormone-binding
globulin (SHBG)wasmodestly inversely associatedwith prostate cancer risk (highest
vs. lowest quintile RR 0.86, 95 % CI 0.75–0.98; Ptrend = 0.01) [69]. SHBG is a
glycoprotein with high binding affinity for testosterone and DHT and lower affinity
for estradiol. SHBG is negatively associated with obesity [69, 70] and IGF-1 [69].
Although the possibility that the inverse association observed was due to the negative
relationship between concentrations of SHBG and IGF-1 could not be ruled out, the
role of SHBG in prostate cancer carcinogenesis requires further research.

Early studies among prostate cancer patients showed that low pretreatment
testosterone levels were associated with higher Gleason score [71], advanced stage
[72, 73], positive surgical margins [73] and worse overall survival for men with
metastatic prostate cancer [74, 75]. However, reverse causality is likely as low
pretreatment testosterone levels could be a consequence of prostate cancer itself
rather than that aggressive prostate is a result of the hormonal milieu in which it
develops. To address these concerns, a recent analysis of 963 prostate cancer cases
from the Physicians’ Health Study (PHS) and the HPFS suggests that pre-diagnostic
circulating sex hormones, including total testosterone, SHBG, SHBG-adjusted
testosterone, free testosterone, DHT, androstanediol glucuronide or estradiol, were
not associated with lethal prostate cancer or total mortality [76].
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4.3 Metabolic Syndrome and Diabetes Mellitus

The role of obesity in cardiovascular disease and other diseases including some
cancers is mediated in part or largely through alterations in metabolism. Although
the basis for clustering of these factors is controversial, empirical definitions such as
the metabolic syndrome may yield some etiologic insights. A recent meta-analysis
summarized the result of 14 studies that evaluated the association between meta-
bolic syndrome, its components and risk of prostate cancer [17]. A nonsignificant
increased risk was observed, though no clear association was observed in cohort
studies. Interestingly, a significant association was observed in the 8 European
studies (RR = 1.30, P = 0.03), but not in the 4 US or 2 Asiatic studies. Also of
note, the associations were driven by waist circumference and high blood pressure,
rather than BMI, dysglycemia or dyslipidemia (including high triglycerides or low
HDL cholesterol).

A diagnosis of type 2 diabetes mellitus has been associated with a decreased risk
of total prostate cancer [77]. This association has been stronger for studies con-
ducted in the PSA era, suggesting that the inverse association is stronger for more
indolent cancers. Detection bias does not appear to entirely account for the asso-
ciation [77]. In contrast to incidence, diabetes may be associated with worse
prognosis in prostate cancer. A recent meta-analysis included 11 cohort studies that
examined mortality in men with prostate cancer [78]. In the meta-analysis, diabetes
mellitus was associated with an increased incidence of all-cause mortality among
men with prostate cancer (RR 1.50; 95 % CI 1.25–1.79), prostate cancer-specific
mortality (RR 1.26; 95 % CI 1.20–1.33) and non-prostate cancer mortality
(RR 1.83; 95 % CI 1.33–2.52).

4.4 Tissue-Based Factors

Molecular factors in prostate cancer tissue linking obesity and poor prostate cancer
outcome is an emerging area of research. Such studies, by incorporating molecular
features that underlie tumor heterogeneity, may yield insights. Such studies in the
future may help unravel some of the inconsistent findings regarding obesity and
prostate cancer, but research to date has been limited to a few examples.

TMPRSS2:ERG, a hormonally regulated gene fusion, presents in about half of
prostate tumors [79]. In a recent analysis in the PHS and HPFS, the detrimental
effects of obesity on prostate cancer outcomes are limited primarily to men with
tumors harboring the TMPRSS2:ERG gene fusion. Among men with ERG-positive
tumors, the RR for lethal prostate cancer was 1.48 (95 % CI 0.98–2.23) per 5-unit
higher BMI before diagnosis, 2.51 (95 % CI 1.26–4.99) per 8-inch higher waist
circumference before diagnosis and 2.22 (95 % CI 1.35–3.63) per 5-unit higher
BMI at baseline. In contrast, the corresponding RR among men with ERG-negative
tumors was 1.10 (95 % CI 0.76–1.59; Pinteraction = 0.24), 1.14 (95 % CI 0.62–2.10;
Pinteraction = 0.09) and 0.78 (95 % CI 0.52–1.19; Pinteraction = 0.001) [80]. If
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confirmed, this finding could potentially inform prostate cancer therapy develop-
ment and secondary prevention strategies.

Fatty acid synthase (FASN) is an enzyme critical in the synthesis of endogenous
fatty acids, which can be modified and packaged into structural lipids required for
cell division. Elevated FASN enzyme, mRNA and enzymatic activity have been
seen in human breast cancer cell lines [81], ovarian tumors [82] and prostate tumors
[83], and polymorphisms in FASN were associated with BMI [84]. In HPFS, SNP
rs1127678 was significantly related to higher BMI and interacted with BMI for both
prostate cancer risk (Pinteraction = 0.004) and prostate cancer mortality (Pinterac-
tion = 0.056). Among overweight men (BMI ≥ 25 kg/m

2), but not leaner men, the homozygous
variant allele carried a relative risk of advanced prostate cancer of 2.49 (95 % CI
1.00–6.23) compared with lean men with the wild type. Overweight patients car-
rying the variant allele had a 2.04 (95 % CI 1.31–3.17) times higher risk of prostate
cancer mortality. Similarly, overweight patients with elevated tumor FASN
expression had a 2.73 (95 % CI 1.05–7.08) times higher risk of lethal prostate
cancer. In contrast, among men who had normal body weight, FASN expression
level was not significantly associated with lethal prostate cancer (Pinteraction = 0.02).
Significant interactions of BMI with FASN polymorphisms and FASN tumor
expression suggest that FASN may be a potential link between obesity and poor
prostate outcome and raise the possibility that FASN inhibition could reduce
prostate cancer-specific mortality, particularly in overweight men [83].

5 Conclusions

Prostate cancer is a complex, heterogeneous disease. Factors related to detection,
particularly PSA screening, further increase heterogeneity in the manifestation of
the disease. It is thus not possible to provide a simple summary of the relationship
between obesity and prostate cancer. At a first level, it is useful to separate man-
ifestations of relatively indolent disease (e.g., organ-confined, low-grade,
non-lethal, total cancer in the PSA era) and aggressive disease (advanced stage,
lethal, poor prognosis). Overall, although there are some exceptions, obesity does
not appear to increase risk of indolent prostate cancer. Some evidence even suggests
a potential protective association, though it is unclear whether this is biologically
related (e.g., low testosterone levels) or related to lower detection (e.g., obesity may
lower PSA levels).

In contrast, obesity is relatively consistently, though with exceptions, associated
with a higher risk of aggressive prostate cancer, with aggressiveness defined in
various ways (e.g., advanced stage, fatal, poorer prognosis in men with prostate
cancer). A number of mechanisms, not mutually exclusive, may account for this
association: (1) later detection in obese men, (2) poorer response to treatment and
(3) direct biological mechanisms (e.g., hyperinsulinemia). In part, if less aggressive
cancers are detected in obese men, for any reason (see above), obese men will be
selected to have more aggressive cancer if diagnosed by the exclusion of diagnosed
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indolent cancers. Whatever the explanation(s), under most circumstances it is
reasonable to assume from a clinical perspective that obese men diagnosed with
prostate cancer are likely to have a worse prognosis independent of other known
clinical predictors. Some promising data suggest that molecular sub-types of
prostate cancer may offer insights into etiology, but further study is required.

Together, these data provide encouraging evidence for using weight manage-
ment to prevent aggressive prostate cancer, prostate cancer disease progression and
reduce prostate cancer-specific mortality. However, many methodologic issues
(e.g., influence of PSA screening, detection bias and treatment) need to be
addressed in etiologic and prognostic research. More data are needed to understand
the timing of body fatness/weight gain relative to the diagnosis/treatment of prostate
cancer. A full evaluation of body fatness and weight gain over the life course would
not only provide insights into the underlying mechanisms but also allow more
effective interventions. Such interventions may include increasing self-awareness
and more early detection efforts among overweight or obese healthy individuals,
and more counseling on healthy lifestyle (e.g., physical activity) after diagnosis,
and appropriate personalized treatment for overweight and obese patients.
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Obesity and Ovarian Cancer

Shelley S. Tworoger and Tianyi Huang

Abstract
Ovarian cancer is the most fatal gynecologic cancer and is an important source of
cancer-related mortality, particularly in developed countries. Despite substantial
research examining adiposity (primarily adult body mass index [BMI]), the
overall evidence suggests only a weak positive association between adiposity
and risk of ovarian cancer, with stronger associations observed for population-
based case–control studies compared to prospective studies. Ovarian cancer is
not one disease and emerging data suggest that higher BMI may only be
associated with risk of certain histologic subtypes, including low-grade serous
and invasive mucinous tumors. Interestingly, some larger studies and meta-
analyses have reported a stronger relationship with premenopausal ovarian
cancers, which are more likely to be of these subtypes. Relatively few studies
have conducted detailed examinations of other adiposity-related factors such as
measures of abdominal adiposity, early-life body size and weight change. While
the underlying mechanisms that may relate adiposity to risk are unclear,
increased inflammatory biomarkers have been associated with risk and hormonal
factors, including androgen levels, may be important for the development of
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mucinous tumors. Future research should leverage the large sample sizes of
consortia to evaluate associations by key tumor characteristics as well as
consider patterns of weight change over the life course with both ovarian cancer
risk and survival.
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1 Introduction

In 2014, body fatness was listed as a probable risk factor for ovarian cancer by
World Cancer Research Fund/American Institute for Cancer Research, although the
link of overweight and obesity with other cancer sites, such as postmenopausal
breast, colorectal and endometrial cancer, has been well established for many years
[1, 2]. Conversely, according to the US National Cancer Institute, ovarian cancer is
not considered an obesity-related cancer; however, a potential relationship between
obesity and ovarian cancer cannot be ruled out: ‘Some studies have shown a weak
association between increasing body mass index (BMI) and risk of ovarian cancer,
especially in premenopausal women, although other studies have not found an
association’ [3]. Similarly, the American Cancer Society lists ovarian cancer as only
possibly being linked to overweight or obesity [4]. As such, current cancer pre-
vention recommendations specifically for ovarian cancer do not include reducing
adiposity, which reflects the weaker and less consistent epidemiologic evidence
regarding the association between obesity and ovarian cancer.

Worldwide, ovarian cancer is the seventh most common female cancer and
second most fatal gynecologic malignancy, with an estimated 238,700 new cases
and 151,900 deaths in 2012 [5]. Incidence and mortality are higher in more
developed (9.1 and 5.0 per 100,000, respectively) than less developed areas (5.0
and 3.1 per 100,000, respectively) [5]. Between 1998 and 2008, a modest decrease
in ovarian cancer incidence was observed in the USA, perhaps in part due to the
reduction in use of postmenopausal hormone therapy [6]; the prevalence of obesity,
however, increased slightly over the same period [7], again supporting an overall
weak association of obesity with ovarian cancer. Of note, ovarian cancer is a
heterogeneous disease, with several histologic subtypes that reflect different
developmental pathways [8]. Such etiologic heterogeneity may mask the role of
obesity in ovarian tumor development and progression.

In this chapter, we first review important biological hypotheses, proposed
mechanisms and experimental evidence that link obesity with ovarian cancer. Then,
we review epidemiological and clinical data addressing this relationship, including
studies that examine the risk of ovarian cancer using different measures of obesity
(e.g., BMI, fat distribution, weight gain) or by histologic subtype, as well as studies
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that examine the impact of obesity on prognosis. Limitations and caveats in
interpreting these findings are discussed. We also briefly review current evidence
for other obesity-related factors, such as physical activity, diet, inflammation and
stress, in relation to ovarian cancer. We conclude with future prospects of research
directions on obesity and ovarian cancer.

2 Potential Mechanisms

It is now recognized that adipose tissue not only serves as a depot for calorie storage
but also acts as an endocrine organ that integrates various physiological processes
involving glucose homeostasis, immunity and reproductive function [9, 10]. Based
on this, several widely accepted biological pathways have been proposed as general
mechanisms to link obesity and cancer risk, including dysregulation of endogenous
sex steroid hormones, insulin resistance and hyperinsulinemia, bioavailability of
insulin-like growth factor 1 (IGF-1) and adipokine-mediated inflammation [1, 2].
These mechanisms have been explored in the context of ovarian cancer
development.

Obesity has been shown to increase circulating estrogen and androgen levels,
particularly among postmenopausal women [11, 12], and these endogenous sex
hormones have been implicated in the pathogenesis of ovarian cancer [13, 14].
Estrogens may be positively associated with ovarian cancer risk by promoting the
proliferation of ovarian epithelial cells [15], although epidemiologic evidence on
pre-diagnostic estrogen concentrations and ovarian cancer risk is limited and not
supportive [16–18]. A recently published study suggested that estradiol was not
associated with risk overall, but there was a positive association for the
endometrioid subtype [17]. This subtype is more likely to be estrogen and pro-
gesterone receptor positive than other histologies [19]. Despite lack of epidemio-
logic evidence, possibly due to the difficulty in estrogen measurement in women
and limited sample sizes to address histologic-specific associations, the estrogen
hypothesis is consistent with observations that ovarian cancer risk is increased with
longer use of estrogen-only postmenopausal hormones [20–22], which substantially
elevates circulating estrogen concentrations, and decreased with longer use of oral
contraceptives [23, 24], which reduces ovarian estrogen synthesis. Evidence from
some observational studies provides some support for the hypothesis that higher
circulating androgen levels may increase ovarian cancer risk [16–18]. Polycystic
ovarian syndrome (PCOS), a common benign gynecologic disorder characterized
by hyperandrogenism, is associated with higher risk of ovarian cancer [25]. Smaller
studies of circulating androgens, however, do not support an association [26–28].
Two recent, larger studies suggested that androgens were only associated with
low-grade serous and mucinous tumors [17, 29]. Overall, sex hormones may play a
role for specific subtypes of ovarian cancer, supporting examination of adiposity
with ovarian cancer by histologic subtype.
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Adiposity is also associated with alterations in insulin-related pathways,
including increases in IGF-1. Experimental data suggest that IGF-1 and its receptors
promote the growth of ovarian carcinoma cells, while blocking IGF signaling system
shows anti-tumor properties [30, 31]. Some [32, 33], but not all [34–37], epidemi-
ologic studies support a positive association between pre-diagnostic circulating
levels of IGF-1 and risk of ovarian cancer. Four studies published before May 1,
2015, were meta-analyzed [38], showing no significant associations between ovarian
cancer and IGF-1 or IGF binding protein 3. Several studies also suggest elevated
levels of IGF-1 and its binding protein 2 in ovarian cancer patients [39–42].

Increased inflammation is a hallmark of adiposity [43]. Notably, ovarian tumors
are characterized by dysregulation of interleukin (IL)-6 and tumor necrosis factor
(TNF) a[44–48], and patients with high circulating IL-6 and TNFa have worse
survival [49, 50]. However, prospective studies evaluating circulating levels of
these markers have been mixed, although most were small [51–54]. Conversely,
pre-diagnosis C-reactive protein (CRP) levels have been consistently positively
associated with ovarian cancer risk, particularly for overweight women [52–57],
suggesting a role for this pathway.

In addition, adipose tissues release fatty acids into circulation, which is central
for lipid synthesis and metabolism. Substantial data indicate that lipid synthesis and
metabolism are dysregulated in ovarian tumors [58, 59]. Three prospective studies
have examined circulating total cholesterol, HDL or LDL with ovarian cancer risk.
An early study that did not adjust for covariates observed no association for total
cholesterol [60], but another study reported an adjusted threefold higher risk
comparing the top versus bottom tertile [61]. A registry study observed a significant
52 % lower risk comparing HDL � 1.0 versus <1.0 mmol/L, but no association for
total cholesterol or LDL [62]. However, pre-diagnostic LDL was positively asso-
ciated with ovarian cancer death [63]. Further, in patients undergoing gynecologic
surgery who were injected with a radio-labeled LDL lipid emulsion, ovarian tumors
had 8 times higher uptake of LDL than benign or normal tissue [64], and LDL can
increase proliferation in ovarian cancer cell lines [65]. Recent work suggests that
statin use, which lowers cholesterol levels, may be associated with a lower ovarian
cancer risk [66, 67].

Overall, biological evidence supports that adiposity-related factors can influence
carcinogenesis; however, epidemiologic data are less supportive that these path-
ways are associated with ovarian cancer risk. Further studies of these pathways
controlling for adiposity are critical to understand the biological underpinnings of a
potentially association.

3 Body Mass Index and Overall Ovarian Cancer Risk

More than 50 studies have been conducted to investigate the association between
BMI and ovarian cancer considering all subtypes together, with several systematic
reviews, meta-analyses and pooled analyses [68–73]. Overall, the results suggest a
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weak-to-moderate positive association between BMI and ovarian cancer risk. An
early meta-analysis [68], which included 28 prospective and case–control studies,
reported a 30 % increased risk of ovarian cancer for obesity (BMI � 30; 95 % CI
1.12, 1.50) and a 16 % increased risk of overweight (BMI 25–29.9; 95 % CI 1.01,
1.32), compared to normal weight (BMI 18.5–24.9). Significant heterogeneity in
the risk estimates was noted across studies, which was attenuated after excluding
one prospective cohort study with 1.1 million Norwegian women that found no
overall association [74]. Of the remaining 27 studies, 24 found evidence for a
potential positive association and 10 reached statistical significance. This
meta-analysis also suggested a stronger effect estimate for obesity among case–
control studies (odds ratio 1.49; 95 % CI 1.29, 1.72) than prospective studies
(relative risk 1.12; 95 % CI 0.95, 1.32).

A pooled meta-analysis of 47 studies was conducted by Collaborative Group on
Epidemiological Studies of Ovarian Cancer and reported a positive association
between BMI and ovarian cancer risk [70]. The overall relative risk was 1.13 (99 %
group-specific CI 1.06–1.20) per 5 kg/m2 higher BMI, although this result was
primarily driven by associations in case–control studies with population-based
controls (relative risk 1.10; 99 % CI 1.05–1.16). Notably, the risk estimate was not
statistically significant among 17 prospective studies (relative risk 1.03; 99 % CI
0.99–1.07), and no association was observed for 13 case–control studies using
hospital controls. Further, there was a significant difference in the association by
postmenopausal hormone use, with increased ovarian cancer risk with higher BMI
observed for never users, but not ever users.

A disadvantage of meta-analyses is that they ignore the different analytical
strategies employed across studies. Therefore, the Pooling Project of Prospective
Studies of Diet and Cancer, with primary data from 12 prospective cohort studies,
pooled all data giving a total of 2036 epithelial ovarian cancer cases among 531,583
women [72]. The data were analyzed with standardized exposure definitions,
adjustment for confounding, and handling of missing data. No association was
observed for adult BMI; the summary relative risk was 1.03 (95 % CI 0.86, 1.22)
comparing BMI � 30 versus 18.5–23 kg/m2. This study also showed similar
results for age- and multivariable-adjusted models, suggesting that residual con-
founding may have little influence on the risk estimates.

The Ovarian Cancer Association Consortium meta-analyzed original data from
15 population-based case–control studies (13,548 cases, 17,913 controls) to
investigate the association between BMI and ovarian cancer risk using common
analytic strategies [75]. For recent BMI, which was defined as the self-reported
BMI within 1–5 years prior to diagnosis (for cases) or reference date (for controls),
the pooled odds ratios (95 % CIs) per 5 kg/m2 higher BMI were 1.04 (1.00, 1.08)
for invasive tumors and 1.18 (1.14, 1.23) for borderline tumors. For maximum
BMI, which was calculated from recalled maximum lifetime weight, the pooled
odds ratios (95 % CIs) per 5 kg/m2 higher BMI were 1.06 (1.01, 1.11) for invasive
tumors and 1.17 (1.08, 1.26) for borderline tumors. Interestingly, the significant
positive associations with recent BMI held after adjusting for maximum BMI, but
the associations for maximum BMI were no longer significant.

Obesity and Ovarian Cancer 159



A recent meta-analysis of 28 prospective studies (24 studies for BMI) repre-
senting the most updated summary (19,825 cases from 6,681,795 participants)
sheds light on the potential dose–response relationship between BMI and ovarian
cancer risk [69]. Each 5-unit higher BMI was associated with 7 % (95 % CI 1.03,
1.11) increased risk of ovarian cancer. There was moderate heterogeneity across
studies, which appeared to be driven by the same Norwegian study [74] as in the
prior meta-analysis [68]. In contrast to prior analyses that found no association [70,
72] or statistically nonsignificant positive associations among prospective studies
[68], this is the first meta-analysis providing prospective evidence for a significant
positive association with adulthood BMI. Another interesting finding was the
nonlinear pattern linking BMI with ovarian cancer risk—the positive association
was apparent for the range of BMI above 27.6 kg/m2 and the strength of the
association increased with higher BMI.

In addition to studies that focused on ovarian cancer, a number of studies have
evaluated obesity with total cancer risk and reported the associations with cancers
of particular sites, including ovary [76–79]. These studies highlighted that the
association between obesity and ovarian cancer was weaker in magnitude compared
to other cancer sites. For example, in a recent cohort study of 5.24 million UK
women, the relative risk of each 5 kg/m2 higher BMI was 1.09 (99 % CI 1.04, 1.44)
for ovarian cancer and 1.62 (99 % CI 1.56, 1.69) for uterine cancer [77].

Several methodological considerations should be considered when interpreting
these results. First, information on BMI was obtained through self-reported weight
and height in most studies. Despite reasonable correlations between self-reported
and measured weight and height, women tend to underreport their weight, partic-
ularly among overweight or obese women [80–82]. Second, many large cohort
studies only collected information at baseline and were unable to investigate the
potential impact of changes in BMI on ovarian cancer. The results based on a single
measure of BMI may be biased toward the null due to misclassification over time.
One meta-analysis suggested that the heterogeneity across studies may be due to
large cohort studies with long follow-up but only a single, baseline BMI assess-
ment, which generally reported no or even suggestively inverse associations [68].
Third, BMI measures general adiposity and does not indicate the location of adi-
posity. This may lead to additional measurement error if biological pathways
related to fat distribution are more relevant for the carcinogenesis of ovarian cancer.
Finally, it is important to consider timing of BMI assessment relative to diagnosis,
as preclinical or clinical symptoms of ovarian cancer, such as cachexia, peritoneal
fluid retention and tumor growth, may lead to remarkable changes in body weight.
In prospective studies, this issue is usually addressed by lagged analysis. For
example, a sensitivity analysis in one pooled study excluded the first 4 years of
follow-up after BMI assessment at baseline in the cohort studies, although the
results were similar [70]. In case–control studies, women recall their body weight
months to years before diagnosis, when it is possible that preclinical disease had
already begun to influence weight. Further, recall bias may play a role, and such
differential misclassification may explain the stronger positive associations reported
in case–control studies.
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4 Obesity and Ovarian Cancer Risk by Histologic Subtypes

Ovarian cancer is a highly heterogeneous malignancy. The histologic subtypes of
ovarian cancer, including serous, endometrioid, mucinous and clear cell tumors,
may originate through different etiologic pathways [8, 14, 83, 84], displaying a high
level of heterogeneity in genetic origin, clinical behavior and disease progression,
as well as in their relations with reproductive, hormonal and lifestyle factors [73,
85–87]. In particular, obesity may be etiologically more relevant to endometrioid
tumors, as this subtype has similar histology with endometrial cancer, which has
strong positive associations with obesity [88]. Further, mucinous tumors, which
have molecular similarity with the intestinal mucosa, have similar risk factor pro-
files to colon cancer, an established obesity-related cancer. Emerging evidence also
suggests that low- versus high-grade serous invasive tumors are pathophysiologi-
cally and genetically distinct [89, 90]. Advances in tumor classification and sub-
typing provide the foundation to elucidate the potential difference by histologic
subtypes. However, individual studies are generally underpowered to examine
different ovarian cancer subtypes separately.

In the Ovarian Cancer Association Consortium of 15 case–control studies,
higher BMI was not associated with invasive serous tumors, the most common
subtype, but significantly increased risks were noted for borderline serous tumors,
invasive endometrioid tumors and invasive mucinous tumors [75]. When further
examining invasive serous tumors by menopausal status and grade, there was an
increased risk among premenopausal women and for low-grade invasive serous
tumors; high-grade invasive serous tumors, the most fatal subtype, were not
associated with BMI. Another population-based case–control study found no
overall association for invasive serous, endometrioid or mucinous tumors, but an
increased risk of clear cell subtype [91]. When further examining invasive serous
tumors by location, an increased risk was observed for serous peritoneal tumors but
not for serous tumors of ovary or fallopian tube.

Individual prospective studies generally reported null results for specific his-
tologies due to insufficient power. However, the pooled analysis of 12 cohorts also
reported that BMI was not associated with any histologic subtype, including serous,
endometrioid and mucinous tumors [72, 74]. A meta-analysis of 47 studies sug-
gested significantly increased risks of serous, endometrioid and mucinous tumors,
and the risks were higher for borderline serous tumors and invasive mucinous
tumors [70]. Another study observed a positive association with waist–hip ratio for
mucinous tumors only [92].

Understanding the subtype-specific associations has important implications;
however, the evidence is relatively limited due to unavailability of histology in
many studies. For example, histologic subtype was only available for 68 % of cases
in a pooled analysis [70]. Despite the improvement over time in the standards and
reproducibility for classifying ovarian tumor histology, subtype misclassification is
a concern, particularly when including older and more recent studies. Therefore,
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large consortia with consistent histology evaluation are needed to estimate the
subtype-specific associations with obesity.

5 Other Anthropometric Measures and Overall Ovarian
Cancer Risk

As BMI is relatively easy to obtain, previous studies have predominantly used this
as a measure of obesity. This facilitates synthesis of findings across studies.
However, BMI does not provide data on fat distribution and is potentially prob-
lematic for older individuals, as increased BMI may be due to loss in fat-free, lean
body mass rather than accumulation of body fat. As a result, a limited number of
studies have evaluated waist circumference, hip circumference and waist-to-hip
ratio with ovarian cancer risk.

To date, three large prospective studies have examined central adiposity mea-
sures in relation to ovarian cancer risk [92–94]. None observed statistically sig-
nificant associations for waist circumference, hip circumference or waist-to-hip
ratio, although the risk estimates from these studies were generally suggestive of
weak positive associations. Also, these studies suggested that the associations for
measures of fat distribution were weaker compared to that of BMI. A meta-analysis
summarizing all published prospective studies reported a marginally positive
association for waist circumference (relative risk 1.06; 95 % CI 1.00, 1.12 per
10 cm higher waist circumference). No associations were observed for hip cir-
cumference or waist-to-hip ratio [69]. Interestingly, height consistently displays a
strong positive association with ovarian cancer risk. Fifteen of sixteen cohort
studies reported a positive association; 10 reached statistical significance [69].
Methodological considerations for BMI also apply to studies of other anthropo-
metric measures. Potential measurement error in waist circumference and hip cir-
cumference is of particular concern, as these anthropometric measures are less
likely to be self-reported accurately than weight and height [95]. Given the paucity
and inconsistency of evidence on abdominal and hip adiposity, additional studies
are required to elucidate their associations with ovarian cancer risk overall and by
histology.

6 Adiposity During Different Periods of Life and Overall
Ovarian Cancer Risk

Despite the modest association between obesity and ovarian cancer risk, it is
possible that adiposity across the life course may influence cancer risk differently.
For example, postmenopausal obesity is positively associated with breast cancer
risk, but early-life adiposity is inversely associated with risk [96, 97], while
endometrial cancer is most strongly related to current adiposity [98]. This may be
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attributed to the interplay with hormonal milieu and reproductive behaviors that
substantially differ before and after menopause. Given the important role of hor-
monal and reproductive factors in ovarian cancer etiology, it is possible that the
interaction between obesity and these factors may also vary by periods of life,
resulting in a differential impact on ovarian cancer risk.

In general, the association between obesity and ovarian cancer has been stronger
among premenopausal than postmenopausal women. A pooled analysis of 12
cohort studies reported an increased risk in premenopausal women (RR BMI � 30
vs. 18.5–23 kg/m2: 1.72; 95 % CI 1.02, 2.89), but not postmenopausal women
(comparable RR 1.07; 95 % CI 0.87, 1.33) [72]. Further, there was an inverse
association of ovarian cancer with hip circumference in the Nurses’ Health Study
(mostly postmenopausal) and a positive association in the Nurses’ Health Study II
(mostly premenopausal) [93]. However, in the European Prospective Investigation
into Cancer and Nutrition, baseline BMI had a stronger association with post-
menopausal than premenopausal risk [92]. Similarly, most [71, 91, 99], but not all
[100], case–control studies reported higher risk estimates for adiposity during
premenopausal years than postmenopausal years.

Research also has examined adiposity in childhood and early adulthood.
A meta-analysis of six cohorts found significantly increased risk of ovarian cancer
for every 5 units in BMI during early adulthood (relative risk 1.12; 95 % CI 1.05,
1.20) [69]. Evidence of nonlinearity was also noted for the association, with the risk
increasing more sharply for BMI above 30 kg/m2. A consortium of case–control
studies reported 8 % (95 % CI 1.03, 1.14) increased risk of invasive ovarian cancer
and 15 % (95 % CI 1.08, 1.24) increased risk of borderline ovarian cancer per
5 kg/m2 higher recalled BMI at age 18 or 20 [75]. One prospective study examined
associations of average body fatness at ages 5 and 10 with risk [101]. There was a
weak inverse association in older women (RR for heaviest versus most lean = 0.81;
95 % CI 0.53–1.24, P for trend = 0.04) and a nonsignificant positive association in
younger women (RR = 2.09; 95 % CI 0.98–4.48; P for trend = 0.10). Birth weight
generally has not been associated with risk [101–103].

7 Weight Change and Ovarian Cancer Risk

The influence of weight change on ovarian cancer risk has not been considered in
most studies, as adiposity was often evaluated based on a single assessment. Weight
change reflects the trajectory of adiposity during certain periods of life and is more
likely to capture the long-term effect of obesity accumulated over time. Further, if
the results for weight gain were consistent with those observed for other measures
of adiposity, it would lend support to the causal role of obesity in ovarian cancer
development.

A recently published dose–response meta-analysis of prospective observational
studies evaluated the association between adult weight gain and cancer risk,
including ovarian cancer [104]. Adult weight gain was defined as the difference in
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weight between early adulthood (i.e., age 18–25 years) and study baseline. In two
studies that included only postmenopausal women and had data on postmenopausal
hormone use [105, 106], there was 13 % increased risk (95 % CI 1.03, 1.23) of
postmenopausal ovarian cancer among women with no/low hormone use for each
5 kg weight gain from early adulthood to study enrollment. Further, in the Euro-
pean Prospective Investigation into Cancer and Nutrition, an increased risk (relative
risk 2.41; 95 % CI 1.19, 4.87) was observed among premenopausal women when
comparing the mid-category of weight gain (i.e., 10–15 kg) with stable weight (i.e.,
±5 kg) [92]. However, there were no associations for higher weight gain cate-
gories. Results from the Nurses’ Health Study comparing biennially updated body
weight versus recalled weight at age 18 also suggested no association for adult
weight gain [107]. A Swedish cohort study observed no association of ovarian
cancer with weight change between age 25 and study baseline, but did report an
increased risk of breast and endometrial cancer [108]. A more recent meta-analysis
of six cohort studies also found no association between weight gain since early
adulthood and risk [69]. In addition, three of the four case–control studies that
examined adult weight gain with ovarian cancer risk found no association [91, 100,
109]; only one study found a significant positive association among nulliparous
women [110]. Overall, these studies are not strongly supportive of an association of
weight gain with ovarian cancer risk.

Since almost all studies evaluated adult weight gain using a combination of
self-reported current weight and recalled past weight, measurement error may
attenuate the risk estimates. Also, the assessment of weight change was based on
differences between two discrete time points in most studies, which does not
capture the trajectory of body weight. Further, most studies only counted weight
gain since early adulthood until study enrollment and did not accounted for weight
change after baseline. This may mask the true association if weight change during
specific life period is etiologically relevant to ovarian cancer development. These
challenges need to be addressed in future studies.

8 Obesity-Related Factors and Ovarian Cancer

A number of lifestyle and dietary factors that influence on body weight have been
investigated with ovarian cancer risk. Associations have generally been inconsistent
for dietary factors (e.g., lactose, animal fat, vegetables, fruits, red meat) that
influence obesity [111]. Healthy dietary patterns or dietary quality indices are
associated with lower risk of obesity [112–114] also have not been associated with
risk [115–117]. Similarly, results have been very mixed for the association between
physical activity and ovarian cancer [118]. Several large prospective studies
reported an increased risk with higher levels of activity [119–122], which in one
study was largely due to premenopausal activity, although premenopausal inactivity
was also associated with an increased risk of endometrioid tumors [122]. Further,
based on limited evidence, there was no association for hypertension [123, 124],
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and conflicting results for diabetes [125–128] and hypercholesterolemia [124, 129].
Taken together, these obesity-related factors are only proxies for adiposity, but their
equivocal associations with ovarian cancer add additional evidence to the very
modest association between obesity and ovarian cancer risk.

9 Obesity and Ovarian Cancer Prognosis

For most cancer sites, obesity also is an important factor for prognosis [76]. Since
ovarian cancer has very high fatality, identifying and confirming additional prog-
nostic factors beyond what has been known (e.g., age, tumor stage, invasiveness,
surgical debulking) is important. However, as noted previously, ovarian cancer
itself can alter adiposity to increase weight (e.g., ascites) or reduce weight (e.g.,
cachexia) [130]. Considering adiposity well before diagnosis may address this
challenge. Further, women who are obese may have less optimal surgical debulking
(a strong predictor of survival) and be underdosed for chemotherapy due to dose
capping by weight [131–134]. As such, the study of obesity and ovarian cancer
survival is particularly complex. That said, omental adipose depots provide a
permissive tumor micro-environment for metastatic implants [135] and that dys-
regulation of adipokines may contribute to upregulation of pro-angiogenic path-
ways [136, 137], supporting that adiposity may influence survival.

Studies evaluating obesity and mortality among ovarian cancer patients are
limited, with small sample size. A meta-analysis of 10 studies showed poor survival
associated with obesity at a young age [138]. Neither BMI at the time of diagnosis
nor 1–5 years prior to diagnosis was associated with overall ovarian cancer sur-
vival, although when restricting to patients with advanced-stage ovarian cancer,
obesity before diagnosis was associated with 45 % increased mortality. In contrast,
obesity was associated with higher mortality among ovarian cancer patients in a
meta-analysis of 14 studies (RR 1.17; 95 % CI 1.03, 1.34), and the estimates were
similar regardless of the timing (i.e., before diagnosis, at diagnosis or after initiating
chemotherapy) [139]. Similar results were observed in a meta-analysis of 17 cohort
studies for obesity 5 years before diagnosis and during early adulthood, but whether
obesity at diagnosis was associated with ovarian cancer survival remained unclear
[140]. More recent evidence comes from the Ovarian Cancer Association Con-
sortium, which included 12,390 invasive ovarian cancer cases from 21 studies
[141]. BMI was reported from up to 5 years before diagnosis to time of diagnosis.
Compared to a BMI of 18.5–24.9, overall mortality was 10 % higher (95 % CI
0.99, 1.23) for a BMI of 30–34.9 and 12 % higher (95 % CI 1.01–1.25) for a
BMI � 35. The association was strongest for low-grade serous and endometrioid
tumors. Studies also suggest that BMI was inversely associated with quality of life
in ovarian cancer patients [142, 143].
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10 Future Directions and Conclusion

Overall, existing evidence supports a weak positive association between adiposity
and risk of ovarian cancer. However, emerging evidences suggests that higher BMI
may only be associated with risk of specific subtypes of ovarian cancer, notably
low-grade or borderline serous tumors and invasive mucinous tumors, but not with
high-grade serous carcinomas. Further, recent work suggests a potentially stronger
association of adiposity with premenopausal ovarian cancers, which are less likely
to be of high-grade serous histology. Notably, the strength and pattern of associ-
ations appear to differ for prospective cohort versus case–control study designs,
with each having key limitations.

Future research is critical to better clarify the role of adiposity in ovarian cancer
risk and survival. Importantly, consortia that obtain primary data from studies to
conduct pooled analyses using harmonized variables will be crucial to increase
sample sizes. This is necessary to consider associations by tumor subtypes, espe-
cially rare histologies, as well as interactions by menopausal status, postmenopausal
hormone use and other factors. Further, prospective studies with repeated weight
assessments over the life course will be particularly important in examining adi-
posity at different times of life and trajectories of weight change over time. Such
studies can also be used to examine how adiposity at different times may influence
survival in ovarian cancer patients. Methodological rigor and detailed case treat-
ment information will further enhance our understanding of this relationship. In
summary, adiposity is not a strong risk factor for ovarian cancer, particularly
compared to reproductive and hormonal factors; however, continued research is
critical to identify specific populations and ovarian cancer subtypes for which
weight reduction may be most beneficial.
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Obesity and Liver Cancer

Krasimira Aleksandrova, Marta Stelmach-Mardas
and Sabrina Schlesinger

Abstract
Obesity and related metabolic disorders have become globally prevalent posing a
challenge for the chronically damaged liver and predisposing the development
and progression of cancer. The rising phenomenon of “obesity epidemic” may
provide means for understanding why liver cancer is one of the few
malignancies with rising incidence in developed countries over the last decades.
Non-alcoholic fatty liver disease associated with obesity, insulin resistance, and
type 2 diabetes is an increasingly recognized trigger for liver cancer in Western
populations characterized by low prevalence of established risk factors for liver
cancer such as viral hepatitis and hepatotoxin exposure. Accumulating evidence
has established an association between higher body mass index as an indicator of
general obesity and higher risk of primary liver cancer. The associations are
stronger in men, in patients with underlying liver disease and in white ethnic
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groups. Abdominal obesity, weight gain in adult life and metabolic factors
related to visceral fat accumulation were also suggested as important risk factors
for liver cancer; however, more studies are needed to evaluate these associations.
The association of obesity and metabolic parameters with liver cancer survival
remains controversial. It is unclear which exact mechanisms could provide links
between obesity and liver cancer risk. Recent evidence has implicated several
molecular pathways in obesity-associated liver cancer. These include insulin
resistance leading to increased levels of insulin and insulin-like growth factors,
chronic inflammation, adipose tissue remodeling, pro-inflammatory cytokine and
adipokine secretion, and altered gut microbiota. These mechanisms coincide
with inflammatory and metabolic processes occurring in non-alcoholic fatty liver
disease predisposing cancer development and progression. In the context of the
current evidence, better understanding of the role of obesity and related
metabolic factors may help in improving current strategies for liver cancer
prevention.
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Abbreviations

HCC Hepatocellular carcinoma
IBDC Intrahepatic bile duct cancer
ICC Intrahepatic cholangiocarcinoma
HCV Hepatitis C virus
HBV Hepatitis B virus
NAFLD Non-alcoholic fatty liver disease
NASH Non-alcoholic steatohepatitis
WCRF World Cancer Research Fund
BMI Body mass index
EPIC The European Prospective Investigation into Cancer and Nutrition
WHO World Health Organization
WC Waist circumference
JNK-c Jun N-terminal kinase
NF-kb Nuclear factor-kappaB
TLR Toll-like receptors
IGF-I The insulin-like growth factors I
IGF-II The insulin-like growth factors II
IGFBP4 The insulin-like growth factors binding protein-4
HOMA Homeostasis model assessment
ROS Reactive oxygen species
TNF Tumor necrosis factor
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IL-6 Interleukin 6
CRP C reactive protein
DCA Deoxycholic acid
HSCs Hepatic stellate cells

1 Introduction

Worldwide, primary liver cancer is the fifth most common cancer in men and the
ninth most common cancer in women [1, 2]. In 2012, worldwide 782,000 new
cancer cases were diagnosed and nearly 746,000 deaths occurred [3]. The prognosis
is very poor, with a 5-year survival rate between 5 and 9 %, and thus, primary liver
cancer is the second leading cause of cancer-related death worldwide [4]. The
predominant form of primary liver cancer is hepatocellular carcinoma (HCC),
which accounts for approximately 85–95 % of all primary liver cancer cases, fol-
lowed by intrahepatic bile duct cancer (IBDC), a cancer that develops in the bile
ducts inside the liver [1, 5]. There is a large variation in incidence rates of HCC
across geographic regions. More than 80 % of cases with HCC are detected in less
developed countries [6]. In general, incidence rates are higher in men than in
women [1]. In men, highest incidence rates are detected in Eastern and
South-Eastern Asia (age-adjusted incidence rate >20 per 100,000), and lowest rates
in Northern Europe and South-Central Asia (age-adjusted incidence rate <5 per
100,000). In women, the highest incidence rates occur in Eastern Asia and Western
Africa [age-adjusted incidence rate >8 per 100,000] and the lowest in Northern
Europe [age-adjusted incidence rate <2 per 100,000] [1]. However, over the last
decades, the incidences of both types of primary liver cancer, HCC and intrahepatic
cholangiocarcinoma (ICC) have also increased in the “lower-risk” Western coun-
tries such as the USA [7]. Major known risk factors for HCC include chronic
infection with hepatitis C virus (HCV) and hepatitis B virus (HBV), exposure to
toxins, such as aflatoxin, and excessive alcohol consumption [6]. This could partly
explain the geographic variation of HCC occurrence because prevalence of liver
cirrhosis in consequence of infection with hepatitis B or C virus, and exposure to
toxins is more common in low-income countries compared with high-income
countries [5, 8]. The documented increase in HCV- and HBV-related HCC, how-
ever, does not fully explain the recent increase in HCC incidence in Western
populations, as 20–50 % of HCC remain idiopathic. Different lines of evidence
identify non-alcoholic fatty liver disease (NAFLD) as a possible relevant risk factor
for occurrence of HCC [9]. NAFLD is the most common form of liver disease in
Western countries characterized by accumulation of excessive fat in the liver in the
absence of alcohol abuse (12). NAFLD includes a spectrum of liver disorders,
ranging from simple steatosis (infiltration of fat in the liver) to the more severe form
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non-alcoholic steatohepatitis (NASH) [10, 11]. Obesity can alter hepatic pathology,
metabolism and promote inflammation, NAFLD and induce pathologic progression
and development of NASH. NASH is characterized by prominent steatosis and
inflammation and can lead to cirrhosis and ultimately HCC [12]. NAFLD is
strongly associated with obesity and its metabolic complications, such as metabolic
syndrome and type 2 diabetes [13]. In this context, the increased prevalence of
obesity and associated NAFLD could possibly explain rising incidence of primary
liver cancer in Western countries over the last decades.

Here, we review the existing evidence on the links between obesity and its
metabolic complications—NAFLD, metabolic syndrome and diabetes type 2—and
liver cancer incidence and survival. Furthermore, we evaluate current knowledge on
potential mechanisms that may possibly explain obesity-associated liver cancer risk
and could thereby provide new targets for liver cancer prevention in societies
affected by the obesity epidemic.

2 General and Abdominal Obesity, Weight Gain and Risk
of Liver Cancer

Recently, an expert review report of the World Cancer Research Fund (WCRF)
concluded that there is a sufficient body of evidence to establish higher body fatness as
a risk factor for HCC [14]. This evidence comes from studies investigating body
fatness based on body mass index measurements (BMI: weight/height2 [kg/m2]), that
is considered as an indicator of general obesity. In a dose–response meta-analysis of
12 prospective studies, the risk of HCC was increased by 30 % per each 5 kg/m2

higher BMI [14] (Fig. 1). Parallel lines of evidence have been provided by a number
of independently conducted systematic reviews and meta-analyses [15–19]. In those
studies, a higher risk of liver cancer was observed in the highest category of BMI
compared to the lowest. Using established cut-off values for the BMI, including
normal weight (BMI: 18.5 � 25.0 kg/m2), overweight (BMI: 25 � 30 kg/m2) and
obesity (BMI: 30 kg/m2) [20], a meta-analysis of 26 prospective studies (including
25,337 participants) observed 18 % higher risk of HCC for individuals with over-
weight [relative risk and 95 % confidence intervals: 1.18 (1.06–1.31)], and 83 %
higher risk in individuals with obesity [relative risk and 95 % confidence intervals:
1.83 (1.59–2.11)] compared to individuals with normal weight [19]. Another
meta-analysis of 8 studies including 1,779,471 cohort individuals revealed that the
nature of the observed association betweenBMI and risk of liver cancerwas nonlinear
(P for nonlinearity <0.001). The relative riskswere 1.02 (95 %CI = 1.02–1.03), 1.35
(95 %CI = 1.24–1.47) and 2.22 (95 %CI = 1.74–2.83) for BMI category above 25,
30 and 35 kg/m2 compared with the reference (the median value of the lowest cate-
gory), respectively [16]. Similar nonlinear association, with the most pronounced
increase in risk among persons with a BMI > 32 kg/m2, was reported in another
meta-analysis of 21 prospective studies (including 17,624 cases) [17]. In that study,
patients with HCV or cirrhosis (but not patients with HBV) with excess weight had a
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higher risk of liver cancer development than general populations with excess weight.
Overall, the conducted meta-analyses reported high heterogeneity of results for the
association of obesity with liver cancer that could be mostly accounted for by sex,
ethnicity and underlying liver diseases: Stronger associationswere seen inmen than in
women, and in individuals with underlying liver disease or with HCV infection or
cirrhosis compared to individuals from the general population. Interestingly, BMI
seemed to be more strongly associated with risk in white populations compared with
other ethnic groups. Amore detailed analysis that evaluated associations according to
ethnic groups were recently published within a large sample of the multiethnic cohort
study, a population-based prospective cohort study among 482 incident HCC cases
identified among 168,476 participants after a median follow-up of 16.6 years [21]. In
that study, BMI was strongly associated with liver cancer in Japanese, white, and
Latino men, whereas there was no association in black men. Moreover, the study also
revealed that BMI strongly correlated with total fat mass, measured by dual-energy
X-ray absorptiometry, both in men and women and in all ethnic groups. In contrast,
there was a lower correlation value for BMI and visceral or liver fat measured by
abdominal magnetic resonance imaging in black men and women [21]. Overall, BMI

Fig. 1 Dose–response meta-analysis of BMI and liver cancer, per 5 kg/m2. Adapted from
WCRF/AICR continuous update report for liver cancer [14]
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is strongly correlated with body fat, and thus, it is considered as a good marker for
evaluation of total body fatness [22]. However, an important limitation of BMI is that
it does not allow accounting for body fat distribution. Therefore, anthropometric
measures of abdominal obesity might be more appropriate to reflect differences in
body shape and fat distribution, as compared to BMI. However, evidence on the
association between measures for abdominal obesity such as waist circumference
(WC), waist-to-hip and waist-to height ratio and risk of primary liver cancer remain
insufficient [23, 24]. First lines of evidence on the association between abdominal
obesity and risk of HCC have been provided by the European Prospective Investi-
gation into Cancer and Nutrition (EPIC) cohort—a large European multi-center
cohort study conducted among 359,525men andwomen amongwhich during amean
follow-up of 8.6 years 177 cases of HCC have been diagnosed [25]. In that study,
abdominal obesity was defined based on established cut-off values provided by the
World Health Organization (WHO) (waist circumference � 102 cm for men and
� 88 cm for women, andwaist-to-hip ratio � 95 can for men and � 0.80 for women)
[20]. The data revealed a twofold higher risk of HCC for individuals above the cut-off
values for abdominal obesity compared with individuals below these cut-points after
controlling for established liver cancer risk factors, such as age, sex, alcohol intake,
smoking, education, infection of hepatitis b and c virus and even after accounting for
general obesity (as assessed by BMI). These findings point out that abdominal obesity
might be a risk factor for HCC independently from general obesity [25]. Rather than
studying markers of total adiposity, studies of obesity and HCC should move beyond
BMI and use a better measure for fat-specific depots [26].When evaluating the role of
obesity in liver cancer risk, it is also important to account for the age of onset of obesity
—i.e. early life versus later life. So far, only one study reported on the association
between early adulthood obesity and risk of developing HCC, suggesting that obesity
is associated with an increased risk at a young age in the absence of major HCC risk
factors [27]. Furthermore, anthropometric measures such as BMI and WC represent
an assessment of a static exposure status and it remains unclear whether dynamic
measures of obesity such as weight gain are also associated with a higher risk. Data
from the previously mentioned study within the EPIC cohort suggested that weight
gain during adulthood (since age 20)was an independent risk factor forHCC reporting
a 2.5-fold higher risk of HCC (95 %CI = 1.49–4.13) for the highest versus the lowest
tertile of weight gain after taking into account baseline BMI and WC measurements
[25]. These results have been further extended with regard to the association between
adult weight gainwithHCCmortality in a Japanese cohort of 31, 018men and 41, 455
women aged 40–79 years. In that study, during a median 19-year follow-up, 527
deaths from HCC (338 men, 189 women) were documented. Weight gain since age
20 years was positively associated with liver cancer mortality among women with an
underlying liver disease. Thus, women with history of liver disease had an about
twofold higher HCC risk for weight gain of 5.0–9.9 kg compared with women with a
stable weight (change of −4.9 to 4.9 kg) after controlling for important risk factors
[28].
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3 Metabolic Complications of Obesity in Relation to Liver
Cancer

3.1 Non-alcoholic Fatty Liver Disease

Recent studies have suggested that NAFLD and particularly its aggressive form—
NASH—are associated with an increased risk of primary liver cancer, mainly HCC
[29]. In Western countries, up to 22 % of HCC cases could be attributed to NAFLD
[30]. The estimated prevalence of NAFLD is around 20–35 % in developed countries
mirroring the observed rates for obesity and the metabolic syndrome. It appears to be
more common in men, and it increases with age and after menopause. Some data
suggest that Mexican Americans are more likely to have NAFLD and blacks are less
likely compared with non-Hispanic whites. More advanced stages of NAFLD are
associated with older age, higher BMI, diabetes, hypertension, high triglycerides,
and/or insulin resistance. Most NAFLD-related HCCs are believed to develop in the
background of a cirrhotic liver [31]. The risk factors for HCC in the setting of NAFLD
have not been established [32]. A study from the US indicated one of the most
common etiologies of liver disease and cryptogenic cirrhosis (29 %),where half of the
patients had histologic or clinical features associated with NAFLD [33]. It has been
estimated that in morbidly obese patients that underwent bariatric surgeries, the
prevalence of NAFLD can be as high as 98 % [34].Moreover, this study carried out in
a population of young adult, clinically asymptomatic obese patients confirmed the
high prevalence of echographically detectable liver steatosis in massive obesity even
in young adult patients [34]. Lipid accumulation in NAFLD triggers cancer-related
pathways including c-Jun N-terminal kinase (JNK), nuclear factor-kappaB (NF-kb)
and toll-like receptors (TLR) signaling pathway, and overexpression of oncogenic
genes [35]. The results from an obesity surgery cohort demonstrated that NAFLD is
indeed frequent with over two thirds demonstrating histological presence of NAFLD
and 18 % with definitive NASH by liver biopsy [36]. In an experimental study, it has
been observed that both genetic and dietary factors related to obesity could promote
NASH, liver dysplasia and HCC tumorigenesis in animal models [37]. In livers of
obesemice, the occurrence of dysplastic and cancerous lesions showedmorphological
features of NASH without fully developed cirrhosis [35]. This indicates that liver
hyperplasia is evident at the earliest stage of NAFLD and the transformation of
malignant liver cells was resultant from the development ofNASH instead of cirrhosis
[35]. A study by Gutzman et al. [38] suggested also that NAFLD may predispose
patients to HCC in the absence of cirrhosis. Finally, NAFLD was suggested to pro-
gress to HCC based on the metabolic syndrome development with obesity [39].

3.2 Metabolic Syndrome

Metabolic syndrome is defined as a cluster of metabolic alterations including
abdominal obesity, dyslipidemia, hypertension, diabetes and insulin resistance [40].
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It has been consistently associated with increased risk of cardiovascular diseases,
and it has been also linked to risk of cancer at several sites [41]. NAFLD has been
recognized as a hepatic manifestation of metabolic syndrome and its associated
complications [42]. NAFLD appears to be most strongly associated with obesity
and insulin resistance states including diabetes and with other features of the
metabolic syndrome, such as high triglycerides and low high-density lipoprotein
cholesterol levels [32]. Individuals with NAFLD/NASH-associated HCC were
shown to exhibit a higher prevalence of metabolic features (type 2 diabetes,
hypertension, dyslipidemia, coronary artery disease) compared to individuals with
non-NAFLD/NASH-HCC. Nevertheless, even in the absence of cirrhosis, the
NAFLD/NASH as the hepatic entity of the metabolic syndrome may itself pose an
independent risk factor for HCC [43]. Indeed, liver tumors arising in patients with
features of metabolic syndrome are with a larger size, well differentiated and mainly
occur in the absence of significant fibrosis [44]. In a large pooled European cohort
study comprising 578,700 individuals and 266 primary liver cancer cases, a
metabolic syndrome score, based on BMI, blood pressure and circulating concen-
trations of glucose, total cholesterol and triglycerides, was significantly associated
with increased risk of primary liver cancer [45]. Further analysis of single metabolic
risk factors revealed that particularly BMI and glucose were significantly associated
with higher primary liver cancer risk [45]. These findings were confirmed by
another large population-based study in the USA that reported a twofold increased
risk of HCC in individuals with metabolic syndrome compared to healthy ones [9].
In this context, data from Japanese population also confirmed these findings and
reported that most of the patients with NASH who develop HCC were men having
high rates of obesity, type 2 diabetes, and hypertension [46]. Additionally, males
developed HCC at a less advanced stage of liver fibrosis than females [46].
A meta-analysis of 25 studies indicated the presence of multiple metabolic disor-
ders, including obesity, type 2 diabetes, dyslipidemia and hypertension, as a clinical
characteristic of NAFLD-associated HCC [47]. Indeed, almost all NAFLD-
associated HCCs (99 %) had at least one type of metabolic disease and 76 % had
two or more [47]. Another study showed that the presence of NASH and metabolic
syndrome are common metabolic factors in patients with HCC (without infection
by HBV and HCV) [48]. In a case–control study, the presence of dyslipidemia
(defined by elevated triglycerides and/or lowered high-density lipoprotein) was
associated with an increased odds for HCC (Odds ratio: 1.35 (95 % CI = 1.26–
2.45) [9, 39]. Moreover, an analysis including cohorts from Austria, Norway and
Sweden indicated a twofold increased risk for hypertension regarding the devel-
opment of HCC [45].

3.3 Type 2 Diabetes

Recent evidence has also pointed to the involvement of more advanced metabolic
complications, such as type 2 diabetes in the risk of primary liver cancer. Summary
findings of a meta-analysis including 25 prospective studies indicated that diabetes
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mellitus is associated with twofold higher risk of HCC compared to individuals
without diabetes [49]. These data have been supported by a systematic review on
the association between anti-diabetic medication use and risk of liver cancer
summarizing data from 10 studies including 22,650 cases of HCC in 334,307
patients with type 2 diabetes. The meta-analysis of 8 observational studies showed a
50 % lower HCC incidence with metformin use, 62 and 161 % higher HCC inci-
dence with sulfonylurea or insulin use, respectively. A recent study has confirmed
these results [50]. Possible synergistic effects of metabolic factors have been sug-
gested by the results revealing the highest risk of HCC for individuals with both
obesity (BMI � 30 kg/m2) and type 2 diabetes [51–53].

In summary, a number of studies have underscored the importance of obesity,
NAFLD and related metabolic complications in the development of primary liver
cancer. Nevertheless, still broadened researches are needed to better understand the
molecular link between the obesity-associated metabolic risk factors and HCC risk.

4 Pathophysiological Mechanisms Linking Obesity
and Liver Cancer

The exact pathophysiological mechanisms behind the observed association between
obesity, type 2 diabetes and risk of HCC are not completely understood [54]. As
described above, one possible explanation for these relations includes the strong
association with NAFLD [10, 55]. On the other hand, clinical and epidemiological
data have failed to demonstrate hepatic tumor expression in fatty liver tissue [29]
leading to the hypothesis that there may not be a single direct link between liver fat
accumulation and hepatic carcinogenesis. Parallel lines of evidence have brought the
notion on a number of obesity-related pathways during the progression of NASH that
could be implicated as potential intermediary risk factors linking obesity and hepa-
tocellular carcinogenesis (Fig. 2) [56]. It has been suspected that an excess fat storage,
particularly within the abdomen and around the organs (the visceral fat), is associated
with accumulation of fat in the liver, which might be associated with abnormalities in
the hepatic metabolism, such as hyperinsulinemia and chronic low-grade inflamma-
tion [57–59]. In addition, the adipose tissue itself is defined as an endocrine organ
secreting a number of hormones and proteins (growth factors and adipocytokines)
known to be involved in altered metabolism and associated disease risk, including
some types of cancer [60–62]. Below we review current evidence implicating insulin
resistance, chronic inflammation, adipokine secretion, and altered gut microbiota as
main intermediate pathways in obesity-liver cancer association.

4.1 Hyperinsulinemia

Hyperinsulinemia exerts coinciding effects with hyperglycemia, type 2 diabetes,
and central obesity, thereby suggesting that it may be one of the central mechanisms
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to explain the obesity-liver cancer link [54]. First lines of evidence in support of this
hypothesis came from the Paris Prospective Study cohort, a cohort study of 6237
non-diabetic French working men aged 44–55 years at baseline [63]. In that study,
after 23.8 years of follow-up, peripheral hyperinsulinemia—indicative of very high
portal insulin concentrations—was associated with a higher risk of fatal liver cancer
[63]. Data from the EPIC cohort suggested that elevated concentrations of
C-peptide were associated with twofold higher risk of HCC (relative risk: 2.25,
95 % CI = 1.43–3.54; P < 0.0005). These findings could be explained by the fact
that the liver, in comparison with other organs, is exposed to high insulin con-
centrations. Furthermore, hyperinsulinemia is often present in patients with chronic
HCV infection and is associated with more advanced hepatic fibrosis. Mechanistic
studies demonstrated enhanced hepatic tumor growth in the presence of high insulin
concentrations. High insulin levels may directly promote cell proliferation and
survival through the phosphoinositide 3-kinase/protein kinase B and Ras/mitogen-
activated protein kinase pathways [64]. Furthermore, the insulin-like growth factors

Fig. 2 Pathophysiological mechanisms during the progression to NASH. The development of
NASH is initiated by several different risk factors including a high-fat diet, physical inactivity, and
genetic predispositions that often lead to obesity and insulin resistance. Exaggerated fat intake
and obesity lead to hyperglycemia, hyperlipidemia, and the over expressions of adipocytokines
and chemokines and further contribute to insulin resistance in adipose tissue and the liver. Insulin
resistance results in hepatic triglyceride (TG) synthesis and the increased delivery of free fatty
acids (FFAs) to the liver. Additionally, hepatic steatosis acts as a “first hit” that is followed by a
“second hit” in which inflammatory mediators can cause NASH and even cirrhosis. An enhanced
storage of TG provokes a series of harmful consequences related to hepatocytes, such as
uncontrolled lipid peroxidation, oxidative stress, and endoplasmic reticulum (ER) stress, which
can activate hepatic inflammatory pathways. In particular, the recruitment of macrophage/Kupffer
cells and an M1-dominant phenotypic shift in macrophages in the liver play a key role in the
pathological progression of NASH. Adapted from Hu et al. [56]
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I and II (IGF-I and IGF-II), their receptors and their binding proteins play an
increasingly role in tumor formation, growth, and metastasis in vivo [65]. Within
circulation and tissue compartments, IGF is bound with high affinity to a family of
structurally related binding proteins (IGFBP) characterized by different properties
[66]. In the rat model of hepatocarcinogenesis, the expression of IGF axis com-
ponents including IGF-I, IGF-II, IGF-IR, IGFII/M6PR, and individual IGFBP were
examined in the sequence of preneoplastic hepatic foci and HCC. Finally, increased
expressions of IGF-I and IGF binding protein-4 (IGFBP-4) in altered parenchymal
cells, and a decreased expression of IGFBP-1 has been demonstrated. IGF-II was
not detected in these pre-neoplastic foci and HCC arising in this model had
decreased expressions of IGF-I and IGFBP-4, but IGFBP-1 expression was not
significantly altered. Moreover, some HCC showed a more than 100-fold overex-
pression of IGF-II, whereas other tumors were completely negative for IGF-II
expression [67]. In another study, it has been also observed that IGF-1 levels
decrease when liver steatosis is worsened showing statistically significant difference
between mild-moderate and severe steatosis with no correlation between IGF-1
levels and either homeostasis model assessment (HOMA) or insulin levels [68]. The
results from a cross-sectional analysis of data from the Third National Health and
Nutrition Examination Survey, 1988–1994 showed that there may still be an
important underlying etiological connection between the IGF-1 axis and hepatic
steatosis. However, after controlling for important HCC risk factors, this association
and trend were extenuated, highlighting the importance of metabolic factors (related
to glucose homeostasis and adiposity) in this relation [69].

4.2 Chronic Low-Grade Inflammation

Obesity induces production of pro-inflammatory molecules—chemokines and
cytokines—required for the initiation and progression of HCC [70, 71]. Although
acute liver inflammation can play a vital and beneficial role in response to liver
damage or acute infection, the effects of chronic liver inflammation, including liver
fibrosis and cirrhosis, are sufficient in a fraction of individuals to initiate the process of
transformation and the development ofHCC [72]. Chemokines and their receptors can
also contribute to the pathogenesis of HCC, promoting proliferation of cancer cells,
the inflammatory microenvironment of the tumor, evasion of the immune response,
and angiogenesis [71]. In obese patients, accumulation of lipids in the liver promoted
activation of an inflammatory response. At the same time, lipid accumulation
increases demand on the endoplasmic reticulum leading to uncontrolled production of
reactive oxygen species (ROS). ROS stimulate inflammatory signaling and induce
oxidative damage including strand breaks and nucleotide modifications, and DNA
damage leading to genomic instability. Thus, sustained hepatic inflammation results
in damage to parenchyma, oxidative stress, and compensatory regeneration/
proliferation. These inflammation-associated processes could be associated with
increased incidence of hepatocellular carcinogenesis; however, evidence remains
scarce. In animal models, it was shown that obesity may promote HCC development
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through elevated production of tumor necrosis factor (TNF) and interleukin 6 (IL-6).
In clinical studies, higher levels of IL-6 and C reactive protein (CRP) have been found
among patients with HCC, when compared to controls. Recently, data from the EPIC
cohort provided first lines of evidence for an independent association between several
inflammatory and metabolic biomarkers and HCC risk suggesting their role as
intermediate factors in the obesity-liver cancer association [73]. Moreover, a com-
bination of these biomarkers was able to improve risk assessment of HCC beyond
established risk factors such as infection with HBV/HBC, smoking, alcohol con-
sumption, etc. (Fig. 3). Notably, these associations were independent of established
HCC risk factors and adiposity measures, suggesting that these inflammatory
biomarkers may play role as candidate intermediate factors of the association with
HCC risk [73]. These data have been confirmed by a case–control study nested in a
Japanese cohort with 188 HCC cases and 605 controls which reported that higher
concentrations of CRP and Il-6 have been associated with an around twofold and
fivefold higher risk of liver cancer, respectively [74]. These associations were inde-
pendent of hepatitis virus infection, lifestyle-related factors and radiation exposure.
Despite these arising data, exact roles of various inflammatory biomarkers as medi-
ators of the association between obesity and HCC have not been evaluated.

4.3 Abnormal Adipokine Production

Recently, adipose tissue has been established as an endocrine organ that secretes a
variety of biologically active adipokines, such as leptin, adiponectin and resistin.
Adipokines play an important role in the physiology of adipose tissue, including food
intake and nutrient metabolism, insulin sensitivity, stress, inflammation and bone
growth. Several studies reported that adipokine dysregulation contribute to liver
fibrosis and influence the pathological state of chronic liver diseases [75–80]. The
dysregulated expression of adipokines may therefore provide explanatory mecha-
nisms in the association of obesity with HCC [81]. Among various adipokines, two
molecules—leptin and adiponectin—gained much attention in the recent research.

4.3.1 Leptin
Leptin is a well-established adipokine closely linked with the higher BMI and
thereby considered as a good proxy measure of general adiposity [82]. Leptin
increases with increasing fatty mass as a compensatory mechanism to preserve
insulin sensitivity, but persistent hyperleptinemia could be implicated in liver
fibrogenesis and carcinogenesis [83, 84]. A recent meta-analysis of 33 studies
among 2612 individuals concluded that circulating leptin levels were higher in
patients with NAFLD than in controls. Higher levels of circulating leptin were
associated with increased severity of NAFLD, and the association remained sig-
nificant after exclusion of studies involving adolescent populations and morbidly
obese individuals [85]. Leptin could play a role in the development of NAFLD
through insulin resistance, steatosis, worsening hepatic inflammation and ultimately
fibrosis. Leptin has angiogenic properties, promotes cell proliferation and
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migration, and interacts with growth factors, all of which could promote tumor
growth [84]. However, the role of leptin in the development of liver cancer remains
controversial with some studies suggesting an important role of leptin in liver
fibrosis and carcinogenesis [86], while others demonstrating an inhibitory role of
exogenous leptin on tumor size in murine model of HCC [87]. So far, the associ-
ation of leptin and liver cancer was explored in only one prospective epidemio-
logical study, which suggested a null association [73].

4.3.2 Adiponectin
Adiponectin is one of the most abundantly secreted adipokines in blood circulation,
which actions are mainly exerted by the activation of AMP-activated kinase and
peroxisome proliferator-activated receptor alpha [88]. Whereas the liver probably is
not a source of circulating adiponectin, it is a major target organ of adiponectin
metabolism [88]. Adiponectin is implicated in the regulation of steatosis, insulin
resistance, inflammation and fibrosis; therefore, it could be expected that that

Fig. 3 Predictive ability of inflammatory and metabolic biomarkers and GLDH beyond the
multivariable adjusted model and AFP levels. The biomarkers included in the model have been
associated with HCC risk. These include CRP, Il-6, C-peptide, and non-HMW adiponectin.
Multivariable model is taking into account matching factors: study center; gender; age
(±12 months); date (±2 months); fasting status (<3, 3–6, or >6 h); and time of the day (±3 h)
at blood collection. Women were additionally matched according to menopausal status (pre-, peri-
[unknown], or postmenopausal) and exogenous hormone use (yes, no, or missing) at blood
donation. Further adjusted for education (no school degree or primary school, secondary school,
high school, or missing), smoking (never, former, current, or missing), alcohol at baseline,
drinking status at baseline (non-drinker or drinker), diabetes (no, yes, or missing), coffee (g/day),
HBsAg/anti-HCV (negative, positive, or missing), BMI, and WHtR adjusted for BMI. Adapted
from Aleksandrova et al. [72]
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hyperadiponectinemia might suppress liver tumorigenesis and elevated levels of
adiponectin would be associated with a reduced risk of HCC [89]. In contrast,
experimental studies indicated that adiponectin treatment increased apoptosis of
HCC and inhibited its proliferation [89, 90]. Some studies have shown that cir-
culating adiponectin levels are higher in subjects with liver cirrhosis and that they
increase in line with fibrosis stage [91]. Paradoxically, several human studies
suggested that elevated adiponectin concentrations are associated with higher HCC
risk. A hospital-based cohort study in Japan showed that high serum levels of
adiponectin were positively associated with the development of HCC in patients
with chronic HCV [92]. A nested case–control study conducted in middle-aged
Japanese adults with hepatitis virus infection showed that both total and
high-molecular weight adiponectin are associated with a higher risk of HCC [93].
A more recent large European cohort study added to this line of evidence sug-
gesting adiponectin and its non-high-molecular weight isoform to contributed
substantially to HCC risk [73]. However, null findings have been reported by
another cohort study from France, in which serum levels of adiponectin measured
in 248 patients with compensated HCV cirrhosis were found to be unassociated
with HCC occurrence [91]. Positive associations between adiponectin and HCC
risks could be explained by the fact that impaired liver function due to liver disease
(including cirrhosis) may lead to hyperadiponectinemia.

4.3.3 Novel Adipokines
Apart from established adipokines, such as leptin and adiponectin, a recent sys-
tematic review evaluated the potential link between newly described adipokines and
liver histology in biopsy-proven NAFLD patients [76]. Thirty-one cross-sectional
studies were included, resulting in a total of seven different investigated adipokines,
most of which suggested to be involved in the inflammatory response that develops
within the context of NAFLD, either at hepatic or systemic level, and/or hepatic
insulin resistance. Based on this literature review clinical studies suggest that
chemerin, resistin and adipocyte-fatty-acid-binding protein potentially are involved
in NAFLD pathogenesis and/or progression [76]. However, major inconsistency
still exists, and there is a high need for larger studies using standardized assays to
determine adipokine levels. So far there have not been studies to evaluate potential
involvement of inflammation-associated adipokines as potential mediators of the
association between obesity and liver cancer risk.

Gut microbiota and bile acid metabolism
Based on animal studies, it was hypothesized that genetic obesity provokes alter-
ations of gut microbiota profile, thereby increasing the levels of deoxycholic acid
(DCA), a secondary bile acid produced solely by the 7 alpha-dehydroxylation of
primary bile acids carried out by gut bacteria. The enterohepatic circulation of DCA
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provokes DNA damage and consequent cellular senescence in hepatic stellate cells
(HSCs) which, in turn, secrete various inflammatory and tumor-promoting factors
in the liver, thus facilitating HCC development in mice [94].

5 Obesity and Liver Cancer Survival

The emerging link between obesity and increased risk of HCC raises the question
whether such association could be also observed for prognosis and postoperative
complications of HCC. A number of studies have investigated these associations.
On the one hand, some studies demonstrated that HCC patients with higher BMI
exhibited significantly better prognosis than HCC patients with lower BMI after
hepatic resection surgery [95–97]. However, on the other hand, no significant
differences in the prognosis were detected between individuals with different levels
of BMI in other studies [98–100]. In addition, studies reported that obesity does not
influence surgical outcomes in hepatocellular carcinoma patients undergoing
curative hepatectomy [101]. A recent systematic review including a total of 14
studies suggested that BMI was not associated with survival (including overall and
disease-free survival) in HCC patients. In addition, in these patients, higher BMI
was not related to postoperative complications (ascites, bile leaks, and 30-day
mortality) [102]. However, HCC patients with higher BMI had increased risk of
wound infections. The reason for lack of association between BMI and liver cancer
prognosis is not clear. More studies are, therefore, warranted covering large spec-
trum of anthropometric characteristics of obesity in order to evaluate association
between obesity and liver cancer survival.

6 Summary

Accumulating evidence has established an association between higher BMI as an
indicator of general obesity and increased risk of primary liver cancer. The asso-
ciations proved to be stronger in men, in patients with underlying liver disease and
in white ethnic groups. Abdominal obesity, weight gain in adult life and metabolic
factors related to visceral fat accumulation were also suggested as important risk
factors for liver cancer; however, more studies are needed to evaluate these asso-
ciations. Potential mechanisms that may link obesity and liver cancer include
insulin resistance leading to increased levels of insulin and insulin-like growth
factors, chronic inflammation due to adipose tissue remodeling, pro-inflammatory
cytokine and adipokine secretion, and altered gut microbiota. The association
between obesity and metabolic parameters and liver cancer survival remains con-
troversial. More research is warranted in order to evaluate the role of inflammatory
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and metabolic biomarkers as intermediate risk factors for risk of obesity-associated
liver cancer. Better understanding of these associations may help in improving
current strategies of liver cancer prevention, particularly in societies with high
obesity prevalence.

References

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J (2012) Jemal A (2015) Global
cancer statistics. CA Cancer J Clin 65(2):87–108. doi:10.3322/caac.21262

2. World Health Organization, Fact sheet: Cancer. Available online: http://www.who.int/
mediacentre/factsheets/fs297/en/. Accessed on 30 Aug 2015

3. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin D,
Forman D, Bray F (2014) v1.1 G cancer incidence and mortality worldwide: IARC
CancerBase No. 11 [Internet]. International Agency for Research on Cancer, Lyon.
Available from: http://globocan.iarc.fr. Accessed on 30 Aug 2015

4. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D (2011) Global cancer statistics.
CA Cancer J Clin 61(2):69–90. doi:10.3322/caac.20107 (caac.20107 [pii])

5. El-Serag HB, Rudolph KL (2007) Hepatocellular carcinoma: epidemiology and molecular
carcinogenesis. Gastroenterology 132(7):2557–2576. doi:10.1053/j.gastro.2007.04.061
(S0016-5085(07)00799-8 [pii])

6. El-Serag HB (2011) Hepatocellular carcinoma. N Engl J Med 365(12):1118–1127.
doi:10.1056/NEJMra1001683

7. Center MM, Jemal A (2011) International trends in liver cancer incidence rates. Cancer
Epidemiol Biomark Prev 20(11):2362–2368. doi:10.1158/1055-9965.EPI-11-0643
(1055-9965.EPI-11-0643 [pii])

8. Cabibbo G, Craxi A (2010) Epidemiology, risk factors and surveillance of hepatocellular
carcinoma. Eur Rev Med Pharmacol Sci 14(4):352–355

9. Welzel TM, Graubard BI, Zeuzem S, El-Serag HB, Davila JA, McGlynn KA (2011)
Metabolic syndrome increases the risk of primary liver cancer in the United States: a study in
the SEER-Medicare database. Hepatology 54(2):463–471. doi:10.1002/hep.24397

10. Caldwell SH, Crespo DM, Kang HS, Al-Osaimi AM (2004) Obesity and hepatocellular
carcinoma. Gastroenterology 127(5 Suppl 1):S97–S103. doi:S0016508504016002 [pii]

11. Vanni E, Bugianesi E, Kotronen A, De Minicis S, Yki-Jarvinen H, Svegliati-Baroni G
(2010) From the metabolic syndrome to NAFLD or vice versa? Dig Liver Dis 42(5):320–
330. doi:10.1016/j.dld.2010.01.016 (S1590-8658(10)00020-4 [pii])

12. Alzahrani B, Iseli TJ, Hebbard LW (2014) Non-viral causes of liver cancer: does obesity led
inflammation play a role? Cancer Lett 345(2):223–229. doi:10.1016/j.canlet.2013.08.036

13. Bellentani S, Marino M (2009) Epidemiology and natural history of non-alcoholic fatty liver
disease (NAFLD). Ann Hepatol 8(Suppl 1):S4–S8. doi:880345 [pii]

14. World Cancer Research Fund International/American Institute for Cancer Research (2015)
Continuous update project report: diet, nutrition, physical activity and liver cancer. Available
at: www.wcrf.org/sites/default/files/Liver-Cancer-2015-Report.pdf. Accessed on 30Aug2015

15. Larsson SC, Wolk A (2007) Overweight, obesity and risk of liver cancer: a meta-analysis of
cohort studies. Br J Cancer 97(7):1005–1008. doi:10.1038/sj.bjc.6603932

16. Rui R, Lou J, Zou L, Zhong R, Wang J, Xia D, Wang Q, Li H, Wu J, Lu X, Li C, Liu L,
Xia J, Xu H (2012) Excess body mass index and risk of liver cancer: a nonlinear
dose-response meta-analysis of prospective studies. PLoS ONE 7(9):e44522. doi:10.1371/
journal.pone.0044522

17. Wang Y, Wang B, Shen F, Fan J, Cao H (2012) Body mass index and risk of primary liver
cancer: a meta-analysis of prospective studies. Oncologist 17(11):1461–1468. doi:10.1634/
theoncologist.2012-0066

192 K. Aleksandrova et al.

http://dx.doi.org/10.3322/caac.21262
http://www.who.int/mediacentre/factsheets/fs297/en/
http://www.who.int/mediacentre/factsheets/fs297/en/
http://globocan.iarc.fr
http://dx.doi.org/10.3322/caac.20107
http://dx.doi.org/10.1053/j.gastro.2007.04.061
http://dx.doi.org/10.1056/NEJMra1001683
http://dx.doi.org/10.1158/1055-9965.EPI-11-0643
http://dx.doi.org/10.1002/hep.24397
http://dx.doi.org/10.1016/j.dld.2010.01.016
http://dx.doi.org/10.1016/j.canlet.2013.08.036
http://www.wcrf.org/sites/default/files/Liver-Cancer-2015-Report.pdf
http://dx.doi.org/10.1038/sj.bjc.6603932
http://dx.doi.org/10.1371/journal.pone.0044522
http://dx.doi.org/10.1371/journal.pone.0044522
http://dx.doi.org/10.1634/theoncologist.2012-0066
http://dx.doi.org/10.1634/theoncologist.2012-0066


18. Saunders D, Seidel D, Allison M, Lyratzopoulos G (2010) Systematic review: the
association between obesity and hepatocellular carcinoma—epidemiological evidence.
Aliment Pharmacol Ther 31(10):1051–1063. doi:10.1111/j.1365-2036.2010.04271.x

19. Chen Y, Wang X, Wang J, Yan Z, Luo J (2012) Excess body weight and the risk of primary
liver cancer: an updated meta-analysis of prospective studies. Eur J Cancer 48(14):2137–
2145. doi:10.1016/j.ejca.2012.02.063

20. World Health Organization (2000) Obesity: preventing and managing the global epidemic.
Report of a WHO consultation. World Health Organ Tech Rep Ser 894:i–xii, 1–253

21. Setiawan VW, Lim U, Lipworth L, Lu SC, Shepherd J, Ernst T, Wilkens LR, Henderson BE,
Le Marchand L (2016) Sex and ethnic differences in the association of obesity with risk of
hepatocellular carcinoma. Clin Gastroenterol Hepatol 14(2):309–316. doi:10.1016/j.cgh.
2015.09.015

22. Garrow JS, Webster J (1985) Quetelet’s index (W/H2) as a measure of fatness. Int J Obes 9
(2):147–153

23. Molarius A, Seidell JC (1998) Selection of anthropometric indicators for classification of
abdominal fatness-a critical review. Int J Obes Relat Metab Disord 22(8):719–727

24. Ashwell M (2009) Obesity risk: importance of the waist-to-height ratio. Nurs Stand 23
(41):49–54

25. Schlesinger S, Aleksandrova K, Pischon T, Fedirko V, Jenab M, Trepo E, Boffetta P,
Dahm CC, Overvad K, Tjonneland A, Halkjaer J, Fagherazzi G, Boutron-Ruault MC,
Carbonnel F, Kaaks R, Lukanova A, Boeing H, Trichopoulou A, Bamia C, Lagiou P,
Palli D, Grioni S, Panico S, Tumino R, Vineis P, Hb BD, van den Berg S, Peeters PH,
Braaten T, Weiderpass E, Quiros JR, Travier N, Sanchez MJ, Navarro C, Barricarte A,
Dorronsoro M, Lindkvist B, Regner S, Werner M, Sund M, Khaw KT, Wareham N,
Travis RC, Norat T, Wark PA, Riboli E, Nothlings U (2013) Abdominal obesity, weight
gain during adulthood and risk of liver and biliary tract cancer in a European cohort. Int J
Cancer 132(3):645–657. doi:10.1002/ijc.27645

26. Pang Q, Zhang JY, Qu K, Song SD, Liu SS, Liu C (2015) Central obesity induces a greater
risk of hepatocellular carcinoma than general obesity. Hepatology 62(3):979–980. doi:10.
1002/hep.27668

27. HassanMM,Abdel-Wahab R, KasebA, ShalabyA, PhanAT, El-Serag HB, Hawk E,Morris J,
SinghRaghavKP, Lee JS, Vauthey JN, Bortus G, Torres HA,AmosCI,Wolff RA, Li D (2015)
Obesity early in adulthood increases risk but does not affect outcomes of hepatocellular
carcinoma. Gastroenterology 149(1):119–129. doi:10.1053/j.gastro.2015.03.044

28. Li Y, Yatsuya H, Yamagishi K, Wakai K, Tamakoshi A, Iso H, Mori M, Sakauchi F,
Motohashi Y, Tsuji I, Nakamura Y, Mikami H, Kurosawa M, Hoshiyama Y, Tanabe N,
Tamakoshi K, Tokudome S, Suzuki K, Hashimoto S, Kikuchi S, Wada Y, Kawamura T,
Watanabe Y, Ozasa K, Miki T, Date C, Sakata K, Kurozawa Y, Yoshimura T, Fujino Y,
Shibata A, Okamoto N, Shio H (2013) Body mass index and weight change during
adulthood are associated with increased mortality from liver cancer: the JACC Study.
J Epidemiol/Jpn Epidemiol Assoc 23(3):219–226

29. Duan XY, Zhang L, Fan JG, Qiao L (2014) NAFLD leads to liver cancer: do we have
sufficient evidence? Cancer Lett 345(2):230–234. doi:10.1016/j.canlet.2013.07.033

30. Michelotti GA, Machado MV, Diehl AM (2013) NAFLD, NASH and liver cancer. Nat Rev
Gastroenterol Hepatol 10(11):656–665. doi:10.1038/nrgastro.2013.183

31. Dongiovanni P, Romeo S, Valenti L (2014) Hepatocellular carcinoma in nonalcoholic fatty
liver: role of environmental and genetic factors. World J Gastroenterol 20(36):12945–12955.
doi:10.3748/wjg.v20.i36.12945

32. Clark JM (2006) The epidemiology of nonalcoholic fatty liver disease in adults. J Clin
Gastroenterol 40(Suppl 1):S5–S10. doi:10.1097/01.mcg.0000168638.84840.ff

33. Marrero JA, Fontana RJ, Su GL, Conjeevaram HS, Emick DM, Lok AS (2002) NAFLD may
be a common underlying liver disease in patients with hepatocellular carcinoma in the
United States. Hepatology 36(6):1349–1354. doi:10.1053/jhep.2002.36939

Obesity and Liver Cancer 193

http://dx.doi.org/10.1111/j.1365-2036.2010.04271.x
http://dx.doi.org/10.1016/j.ejca.2012.02.063
http://dx.doi.org/10.1016/j.cgh.2015.09.015
http://dx.doi.org/10.1016/j.cgh.2015.09.015
http://dx.doi.org/10.1002/ijc.27645
http://dx.doi.org/10.1002/hep.27668
http://dx.doi.org/10.1002/hep.27668
http://dx.doi.org/10.1053/j.gastro.2015.03.044
http://dx.doi.org/10.1016/j.canlet.2013.07.033
http://dx.doi.org/10.1038/nrgastro.2013.183
http://dx.doi.org/10.3748/wjg.v20.i36.12945
http://dx.doi.org/10.1097/01.mcg.0000168638.84840.ff
http://dx.doi.org/10.1053/jhep.2002.36939


34. Colicchio P, Tarantino G, del Genio F, Sorrentino P, Saldalamacchia G, Finelli C, Conca P,
Contaldo F, Pasanisi F (2005) Non-alcoholic fatty liver disease in young adult severely
obese non-diabetic patients in South Italy. Ann Nutr Metab 49(5):289–295. doi:10.1159/
000087295

35. Yu J, Shen J, Sun TT, Zhang X, Wong N (2013) Obesity, insulin resistance, NASH and
hepatocellular carcinoma. Semin Cancer Biol 23(6 Pt B):483–491. doi:10.1016/j.semcancer.
2013.07.003

36. Kashyap SR, Diab DL, Baker AR, Yerian L, Bajaj H, Gray-McGuire C, Schauer PR,
Gupta M, Feldstein AE, Hazen SL, Stein CM (2009) Triglyceride levels and not adipokine
concentrations are closely related to severity of nonalcoholic fatty liver disease in an obesity
surgery cohort. Obesity 17(9):1696–1701. doi:10.1038/oby.2009.89

37. Park EJ, Lee JH, Yu GY, He G, Ali SR, Holzer RG, Osterreicher CH, Takahashi H, Karin M
(2010) Dietary and genetic obesity promote liver inflammation and tumorigenesis by
enhancing IL-6 and TNF expression. Cell 140(2):197–208. doi:10.1016/j.cell.2009.12.052

38. Guzman G, Brunt EM, Petrovic LM, Chejfec G, Layden TJ, Cotler SJ (2008) Does
nonalcoholic fatty liver disease predispose patients to hepatocellular carcinoma in the
absence of cirrhosis? Arch Pathol Lab Med 132(11):1761–1766. doi:10.1043/1543-2165-
132.11.1761

39. Rahman R, Hammoud GM, Almashhrawi AA, Ahmed KT, Ibdah JA (2013) Primary
hepatocellular carcinoma and metabolic syndrome: an update. World J Gastrointest Oncol 5
(9):186–194. doi:10.4251/wjgo.v5.i9.186

40. Grundy SM (2015) Metabolic syndrome update. Trends Cardiovasc Med. doi:10.1016/j.tcm.
2015.10.004

41. Aleksandrova K, Boeing H, Jenab M, Bas Bueno-de-Mesquita H, Jansen E, van
Duijnhoven FJ, Fedirko V, Rinaldi S, Romieu I, Riboli E, Romaguera D, Overvad K,
Ostergaard JN, Olsen A, Tjonneland A, Boutron-Ruault MC, Clavel-Chapelon F, Morois S,
Masala G, Agnoli C, Panico S, Tumino R, Vineis P, Kaaks R, Lukanova A, Trichopoulou A,
Naska A, Bamia C, Peeters PH, Rodriguez L, Buckland G, Sanchez MJ, Dorronsoro M,
Huerta JM, Barricarte A, Hallmans G, Palmqvist R, Khaw KT, Wareham N, Allen NE,
Tsilidis KK, Pischon T (2011) Metabolic syndrome and risks of colon and rectal cancer: the
European prospective investigation into cancer and nutrition study. Cancer Prev Res 4
(11):1873–1883. doi:10.1158/1940-6207.CAPR-11-0218

42. Siegel AB, Zhu AX (2009) Metabolic syndrome and hepatocellular carcinoma: two growing
epidemics with a potential link. Cancer 115(24):5651–5661. doi:10.1002/cncr.24687

43. Ertle J, Dechene A, Sowa JP, Penndorf V, Herzer K, Kaiser G, Schlaak JF, Gerken G,
Syn WK, Canbay A (2011) Non-alcoholic fatty liver disease progresses to hepatocellular
carcinoma in the absence of apparent cirrhosis. Int J Cancer J Int Cancer 128(10):2436–
2443. doi:10.1002/ijc.25797

44. Paradis V, Zalinski S, Chelbi E, Guedj N, Degos F, Vilgrain V, Bedossa P, Belghiti J (2009)
Hepatocellular carcinomas in patients with metabolic syndrome often develop without
significant liver fibrosis: a pathological analysis. Hepatology 49(3):851–859. doi:10.1002/
hep.22734

45. Borena W, Strohmaier S, Lukanova A, Bjorge T, Lindkvist B, Hallmans G, Edlinger M,
Stocks T, Nagel G, Manjer J, Engeland A, Selmer R, Haggstrom C, Tretli S, Concin H,
Jonsson H, Stattin P, Ulmer H (2012) Metabolic risk factors and primary liver cancer in a
prospective study of 578,700 adults. Int J Cancer J Int Cancer 131(1):193–200. doi:10.1002/
ijc.26338

46. Yasui K, Hashimoto E, Komorizono Y, Koike K, Arii S, Imai Y, Shima T, Kanbara Y,
Saibara T, Mori T, Kawata S, Uto H, Takami S, Sumida Y, Takamura T, Kawanaka M,
Okanoue T (2011) Characteristics of patients with nonalcoholic steatohepatitis who develop

194 K. Aleksandrova et al.

http://dx.doi.org/10.1159/000087295
http://dx.doi.org/10.1159/000087295
http://dx.doi.org/10.1016/j.semcancer.2013.07.003
http://dx.doi.org/10.1016/j.semcancer.2013.07.003
http://dx.doi.org/10.1038/oby.2009.89
http://dx.doi.org/10.1016/j.cell.2009.12.052
http://dx.doi.org/10.1043/1543-2165-132.11.1761
http://dx.doi.org/10.1043/1543-2165-132.11.1761
http://dx.doi.org/10.4251/wjgo.v5.i9.186
http://dx.doi.org/10.1016/j.tcm.2015.10.004
http://dx.doi.org/10.1016/j.tcm.2015.10.004
http://dx.doi.org/10.1158/1940-6207.CAPR-11-0218
http://dx.doi.org/10.1002/cncr.24687
http://dx.doi.org/10.1002/ijc.25797
http://dx.doi.org/10.1002/hep.22734
http://dx.doi.org/10.1002/hep.22734
http://dx.doi.org/10.1002/ijc.26338
http://dx.doi.org/10.1002/ijc.26338


hepatocellular carcinoma. Clin Gastroenterol Hepatol (The Official Clinical Practice Journal
of the American Gastroenterological Association) 9(5):428–433; quiz e450. doi:10.1016/j.
cgh.2011.01.023

47. Duan XY, Qiao L, Fan JG (2012) Clinical features of nonalcoholic fatty liver
disease-associated hepatocellular carcinoma. Hepatobiliary Pancreat Dis Int (HBPD INT)
11(1):18–27

48. Nagaoki Y, Hyogo H, Aikata H, Tanaka M, Naeshiro N, Nakahara T, Honda Y, Miyaki D,
Kawaoka T, Takaki S, Hiramatsu A, Waki K, Imamura M, Kawakami Y, Takahashi S,
Chayama K (2012) Recent trend of clinical features in patients with hepatocellular
carcinoma. Hepatol Res (The Official Journal of the Japan Society of Hepatology) 42
(4):368–375. doi:10.1111/j.1872-034X.2011.00929.x

49. Wang C, Wang X, Gong G, Ben Q, Qiu W, Chen Y, Li G, Wang L (2012) Increased risk of
hepatocellular carcinoma in patients with diabetes mellitus: a systematic review and
meta-analysis of cohort studies. Int J Cancer 130(7):1639–1648. doi:10.1002/ijc.26165

50. Kawaguchi T, Kohjima M, Ichikawa T, Seike M, Ide Y, Mizuta T, Honda K, Nakao K,
Nakamuta M, Sata M (2015) The morbidity and associated risk factors of cancer in chronic
liver disease patients with diabetes mellitus: a multicenter field survey. J Gastroenterol 50
(3):333–341. doi:10.1007/s00535-014-0968-5

51. Turati F, Talamini R, Pelucchi C, Polesel J, Franceschi S, Crispo A, Izzo F, La Vecchia C,
Boffetta P, Montella M (2012) Metabolic syndrome and hepatocellular carcinoma risk. Br J
Cancer. doi:10.1038/bjc.2012.492 (bjc2012492 [pii])

52. Polesel J, Zucchetto A, Montella M, Dal Maso L, Crispo A, La Vecchia C, Serraino D,
Franceschi S, Talamini R (2009) The impact of obesity and diabetes mellitus on the risk of
hepatocellular carcinoma. Ann Oncol 20(2):353–357. doi:10.1093/annonc/mdn565 (mdn565
[pii])

53. Schlesinger S, Aleksandrova K, Pischon T, Jenab M, Fedirko V, Trepo E, Overvad K,
Roswall N, Tjonneland A, Boutron-Ruault MC, Fagherazzi G, Racine A, Kaaks R,
Grote VA, Boeing H, Trichopoulou A, Pantzalis M, Kritikou M, Mattiello A, Sieri S,
Sacerdote C, Palli D, Tumino R, Peeters PH, Bueno-de-Mesquita HB, Weiderpass E,
Quiros JR, Zamora-Ros R, Sanchez MJ, Arriola L, Ardanaz E, Tormo MJ, Nilsson P,
Lindkvist B, Sund M, Rolandsson O, Khaw KT, Wareham N, Travis RC, Riboli E,
Nothlings U (2013) Diabetes mellitus, insulin treatment, diabetes duration, and risk of biliary
tract cancer and hepatocellular carcinoma in a European cohort. Ann Oncol. doi:10.1093/
annonc/mdt204 (mdt204 [pii])

54. Karagozian R, Derdak Z, Baffy G (2014) Obesity-associated mechanisms of hepatocar-
cinogenesis. Metab Clin Exp 63(5):607–617. doi:10.1016/j.metabol.2014.01.011

55. Marchesini G, Moscatiello S, Di Domizio S, Forlani G (2008) Obesity-associated liver
disease. J Clin Endocrinol Metab 93(11 Suppl 1):S74–S80. doi:10.1210/jc.2008-1399
(93/11_Supplement_1/s74 [pii])

56. Xu L, Kitade H, Ni Y, Ota T (2015) Roles of chemokines and chemokine receptors in
obesity-associated insulin resistance and nonalcoholic fatty liver disease. Biomolecules 5
(3):1563–1579. doi:10.3390/biom5031563

57. Wree A, Kahraman A, Gerken G, Canbay A (2011) Obesity affects the liver—the link
between adipocytes and hepatocytes. Digestion 83(1–2):124–133. doi:10.1159/000318741
(000318741 [pii])

58. Eguchi Y, Eguchi T, Mizuta T, Ide Y, Yasutake T, Iwakiri R, Hisatomi A, Ozaki I,
Yamamoto K, Kitajima Y, Kawaguchi Y, Kuroki S, Ono N (2006) Visceral fat accumulation
and insulin resistance are important factors in nonalcoholic fatty liver disease. J Gastroenterol
41(5):462–469. doi:10.1007/s00535-006-1790-5

59. Eguchi Y, Mizuta T, Sumida Y, Ishibashi E, Kitajima Y, Isoda H, Horie H, Tashiro T,
Iwamoto E, Takahashi H, Kuwashiro T, Soejima S, Kawaguchi Y, Oda Y, Emura S,
Iwakiri R, Ozaki I, Eguchi T, Ono N, Anzai K, Fujimoto K, Koizumi S (2011) The
pathological role of visceral fat accumulation in steatosis, inflammation, and progression of

Obesity and Liver Cancer 195

http://dx.doi.org/10.1016/j.cgh.2011.01.023
http://dx.doi.org/10.1016/j.cgh.2011.01.023
http://dx.doi.org/10.1111/j.1872-034X.2011.00929.x
http://dx.doi.org/10.1002/ijc.26165
http://dx.doi.org/10.1007/s00535-014-0968-5
http://dx.doi.org/10.1038/bjc.2012.492
http://dx.doi.org/10.1093/annonc/mdn565
http://dx.doi.org/10.1093/annonc/mdt204
http://dx.doi.org/10.1093/annonc/mdt204
http://dx.doi.org/10.1016/j.metabol.2014.01.011
http://dx.doi.org/10.1210/jc.2008-1399
http://dx.doi.org/10.3390/biom5031563
http://dx.doi.org/10.1159/000318741
http://dx.doi.org/10.1007/s00535-006-1790-5


nonalcoholic fatty liver disease. J Gastroenterol 46(Suppl 1):70–78. doi:10.1007/s00535-
010-0340-3

60. Greenberg AS, Obin MS (2006) Obesity and the role of adipose tissue in inflammation and
metabolism. Am J Clin Nutr 83(2):461S–465S. doi:83/2/461S [pii]

61. Calle EE, Kaaks R (2004) Overweight, obesity and cancer: epidemiological evidence and
proposed mechanisms. Nat Rev Cancer 4(8):579–591. doi:10.1038/nrc1408nrc1408

62. Aleksandrova K, Nimptsch K, Pischon T (2013) Influence of obesity and related metabolic
alterations on colorectal cancer risk. Curr Nutr Rep 2(1):1–9. doi:10.1007/s13668-012-0036-9

63. Balkau B, Kahn HS, Courbon D, Eschwege E, Ducimetiere P, Paris Prospective S (2001)
Hyperinsulinemia predicts fatal liver cancer but is inversely associated with fatal cancer at
some other sites: the Paris prospective study. Diabetes Care 24(5):843–849

64. Tanaka S, Mohr L, Schmidt EV, Sugimachi K, Wands JR (1997) Biological effects of
human insulin receptor substrate-1 overexpression in hepatocytes. Hepatology 26(3):598–
604. doi:10.1002/hep.510260310

65. LeRoith D, Baserga R, Helman L, Roberts CT Jr (1995) Insulin-like growth factors and
cancer. Ann Intern Med 122(1):54–59

66. Clemmons DR (1997) Insulin-like growth factor binding proteins and their role in
controlling IGF actions. Cytokine Growth Factor Rev 8(1):45–62

67. Scharf JG, Ramadori G, Dombrowski F (2000) Analysis of the IGF axis in preneoplastic
hepatic foci and hepatocellular neoplasms developing after low-number pancreatic islet
transplantation into the livers of streptozotocin diabetic rats. Lab Invest (A Journal of
Technical Methods and Pathology) 80(9):1399–1411

68. Mallea-Gil MS, Ballarino MC, Spiraquis A, Iriarte M, Kura M, Gimenez S, Oneto A,
Guitelman M, Machado R, Miguel CM (2012) IGF-1 levels in different stages of liver
steatosis and its association with metabolic syndrome. Acta Gastroenterol Latinoam 42
(1):20–26

69. Runchey SS, Boyko EJ, Ioannou GN, Utzschneider KM (2014) Relationship between serum
circulating insulin-like growth factor-1 and liver fat in the United States. J Gastroenterol
Hepatol 29(3):589–596

70. Qiao L, Li X (2014) Role of chronic inflammation in cancers of the gastrointestinal system and
the liver: where we are now. Cancer Lett 345(2):150–152. doi:10.1016/j.canlet.2013.10.013

71. Marra F, Tacke F (2014) Roles for chemokines in liver disease. Gastroenterology 147
(3):577–594 e571. doi:10.1053/j.gastro.2014.06.043

72. Stauffer JK, Scarzello AJ, Jiang Q, Wiltrout RH (2012) Chronic inflammation, immune
escape, and oncogenesis in the liver: a unique neighborhood for novel intersections.
Hepatology 56(4):1567–1574. doi:10.1002/hep.25674

73. Aleksandrova K, Boeing H, Nothlings U, Jenab M, Fedirko V, Kaaks R, Lukanova A,
Trichopoulou A, Trichopoulos D, Boffetta P, Trepo E, Westhpal S, Duarte-Salles T,
Stepien M, Overvad K, Tjonneland A, Halkjaer J, Boutron-Ruault MC, Dossus L, Racine A,
Lagiou P, Bamia C, Benetou V, Agnoli C, Palli D, Panico S, Tumino R, Vineis P,
Bueno-de-Mesquita B, Peeters PH, Gram IT, Lund E, Weiderpass E, Quiros JR, Agudo A,
Sanchez MJ, Gavrila D, Barricarte A, Dorronsoro M, Ohlsson B, Lindkvist B, Johansson A,
Sund M, Khaw KT, Wareham N, Travis RC, Riboli E, Pischon T (2014) Inflammatory and
metabolic biomarkers and risk of liver and biliary tract cancer. Hepatology 60(3):858–871.
doi:10.1002/hep.27016

74. Ohishi W, Cologne JB, Fujiwara S, Suzuki G, Hayashi T, Niwa Y, Akahoshi M, Ueda K,
Tsuge M, Chayama K (2014) Serum interleukin-6 associated with hepatocellular carcinoma
risk: a nested case-control study. Int J Cancer J Int Cancer 134(1):154–163. doi:10.1002/ijc.
28337

75. Abenavoli L, Peta V (2014) Role of adipokines and cytokines in non-alcoholic fatty liver
disease. Rev Recent Clin Trials 9(3):134–140

196 K. Aleksandrova et al.

http://dx.doi.org/10.1007/s00535-010-0340-3
http://dx.doi.org/10.1007/s00535-010-0340-3
http://dx.doi.org/10.1038/nrc1408nrc1408
http://dx.doi.org/10.1007/s13668-012-0036-9
http://dx.doi.org/10.1002/hep.510260310
http://dx.doi.org/10.1016/j.canlet.2013.10.013
http://dx.doi.org/10.1053/j.gastro.2014.06.043
http://dx.doi.org/10.1002/hep.25674
http://dx.doi.org/10.1002/hep.27016
http://dx.doi.org/10.1002/ijc.28337
http://dx.doi.org/10.1002/ijc.28337


76. Bekaert M, Verhelst X, Geerts A, Lapauw B, Calders P (2016) Association of recently
described adipokines with liver histology in biopsy-proven non-alcoholic fatty liver disease:
a systematic review. Obes Rev (An Official Journal of the International Association for the
Study of Obesity) 17(1):68–80. doi:10.1111/obr.12333

77. Kalafateli M, Triantos C, Tsochatzis E, Michalaki M, Koutroumpakis E, Thomopoulos K,
Kyriazopoulou V, Jelastopulu E, Burroughs A, Lambropoulou-Karatza C, Nikolopoulou V
(2015) Adipokines levels are associated with the severity of liver disease in patients with
alcoholic cirrhosis. World J Gastroenterol 21(10):3020–3029. doi:10.3748/wjg.v21.i10.3020

78. Polyzos SA, Kountouras J, Mantzoros CS (2015) Adipokines in nonalcoholic fatty liver
disease. Metab Clin Exp. doi:10.1016/j.metabol.2015.11.006

79. Stojsavljevic S, Gomercic Palcic M, Virovic Jukic L, Smircic Duvnjak L, Duvnjak M (2014)
Adipokines and proinflammatory cytokines, the key mediators in the pathogenesis of
nonalcoholic fatty liver disease. World J Gastroenterol 20(48):18070–18091. doi:10.3748/
wjg.v20.i48.18070

80. Bertolani C, Marra F (2008) The role of adipokines in liver fibrosis. Pathophysiology (The
Official Journal of the International Society for Pathophysiology/ISP) 15(2):91–101. doi:10.
1016/j.pathophys.2008.05.001

81. Jung UJ, Choi MS (2014) Obesity and its metabolic complications: the role of adipokines
and the relationship between obesity, inflammation, insulin resistance, dyslipidemia and
nonalcoholic fatty liver disease. Int J Mol Sci 15(4):6184–6223. doi:10.3390/ijms15046184

82. Shah NR, Braverman ER (2012) Measuring adiposity in patients: the utility of body mass
index (BMI), percent body fat, and leptin. PLoS ONE 7(4):e33308. doi:10.1371/journal.
pone.0033308

83. Polyzos SA, Kountouras J, Zavos C, Deretzi G (2011) The potential adverse role of leptin
resistance in nonalcoholic fatty liver disease: a hypothesis based on critical review of the
literature. J Clin Gastroenterol 45(1):50–54. doi:10.1097/MCG.0b013e3181ec5c66

84. Dutta D, Ghosh S, Pandit K, Mukhopadhyay P, Chowdhury S (2012) Leptin and cancer:
pathogenesis and modulation. Indian J Endocrinol Metab 16(Suppl 3):S596–S600. doi:10.
4103/2230-8210.105577

85. Polyzos SA, Aronis KN, Kountouras J, Raptis DD, Vasiloglou MF, Mantzoros CS (2016)
Circulating leptin in non-alcoholic fatty liver disease: a systematic review and meta-analysis.
Diabetologia 59(1):30–43. doi:10.1007/s00125-015-3769-3

86. Ribatti D, Belloni AS, Nico B, Di Comite M, Crivellato E, Vacca A (2008) Leptin-leptin
receptor are involved in angiogenesis in human hepatocellular carcinoma. Peptides 29
(9):1596–1602. doi:10.1016/j.peptides.2008.05.011

87. Elinav E, Abd-Elnabi A, Pappo O, Bernstein I, Klein A, Engelhardt D, Rabbani E, Ilan Y
(2006) Suppression of hepatocellular carcinoma growth in mice via leptin, is associated with
inhibition of tumor cell growth and natural killer cell activation. J Hepatol 44(3):529–536.
doi:10.1016/j.jhep.2005.08.013

88. Moschen AR, Wieser V, Tilg H (2012) Adiponectin: key player in the adipose tissue-liver
crosstalk. Curr Med Chem 19(32):5467–5473

89. Wieser V, Moschen AR, Tilg H (2012) Adipocytokines and hepatocellular carcinoma. Dig
Dis 30(5):508–513. doi:10.1159/000341702

90. Kamada Y, Takehara T, Hayashi N (2008) Adipocytokines and liver disease. J Gastroenterol
43(11):811–822. doi:10.1007/s00535-008-2213-6

91. Nkontchou G, Bastard JP, Ziol M, Aout M, Cosson E, Ganne-Carrie N, Grando-Lemaire V,
Roulot D, Capeau J, Trinchet JC, Vicaut E, Beaugrand M (2010) Insulin resistance, serum
leptin, and adiponectin levels and outcomes of viral hepatitis C cirrhosis. J Hepatol 53
(5):827–833. doi:10.1016/j.jhep.2010.04.035

92. Arano T, Nakagawa H, Tateishi R, Ikeda H, Uchino K, Enooku K, Goto E, Masuzaki R,
Asaoka Y, Kondo Y, Goto T, Shiina S, Omata M, Yoshida H, Koike K (2011) Serum level
of adiponectin and the risk of liver cancer development in chronic hepatitis C patients. Int J
Cancer J Int Cancer 129(9):2226–2235. doi:10.1002/ijc.25861

Obesity and Liver Cancer 197

http://dx.doi.org/10.1111/obr.12333
http://dx.doi.org/10.3748/wjg.v21.i10.3020
http://dx.doi.org/10.1016/j.metabol.2015.11.006
http://dx.doi.org/10.3748/wjg.v20.i48.18070
http://dx.doi.org/10.3748/wjg.v20.i48.18070
http://dx.doi.org/10.1016/j.pathophys.2008.05.001
http://dx.doi.org/10.1016/j.pathophys.2008.05.001
http://dx.doi.org/10.3390/ijms15046184
http://dx.doi.org/10.1371/journal.pone.0033308
http://dx.doi.org/10.1371/journal.pone.0033308
http://dx.doi.org/10.1097/MCG.0b013e3181ec5c66
http://dx.doi.org/10.4103/2230-8210.105577
http://dx.doi.org/10.4103/2230-8210.105577
http://dx.doi.org/10.1007/s00125-015-3769-3
http://dx.doi.org/10.1016/j.peptides.2008.05.011
http://dx.doi.org/10.1016/j.jhep.2005.08.013
http://dx.doi.org/10.1159/000341702
http://dx.doi.org/10.1007/s00535-008-2213-6
http://dx.doi.org/10.1016/j.jhep.2010.04.035
http://dx.doi.org/10.1002/ijc.25861


93. Michikawa T, Inoue M, Sawada N, Sasazuki S, Tanaka Y, Iwasaki M, Shimazu T, Yamaji T,
Mizokami M, Tsugane S, Japan Public Health Center-based Prospective Study G (2013)
Plasma levels of adiponectin and primary liver cancer risk in middle-aged Japanese adults
with hepatitis virus infection: a nested case-control study. Cancer Epidemiol Biomark Prev
(A Publication of the American Association for Cancer Research, cosponsored by the
American Society of Preventive Oncology) 22(12):2250–2257. doi:10.1158/1055-9965.EPI-
13-0363

94. Hara E (2015) Relationship between obesity, gut microbiome and hepatocellular carcinoma
development. Dig Dis 33(3):346–350. doi:10.1159/000371679

95. Itoh S, Ikeda Y, Kawanaka H, Okuyama T, Kawasaki K, Eguchi D, Korenaga D,
Takenaka K (2012) The effect of overweight status on the short-term and 20-y outcomes
after hepatic resection in patients with hepatocellular carcinoma. J Surg Res 178(2):640–645.
doi:10.1016/j.jss.2012.05.063

96. Okamura Y, Maeda A, Matsunaga K, Kanemoto H, Uesaka K (2012) Negative impact of
low body mass index on surgical outcomes after hepatectomy for hepatocellular carcinoma.
J Hepato-Biliary-Pancreat Sci 19(4):449–457. doi:10.1007/s00534-011-0461-y

97. Mathur AK, Ghaferi AA, Sell K, Sonnenday CJ, Englesbe MJ, Welling TH (2010) Influence
of body mass index on complications and oncologic outcomes following hepatectomy for
malignancy. J Gastrointest Surg (Official Journal of the Society for Surgery of the
Alimentary Tract) 14(5):849–857. doi:10.1007/s11605-010-1163-5

98. Nishikawa H, Arimoto A, Wakasa T, Kita R, Kimura T, Osaki Y (2013) The relation
between obesity and survival after surgical resection of hepatitis C virus-related hepato-
cellular carcinoma. Gastroenterol Res Pract 2013:430438. doi:10.1155/2013/430438

99. Nishikawa H, Osaki Y, Takeda H, Sakamoto A, Saito S, Nishijima N, Nasu A, Arimoto A,
Kita R, Kimura T (2013) Effect of body mass index on survival after curative therapy for
non-B non-C hepatocellular carcinoma. J Gastrointest Liver Dis (JGLD) 22(2):173–181

100. Liu XY, Xu JF (2014) Liver resection for young patients with large hepatocellular
carcinoma: a single center experience from China. World J Surg Oncol 12:175. doi:10.1186/
1477-7819-12-175

101. Guo Z, Zhang J, Jiang JH, Li LQ, Xiang BD (2015) Obesity does not influence outcomes in
hepatocellular carcinoma patients following curative hepatectomy. PLoS ONE 10(5):
e0125649. doi:10.1371/journal.pone.0125649

102. Rong X, Wei F, Geng Q et al (2015) The Association Between Body Mass Index and the
Prognosis and Postoperative Complications of Hepatocellular Carcinoma: A Meta-Analysis.
In: Isabella R (ed) Medicine 94(31):e1269. doi:10.1097/MD.0000000000001269

198 K. Aleksandrova et al.

http://dx.doi.org/10.1158/1055-9965.EPI-13-0363
http://dx.doi.org/10.1158/1055-9965.EPI-13-0363
http://dx.doi.org/10.1159/000371679
http://dx.doi.org/10.1016/j.jss.2012.05.063
http://dx.doi.org/10.1007/s00534-011-0461-y
http://dx.doi.org/10.1007/s11605-010-1163-5
http://dx.doi.org/10.1155/2013/430438
http://dx.doi.org/10.1186/1477-7819-12-175
http://dx.doi.org/10.1186/1477-7819-12-175
http://dx.doi.org/10.1371/journal.pone.0125649
http://dx.doi.org/10.1097/MD.0000000000001269


Obesity Biomarkers, Metabolism
and Risk of Cancer: An Epidemiological
Perspective
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Abstract
Obesity is associated with metabolic alterations that may pose a biological link
between body fatness and risk of cancer. Elucidating the role of obesity-related
biomarkers in cancer development is essential for developing targeted strategies
aiming at obesity-associated cancer prevention. Molecular epidemiological
studies of the past decades have provided evidence that major hormonal
pathways linking obesity and cancer risk include the insulin and insulin-like
growth factor-1 (IGF-1) axis, sex-steroid hormones, adipokines and chronic
low-grade inflammation. These pathways are interrelated with each other, and
their importance varies by obesity-related cancer type. The insulin/IGF-1 axis
has been implicated to play an important mediating role in the association
between obesity and risk of pancreatic, colorectal and prostate cancer.
Endogenous sex-steroid hormone concentrations, in particular
obesity-associated pre-diagnostic elevations of estrogens and androgens, play
an important role in postmenopausal breast cancer and endometrial cancer
development. The adipokines adiponectin and leptin and adipocyte-mediated
chronic low-grade inflammation represented by the acute-phase C-reactive
protein may explain a substantial part of the association between obesity and risk
of colorectal cancer. There is less evidence on whether these hormonal pathways
play a mediating role in other obesity-associated types of cancer. In this chapter,
the molecular epidemiologic evidence from prospective studies relating
circulating obesity-related biomarkers to cancer risk is summarized, taking into
account available evidence from Mendelian Randomization investigations
aiming at improving causal inference.
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1 Introduction

Obesity is associated with metabolic alterations that may impact disease risk. The
adipose tissue is not a mere energy storage but an active endocrine organ. Adipose
tissue, in particular visceral fat, facilitates adverse metabolic effects such as insulin
resistance and adipokine-mediated chronic low-grade inflammation that pose the
link to chronic diseases [1, 2]. Major hormonal pathways that have been implicated
to pose a biological link between body fatness and risk of obesity-associated types
of cancer include the insulin and insulin-like growth factor axis, sex-steroid hor-
mones, adipokines and chronic low-grade inflammation [3, 4]. It is unlikely that one
of these suggested pathways accounts alone for the association between obesity and
cancer. In contrast, these pathways are interrelated with each other in a complex
manner and the importance of specific metabolic pathways varies by obesity-related
cancer types (Fig. 1).

Fig. 1 Major hormonal pathways linking obesity with risk of cancer
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During the past decades, a growing number of molecular epidemiological studies
investigated the association between blood concentrations of obesity-related
biomarkers and risk of cancer in order to examine whether the hypothesized
pathways may explain the observed associations with obesity. The difficulty in
conducting such studies is that the existence of a tumor may affect the biomarkers
and metabolic pathways that are being investigated; therefore, traditional case–
control studies that compare biomarker levels in diseased and non-diseased persons
are of limited value in these instances. To avoid such possibility of reverse cau-
sation as much as possible, pre-diagnostic biomarker measurement is necessary,
which requires a prospective cohort study design. In these studies, biomarker
measurements are conducted among individuals free of cancer; study participants
are then followed up over time for the incidence of cancer of interest; and bio-
marker levels at baseline are then related to cancer risk. It is evident that—de-
pending on the incidence of the type of cancer of interest—such cohorts require
large sample size. To be more cost efficient, often special study designs are applied,
such as nested case–control or case–cohort designs embedded in large cohorts. In
these studies, biomarker levels at baseline are measured among all incident cases
but then compared to the levels of only a subgroup of the original cohort (case–
cohort study) or to a number of matched controls that are selected using risk set
sampling from the original cohort (nested case–control study). Such designs allow
valid inferences about exposure–disease relationships that are almost identical to
cohort analyses with only negligible loss of statistical efficiency. However, even in
prospective study designs it cannot be excluded that occult cancer may have
influenced findings or that other factors may explain the observed association
between biomarkers and cancer risk. This possibility may be minimized by
excluding cancer cases that were diagnosed shortly after blood collection from
analysis and by careful adjustment for potential confounders. More recently,
Mendelian Randomization studies have been found to be useful as a tool to
investigate the association between biomarkers and cancer risk since these types of
studies may circumvent reverse causation bias and confounding [5]. Thus, an
advantage of the Mendelian Randomization approach is that genetic variants
associated with lifelong differences in biomarker concentrations can be used as
unbiased proxy variables, because on a population level, such variants are generally
unrelated to lifestyle factors such as physical activity and diet that typically act as
confounders in analyses relating obesity-related biomarkers to cancer risk. In this
chapter, the molecular epidemiologic evidence from prospective studies relating
circulating obesity-related biomarkers such as biomarkers of the insulin/IGF-1 axis,
sex-steroid hormones, adipokines and inflammatory biomarkers to cancer risk is
summarized. In addition, available evidence from Mendelian Randomization
investigations aiming at improving causal inference in the association of
obesity-related biomarkers with cancer risk is reviewed.
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2 Insulin/IGF-Axis

There is abundant evidence that obesity is associated with insulin resistance and that
weight loss improves insulin sensitivity [6]. The term insulin resistance refers to a
condition in which skeletal muscles, liver and adipose tissue show a reduced
response to insulin, i.e., a reduced insulin-mediated uptake of blood glucose as well
as reduced fatty acid utilization by muscle cells and adipocytes, as well as reduced
synthesis and storage of glycogen and decreased suppression of gluconeogenesis in
the liver [7, 8]. Chronically elevated blood concentrations of insulin are typically a
consequence of long-term insulin resistance, because more insulin is produced by
the pancreatic beta cells in order to compensate for elevated blood glucose con-
centrations. This hyperinsulinemia, which also occurs in fasting states, has been
hypothesized as one pathway explaining the positive association between obesity,
especially abdominal obesity and elevated cancer risk. Chronically elevated insulin
levels may affect cancer risk either through direct mitogenic effects or indirectly
through the IGF-1 pathway [9]. Direct growth-promoting effects of insulin include
suppression of apoptosis and promotion of cell proliferation [10]. The IGF-1 system
is tightly linked to insulin metabolism. Both insulin and IGF-1 act as tissue growth
factors and hormonal modulators of energy metabolism, with the difference that
insulin mainly exerts short-term (post-prandial) effects whereas IGF-1 stimulates
longer-term growth effects [9]. IGF-1 exerts mitogenic effects through anti-apoptotic
properties [11]. The growth-promoting processes of insulin and IGF-1 are mediated
by specific receptors (insulin receptor, IR; IGF-1 receptor, IGF1R) that are expressed
on normal tissues but can also be expressed by neoplastic cells [9]. Interaction of
insulin and IGF1R stimulate potentially carcinogenic pathways such as MAPK [12].
Hyperinsulinemia enhances the availability of free, bioactive IGF-1 by upregulating
hepatic IGF-1 synthesis on the one hand and downregulating the hepatic production
of two binding proteins (IGFBP-1 and IGFBP-2) on the other hand. However,
evidence linking obesity to circulating IGF-1 concentrations is mixed and the
relationship seems to be nonlinear with highest concentrations of IGF-1 observed in
moderately overweight individuals [13, 14].

The relatively frequently observed concurrent occurrence of type 2 diabetes and
cancer gave a first plausible hint that hyperinsulinemia, which is commonly
observed in diabetics, may play a role in carcinogenesis. Comparing diabetics with
non-diabetics, a higher risk of cancer of the pancreas, liver, breast, colorectum,
urinary tract and female reproductive organs was observed, with strongest associ-
ations (about twofold higher risk) for cancers of the liver, pancreas and endome-
trium [15].

Serologic evidence for a role of hyperinsulinemia in carcinogenesis comes from
prospective studies in which pre-diagnostic biomarkers of insulin metabolism were
related to later cancer risk. Because insulin is produced by pancreatic beta cells, the
pancreas is immediately exposed to chronically high insulin synthesis. In addition,
high expression of IGF-1 as well as of both insulin and IGF-1 receptors has been
observed in pancreatic cancer cell lines [16, 17]. Pre-diagnostic insulin
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concentrations were associated with higher risk of pancreatic cancer in a large
prospective cohort of male smokers [18] as well as in an analysis pooling data from
five prospective US cohort studies [19]. In both these analyses, associations with
insulin became stronger after exclusion of patients diagnosed with pancreatic cancer
within 10 years of their blood collection, suggesting that observed associations are
not due to reverse causation bias. In contrast, evidence for an association between
pre-diagnostic concentrations of IGF-1 or the ratio of IGF-1 to IGFBP-3, a marker
of free IGF-1, and risk of pancreatic cancer is weak. While weak positive associ-
ations with free IGF-1 have been observed in a large US cohort [20] and a
prospective study from Japan [21], no associations were observed in the European
Prospective Investigation into Cancer and Nutrition (EPIC) [22] and a pooled
analysis of four US cohorts [23].

The insulin and IGF-1 pathway may also explain at least part of the association
between obesity and higher risk of colorectal cancer. In the EPIC study, circulating
C-peptide at baseline as indicator for long-term insulin secretion was associated
with higher risk of colorectal cancer [24]. Also a meta-analysis of prospective
cohort studies suggests a positive association of biomarkers of insulin metabolism
(C-peptide or fasting insulin) and colorectal cancer risk [25]. In terms of circulating
IGF-1, no association was observed in EPIC, but a meta-analysis including the
findings in EPIC and ten other prospective cohorts found that high pre-diagnostic
IGF-1 concentrations were associated with a moderately higher risk of colorectal
cancer [26].

Studies investigating biomarkers of insulin metabolism in relation to risk of
postmenopausal breast cancer have not observed consistent positive associations
[25, 27–30], but there is evidence that IGF-1 is modestly associated with higher risk
of breast cancer independent of menopausal status from a pooled analysis of data
from 17 prospective studies [13]. With respect to endometrial cancer, as to date a
limited number of prospective studies have investigated pre-diagnostic biomarkers
of the insulin/IGF-1 pathway in relation to disease risk. In a nested case–control
study of the Women’s Health Initiative (WHI), however, a strong positive associ-
ation between fasting insulin and risk of endometrial adenocarcinoma (making up
82 % of all endometrial cancer cases) was observed among women not using
hormone therapy, and the association was slightly attenuated after adjustment for
BMI [31]. Counterintuitively, however, in the same study pre-diagnostic IGF-1
concentrations were inversely associated with risk of endometrial cancer.
A meta-analysis including four prospective studies on IGF-1 and risk of ovarian
cancer did not provide evidence for this pathway [32]. While epidemiologic evi-
dence relating circulating insulin or C-peptide [33–39] to risk of prostate cancer is
inconclusive, pre-diagnostic circulating IGF-1 concentrations have been consis-
tently related to higher risk of prostate cancer, especially low-grade tumors [40].
Prospective investigations on insulin/IGF-1 and risk of liver cancer are scarce,
although higher pre-diagnostic concentrations of C-peptide have been related to
higher risk of liver cancer in EPIC [41]. Prospective studies on the association of
circulating insulin, C-peptide or IGF-1 and other obesity-associated cancers such as
renal cell cancer and esophageal adenocarcinoma are as to date scarce.
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In summary, hyperinsulinemia may potentially explain at least part of the pos-
itive association between obesity and risk of pancreatic cancer and colorectal
cancer, whereas a role of IGF-1 is implicated for colorectal cancer and prostate
cancer. Evidence is less clear for other obesity-associated types of cancer. Future
research should consider Mendelian Randomization studies investigating geneti-
cally determined higher insulin or IGF-1 in relation to risk of colorectal or pan-
creatic cancer, which could improve causal inference by circumventing reverse
causation and residual confounding. We are aware of only one previous Mendelian
Randomization study in this context, which observed that genetically determined
higher insulin was associated with higher risk of endometrial cancer, supporting a
causal association of insulin in endometrial cancer etiology [42].

3 Sex-Steroid Hormones

Adiposity is associated with higher formation of endogenous sex-steroid hormones
including estrogens, progesterone and androgens, especially in postmenopausal
women [43]. In addition, obesity-related hyperinsulinemia and the consequential
high bioactivity of IGF-1 reduce the hepatic secretion of sex hormone-binding
globulin (SHBG), which results in higher bioavailability of sex-steroid hormones.
Alterations in sex-steroid hormones have been suggested to explain a large pro-
portion of the association of obesity with postmenopausal breast cancer and
endometrial cancer [3]. Thus, clinical and experimental evidence suggests that
sex-steroid hormones, in particular estrogen and progesterone, play an important
role in the regulation of cell proliferation and apoptosis in breast cancer and
endometrial cancer [3]. Many established risk factors of both breast and endome-
trial cancers such as early menarche, late menopause, estrogen replacement therapy
but also obesity are related to the lifetime exposure to estrogen. Epidemiologic
investigations have provided evidence that endogenous sex-steroid hormone con-
centrations are related to later risk of both postmenopausal breast cancer and
endometrial cancer. In the EPIC study, it was shown that total and bioavailable
androgens and estrogens were associated with approximately twofold higher risk of
postmenopausal breast cancer [44]. The study also showed that both BMI and waist
circumference were positively associated with free testosterone, estrone and
estradiol and the positive association between BMI and risk of postmenopausal
breast cancer was attenuated substantially after adjustment for total or free estro-
gens. Similarly, in a pooled analysis of nine earlier prospective studies, sex-steroid
hormones including testosterone, estrone and estradiol were associated with higher
postmenopausal breast cancer risk and the positive association with BMI was lar-
gely accounted for by adjustment for estradiol [45]. These observations provide
convincing evidence that a substantial proportion of the association between obesity
and risk of postmenopausal breast cancer can be explained by the obesity-related
alterations in sex-steroid hormone concentrations.
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With respect to endometrial cancer, there is evidence that high estradiol may not
only lead to higher cell proliferation and less apoptosis, but also exert
cancer-promoting effects through upregulation of IGF-1 synthesis in endometrial
tissue [46]. The relationship between sex-steroids hormones and endometrial cancer
has been described within the framework of the “unopposed estrogen hypothesis”,
which implicates that women with high endogenous concentrations of the mito-
genic estrogen may be at increased endometrial cancer risk especially when these
are not or insufficiently counterbalanced by progesterone, which stimulates the
metabolism of estradiol and inhibits IGF-1 actions [3, 47]. Epidemiological studies
have observed higher endometrial cancer risk associated with high blood concen-
trations of estrogens in postmenopausal women. Furthermore, higher levels of
endogenous androgens, i.e., androstenedione and testosterone, have been related to
higher endometrial cancer risk in pre- and postmenopausal women [47]. In line with
these observations, women with polycystic ovary syndrome, a condition related to
higher androgen concentrations and hyperinsulinemia, are at increased risk of
endometrial cancer [48]. In a nested case–control study combining data from three
prospective cohort studies, a strong association of pre-diagnostic blood concen-
trations of estrogens and androgens with endometrial cancer risk was observed in
postmenopausal women [43].

Although androgens play an important role in the physiological growth of the
prostate and despite the fact that androgen deprivation therapy is a standard therapy
for prostate cancer, pre-diagnostic blood concentrations of sex-steroid hormones
(androgens and estrogens) are unlikely to play a role in the development of prostate
cancer as results from a pooled analysis of 18 prospective studies have shown [49].
Similarly, the limited number of studies relating pre-diagnostic sex-steroid hor-
mones to ovarian cancer risk is not supportive of blood estrogen levels playing an
important role and provides limited evidence for a role of circulating androgens in
this gynecological obesity-associated type of cancer [50, 51].

In summary, while there is good evidence for sex-steroid hormones explaining a
large proportion of the positive association between obesity and risk of post-
menopausal breast cancer and endometrial cancer, this pathway is less likely to be
of importance in other obesity-associated types of cancer.

4 Adipokines

Soluble substances produced by adipose tissue have been collectively named
adipocytokines or adipokines [8]. These adipocyte-derived hormones have been
suggested to play a role in the pathogenesis of obesity-associated cancers. Adipo-
nectin and leptin are the most abundantly produced adipokines compared with other
adipokines such as resistin, plasminogen activator inhibitor (PAI)-1 or hepatocyte
growth factor (HGF). Other substances produced by adipose tissue include a
number of pro-inflammatory cytokines such as tumor necrosis factor alpha
(TNF-α), interleukin-6 (IL-6) and others.
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4.1 Adiponectin

In contrast to many other adipokines, adiponectin expression is downregulated in
obese adipose tissue. Thus, lower adiponectin concentrations are observed in obese
individuals compared with normal-weight individuals [52]. Adiponectin plays an
important role in energy metabolism and has insulin-sensitizing and
anti-inflammatory properties [8, 53]. In addition, anti-neoplastic properties such as
inhibition of proliferation and promotion of apoptosis have been observed to be
upregulated by adiponectin in cancer cells [54]. High adiponectin concentrations
have been suggested to play a protective role in the development of cancer either
directly through inhibition of cell growth and induction of apoptosis or indirectly
through improved insulin sensitivity and reduced inflammation [54]. Epidemio-
logical evidence for an association between pre-diagnostic adiponectin concentra-
tions and obesity-associated cancer has emerged from several investigations.
In EPIC, higher circulating adiponectin concentrations were associated with a lower
risk of colorectal cancer [55]. Furthermore, non-high-molecular-weight
(HMW) adiponectin, which has a higher anti-inflammatory potential than
HMW-adiponectin, was particularly associated with lower risk of colorectal cancer.
In nested case–control studies of two large US-based prospective cohort studies,
pre-diagnostic adiponectin concentrations were associated with lower risk of col-
orectal cancer only in men but not in women [56]. Similar sex differences were
observed in a meta-analysis that included 13 epidemiological studies—both case–
control and prospective studies—in which a weak inverse association between
adiponectin and colorectal neoplasia was observed in men but not in women [57].
However, in this meta-analysis, stronger associations were observed in smaller
studies and studies of lower quality, suggesting that the true association between
adiponectin and colorectal cancer might have been overestimated. Studies on the
association between genetic variants in the ADIPOQ gene and risk of colorectal
cancer have produced diverse findings. In a meta-analysis including six case–
control studies, three polymorphisms in the ADIPOQ gene were associated with
colorectal cancer, but associations were restricted to Asian populations while not
seen in Caucasian populations [58]. In a pooled analysis of epidemiological studies
on colorectal cancer where genetic markers were also available, polymorphisms in
the ADIPOQ gene that have been identified in genome-wide association studies on
adiponectin concentrations were not related to colorectal cancer risk [59], arguing
against a causal contribution of adiponectin in the association between obesity and
colorectal cancer. Whether adiponectin may play a mediating role in the association
of obesity and other types of cancers has been less often investigated. In a case–
cohort investigation of the WHI, higher adiponectin concentrations tended to be
associated with lower risk of postmenopausal breast cancer [60]. This inverse
association did not persist after adjustment for insulin, suggesting that part of the
association observed with adiponectin is explained by insulin, which is also
mechanistically plausible. In a nested case–control study of male smokers, an
inverse association between pre-diagnostic adiponectin and risk of renal cell car-
cinoma was observed, which accounted for a large proportion in the positive

206 K. Nimptsch and T. Pischon



association between BMI and renal cell carcinoma [61]. On the other hand, no
association between circulating adiponectin and risk of endometrial cancer, the
cancer type that shows the strongest association with obesity, was observed in the
Nurses Health Study, but the number of included cases was limited [62]. Inter-
estingly, adiponectin, in particular HMW-adiponectin, has been associated with
higher risk of hepatocellular carcinoma in two nested case–control studies of
prospective cohorts including EPIC [63, 64], but not in another nested case–control
study [65]. Overall, these mixed observations support the need of future prospective
studies to clarify the potentially mediating role of adiponectin in obesity-associated
cancer.

4.2 Leptin

Leptin is a classical adipokine that is primarily expressed by adipose tissue [66].
Thus, circulating leptin reflects adipose tissue mass and, typically, leptin is found in
higher concentrations in obese compared with lean individuals [67]. The physio-
logical function of leptin is long-term modulation and regulation of dietary intake
and energy balance [68]. Besides, there is mechanistic evidence that leptin may
explain the positive association between obesity and risk of cancer. Experimental
studies have demonstrated cancer-promoting activities of leptin, such as promotion
of cell proliferation, migration and angiogenesis and inhibition of apoptosis [69]. In
addition, it has been demonstrated that leptin receptor is expressed in human colon
and breast cancer cell lines, which points to a role of leptin in the growth of these
cancers [69, 70]. There is some evidence from epidemiological studies investigating
circulating leptin concentrations and risk of obesity-related cancer, but most evi-
dence exists for colorectal cancer [69]. In a prospective study from Sweden, higher
circulating leptin was associated with higher risk of colon cancer in men but not in
women [71]. Similarly, in EPIC pre-diagnostic leptin was associated with higher
colon cancer risk only in men, while in women no association was observed [72].
A positive association between pre-diagnostic circulating leptin concentrations and
risk of colon cancer in men was also observed in a study from Norway [73].
A higher risk of colorectal cancer in women with high pre-diagnostic leptin con-
centrations was observed in the Japan Collaborative Cohort Study [74] and in the
WHI cohort [75]. In a meta-analysis including six prospective studies, higher leptin
concentrations were significantly associated with higher risk of colorectal cancer
[76]. Interestingly, soluble leptin receptor (sOB-R), which determines the bioac-
tivity of leptin, was strongly inversely associated with risk of colorectal cancer in
EPIC [72]. In two US cohorts, soluble leptin receptor was not associated with
higher overall colorectal cancer risk in either men or women, although high sOB-R
concentrations were associated with higher rectal cancer risk in women [56].
A positive association between genetic variation in LEP and colorectal cancer risk
has been observed [77], but so far no Mendelian Randomization study has been
conducted to improve causal inference.
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Less epidemiological studies have been conducted to elucidate whether leptin
may play a mediating role in the association between obesity and other types of
cancer, and the few studies on breast cancer, endometrial cancer and pancreatic
cancer were not conclusive so far [69].

4.3 Other Adipokines

There is limited evidence on the association between pre-diagnostic concentrations
of other adipokines such as resistin and cancer incidence. Resistin is a relatively
newly discovered adipokine that may mediate the association between obesity and
cancer through insulin and inflammatory pathways [76]. In the WHI, resistin was
associated with nonsignificantly higher risk of colorectal cancer but the positive
association was mainly accounted for by insulin concentrations [75]. With respect
to postmenopausal breast cancer, no associations with resistin were observed [60].
In a cohort of male smokers, no association between resistin and risk of renal cell
carcinoma was reported [61]. The investigation of the role of novel adipokines
deserves further attention in future research in obesity and cancer.

5 Inflammatory Markers

There is convincing evidence that obesity is associated with chronic low-grade
inflammation triggered by adipocyte-derived production of pro-inflammatory
cytokines (e.g., tumor necrosis factor alpha, interleukin-6) which stimulate the
hepatic secretion of acute-phase proteins, such as C-reactive protein (CRP) [4]. In
1863 Rudolf Virchow postulated inflammation as the origin of cancer based on his
clinical observations that cancer often arises from sites of local chronic inflam-
mation, which is observed also nowadays [78]. There is plausible evidence that
chronic inflammation plays an etiologic role in colorectal carcinogenesis, as it has
been consistently observed that individuals with chronic inflammatory bowel dis-
eases have a higher risk of colorectal cancer [79, 80]. In addition, the use of aspirin
and other anti-inflammatory drugs has been associated with a lower risk of col-
orectal cancer, which gives further support for a role of inflammation in colorectal
carcinogenesis [81–84]. Obesity-associated chronic low-grade inflammation [4]
may play an important role in colorectal carcinogenesis through fostering cell
proliferation, cell survival and migration [85]. Therefore, at least part of the positive
association between obesity and colorectal cancer may be explained by inflam-
matory processes. In support of this hypothesis, it was shown that diet-induced
weight loss reduced chronic inflammation in the colorectal mucosa of obese indi-
viduals accompanied by downregulation of inflammatory and cancer gene pathways
[86]. A number of epidemiological studies investigated the association between
biomarkers of chronic inflammation, particularly CRP and colorectal cancer risk.
High blood concentrations of CRP have been associated with moderately higher
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CRC risk in several prospective studies [87–89] including in the EPIC study [90].
However, findings from observational studies relating circulating CRP to cancer
risk may not necessarily reflect causal associations. Despite a prospective study
design, it is possible that pre-clinical disease leads to inflammatory processes before
symptomatic disease diagnosis, which may result in false-positive associations due
to reverse causation. Furthermore, residual confounding cannot be excluded. In a
Mendelian Randomization analysis within EPIC, genetically determined higher
CRP concentrations due to four SNPs in the CRP gene were associated with higher
risk of colorectal cancer, which is in line with the hypothesis that CRP plays a
causal role in colorectal carcinogenesis [91]. Interestingly, very similar results were
obtained in a Mendelian Randomization study employing 20 CRP-related SNPs
within a US cohort with colorectal cancer, whereas no association was observed for
breast cancer [92]. Genetically determined higher CRP concentrations were not
associated with higher risk of overall cancer in another Mendelian Randomization
analysis [93]. However, all these studies had limited sample size for deriving robust
evidence from Mendelian Randomization. Therefore, larger Mendelian Random-
ization studies on inflammatory markers and cancer risk are warranted. Other
inflammatory cytokines such IL-6 have been less often investigated, but a
meta-analysis of six prospective studies of circulating IL-6 found a borderline
statistically significant positive association with colorectal cancer risk [94].

There is less evidence for inflammatory markers playing a role in other types of
obesity-related cancer. However, in the EPIC study, pre-diagnostic concentrations
of both IL-6 and CRP were positively associated with hepatocellular carcinoma
[63]. Furthermore, in the WHI, CRP was associated with higher risk of post-
menopausal breast cancer and the association between BMI and postmenopausal
breast cancer was substantially attenuated after adjusting for CRP, which indicates a
mediating role in the obesity–breast cancer association [60].

6 Mediating Effect of Biomarkers in the Obesity–Cancer
Association

Although there is a variety of studies investigating specific obesity-related
biomarkers and their association with cancer incidence, only few investigations
took various biomarkers in the obesity pathway simultaneously into account and
formally examined their mediating role in the obesity–cancer association.

In a case–cohort analysis within the WHI, the mediating effects of estradiol,
insulin and CRP in the association between obesity and risk of postmenopausal
breast cancer were evaluated [60]. The results showed that the association between
BMI and breast cancer risk was completely attenuated after adjustment for circu-
lating estradiol, insulin and CRP, with insulin and CRP being the most important
mediators. In another case–cohort investigation of the WHI, the positive association
between waist circumference and risk of colorectal cancer was by 50 % attenuated
after adjustment for leptin and insulin concentrations [75]. These first investigations
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taking the large spectrum of biomarkers simultaneously into account give important
insights into which factors are the most promising targets for prevention of
obesity-associated cancer morbidity. More such comprehensive analyses are
warranted.

7 Conclusions

The molecular epidemiologic research of the past decades has provided important
insights into potential metabolic mechanisms linking obesity with higher risk of
cancer. However, as to date, the underlying mechanisms of the obesity–cancer
association are not fully understood. The metabolic pathways insulin/IGF-1,
sex-steroid hormones, adipokines and inflammation are likely to explain part of the
positive association between obesity and higher risk of certain types of cancer. The
insulin/IGF-1 axis has been implicated to play an important role in the association
between obesity and risk of pancreatic, colorectal and prostate cancer.
Obesity-associated pre-diagnostic elevations of endogenous sex-steroid hormone
concentrations, in particular estrogen and progesterone, play an important role in
postmenopausal breast cancer and endometrial cancer. The adipokines adiponectin
and leptin and adipocyte-mediated chronic low-grade inflammation represented by
the acute-phase CRP may explain a substantial part of the association between
obesity and risk of colorectal cancer. Whether these obesity-related biomarkers
really play a causal role in carcinogenesis deserves further investigation, ideally
through adequately powered Mendelian Randomization studies utilizing knowledge
on genetic determinants of obesity-related biomarkers derived from genome-wide
association studies. In addition, more studies investigating various implicated
obesity-associated biomarkers simultaneously in order to quantify their individual
mediating role will pave the way for targeted pharmacological or lifestyle inter-
ventions aiming at obesity-associated cancer prevention through modification of the
most important biomarkers.
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of Obesity on Cancer Risk:
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Abstract
Multiple epidemiological studies demonstrated that overweight and obesity
significantly increase the risk of several types of cancer. As the prevalence of
obesity is dramatically rising, it is expected that it will represent one of the major
lifestyle-associated risk factors for cancer development in the near future.
Numerous recent studies expanded knowledge about key players and pathways,
which are deregulated in the obese state and potentially promote cancer
initiation, progression and aggressiveness via remote and local effects. These
players include (but are not limited to) insulin/IGF, adipokines and inflammatory
signaling molecules as well as metabolites. Nevertheless, the detailed mecha-
nisms linking obesity and malignant transformation at the systemic, cellular and
molecular level still demand further investigation. Additionally, dysfunctional
molecular metabolic pathways appear to be specific for distinct cancer entities,
thereby yet precluding definition of a common principle. This chapter will
present an overview of the current knowledge of molecular nodes linking obesity
and cancer and will briefly touch upon potential therapy options addressing
metabolic cancer etiologies.
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1 Introduction

The worldwide prevalence of overweight and its severe form obesity has reached
pandemic dimensions with nowadays 500 million people being obese. In addition
to its negative impact on quality of life and physical fitness, obesity commonly
progresses into deleterious and often fatal pathologies, including type 2 diabetes,
cardiovascular diseases and several types of cancer [1–3].

A causal connection between adiposity and increased cancer risk has been
hypothesized based on obvious evidence from multiple epidemiological studies [4].
Notably, the tumor-promoting effects of excess body weight vary between distinct
cancer entities and genders [4]. Additionally, several components of obesity might
be independent risk factors, including elevated body weight per se as indicated by
the BMI, but also weight gain and body fat distribution [5–8]. Thus, multiple
mechanisms appear to be involved in obesity-associated cancer development.

Already in the early 1950s, first experimental evidence for an obesity-driven
promotion of breast cancer appearance resulted from animal studies [9]. Numerous
studies have since then been performed, which contributed significantly to under-
standing the risk connection between increased body weight and tumor develop-
ment. However, a universal concept mechanistically defining the metabolic etiology
of cancer still seems to be far from being achieved. As numerous players have been
identified to date, it is questionable that a general mechanism exists which can
explain the interconnection of obesity and cancer. It is rather very likely that the
collective of pathophysiological changes in body homeostasis that occur during
obesity cumulatively increase cancer risk. In essence, these changes can be grouped
into altered inter-tissue cross talk on the one and generation of a tumor-promoting
metabolic profile on the other hand. As a consequence, several hormones and
metabolites display abnormal levels in the circulation and in the tumor microen-
vironment during obesity, eventually promoting tumor cell growth and
invasiveness.

In this chapter, we will review the current state of the art, concerning the
pathophysiological alterations caused by adiposity, which are potential molecular
mediators of metabolic tumor promotion.
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2 Tissue Communication

Communication between tissues and cells in our bodies occurs via hormones,
cytokines and metabolites that are sensed through a variety of cellular mechanisms.
Inter-tissue cross talk is vital for proper function of a biological system. As a
consequence, dysfunction of tissue communication precipitates into various
diseases.

Obesity primarily affects the white adipose tissue, which faces the challenge of
dealing with a constant energy surplus and thus lipid overload of the adipocytes and
eventually pathological expansion and cell death. Beside the adipocyte fraction, the
tissue consists of several cell types with distinctive functions, as a whole summa-
rized as stromal vascular fraction (SVF). The SVF, which contains, e.g., progenitor
cells as well as cells of the immune system, has specific functions for adipose tissue
integrity and thus is crucial for energy homeostasis. Dysfunctional adipocytes exert
effects on cells of the SVF, such that the function of both adipose tissue fractions is
compromised during obesity. The pathological consequences of adipose tissue
dysfunction and their implications for cancer are outlined below.

2.1 Adipose Tissue

2.1.1 Endocrine Effects of Adipose Tissue
Adipose tissue is not considered being solely a calorie-storing depot. Nowadays it is
seen as a huge endocrine organ that secretes a multitude of bioactive factors
(adipokines), thereby locally and remotely regulating energy homeostasis on mul-
tiple levels [10]. In an obese setting, the body fat mass is not only markedly
increased, but adipose tissue becomes also functionally impaired upon overloading
of adipocytes with lipids and massive invasion of immune cells. As a result, adipose
tissue dysfunction manifests in an altered signature of adipokines, particularly in
visceral adipose tissue. Changes in the adipokine profile during obesity are
exemplified by elevated release of leptin, resistin and pro-inflammatory cytokines,
as well as reduced secretion of adiponectin [11]. Strikingly, certain cancer cells
express adipokine receptors in high amounts and are therefore particularly
responsive to an altered adipose secretome. The molecular pathways affected by
adipokine signaling and their implications for tumor development, progression and
metastasis thus required further discussion.

Leptin
Leptin is a 167 amino acid peptide hormone that activates anorexigenic and inhibits
orexigenic neurons in the hypothalamus, and increases the sympathetic tone,
thereby controlling food intake and energy expenditure, respectively [12].
Loss-of-function of one of the genes encoding either leptin (OB) or its receptor
(LEPR, OB-R) results in severe hyperphagia in mice and men, and consequently
leads to development of extreme obesity [13]. Leptin levels in the blood are

Biological Mechanisms for the Effect of Obesity … 221



proportional to the amount of (visceral) adipose tissue. As a consequence of leptin
resistance during obesity, the production and secretion of leptin are dispropor-
tionately increased, thereby precipitating in a vicious circle of progressively
aggravating hyperleptinemia.

The leptin receptor is abundant in a number of peripheral tissues. Notably,
malignant cells frequently express particularly high levels of OB-R. In line with
this, specific SNPs in the leptin receptor gene were linked to an enlarged risk of
certain cancers [14], altogether highlighting the significance of leptin signaling for
tumor development. Despite being obese, leptin-deficient ob/ob mice were pro-
tected from developing specific types of cancer, whereas other tumors occurred
more frequently, indicating that leptin has a role in a specific subset of
obesity-associated cancer entities [15].

Epidemiologic studies indicate a connection between elevated circulating leptin
levels and occurrence of (postmenopausal) breast cancer [16]. Furthermore, plasma
leptin concentration is significantly correlated with poor clinical outcome in breast
cancer [17]. Importantly, leptin plays a role in development of the mammary gland
and the leptin receptor is thus highly expressed in mammary epithelia [18]. In the
majority of human mammary tumors, leptin as well as leptin receptors is overex-
pressed, which provides an explanation for the increased breast cancer risk in obese
women [18, 19]. Concordantly, ablation of leptin signaling suppressed tumor
development in murine breast cancer models [20–22]. Given that obesity is a risk
factor mainly for postmenopausal breast cancer, whereas obese young women seem
rather to be protected from malignancies of the breast, increased leptin signaling is
unlikely to be the sole reason for risk enhancement. At least in specific subtypes of
mammary tumors in elderly women, leptin might work in synergy with estrogen,
which is produced in high amounts by adipose tissue after menopause (see below).
Notably, leptin potentially induces adipose tissue aromatase activity, resulting in an
increased production of estrogen [17].

A connection between leptin and cancers of the gastrointestinal tract has been
proposed based on several studies involving human samples. Specifically, leptin
receptor expression has been observed in human colon cancer cell lines as well as
colon biopsies and resected colonic adenocarcinomas [23, 24]. Besides promoting
proliferation and migration/invasion, leptin-induced metabolic reprogramming by
inhibition of mitochondrial respiration has been observed in human colon cancer
cell lines [25], which is in accordance with observations that have been made earlier
in a breast cancer mouse model [26]. Notably, whereas circulating leptin levels
were found to be decreased in colon cancer patients, they were negatively correlated
with tumor aggressiveness [27]. It is unclear though if decreased serum leptin levels
in patients with aggressive colon cancer were secondary effects caused by the tumor
disease, e.g., upon cancer-associated weight loss.

More recently, leptin signaling has been shown to be involved in pancreatic
cancer by in vitro and in vivo studies. While pancreatic tumor cells were shown to
express distinct isoforms of the leptin receptor, leptin accordingly stimulated tumor
growth, migration and metastasis formation [28, 29]. Clinical relevance of these
observations still needs to be demonstrated.
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Evidence exists that leptin also promotes growth and invasiveness of cholan-
giocarcinomas, gliomas and thyroid tumors [30–32]. However, epidemiological
data supporting an association between obesity and these tumor entities are yet
lacking.

Leptin signaling has been recently reported to be centrally involved in the
development of chemotherapy resistance in glioblastoma, gastrointestinal- and
breast cancer [33–35], thereby worsening the clinical outcome of anticancer ther-
apies in obese subjects. Importantly though, a present study provides evidence for
an increased response of colon cancer patients with high circulating leptin to
treatment with Vascular Endothelial Growth Factor (VEGF) inhibitors [36]. Alto-
gether, these data indicate that leptin levels might be an indicator for therapeutic
responsiveness, thereby representing a potential biomarker for patient stratification.

Leptin acts via a group of signal transduction pathways that have been shown
previously to have tumor-promoting effects [32, 37]. Upon binding by its ligand,
OB-R induces several intracellular signaling pathways through interaction with the
cytoplasmic kinase janus kinase (JAK) 2. Whereas the short receptor isoforms
activate PI3K-Akt signaling via phosphorylation of insulin receptor substrates
(IRS), the long isoform (OB-Rb) induces phosphorylation of the mitogenic tran-
scription factor signal transducer and activator of transcription (STAT) 3. In
addition, leptin induces MAP kinase signaling pathways and promotes neovascu-
larization through activation of angiogenetic factors. In colonic epithelial cells,
leptin treatment resulted in p42/44 MAP kinase activation, thereby inducing their
proliferation in vitro and in vivo [23]. Furthermore, migration and invasiveness of
colon cancer cell lines derived from particularly aggressive human tumors were
potentiated by leptin-dependent stimulation of PI3K and Src signaling pathways,
which subsequently activated Rho GTPases, Cdc42 and Rac1 [24]. In pancreatic
cancer cells, leptin was able to promote proliferation and migration through acti-
vation of PI3K-AKT signaling and enhanced expression of matrix
metalloproteinase-13 [28, 29].

Altogether, clinical and experimental evidence exists that leptin signaling affects
a large number of distinct tumor entities, thus being one of the foremost links
between obesity and cancer risk. On a cellular level, leptin promotes signaling
pathways involved in proliferation, survival, migration and angiogenesis, as well as
inhibition of apoptosis, all of which are key determinants of tumor development and
progression.

Adiponectin
Adiponectin is a 244 amino acid peptide secreted by adipocytes. It exists in several
multimeric forms and induces signaling via its two receptor isoforms [38]. By
augmenting the insulin response, adiponectin contributes to coordination of glucose
and lipid metabolism [39]. Adiponectin secretion is induced by oxidation of fatty
acids. In line with this, obese adipose tissue usually displays a markedly reduced
adiponectin production [40]. Given its beneficial effects on insulin sensitivity and
its inverse correlation with body weight, adiponectin is considered the “good guy”
among the adipokines.
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Several epidemiological studies provide evidence for a tumor-suppressing action
of adiponectin, since its levels inversely correlate with cancers of the colon,
mammary gland, endometrium and kidneys [41–43]. Accordingly, a high
leptin/adiponectin ratio has been associated with poor survival in colorectal cancer
patients [44]. Kaklamani et al. [45] found specific SNPs in the adiponectin and
adiponectin receptor gene loci to be associated with either increased or decreased
colorectal cancer risk in Caucasians. A recent meta-analysis provided evidence for
an association of three SNP in the adiponectin gene with colorectal cancer in
Asians, whereas there was no evidence for a significant correlation in the white
ethnicity [46]. Overall, efforts to identify adiponectin SNPs associated with
increases colorectal cancer risk provided inconsistent results to some degree [47].
Thus, significance of the proposed association remains a matter of debate.

Epidemiological evidence is supported by in vitro studies, demonstrating that
adiponectin has anti-proliferative effects on distinct cancer cell lines [48, 49]. These
data were confirmed by observations obtained in vivo using tumor mouse models.
Growth of various subcutaneous and chemically induced tumors was promoted in
adiponectin knockout mice, which particularly was observed under high-fat diet
feeding [50, 51]. In line with this finding, adiponectin administration inhibited
epithelial proliferation and development of neoplastic foci in colons of obese
adiponectin-deficient mice [51]. In breast cancer mouse models, adiponectin hap-
loinsufficiency resulted in early onset of mammary tumors as well as faster pro-
gression and enhanced metastasis formation compared to control animals [52].

Although the exact mechanisms underlying its protective function are still a
matter of investigation, several mechanisms of anti-carcinogenic action of adipo-
nectin have been convincingly demonstrated, including but not limited to restriction
of macrophage recruitment [50], AMPK and LKB1 activation [49, 53], as well as
inhibition of mTOR, STAT3 and AKT pathways [51, 52, 54]. Overall, the bio-
logical functions of adiponectin antagonize specific aspects of leptin action.

Others
The VEGF family controls development of the vascular system during embryo-
genesis and induces angiogenesis in response to hypoxia. In solid cancers, VEGF is
frequently highly expressed to promote vascularization, thereby ensuring nutrient
and oxygen supply, which is vital for tumor growth. Consequently, the VEGF
pathway is one of the most promising therapeutic targets in oncology. VEGF- and
VEGF-receptor-directed therapies are available on the market and approved for
treatment of renal, prostate, pancreatic and gastrointestinal tumors. Treatment of
further cancer entities is currently being tested in phase II and III studies [55].

Adipose tissue is an important source for circulating VEGF, and leptin activates
VEGF expression (see above). As hypoxia occurs in obese adipose tissue, neo-
vascularization is required, resulting in enhanced VEGF expression [56]. In con-
sistency with this, circulating VEGF levels were twofold elevated in centrally obese
versus normal weight subjects and VEGF expression was significantly upregulated
in visceral compared to subcutaneous adipose tissue in the obese group [6]. Fur-
thermore, VEGF serum levels were elevated in a mouse model of postmenopausal
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obesity concomitant with enhanced growth of orthotopically implanted breast
tumors compared to lean controls. Notably, in this study, VEGF expression in the
subcutaneous adipose tissue was found to be higher than in visceral fat [57].
Conditioned media from visceral adipose tissue obtained from obese donors sig-
nificantly promoted proliferation of esophageal adenocarcinoma and colorectal
carcinoma cell lines, which was rescued by neutralization of VEGF using a specific
antibody [6]. In genetically obese mice, VEGF signaling is involved in adipose
tissue inflammation, which has additional implications for obesity-linked tumor
promotion [58]. Altogether, these data suggest tumor-promoting actions of adipose
tissue-derived VEGF through angiogenesis induction and beyond.

In summary, adipose tissue secretes a pattern of bioactive molecules, with
implications for tumor development and/or progression as they control signaling
pathways involved in cell proliferation, angiogenesis and migration. The compo-
sition of the adipose tissue secretome depends on the metabolic health of the
adipose organ. A considerable number of studies have revealed potential molecular
mechanisms that could explain how alterations in leptin and/or adiponectin levels
might increase cancer risk in an obese setting. As these adipokines have basically
antagonistic functions, not only their absolute levels might be of relevance for
tumor development, but also their ratio should be taken into account. It should be
noted that adipose tissue secretes a number of further molecules (e.g., resistin,
visfatin, nesfatin, lipocalin-2 and others). Although they have not yet been as
intensively investigated with respect to cancer as the above described factors,
changes in their serum levels have been associated with cancer development. For
example, high levels of resistin have been observed to correlate with tumor and
inflammatory markers, but not with anthropometric variables in a breast cancer
cohort [59]. Moreover, adipocytes secrete pro-inflammatory cytokines, which are
discussed in detail below. Altogether, it might be worth considering the entire
adipokine signature of an individual as prognostic factor to assess cancer risk and
the clinical outcome [60]. In addition, obesity and insulin resistance are associated
with increased circulating levels of adipose tissue-derived fatty acids and other lipid
species, which can serve as substrates for enhanced tumor growth (see below).

2.1.2 Cancer-Associated Adipocytes (CAAs)
Besides the role of adipose tissue as an endocrine organ exerting systemic effects,
adipocytes are increasingly recognized as important component of the tumor
microenvironment, particularly in tumors growing in close proximity to adipocytes
[61]. For instance, human and murine breast cancer cells showed increased invasive
capacity when co-cultivated with mature adipocytes [62]. Conversely, the adipo-
cytes exposed to the tumor cells exhibited a modified phenotype favoring delipi-
dation and overexpression of proteases, including matrix metalloproteinases 11 and
proinflammatory cytokines such as interleukin (IL)-1beta and IL-6, the latter of
which was shown to contribute to the proinvasive effects in tumor cells. Impor-
tantly, the presence of such modified adipocytes was shown in human breast tumors
and tumor size was associated with increased IL-6 expression in the surrounding
adipocytes [62]. In a recent study, the secretion of the chemokine CCL7 by
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periprostatic adipose tissue was found to be enhanced during obesity. Elevated
CCL7 levels stimulated directed migration of CCR3-positive prostate cancer cells.
As a result, obese individuals are at higher risk of particularly aggressive forms of
prostate cancer [63]. Notably, CCR3 expression was associated with poor prognosis
in human patients [63]. Thus, even in tumor entities without an obvious correlation
between obesity and tumor risk, exemplified by prostate cancer, adipocytes in the
tumor microenvironment potentially affect disease progression by secretion of
pro-inflammatory mediators.

2.2 Other Tissues

2.2.1 Insulin and IGF Signaling
Constantly elevated levels of circulating insulin as a consequence of the develop-
ment of insulin resistance, which can be observed in the majority of obese indi-
viduals, are associated with progression and aggressiveness of several types of
cancer [64, 65]. This relationship has been validated in a vast number of studies
using animal models of hyperinsulinemia and insulin resistance [66]. Likewise,
levels of the insulin-related peptide hormone insulin-like growth factor (IGF) 1
were interpreted as biomarkers for cancer development [67]. Notably, insulin
induces hepatic IGF1 expression in a growth hormone-dependent manner, and
enhances IGF1 bioavailability by repression of IGF binding proteins [4, 64]. Thus,
hyperinsulinemia goes hand in hand with elevated circulating IGF1 levels.

Insulin and IGFs activate heterotetrameric tyrosine kinase receptor complexes,
namely insulin receptor (IR) and IGF1 receptor (IGF1R), respectively. Whereas
IGF1R is ubiquitously expressed and activates proliferative and anti-apoptotic
pathways, IR expression is mainly found in rapidly dividing cells (isoform A) as
well as metabolically active tissues, including liver, muscle and adipose tissues
(isoform B). Thus, IR-B mediates the metabolic functions of insulin. Importantly,
the mitogenic IR-A and IGF1R were found to be highly expressed in tumor cells
[68]. Due to their high homology, IR and IGF1R potently form hybrid receptors.
Notably, IGFs have a substantially higher affinity to IR/IGF1R hybrids than insulin,
resulting in IGF1 occupation and consequently enhanced proliferation of cells
expressing both receptors. Consistently, accumulation of hybrid receptors is char-
acteristic for several cancer types [64, 68].

The major downstream effectors of IR/IGF1R are the PI3K/AKT and MAPK
signaling pathways. Whereas PI3K mediates metabolic functions of insulin in liver,
muscle and adipose tissue, both pathways have been linked to proliferation in
various cancers [64]. As these pathways can be targeted with small molecule
inhibitors, they became attractive for specific anticancer therapies. Inhibiting the
PI3K/AKT/mTOR axis resulted in reduced growth of mammary tumors in hyper-
insulinemic mice in a similar way as previously demonstrated for tyrosine kinase
inhibitors blocking IR/IGF1R activity [69–71]. Of note, the anti-diabetic drug
metformin, which among other effects activates AMPK and inhibits mTOR, and
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eventually attenuates hyperinsulinemia, has been shown to suppress tumor activity
[72].

2.2.2 Signaling via Sex Hormones
Sex hormones are involved in specific cancer entities, exemplified by the impli-
cations of estrogen and androgen signaling in breast and endometrial, as well as
prostate cancer, respectively. Obesity increases the risk of development of post-
menopausal breast cancer, whereas the risk of premenopausal breast cancer appears
to be reduced [73]. It is evident that the adipokine leptin, which correlates with the
grade of obesity, is involved in breast cancer development and progression.
However, an exclusive role of leptin is unlikely, given the apparent protective
function of obesity in the context of premenopausal breast cancer. After meno-
pause, adipose tissue is the main source for estrogen production. Thus, circulating
levels of estrogens directly correlate with the amount of body fat. Moreover, in
obese adipose tissue, expression of aromatase, the enzyme that converts androgens
to estrogens is further induced by excess of pro-inflammatory cytokines, thereby
further promoting hyperestrogenemia [74]. Notably, obese women are at higher risk
of developing mammary tumors derived from cells that express the estrogen
receptor (ER-positive breast cancer), which applies to a high number of post-
menopausal breast cancers [75]. Estrogens have many modes of action, which could
contribute to tumor promotion, including mitogenic effects, mediation of genetic
instability and inhibition of apoptosis [76].

Androgens play a key role in prostate cancer development and progression.
According to epidemiological studies, there is no significant increase in relative
prostate cancer risk in obese men [4]. This is in line with the observation that
obesity correlates with low testosterone and sex hormone-binding globulin levels
[77]. However, disease progression and mortality are significantly enhanced in
obese patients [4]. In this context, a recent study has demonstrated that periprostatic
adipose tissue-derived inflammatory signals might determine aggressiveness and
invasiveness of prostate tumors under obese conditions (see above and [63]).

2.2.3 Immune Cells and Pro-inflammatory Signaling
Whereas the immune system has significant tumor-suppressing functions, cancer
often develops in local environments where persistent inflammation occurs [78].
Chronic inflammatory states generally have pro-tumorigenic potential as they
promote proliferation and cell survival by inducing mitotic and anti-apoptotic
pathways [79]. Moreover, tumors frequently exhibit characteristics that are typically
associated with inflammatory processes including activation of pro-inflammatory
signaling pathways, angiogenesis and tissue remodeling [79].

Obese adipose tissue undergoes a substantial remodeling process. In this context,
massive infiltration of adipose tissue by cells of the innate immune system takes
place. Indeed, formation of distinctive “crown-like structures” by macrophages
surrounding dying adipocytes is a hallmark of adipose tissue inflammation during
obesity [80, 81]. Moreover, whereas adipose tissue-resident macrophages pre-
dominantly exhibit an anti-inflammatory M2 phenotype under lean conditions,
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pro-inflammatory M1 polarized macrophages become more abundant during obe-
sity. Macrophage reprogramming might be driven by free fatty acids and inflam-
matory mediators released from dysfunctional adipocytes [82]. Enhanced secretion
of an array of pro-inflammatory cytokines by immune cells and adipocytes can be
observed in an obese setting. Specifically, release of tumor necrosis factor (TNF) a,
interleukin (IL)-1beta and IL-6, as well as CC-chemokine ligands (CCL), is
markedly increased during obesity, thereby aggravating adipocyte dysfunction and
promoting systemic insulin resistance [82–84]. Altogether, under obese conditions,
infiltration of adipose tissue by macrophages, mast cells and lymphocytes, as well
as alterations in the adipose tissue secretome, precipitates into a persistent local and
systemic subclinical inflammatory state.

Pro-inflammatory cytokines have been shown to be involved in tumor devel-
opment and/or progression, thus providing a possible direct link between adipose
tissue inflammation and cancer. Notably, they also induce expression of
chemokines and prostaglandins, resulting in recruitment and activation of immune
cells, ultimately establishing an inflammatory feed-forward mechanism [78]. TNFa
promotes tumor progression through activation of transcription factors controlling
proliferative and anti-apoptotic pathways, particularly NF-jB and AP-1 [78, 85]. It
has been also shown to be involved in mutagenesis and epithelial to mesenchymal
transition, the latter of which is a critical event in metastasis formation [86]. IL-6
promotes expression of genes involved in oncogenic pathways, mainly via
Jak-STAT activation [85]. In this context, the Karin laboratory demonstrated that
TNFa and IL-6 directly promote tumor growth in a STAT3-dependent manner in a
carcinogen-induced liver cancer mouse model. Notably, the tumor-promoting effect
of pro-inflammatory signaling was amplified in obese animals. Accordingly, loss of
either the IL-6 receptor or TNF receptor 1 largely prevented tumor development
even under obese conditions [87]. A more recent study demonstrated that under
obese conditions, HCC was promoted through stabilization of the E3 ligase Mcl-1.
Of note, IL-6 regulates Mcl-1 turnover, which was disrupted during obesity,
resulting in an IL-6 independent HCC promotion in obese mice [88]. TNFa sig-
naling was found to be central for progression of PanIN lesions toward pancreatic
cancer in obese mice, supporting a general role of pro-inflammatory signaling in
obesity-associated tumor development [89].

Specific tumor-suppressing immune cells are quantitatively reduced during
obesity, which has implications for cancer risk. In mice and men, obesity is asso-
ciated with dysfunction of the innate and adaptive immune system, which manifests
for instance in reduced numbers of natural killer (NK) and cytotoxic CD8+ T cells
[86]. These cells have direct antitumor effects as they mediate cytotoxicity to cancer
cells [78]. In line with this, exercise was shown to induce infiltration of distinct
tumors by NK cells, thereby inhibiting tumor growth [90]. Additionally, a reduction
in regulatory T (Treg) cells could be observed in the abdominal fat of obese mice
and humans [91]. Whereas Treg cells play a role in immune evasion of tumor cells,
they probably have antitumor function as well as suppressive effects on chronic
inflammatory states.
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Several other types of immune cells have tumor-promoting or tumor-suppressing
activities, including neutrophils, B-lymphocytes and T-helper cells [78]. It still
needs to be shown in detail if and how these cells are affected by obesity and may
link metabolic dysfunction to cancer manifestation.

3 The Gut Microbiome

Microorganisms have been threatening human health at all times. While
bacteria-associated infectious diseases have mostly lost their terror due to the dis-
covery of vaccination and antibiotics, microbes have gained attention as pathogens
also in non-communicable diseases. In this context, a number of bacterial species
have been designated as carcinogenic [92].

The vast majority of the human microbiota resides in the digestive tract, which
provides optimal growth conditions for various bacterial species, e.g., constant
temperature and availability of nutrients. Actually, the gastrointestinal tract of an
average healthy adult contains more than 1 kg of bacterial mass [93]. Metagenomic
analyses based on 16S rRNA sequences have revealed an unexpectedly high
complexity of gut bacterial communities and that their composition depends on
several parameters [94]. The symbiotic relationship between the intestinal micro-
flora and its host results in mutual benefits for both organisms.

As gut-resident bacteria are involved in digestion and absorption of macronu-
trients, they have a key function in regulating metabolism of their host. However,
despite being generally advantageous and health promoting for the host, the gut
microbiota might as well contribute to several pathologies. In the other direction,
metabolic status and diet composition potentially have significant impact on the
composition of the intestinal microflora [95–97]. While Firmicutes and Bac-
teroidetes are the most abundant bacterial phylae under healthy conditions, Enter-
obacteriaceae were found to be enriched in the intestinal tracts of obese humans and
rodents [98]. This family of Proteobacteria, which is hardly detectable in healthy
microbiomes, is known to release large amounts of lipopolysaccharide (LPS),
thereby locally and systemically leading to a pro-inflammatory milieu [99].
Accordingly, circulating LPS levels were found to be 2–3 times elevated in obese
mice compared to lean controls [100]. Thus, by constantly triggering an innate
immune response, a modified gut microbial community potentially might contribute
to the low-grade chronic inflammatory state that is observed under obese
conditions.

Obesogenic diets that contain high amounts of fat while being poor in fiber were
reported to cause lowering of microbial diversity (dysbiosis) in the gut, which has
been linked to cancer [101, 102]. In line with this, transfer of wild-type microbiota
to dysbiotic mice reduced tumor burden in a colorectal cancer model [102].
Notably, eradication of the microbiota through germ-free housing or antibiotic
treatment resulted in tumor reduction in various rodent models of colorectal cancer,
leading to the assumption that no microflora at all might be better than dysbiosis
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[101]. As inhibitory effects of gut microbiota elimination could be observed on
tumors of the liver, the lung and the mammary gland, it is plausible that intestinal
bacteria also potentially promote remote oncogenesis [101].

Specific gut-resident microbes break down dietary fiber into bioactive
short-chain fatty acids (SCFA), mainly acetic, propionic and butyric acid. Whereas
butyrate can be used by colonocytes as an energy substrate, SFCA are generally
known to have anti-inflammatory effects [103, 104]. Moreover, butyrate was shown
to have tumor-suppressing functions in neoplastic colon cells under defined dietary
and microbial conditions [105]. By contrast, in colonocytes with mutations in the
Msh2 and Apc genes, butyrate production by microbes resulted in enhanced pro-
liferation [106]. Furthermore, gut bacteria have important functions in bile acid
metabolism. It has been recently demonstrated that mice fed a high-fat diet
exhibited elevated levels of the secondary bile acid deoxycholic acid (DCA),
concomitant with significant alterations of the gut microbiota [107]. It has been
shown in the same study that DCA promotes development of hepatocellular car-
cinomas through induction of DNA damage, which could be prevented by antibi-
otic elimination of gut bacteria [107]. The carcinogenic effect of DCA can be at
least partially explained by its cytotoxic and genotoxic potential [108]. Thus, dis-
rupted bile acid homeostasis provides another connection between obesity, gut
microbiota and cancer.

It is accepted that the connection between dysbiosis and cancer is caused not
only by toxic actions of specific pathogens, but also by an impaired host–microbe
interaction. However, the underlying molecular mechanisms are only partially
resolved. Dysbiosis potentially results in barrier failure of the intestinal mucosa and
subsequent inflammatory response. It has been hypothesized that a healthy
microflora (eubiosis) might at a low-level activate receptors of the innate immune
system, which are presently in the focus of tumor-suppressing immune therapies
[109]. It is questionable though, if the degree of activation of the innate immune
response is sufficient to induce anti-tumor effects [101]. Also, this is somewhat
counterintuitive and contradictory to the tumor-promoting effects of LPS, which
acts through stimulation of the innate immune system. Also, in disagreement with
the hypothesis that induction of a (low level) innate immune system response could
exert anti-tumorigenic effects, activation of Toll-like receptors resulted in pancreatic
inflammation and subsequent carcinogenesis [110].

There is consensus that the gut microbiota contributes to health and disease in
many respects. By mediating inflammatory responses, accumulation of toxic
compounds, and/or provoking barrier failure, a dysbalanced microbiota might link
obesity to certain cancers. Regardless of whether alterations of the microbiota are
cause or consequence of obesity, promoting a healthy microbiome composition in
the gut might not only help to maintain general wellbeing, but also could provide to
a certain degree protection from cancer. Thus, diets rich in fiber as well as pre- and
probiotic nutritional supplementation should always be taken into account when we
think about lifestyle modifications aiming toward cancer prevention.
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4 Tumor Cell Metabolism

Already in the 1920s, the German biochemist Otto Warburg hypothesized that a
metabolic switch from respiration to increased glucose consumption for lactic acid
fermentation (a process termed aerobic glycolysis or the Warburg effect) represents
a main event in the transformation of a normal to a tumor cell and that cancer cells
could be defeated by targeting their energetic requirements [111]. Although widely
neglected for a long period of time, the field of cancer metabolism achieved
enormous attention by researchers in the past decade. Consequently, Warburg’s
concept mainly focused on increased glucose consumption has been extended by
the definition of a plethora of specific changes referred to as the metabolic repro-
gramming of cancer cells [112]. As both direct and indirect consequence of
oncogenic mutations, cancer cell metabolism is considered a prerequisite for
maintaining viability and fulfilling the biosynthetic demands associated with cell
proliferation. However, the precise metabolic program of cancer cells might depend
on their specific oncogenic mutations, the tissue context and other factors, including
macro- and microenvironmental components. Nevertheless, most cancer cells dis-
play several of the six hallmarks of cancer metabolism, which have been defined in
a recent review based on known cancer-associated metabolic changes [112]. Some
of the metabolic features of cancer cells might contribute to the risk association
between obesity and cancer. These include (1) the increased uptake of glucose,
which might be favored by hyperglycemia under diabetic conditions, (2) the
opportunistic modes of nutrient acquisition enabling tumor cells to benefit from
increased lipid availability under obesity conditions and, at least in part related to
the latter, (3) the metabolic interactions with the environment, e.g., neighboring
adipocytes.

4.1 Hyperglycemia

As a central component of metabolic reprogramming, cancer cells take up high
amounts of glucose, which is utilized for ATP production by aerobic glycolysis and
generation of building blocks for nucleotide, amino acid and lipid biosynthesis.
This suggests that increased concentrations of glucose in the circulation (hyper-
glycemia), as a hallmark of type 1 and type 2 diabetes mellitus (DM) could con-
tribute to tumorigenesis. Indeed, a number of epidemiological studies suggest that
DM is associated with higher prevalence as well as increased mortality for certain
types of cancer, including liver, pancreas, colorectal, kidney, bladder, endometrial
and breast cancers [113, 114]. Notably, type 2 diabetes represents approximately
90 % of total diabetes cases and arises from insulin resistance under obesity con-
ditions. Therefore, given that cancer occurs preferentially in the older population, in
which type 1 diabetes is less frequent, it can be assumed that the increased cancer
risk associated with DM refers to mainly to type 2 diabetes [114]. Like for obesity,
the risk connection between DM and cancer is complex and might be based on
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various mechanisms including increased levels of pro-inflammatory cytokines as
well as oncogenic effects of hyperglycemia which are not directly linked to glucose
as an energy substrate, e.g., anti-apoptosis, induced cell migration and invasion as
well as hyperglycemic memory effects [115]. However, hyperglycemic conditions
in vitro have been shown to trigger increased glucose uptake in choriocarcinoma
cells by inducing expression of the glucose transporter isoforms GLUT1 and
GLUT3 [116]. Also, hyperglycemia has been shown to contribute to
hypoxia-inducible factor (HIF)-1 alpha stabilization [117], which in turn can induce
the expression of glycolytic enzymes further enhancing glucose utilization. How-
ever, the direct effects of hyperglycemia on cancer development are widely unex-
plored, also due to technical difficulties in studying the effects of high glucose levels
on cancer in vivo without interfering with the effects of absence or induction of
insulin signaling.

4.2 Lipid Metabolism

As part of the metabolic reprogramming of cancer cells, fatty acids are generally
considered to serve as building blocks for biosynthesis of membranes and signaling
molecules, as well as to support other aspects of the transformed phenotype of
rapidly proliferating cells [118]. Consequently, there are numerous examples
showing that oncogenic pathways re-activate de novo lipid synthesis, in part
through increased expression and activation of the required metabolic enzymes,
including fatty acid synthase (FASN) [118, 119]. Along this line, inhibition of fatty
acid availability by different modes could offer novel opportunities in cancer
therapy [120].

Despite the observation that cancer cells acquired increased capacity for de novo
lipid synthesis to enable proliferation, it is conceivable that under obesity condi-
tions, the increased availability of exogenous lipids from the circulation and from
cancer-associated adipocytes could promote tumor development. In support of this
idea, Nomura et al. showed that inactivation of the lipolytic enzyme monoacyl-
glycerol lipase (MAGL) markedly impaired the tumorigenic capacity of different
aggressive human cancer cell lines representing melanoma, breast and ovarian
cancer. They identified MAGL in a proteomic analysis in which this lipase was
consistently elevated in the aggressive cell lines compared with their
non-aggressive counterparts from the same cancer entity. Knockdown of MAGL in
the aggressive or overexpression in the non-aggressive cell lines impaired or
induced oncogenic features, respectively, including migration, invasion and in vivo
growth. Strikingly, the reduced in vivo growth of xenograft tumors upon knock-
down of MAGL in the implanted cells could be rescued by feeding the mice a HFD,
suggesting a pro-tumorigenic effect of the availability of exogenous fatty acids
[121]. Another study showed that the proliferation of breast cancer and sarcoma
cells expressing Lipoprotein Lipase (LPL) and CD36 is accelerated upon treatment
with triglyceride-rich lipoproteins. Since LPL and CD36 are involved in
lipoprotein-associated triglyceride lipolysis and fatty acid uptake, respectively, this
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suggests that these cells are capable to acquire fatty acids from the circulation or
other sources to fuel their growth [122]. In addition, providing prostate cancer cells,
which are characterized by high lipogenic capacity, with LPL and TG-rich
lipoproteins prevented the growth inhibitory effects of fatty acid synthesis inhibition
[122]. Interestingly, there is also evidence that under hypoxic conditions or Ras
activation, certain cancer cells can switch from de novo lipogenesis to scavenging
of serum fatty acids to meet their lipid requirements [123]. Similarly, another study
demonstrated in a panel of cell lines and in tumors that exogenous palmitate could
be incorporated into both structural and oncogenic signaling lipids [124]. Fur-
thermore, dietary lipids potentially also act as ligands for nuclear receptor tran-
scription factors. In this context, a recent study showed that high-fat diet promotes
stemness and induced the capacity for tumor initiation of intestinal progenitor cells
via activation of PPARd and subsequent induction of WNT/b-catenin signaling
[125].

Also, more direct interactions between adipocytes and cancer cells might con-
tribute to metabolic adaptations promoting tumor growth and aggressiveness. For
instance, co-culturing of primary adipocytes with ovarian cancer cells led to the
direct transfer of lipids by induced lipolysis in the adipocytes and beta oxidation in
the cancer cells, suggesting that adipocytes can act as an energy source to promote
tumor growth [126]. Interestingly, ovarian cancer metastasis to the omentum, an
organ primarily composed of adipocytes, was induced by adipokines characterized
by induced fatty acid binding protein (FABP) 4 expression, indicating a modified
lipid metabolism phenotype.

Although further research is required to elucidate the interaction between cancer
cell metabolism and the altered metabolic macro and microenvironment in meta-
bolic diseases, the described examples might point to the implication of such
mechanisms in the connection between obesity and cancer and guide further studies
in this direction in the future.

5 Outlook and Open Questions

Obesity increases the risk of several cancer entities by triggering multiple (patho-)
physiological alterations in local and remote fashions. Given its pandemic preva-
lence, obesity is expected to become one of the main lifestyle-associated risk factors
for cancer development in the near future. Knowledge of the underlying molecular
principles will be crucial, as it will open new opportunities for “metabolocentric”
cancer treatment and prevention. Such options would include targeted therapies
affecting deregulated pathways under obese conditions, exemplified by inhibition of
inflammatory and growth factor signaling. Importantly, interventions targeting
obesity and metabolic dysfunction in a more general way might have (immediate)
effects on cancer risk independent of actual weight loss: Exercise triggers the
release of potentially tumor-suppressing myokines, such as oncostatin and SPARC
[127, 128]. Bariatric surgery instantly results in metabolic improvements
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independent of body weight loss, including elevated adiponectin levels and alle-
viation of hyperinsulinemia [129–131]. Pre- and probiotics could be an option for
supporting a healthier intestinal microflora [132]. Noteworthy, transplantation of
healthy microbiota showed antitumor effects at least in murine cancer models [102].
Major future challenges will include the tumor entity-specific definition of meta-
bolic complications and/or obesity-associated comorbidities, including type 2 dia-
betes, insulin resistance and dyslipidemia that determine increased tumor
progression and/or aggressiveness in affected patients. Of particular interest will be
the question to which extend metabolic dysfunction cannot only trigger tumor
promotion but might also serve as an initiating event in the malignant transfor-
mation of a normal to a cancer cell, independent of classical gene mutations in
oncogenes or tumor suppressors. Clinical and experimental studies in this direction
can be anticipated to shed light onto this exciting field of biomedicine to overcome
metabolism-driven tumorigenesis in the future.
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Obesity as an Avoidable Cause
of Cancer (Attributable Risks)

Andrew G. Renehan and Isabelle Soerjomataram

Abstract
Excess body weight, commonly categorised as overweight (body mass index,
BMI 25.0–29.9 kg/m2) and obesity (BMI ≥30 kg/m2) is an established risk
factor for increased incidence of several adult cancers. As body weight is
modifiable, there is a potential for cancer prevention. Calculation of attributable
risk (here expressed at population attributable fraction, PAF) offers an estimate
of the burden of excess cancers attributable to elevated BMI in populations, and
thus an approximation of avoidable cases and the opportunity for prevention.
Using counterfactual methods, the estimated PAF worldwide attributed to
elevated BMI is 3.6 % or nearly half a million new cancer cases in adults (aged
30 years and older after a 10-year lag period). PAFs are higher in women
compared with men (5.4 % vs. 1.9 %). Endometrial, post-menopausal breast,
and colon cancers account for nearly two-thirds of cancers attributable to
elevated BMI. Globally, excess body weight is the third commonest attributable
risk factor for cancer (after smoking and infection); in western populations such
as the UK, excess weight ranks as second commonest risk factor.
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In this chapter, we discuss the epidemiological background linking obesity and
cancer risk, the rationale, methodology and model assumptions underpinning
attributable risk estimations, and then summarise recent analyses that estimated the
excess burden of cancers attributed to excess weight at a global level. In this
manuscript, we use the term ‘obesity’ in a general common sense (as in the title) to
denote excess body fatness. In sections on the epidemiology and modelling, we will
indicate the specific exposure measure of body fatness. For almost all examples,
this is BMI.

1 Epidemiology

Excess body weight, commonly categorised as overweight (BMI 25.0–29.9 kg/m2)
and obesity (BMI ≥30 kg/m2), is an established risk factor for increased incidence
of several adult cancers [1]. Other anthropometric measures of body fatness, such as
waist circumference (WC), are less well studied but are generally associated with
increased cancer risk with similar patterns and strengths as those for BMI [2]. The
most comprehensive and systematic evaluations of the associations between mea-
sures of body fatness and cancer risk have been undertaken through the World
Cancer Research Fund (WCRF) continuous update project, which now links excess
weight or body fatness to 11 cancers [3]. In 2016, an expert working group of 21
scientists from eight countries gathered under the auspices of the International
Agency for Research on Cancer (IARC), to specifically evaluate the preventive
effects of avoidance of excess body fatness on cancer risk. This group extended the
list of obesity-related cancer, for which sufficient evidence exists, to thirteen
malignancies as follows: cancers of the colon and rectum, oesophagus (adenocar-
cinoma), kidney (renal cell), breast (post-menopausal), endometrium, gastric cardia,
liver, gall bladder, pancreas, ovary, thyroid, multiple myeloma and meningioma [2].
For the majority of these cancers, there are plausible (hypothesised) biological
mechanisms to explain these links. These candidates are three hormonal (systemic)
systems, namely circulating sex hormones; the insulin and the Insulin-like Growth
factor system; and circulating adipokines and subclinical systemic inflammation [4].
In addition, the local peri-tumour adipose micro-environment or local ectopic fat is
likely to be important [4, 5].

It has become clear over the past five years that, in addition to the common effect
modifier such as age and sex, there are other effect modifiers of the above BMI–
cancer associations. Two clear examples are smoking status [6] and hormonal
replacement therapy [4, 7], and these need to be taken into account in attributable
risk modelling. For example, studies show a higher risk of pancreatic cancer due to
elevated body weight among never and ex-smokers as compared to current smokers
with the same BMI [8]. Meta-analyses generally show inverse associations between
BMI and smoking-related cancers such as lung cancer and oesophageal squamous
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cell carcinoma. When these analyses are stratified by smoking status, null associ-
ations were generally observed in the never smoker strata. In the example of HRT
use, meta-analyses of prospective studies evaluating the associations between BMI
and subsequent risk of post-menopausal breast, endometrial and ovarian cancers
stratified by HRT use demonstrate that per incremental increase in 5 kg/m2, and
there are increased risks of 18, 90 and 10 %, respectively, in never HRT users.
Among ever HRT users, there are no associations between BMI and post-
menopausal breast (Pinteraction < 0.001) and ovarian (Pinteraction < 0.001) cancers,
and an attenuated association (18 % increase per 5 kg/m2) for endometrial cancer
(Pinteraction = 0.003) [4].

2 Why Estimate Attributable Risk

There are broadly four reasons to estimate attributable risk. First, it is an estimate of
the burden of a public health problem in a population. Such information is helpful
for policy makers planning health strategies and resources. In specific circum-
stances, this information can be instrumental in bringing about legislative changes.
Two examples are told in Table 1—the smoking ban in Ireland [9, 10] and the
implementation of the ‘sugar tax’ in the UK [11, 12]. In both examples, the uses of
attributable risk estimation were key drivers in the implementations of these
legislations.

Second, estimation of attributable risk facilitates ranking of the burden of an
‘exposure’ of interest versus other exposures. This is illustrated later in this review
by the recent initiatives by Cancer Research UK, the largest cancer charity
organisation in the world, which drew a fresh focus on the link between obesity and
cancer, and recognised that this risk factor was the second commonest cause of
cancer (in the UK) after smoking, which had been a key preventive focus of the
charity for the preceding decades [13].

Third, estimation of attributable risk across many cancer types allows identifi-
cation of specific ‘hot spots’ and targeting of specific exposure–disease associa-
tions. A specific example of this might be the link between excess body weight and
endometrial cancer. Here, the (PAF: calculation detailed below) is approximately
50 % [14], and indeed points to some sub-populations of women (e.g. women
undergoing bariatric surgery) as potential targets for screening for atypical
endometrial hyperplasia, a precursor lesion of endometrial cancer [15].

Finally, in principle (with caveats detailed below), estimation of attributable risk
can be used to project future cancer incident trends, (again) important for planning
health strategies and resources—for example, future colon cancer incidence in
various European countries might be greatly reduced by decreasing BMI level in
men; whereas in women, physical activity probably offers a better intervention to
curb the future colon cancer problem [16].
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3 Estimation of Attributable Risk

Details on the methodologies behind the calculations of PAF have been detailed by
the authors previously [7] and are summarised here. The standard approach includes
modelling estimates of prevalence of the exposure (Pe) and relative risk (RR) with
the simplest formula for such a model described half a century ago by Levin [17]
and shown in Table 2. The derived PAF is defined as the proportion of all cases that
would not have occurred if the exposure had been absent and is thus relevant in
cancer prevention research.

However, there are several limitations of the Levin methods. First, the Levin
formula only partially adjusts for confounding and does not allow the inclusion of
effect modification into the model. In turn, this results in biased PAF estimates
(generally overestimated), as has been extensively described by Flegal et al. [18].

Table 1 Case studies to illustrate the uses of attributable risk as key drivers to the implementation
of legislative process

The ‘smoking ban’ in Ireland
In March 2004, Ireland became the first European country to implement legislation creating
smoke-free enclosed workplaces including bars and restaurants [10], commonly known as the
‘smoking ban’. At the time, this was ground breaking and of huge public health importance.
Reports during the 1990s recognised that second hand smoking or passive smoking in the
workplace was harmful, but legislation to prohibit smoking was voluntary and had little effect.
Momentum after 2000 drew in international expertise to ‘shout for the cause’ of hospitality
workers. Of particular note was the input from James Repace [9], a renowned US health
physicist, who had already been instrumental in the banning of smoking in US airlines. He used
attributable risk calculations and estimated that ‘up to 150 Irish bar workers could be dying
annually as a result of their exposure to second hand smoke’. In a country with a population of
only 3.5 million, this figure struck a chord with politicians and policymakers and helped to argue
this bill to implementation through the Irish parliament

The ‘sugar tax’ in England
In March 2016, the UK announced a new taxation system on sugary drinks, which has caused a
lot of stirs-up, either positive and negative ones. In addition to combat, the growing proportion of
obesity in the UK especially among children, this initiative will also ultimately have a large
impact on various chronic diseases in adults such as diabetes, cardiovascular disease as well as
cancer. This is ground breaking and of huge public health importance
The consumption of sugary drinks has been increasing worldwide, and its relation to the
epidemic has been previously made [11]. Yet, opposition from the industry has been tremendous,
keeping implementation of such tax at bay for most nations globally. The momentum is now
stronger than ever, led by various publications reporting the population attributable fraction
supported by various WHO reports including the Global status report on NCDs in 2014 [12]
Of particular note was the input from Jamie Oliver, a renowned English chef and entrepreneur,
who had already been instrumental in the promoting healthier nutrition especially in children.
Other countries around the world are starting (or have already started) taking similar actions: for
example in Europe France and Hungary have adopted a tax on sugary drinks in 2011 and 2012,
respectively. Outside of Europe Chile and Mexico have implemented similar sugar tax. Early
study has shown a positive impact of taxation to reduce sales, but its health impact remains to be
assessed
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Second is a limitation of specific relevance to the relationship between elevated
BMI and disease risk. Specifically, the categorisation of the BMI distribution into
normal weight (18.5–24.9 kg/m2), overweight and obesity cause the parameter to
become trichotomous or polychotomous. This approach risks double counting the
exposure, as individuals who were obese, also had a previous exposure to over-
weight exposure. Furthermore, using polychotomous categorical distributions to
calculate PAF may cause a non-linear result [19] and overestimations of PAFs.
There are methods described to overcome some of these limitations, such as those
described by Hanley [20].

Against the above limitations, the currently preferred method for the calculation of
PAF is the use of counterfactual methods. The contribution of a risk factor to a health
measure is estimated by comparing the current or future level of the health measure
under alternative hypothetical scenarios including the absence of the exposure. This
hypothetical scenario is referred to as counterfactual analysis. The derivation of PAF is
shown in Table 2 where RR(x) is the RR of the exposure level x, Pe(x) is the population
distribution of exposure, Pne(x) is the counterfactual distribution of the exposure (hy-
pothetical rather than to the actual condition) [21] and m is the maximum exposure
level. A key component of this method is to determine the theoretical minimum risk—
this is the exposure distribution, here BMI, that would result in the lowest population
risk, here of cancer. In the example of smoking, this would be straightforward and
would be defined by the never smokers population. In the example of BMI, things are
less simple as there are hazards associated with low as well as high BMI, and this needs
to be taken into account. Because of these considerations, the WHO has advised a
theoretical minimum value of 21–22 kg/m2 for BMI [22]. We have used single values
of 22.5 kg/m2 [14] and 22.0 kg/m2 [23], in our respective analyses (detailed below).
The difference in the theoretical minimum risk group or reference group is one of the
causes of the variations of estimations of cancer risk attributed to excess body weight.

Importantly, counterfactual modelling handles BMI as a continuous distribution
and that distribution might take a different form and parameterisation for the whole
population and that of the theoretical minimum risk population. This also better
captures changes in BMI distributions with time.

Table 2 Formulae
PAF ¼ PeðRR� 1Þ

PeðRR� 1Þþ 1
Levin’s Formula (1953)

PAF ¼
R
RRðxÞPðxÞdx� R

RRðxÞP�ðxÞdx
R
RRðxÞPðxÞdx

Counterfactual method
where P(x) is the population distribution of BMI, P*(x) is the
distribution of theoretical minimum BMI, RR(x) is the RR of
cancer associated with BMI and dx indicates that the integration
was done with respect to BMI
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4 Model Assumptions Relevant
to Obesity-Related Cancers

There are a number of model assumptions that require discussion. Again, these have
been detailed elsewhere by the authors [7] and summarised here.

4.1 Assumptions About Causality

A central assumption in all this discussion is that the associations between obesity
and increased cancer risk are causally linked. There are a number of authoritative
reports from the WCRF [3] and IARC [2] to support this and are covered elsewhere
in this Book [24]. One of the present authors has specifically addressed this in a
systematic manner [25], evaluating BMI–cancer associations against the nine
Bradford-Hill criteria (strength of association; consistency; specificity; temporality;
biological gradient; plausibility; coherence; experimental evidence; and analogy)
that offers a starting point, and also what have become to be known as the Bristol
criteria [26] of appropriate adjustment for key confounding factors; measurement
error; assessment of residual confounding; and lack of alternative explanations add
a further dimension for assessing the causality of the evidence. The BMI–cancer
associations hold up robustly for the majority of these criteria.

4.2 Assumptions About BMI Distributions

The simplest approach to estimate PAF is to use categorical BMI data, yet limi-
tation of such approach needs to be acknowledged and understood. For example, if
an increasing mean BMI is modelled over time, the corresponding prevalence based
on the commonly used WHO overweight and obese categories will increase. Yet,
with further increases in mean BMI, the prevalence of overweight declines as the
prevalence of obese continues to increase. Simple formulae to estimate attributable
risk, such the Levin formula, are inadequate in this setting. A second approach that
is generally quite simple using current statistical tools is the use of a normal BMI
distribution. Furthermore, with increasing mean BMI in a population, the BMI
distribution changes from a normal to a gamma distribution [27], where the com-
monly observed skewed distribution of risk factors is converting into a more flat
distribution with a growing population being overweight or obesity. These
dynamics are best dealt with using the counterfactual modelling analysis.

4.3 Relative Risks

The outputs from the PAF equation—whether using the classical Levin method or
contemporary counterfactual modelling—are very sensitive to changes in the RR
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[14]. Wherever possible, conservative RRs (typically the most adjusted RRs)
should be used from overview analyses that have derived RRs and their confidence
intervals (CIs) using standardised approaches. Credible intervals for PAFs can be
derived using Monte Carlo simulations [23]. The term credible intervals is used
here, because of the false reassurance that confidence interval might give. The many
underlying assumptions that have to be taken when estimating PAF combined with
unavailability of a truly population-based prevalence of the exposure (here obesity)
for many low and middle income countries means that cancer burden estimations
with CIs is challenging and often impossible.

A note on linearity of relation is worth discussion. In general, PAF is derived as
one risk function assuming linearity in the model. Although this model is often
justified, we showed that this is not always the case [28]—thus, the risk of
endometrial cancer increases exponentially with increasing weight, and risk func-
tion should be adjusted for calculating PAR for the higher BMI level, otherwise
PAF might be underestimated.

Finally, another assumption in calculating PAF, using the general formulas
described earlier, is risk reversibility. For smoking and cancer, risk reversibility has
been reported before, i.e. stopping smoking at a young age reduces cancer risk
compared to that of non-smokers [29]. Yet, for obesity evidence of reversibility
remains limited, mostly because large weight loss is difficult and hard to maintain
[30]. Risk reversibility and also accumulation of risk have led to various research
avenues assessing the role of ‘obese years’ on cancer risk and also the PAF related
to time spent with overweight or obesity [31, 32].

4.4 Assumptions About Lag Periods

For many common epithelial adult malignancies, tumour development is a
multi-step process over many years or even decades. It is generally held that the
influence of ‘obesity exposure’ on increased cancer risk probably plays out over at
least a decade, and perhaps up to four decades with neoplastic processes such as
colorectal cancer [33]. In the two published analyses [14, 23] from the authors,
detailed below, a lag period of ten years has been assumed for all cancer types.
Reasons are twofold, one being the fact that cohort studies for which risk estimates
are taken from have on average a follow-up time of 10 years [25]. Secondly, case
studies from bariatric surgery patients, with expected decreases in body weight,
show a decreased risk of cancer 10 years following the intervention [34].
Nonetheless, the lag period probably varies between different cancers for the same
exposure, and currently, this is not integrated into models.
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5 Key Papers on the Estimation of Burden
of Cancer Attributed to Elevated BMI

Using the above assumptions, the authors have published two analyses evaluating
the excess new cancer cases attributed to elevated BMI—the first analysis in 30
European countries [14]; the second, as a global analysis [23]. For the former, PAFs
were calculated using European- and gender-specific risk estimates from a pub-
lished meta-analysis [1] and gender-specific mean BMI estimates from a World
Health Organisation Global Infobase. Estimates were calculated for oesophageal
adenocarcinoma, thyroid, colon, rectal (only men), renal, gall bladder (only
women), pancreatic (only women), post-menopausal breast, endometrial, prostate
cancers and malignant melanoma (only men), multiple myeloma, leukaemia, and
non-Hodgkin lymphoma. Country-specific numbers of new cancers were derived
from GLOBOCAN 2002. A ten-year lag period between risk exposure and cancer
incidence was assumed. We used Monte Carlo simulations to derive 95 % CI,
recognising that in today’s nomenclature, the term credible intervals are preferred
(see above). For 2002, there were 2,171,351 new cancers diagnosed in the 30
countries of Europe. Estimated PAFs were 2.5 % (95 % CI 1.5–3.6 %) in men and
4.1 % (2.3–5.9 %) in women or a total of 70,288 new cases. Sensitivity analyses
revealed estimates were most influenced by the assumed shape of the BMI distri-
bution in the population and cancer-specific risk estimates i.e. RR. In a scenario
analysis for a 2008 population, the estimated PAFs increased to 3.2 % (2.1–4.3 %)
and 8.6 % (5.6–11.5 %), respectively, in men and women. Endometrial, post-
menopausal breast and colorectal cancers accounted for 65 % of these cancers.

For the worldwide analysis [23], we derived PAFs using RRs and BMI estimates
in adults by age, sex, and country. Again, we assumed a 10-year lag period and
calculated PAFs using BMI estimates from 2002 and used GLOBOCAN 2012 data
to estimate numbers of new cancers. We selected ten obesity-related cancers,
namely oesophageal adenocarcinoma, colon, rectum, pancreas, gall bladder (only
women), postmenopausal breast, corpus uteri, ovary, kidney and thyroid cancers.
We also calculated the proportion of cancers that were potentially avoidable had
populations maintained their mean BMIs recorded in 1982 i.e. 30 years prior to the
present day analysis. We did sensitivity analyses to estimate the effects of HRT use
and smoking. In total, we estimated that almost a half million or 481,000 new
cancers in adults (aged 30 years and older) in 2012 were attributable to high BMI.
This was a PAF of 3.6 %. PAFs were greater in women than in men (5.4 % vs.
1.9 %) (Table 3). The burden of attributable cases was higher in countries with very
high and high human development indices (HDIs; PAF 5.3 and 4.8 %, respectively)
than in those with moderate (1.6 %) and low HDIs (1.0 %). As in our
European-based analysis, endometrial, postmenopausal breast and colon cancers
accounted for almost two-thirds of cancers attributable to high BMI. As an
assessment of the changes in prevalence of excess body weight globally over the
past three decades, we found that a quarter (about 118,000) of the cancer cases
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related to high BMI in 2012 could be attributed (and hence avoidable) had BMI
distributions remained as they were in 1982.

As an extension of the worldwide analyses, we published further analyses on the
relation between recent trends in BMI and the changing profile of cancer worldwide
[35]. By examining seven selected countries, each representing a world region, a
pattern of increasing BMI with region and gender-specific diversity was noted:
increasing levels of BMI were most pronounced in the Middle East (Saudi Arabia),
rather modest in Eastern Asia (India) and generally more rapid in females than in
males. This observation translated into a disproportionate distribution of cancer
attributable to high levels of BMI, ranging by sex from 4 to 9 % in Saudi Arabia
and from 0.2 to 1.2 % in India.

6 The Ranking of Obesity as a Risk Factor

By following principles and assumptions outlined above, it is possible to now start
to compare and rank across different risk factors. Table 4 shows that, at a global
level, excess body weight is the third commonest attributable risk factor for cancer
(after smoking [36] and infection [37]); in western populations such as the UK,
excess weight ranks as second commonest risk factor [38]. The exercise that is done
in the UK has helped government to prioritise prevention programmes and also
increase population awareness on the risk factors for cancer. The UK initiative has
also pushed other nations globally to performing similar analyses, for example, in
Australia, overweight and obesity are the 4th major cause of cancer following
smoking, solar radiation and inadequate diet [39].

Table 3 Estimated numbers and PAFs of cancer cases associated with high BMI in women and
men in 2012 by cancer sites

Men Women

Numbers PAF Numbers PAF (%)

Oesophageal adenocarcinoma 13,569 33 % 3862 34

Colon 55,608 13 % 29,451 8

Rectum 17,804 6 % 7160 4

Pancreas 14,845 8 % 12,269 8

Gall bladder NA NA 32,346 32

Breast (post-menopausal) – – 113,767 10

Corpus uteri – – 107,172 34

Ovary – – 8948 4

Kidney 34,231 17 % 30,179 26

Thyroid 11,615 19 % 18,108 9

Source Arnold et al. [23]
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7 Future Directions/Integrating Other Obesity-Related
Diseases

So far, most of the focus has been on changes in BMI that have already occurred.
There are opportunities to predict for changes in the future. Thus, by illustration,
CRUK and the UK Health Forum [13] recently reported in Tipping the Scales: Why
Preventing Obesity Makes Economic Sense that 72 % of adults in the UK are
predicted to be overweight or obese by 2035—including 45 % in the lowest-income
quintile. The uplift in obesity is predicted to increase the number of new cancer
cases in the next 20 years. It is estimated that if these numbers were reduced by
only 1 % every year from the predicted trend, about 64,200 cancer cases could be
avoided over the next 20 years [13]. At present, insufficient use is made of existing
data to underpin obesity-related interventions and assess their potential impact on
the future cancer of cancer

With the growing work on PAF, there is an ongoing movement to estimate
future attributable fraction based on current and historical trends of obesity, as well
as projects assessing the values of different intervention programmes to reduce
future burden of cancer. In such exercise, the assumptions that are generally taken
in PAF (as outlined above) are bound to be expanded including assumptions on
future occurrence of cancer and also future distributions of BMI. The largest driver
of the future cancer burden is the changing population structure: the older the
population the higher the number of new cancer cases [40]. Global ageing alone
will drive up the total number of cases estimated for 2012 i.e. 14 million by 58 % in
2035 i.e. 24 million [41]. Accordingly, the most important aspect that should be
taken into account in future prediction of cancers is incorporation of demographic
changes in the analysis. Furthermore, whenever possible, especially when projec-
tions are longer than 10–20 years, changes in the disease rate overtime and also
other causes of deaths should be taken into account to reduce bias in disease
estimate and impact of intervention, if the latter were to be incorporated [42].

Table 4 Estimated PAFs by
major risk factors for cancer
at a global level and for the
UK

PAF% [ranking]

Worldwide UKd

Smoking 21.0 % [1]a 19.4 % [1]

Infections 16.0 % [2]b 3.1 % [6]

Overweight and obesity 3.6 % [3]c 5.5 % [2]

Alcohol 4.0 % [3]

Occupation 3.7 % [4]

Radiation—UV 3.5 % [5]
aSource Ezzati et al. [36]
bSource de Martel et al. [37]
cSource Arnold et al. [23]
dSource Parkin et al. [38]

252 A.G. Renehan and I. Soerjomataram



In Europe, a previous model, PREVENT [43], has been reconstructed to fit the
natural history of cancer and incorporates the previously mentioned aspects of
modelling future burden of disease. A study in seven representative countries for
each European region has estimated the possible long-term impact of continuous
increase in BMI over the next decade against the status quo where BMI remains at
its baseline level. The study shows that such increase will cause about 4 % increase
in the number of cases in 2040, and if body weight were to decrease to a healthy
weight‚ colon cancer might reduce by up to 11 % (in Spanish men) [44]. Such
analysis has indeed provided the additional perspective needed in provision of
valuable information for researchers and policy makers to quantify the impact of
policies targeting BMI (or any other risk factor) on future burden of cancer.

A further dimension is evaluation of the impact on disease (here cancer) where
there are two risk factors changing with time, and into the future. This is illustrated
in Fig. 1, which might be typical of many western countries—a fall in prevalence of
smoking, and a rising in prevalence of obesity. The hypothesis is that currently,
smoking is the commonest cause of cancer; but perhaps within the next decade (for
example, in women), obesity or more specifically, elevated BMI, might become the
commonest cause of cancer.

The proportion of cancer that is avoidable or preventable has been a preoccu-
pation for public health researchers and health makers for many decades. These
estimates have started to provide valuable motivations to implement legislative
changes. Readers in this field should find the methodologies discussed here, their
limitations, and the summarised findings informative.

Fig. 1 A schematic
representation of future trends
in smoking-related versus
obesity-related cancers
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