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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
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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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