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Abstract In the last few years, many prospective studies
have demonstrated a clear association between obesity and
cancers of the colon and rectum, breast in post-menopausal
women, endometrium, kidney, oesophagus and pancreas.
Obesity is also associated with a high risk of recurrence and
cancer-related death. The pathophysiology of obesity involves
various changes that may be implicated in the relationship
between obesity and cancer, such as excess inflammatory
cytokines and chronic inflammation, hyperinsulinaemia, in-
sulin resistance, and raised leptin and oestrogens. The Spanish
Society for the Study of Obesity and the Spanish Society of
Medical Oncology have signed a cooperation agreement to
work together towards reducing the impact of obesity in
cancer. Preventing obesity prevents cancer.
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Introduction

The high prevalence of obesity worldwide and its direct
implication in increased mortality from all causes, as well as
the development of hypertension, type 2 diabetes, cardio-
vascular disease and some types of cancer, makes it one of
the greatest public health challenges in the world [1, 2]. Body
mass index (BMI), which relates weight (in kg) to height (in
m?) (BMI = kg/m?), is the simplest way to work out an
individual’s degree of adiposity in clinical practice. Adults
with a BMI of 25.0-29.9 kg/m? are overweight, and those
with a BMI of 30.0 kg/m2 or above are obese. Worldwide,
the proportion of adults with a BMI of 25.0 kg/m” or above
rose between 1980 and 2013 from 28.8 to 36.9 % in men, and
from 29.8 to 38.0 % in women [3]. In Europe, obesity has
reached epidemic proportions, and Spain is in the lead, with a
prevalence of about 25 % in the adult population [4, 5].
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In the last few years, many prospective studies have
demonstrated a clear association between obesity and
cancers of the colon and rectum, breast in post-menopausal
women, endometrium, kidney, oesophagus and pancreas
[6]. A recent population-based cohort study involving more
than 5 million British adults showed, after an observation
period of 7.5 years, an association between BMI and the
presence of 17 of the 22 most common cancers. Every
5 kg/m? rise in BMI was associated with an increase in the
risk of developing cancer of the uterus, kidney, liver or
colon, among others [7]. Obesity is also associated with a
high risk of recurrence and cancer-related death, interferes
with the effectiveness of systemic therapies, contributes to
treatment morbidity and increases the risk of secondary
tumours [8].

The time when a cancer is diagnosed and treated pro-
vides an excellent opportunity to tackle obesity in a com-
prehensive manner. A cancer patient’s motivation makes it
easier to adopt healthy changes in lifestyle and eating
habits [8]. On the other hand, the excellent prognosis of
patients who survive early-stage cancer of the breast,
prostate or other sites means that obesity and its comor-
bidities (e.g. cardiovascular disease and diabetes) are re-
sponsible for over half of deaths among these long-term
survivors [8].

Obesity is one of the main preventable causes of cancer.
One of the most effective ways of reducing cancer risk is to
prevent overweight and obesity. The Spanish Society for
the Study of Obesity (SEEDO) and the Spanish Society of
Medical Oncology (SEOM) have signed a cooperation
agreement to work together towards reducing the impact of
obesity in cancer by (1) raising awareness among profes-
sionals and patients about the strong association between
obesity and cancer; (2) promoting substantial changes in
lifestyle towards sustained healthy eating patterns and
regular physical activity; (3) encouraging research into the
pathophysiology of obesity and cancer development, and
assessing the impact of lifestyle changes on the course of
the disease; (4) drawing up guidelines for action in patients
with obesity and cancer; and lastly (5) getting public in-
stitutions, the food industry and society actively involved
in fighting obesity, employing all possible means of health
promotion. As a result of this consensus statement, both
societies have agreed ‘The ten commandments of obesity
and cancer’ (Table 1).

Definition of obesity as a chronic disease
Obesity is a multi-factorial chronic metabolic disease re-
sulting from the interaction between genotype and envi-

ronment, characterised by excess body fat [9]. One of
the key concepts is that diagnosis based solely on
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anthropometric measurements, such as BMI, is insufficient
to establish an appropriate treatment plan. In 2014, fol-
lowing the Consensus Conference on Obesity, the Amer-
ican Association of Clinical Endocrinologists and the
American College of Endocrinology (AACE/ACE) estab-
lished, using evidence-based criteria, that obesity is a
chronic disease, and that these criteria could be used to
develop a comprehensive plan to combat this disease [10].

AACE/ACE define obesity as a chronic disease char-
acterised by pathophysiological processes that result in
increased adipose tissue mass, which can lead to increased
morbidity and mortality. The diagnostic algorithm for
obesity incorporates two components, i.e. an assessment of
body mass, including ethnicity-adjusted anthropometric
data and the presence and severity of obesity-related
complications. Each complication is evaluated for severity
and impact on the patient’s health as (1) ‘Stage 0’ when no
complication is present, (2) ‘Stage 1’ when mild-moderate
complication exists or (3) ‘Stage 2’ in cases of severe
complication, using complication-specific criteria.

Four steps are recommended on diagnosis: (i) ethnicity-
adjusted BMI; (ii) clinical evaluation for the presence of
obesity-related complications using a checklist; (iii)
assessment of the severity of complications using criteria to
define them and (iv) selection of preventive and/or inter-
ventional strategies targeted at specific complications.
Obesity-related  complications include prediabetes,
metabolic syndrome and type 2 diabetes, hypertension,
hypertriglyceridaemia/dyslipidaemia, sleep apnoea, non-
alcoholic fatty liver disease, polycystic ovary syndrome,
osteoarthritis, urinary incontinence, gastro-oesophageal
reflux disease, disability/immobility and psychological
disorder/stigmatisation. Other complications and chal-
lenges to be resolved may include idiopathic intracranial
hypertension, primary cancer prevention in high-risk indi-
viduals and families, secondary breast-cancer prevention,
congestive heart failure, etc.

Epidemiology of obesity and overweight

Obesity, defined as a BMI >30 kg/mz, is a chronic disease
of epidemic tendency in the Western world, which has
become a major public health issue, both because of its
high prevalence, and because of the number and severity of
comorbidities with which it is associated. In the USA,
obesity affects 34.9 % of people over 20-year old.
Although this figure has remained relatively stable during
the last decade, there has been a marked increase among
women over 65-year old, from 31.5 % in 2003-2004 to
38.1 % in 2011-2012 [11]. In Spain, the most recent data
come from the Study on Nutrition and Cardiovascular Risk
in Spain (ENRICA) [12], a cross-sectional study carried
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Table 1 The ten commandments of obesity and cancer

1 Obesity, regarded as an epidemic disease, affects 22.9 % of the population when BMI (weight/height®) is used. Using waist circumference,

the figure rises to 36.5 %

Obesity (BMI >30 kg/m?) represents an additional risk factor in patients with cancer

3 An epidemiological association has been found between obesity and cancer, with a HR >1.5 for breast cancer in post-menopausal women,

endometrial cancer and renal carcinoma

4 A weaker positive association has also been found, with a HR of 1-1.5, for colorectal cancer, oesophageal/gastric cancer, thyroid cancer,
meningiomas, prostate cancer, pancreatic cancer and hepatocellular carcinoma

5 Although poorly understood, the aetiopathogenic mechanisms are related to increased oestrogens from aromatisation of androgens and the
proliferative activity of inflammatory cytokines, adipokines, insulin, IGF1, IGF2 and fatty acids

6  Increased body fat, particularly in the trunk, behaves as an independent risk factor for the development of certain cancers. It also worsens
prognosis, reduces survival and increases the risk of secondary tumours

7  Greater survival among cancer patients means that obesity and its complications, mainly diabetes and cardiovascular disease, are

responsible for over half of deaths in such patients

8  The time when a patient is diagnosed with cancer provides the ideal opportunity to raise his or her awareness about lifestyle changes and
tackle obesity in a comprehensive manner. Protocols for assessing and treating obesity in cancer patients need to be implemented

9  Itis estimated that 50 % of cancers could be prevented by lifestyle changes, such as not smoking, reducing exposure to the sun, preventing
obesity, eating a healthier diet low in saturated fat and high in fruit and vegetables, and doing more physical exercise

10 Active policies aimed at preventing obesity and cancer need to be put in place. The various people involved (politicians, managers,
educators, patients’ associations and health professionals) should strive to achieve this

out between 2008 and 2010 in a non-institutionalised
population aged 18 years or above. According to this study,
the mean BMI of the Spanish population is in the over-
weight range, at 26.9 kg/m”> (27.4 kg/m”> in men and
26.3 kg/m® in women). Overall, 39.5 % of the Spanish
population is overweight (BMI between 25 and 29.9 kg/
mz), while 22.9 % can be classed as obese.

These figures, impressive as they are, become even
worse if one accepts that the BMI formula [weight in kg/
(height in metres)?] is an imperfect way to identify obesity,
because it does not faithfully reflect the amount of body fat.
In terms of percentage body fat, obesity is defined as
>25 % in men and >35 % in women. Thus, 29 % of in-
dividuals with a BMI in the ‘normal weight’ range (be-
tween 20.0 and 24.9 kg/m?) are obese when classified by
their body fat, while 80 % of individuals with a BMI in the
‘overweight’ range are obese when assessed by body fat
[13]. This explains why using waist circumference instead
of BMI, the percentage of obese Spanish people rises to
36.5 % (31.7 % in men and 39.2 % in women) [12]. Waist
circumference is a more faithful reflection of the amount of
fat deposited in the abdomen, hence the percentage of
visceral fat, which is the most metabolically active fat.

As a health issue, a rise in BMI is correlated with in-
creased prevalence of not only type 2 diabetes mellitus,
hypertension and hyperlipoproteinaemia, but also sleep
apnoea/hypopnoea syndrome (SAHS), heart failure, car-
diac arrhythmia due to atrial fibrillation, gout, left ven-
tricular hypertrophy, cerebrovascular disease, pulmonary
hypertension, venous insufficiency and degeneration of
load-bearing joints. Likewise, it is also correlated with a

major increase in various cancers. All this disease means
obese individuals have not only higher rates of overall
mortality, but also cardiovascular and cancer-related mor-
tality. In fact, obesity has become the second most im-
portant cause of preventable death after tobacco use [14].

Molecular basis and mechanisms linking obesity
and cancer

The molecular mechanisms linking cancer and obesity are
poorly understood. Either they relate directly to the effects
of increased adipose tissue itself, and the presence of in-
flammatory cytokines (a state of low-grade metabolic in-
flammation), and adipokines such as leptin, adiponectin,
etc., or they relate to the consequences of obesity such as
hyperinsulinism or hyperlipidaemia [15]. Figure 1 illus-
trates the mechanisms linking obesity to cancer.

Effects due to increased adipose tissue

Inflammatory cytokines such as tumour necrosis factor
(TNFa) bind to the TNF receptor and activate nuclear
factor-kB (NF-kB), which works by inhibiting apoptosis
and promoting cell proliferation and metastases [16]. This
pathway may activate proliferation of cell cycle regulation
pathways, including cyclin D1 and cyclin-dependent kinase
2 (CDK?2). Interleukin 6 (IL-6) sends signals to the nucleus
via signal transducer and activator of transcription 3
(STATS3), an oncoprotein activated in a wide range of tu-
mours [17].
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Fig. 1 Molecular mechanisms
between obesity and cancer.
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Leptin possesses proliferative activity mediated by
various signalling pathways. On one hand, it induces the
PI3K/Akt pathway that activates protein synthesis [18], and
on the other hand, it activates the MAPK pathway, in-
ducing protein phosphorylation [19]. Leptin also rapidly
and directly stimulates the STAT3 pathway and may pro-
mote angiogenesis in breast cancer via vascular endothelial
growth factor (VEGF) signalling.

Adiponectin inhibits cell proliferation and metastases. It
also increases conversion of ceramide to sphingosine-1-
phosphate [20], which has a variety of effects on apoptosis,
possibly via MAPK. ‘Adipocyte progenitor cells’ may
contribute to tumourigenesis through increased tumour
angiogenesis or paracrine or endocrine signalling to ma-
lignant cells [21].

A higher incidence of hormone receptor-positive breast
cancer has been linked to increased conversion of andro-
gens to oestrogens in adipose breast tissue. Increased aro-
matase activity has been found in post-menopausal obese
women, related to the presence of pro-inflammatory cy-
tokines. This increased aromatase expression is associated
with higher levels of cyclo-oxygenase 2 (COX-2) and
prostaglandin E2 (PGE2) in breast tissue [22].

Effects due to obesity itself

As far as the presence of inflammatory cells is concerned,
tumour-associated macrophages (TAMs) have been shown
to play a key role in certain tumour types, contributing to
tissue invasion, angiogenesis and metastasis [23]. Increased
macrophage chemoattractant protein 1 (MCP1, also known
as chemokine [C—C motif] ligand 2 [CCL2]) in breast tu-
mour extracts is a predictor of relapses and metastasis.
With regard to increased signalling mediated by insulin
and insulin-like growth factors 1 and 2 (IGF1 and IGF2),
obesity associated with increased central fat is related to
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insulin resistance and higher concentrations of insulin and
IGF1 and IGF2. Binding by insulin, IGF1 or IGF2 phos-
phorylates the insulin receptor (IRS), which sets off the
signalling cascade by which the GRB2 and SOS factors
activate the ERK pathway and induce increased cell pro-
liferation [15]. ERK can activate oncogenic pathways via
phosphorylation of MYC and members of the ETS family,
such as ETS1 and ETS-like transcription factor 1 (ELK1).

Binding of insulin and receptor also activates the PI3
pathway, resulting in phosphorylation of AKT and activa-
tion of mammalian target of rapamycin (mTOR) [24]. PI3K
activation can also activate other mediators of transfor-
mation involved in cell division control, including phos-
phorylation of protein 42 (CDC42). Moreover, PI3K
activation can activate protein kinase B (PKB), which in-
hibits negative regulators of the cell cycle such as p27 (also
known as KIP1) and p21 (also known as CIP1). Activation
of mTOR can promote protein synthesis and affect cell
growth. AKT inhibits BCL2-antagonist of cell death
(BAD), an anti-apoptotic protein, and activates cyclin D1.
Phosphorylation of FOXO proteins, such as FOXO3A, by
AKT results in nuclear exclusion of FOXO, which pro-
motes survival and cell division. AKT also activates
MDM?2, which degrades p53, thus preventing control of
cell cycle activation and apoptosis [15].

High lipid levels also affect carcinogenesis. Exogenous
lipids from diets high in saturated fats or fatty acids syn-
thesised de novo in tumour cells or other cells can act as
carcinogenic signalling factors via the paracrine or au-
tocrine route. Fatty acid synthase (FASN) in cancer cells not
only encourages phospholipid production, but is also in-
volved in membrane production [25] and chemical in-
hibitors of FASN cause tumour cell death both in vitro and
in vivo [26]. The increased FASN activity observed in
cancer cells is consistent with up-regulation of enzymes that
release fatty acids, mainly those in the monoacylglycerol
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lipase (MAGL) pathway [27]. There is also an association
between cholesterol and cancer. It has been suggested that
one potential mechanism by which cholesterol may pro-
mote tumour growth and metastasis in breast cancer is
through activation of the PI3K/Akt pathway [28].

Relationship between obesity and incidence
of different types of cancer

Obesity and gastrointestinal cancer

Obesity and some related disorders, such as non-alcoholic
fatty liver disease (NAFLD), metabolic syndrome and
type 2 diabetes, increase the risk of developing various
gastrointestinal cancers. Although the pathological
mechanisms are not well understood, obesity-associated
chronic inflammation is thought to be crucial in the de-
velopment of these tumours. Other risk factors relate to
immunity, adipokines (adiponectin and leptin), insulin,
insulin-like growth factors and the gut flora [29]. Various
studies in obese and diabetic animal models are investi-
gating cancer chemoprevention by means of nutritional or
pharmacological interventions [30], and by altering the
flora.

The incidence of adenocarcinoma of the gastro-oe-
sophageal junction and cardia has risen mainly in the West,
in parallel with the increase in obesity. In a meta-analysis
of 16 cohort and case—control studies, obesity was associ-
ated with a higher risk of gastric cancer [hazard ratio (HR)
1.13; 95 % confidence interval (CI) 1.03-1.24] [31].

Obesity is also a risk factor for the development of
pancreatic cancer. As regards its prognostic value, Kasenda
et al. observed, in 483 patients with locally advanced/
metastatic pancreatic cancer [32] that high BMI
(p = 0.012) and raised carbohydrate antigen 19-9 (CA19-
9) (p = 0.003) were significantly associated with worse
survival. They suggest using BMI as a stratification factor
for clinical trials in advanced pancreatic cancer.

Viral hepatitis, alcohol abuse and exposure to hepato-
toxic substances are the main risk factors for hepatocellular
carcinoma. NAFLD is also a recognised factor, especially
in the West. Hereditary factors that might favour liver
cancer are being investigated, because NAFLD only pro-
gresses to hepatocellular carcinoma in a minority of
patients.

Genetic and environmental factors, such as diet and
lifestyle, including high BMI, obesity and little physical
activity, contribute to the onset of colorectal adenomas and
cancer [33]. Patients who are overweight/obese before
being diagnosed with colorectal cancer are at greater risk of
a second obesity-related cancer, and BMI >35 kg/m? may
be associated with increased recurrence and mortality from

colorectal cancer [34]. Sinicrope et al. found that colorectal
cancer in obese patients was less likely to show deficient
mismatch repair (AMMR) [35], suggesting obesity-related
differences in the pathogenesis of colon cancer. Although
obesity was independently associated with a worse prog-
nosis, the favourable prognostic impact of dMMR was
maintained in obese patients. In conclusion, to reduce the
incidence of gastrointestinal cancers and optimise the
course of the disease, it is advisable to take steps to reduce
obesity, encourage physical exercise and foster a healthy
lifestyle.

Obesity and gynaecological cancer

Obesity is a recognised risk factor in the development of
tumours of gynaecological origin, especially endometrial
cancer. According to the UK Million Women Study, raised
BMI was associated with a higher incidence of endometrial
cancer (HR 2.89; 95 % CI 2.62-3.18) and ovarian cancer
(HR 1.14; 95 % CI 1.03-1.27) [36]. The relationship be-
tween obesity and other types of gynaecological cancer
(cervical, vulval, vaginal) is less well established, although
studies exist to support it. Moreover, a recent publication
suggests that obese patients recently diagnosed with gy-
naecological cancer have worse baseline quality of life than
those of the right weight, even before they start any
treatment. Obesity is also associated with worse treatment
outcomes, both medical and surgical [37].

Various biological mechanisms linking obesity and en-
dometrial cancer risk are recognised. In pre-menopausal
women, obesity is associated with the development of
polycystic ovary syndrome, characterised by anovulation,
progesterone deficiency and hyperandrogenism. In post-
menopausal women, excess weight results in increased
circulating oestrogens due to peripheral conversion of an-
drogens. As this is unopposed by progesterone production,
it raises mitogenic activity in the endometrium. Obesity
associated with hyperinsulinaemia and diabetes mellitus
also plays a role in the development of both type 1 and
type 2 endometrial carcinoma, regardless of whether the
woman is pre- or post-menopausal. The mechanisms of
carcinogenesis may be direct, such as stimulation of en-
dometrial cell proliferation, or indirect, via the signalling
cascade set off by insulin-like growth factor.

It is also suggested that excess weight may be associated
with a state of systemic inflammation, characterised by a
rise in circulating pro-inflammatory cytokines, thus pro-
moting angiogenesis, cell proliferation and the production
of free radicals, which would damage the deoxyribonucleic
acid (DNA), leading to pre-cancerous changes [38].

Various studies have evaluated the relationship between
obesity and development of ovarian carcinoma, with in-
consistent results. While some firmly support its being a
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risk factor, others find this relationship less clear. Although
the EPIC study showed no differences in ovarian cancer
risk among pre- and post-menopausal women [39], an
analysis of cohort studies demonstrated a relative risk of
1.3 for developing ovarian cancer in pre-menopausal
women, not seen in post-menopausal women [40].

There is extensive scientific evidence of the relationship
between obesity and gynaecological cancer, especially of
the endometrium. Weight gain, especially during a wom-
an’s adult life, is an important risk factor for developing
this type of cancer, particularly after the menopause and in
women not exposed to exogenous hormones.

Obesity and breast cancer

Obesity and overweight are related to the onset of tumours.
They are associated with worse overall survival and worse
breast cancer-related survival in pre- and post-menopausal
women diagnosed with this cancer. In a 2006 study of
obesity-associated deaths conducted in Spain [41], cancer
mortality attributable to obesity was 16 % in males and
13.5 % in females. In the case of women with a BMI of
25-50 kg/m?, the relative risk of dying from cancer related
to obesity was 1.15 (95 % CI 1.02—-1.31) for breast cancer
in women over 60-year old.

A meta-analysis of 82 studies relating BMI and breast
cancer mortality was recently published [42]. The relative
risk of mortality analysing BMI at the time of diagnosis,
compared with women of normal weight, was 1.41 (95 %
CI 1.29-1.53) for obesity and 1.07 (95 % CI 1.02-1.12) for
overweight. In obese women, the relative risk was 1.75
(95 % CI 1.26-2.41) before the menopause and 1.34 (95 %
CI 1.18-1.53) for post-menopausal women. As regards the
association between mortality risk and time of cancer di-
agnosis, this same study concludes that, for every 5 kg/m?
of BMI, the increased risk for total mortality is 17 % be-
fore diagnosis, 11 % within the following 12 months and
8 % more than 12 months afterwards. These values are 18,
14 and 29 % in the case of breast cancer mortality.

The biological mechanisms behind this association be-
tween carcinogenesis and obesity are not completely
established. Obesity generates a micro-environment in the
adipose tissue and alterations in the endocrine system that
favour the processes of malignant change and proliferation,
with the interaction of hormones, adipokines and inflam-
mation-related cytokines, involved in cell survival and
apoptosis [43]. In obese women, aromatisation of andro-
gens in adipose tissue favours high oestrogen levels. Fur-
thermore, high insulin levels are also related to processes
of malignant change. The interaction between insulin,
leptin and obesity-related inflammation markers has been
studied too [44]. Weight control and the avoidance of
overweight and obesity are exceptionally important
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prevention measures. Evidence from randomised studies
suggests that diet and weight control might reduce the risk
of developing breast cancer [45].

Obesity and urological cancer

There are many factors related to the development of
urological tumours. Obesity is one of the most extensively
studied, given its increasing prevalence and its relationship
to other factors involved, such as hypertension and diabetes
mellitus [8]. Obesity-related urological cancers are those of
the kidney, prostate and bladder [46, 47].

The incidence of renal cancer has risen gradually in the
last few years. Approximately 30 % of new cases are at-
tributed to obesity, and the risk of suffering kidney cancer
rises by 24 % in males and 34 % in females for every 5 kg/
m?. The relative risk of suffering renal cancer in the obese
is 2.3 for women and 1.8 for men [46—48]. The presence of
other obesity-associated comorbidities, such as diabetes
and hypertension, is also related to the development of
kidney cancer. Among the pathogenic mechanisms linking
obesity to the development of renal cancer, a major role is
played by obesity-induced hormonal changes, especially
raised levels of insulin and steroids associated with ox-
idative stress and lipid peroxidation, which can cause DNA
damage [47]. In overweight individuals, a reduction has
also been seen in adiponectin, an anti-angiogenic cytokine
derived from adipose tissue, related to larger renal carci-
nomas and metastatic disease [49].

Prostate cancer is the second most common cancer in
men and the sixth in terms of deaths caused. There are
many studies linking obesity and prostate cancer. Meta-
analysis data demonstrate that obesity is associated with a
very slight but consistent increased risk of this cancer [47,
50]. It has been shown that obese patients are more likely
to develop more aggressive tumours and have a higher
recurrence rate after radical treatments. This might be re-
lated to lower than normal progesterone levels and higher
oestrogens. Increased adipose tissue produces excessive
amounts of oestrogens and higher blood concentrations of
insulin and IGF1, stimulating the growth of androgen-in-
dependent prostatic cell lines by exerting a mitogenic and
anti-apoptotic effect on cells. Fat tissue produces hormones
called adipokines, which can stimulate or inhibit cell
growth [51]. It has been shown that, in obese patients, peri-
prostatic adipose tissue displays hypercellularity and re-
duced immune surveillance, promoting a favourable envi-
ronment for the development of prostate cancer [52].

It is important to note that prostate cancer is more dif-
ficult to detect in obese patients, because they have lower
prostate-specific antigen (PSA) values and fewer abnor-
malities on digital rectal examination, making it less likely
that diagnostic prostate biopsies will be performed [53].
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Also, prostate volume is greater, so a biopsy is less reliable.
Some experts suggest lowering the cut-off value for PSA as
a biopsy criterion in obese patients and increasing the
number of cores, to reduce the false negative rate [54].

Studies carried out in the last decade have shown a re-
lationship between obesity and bladder cancer, the risk
being 15 % higher in overweight patients and 28 % higher
in the case of obesity [55]. Excess body fat is associated
with high insulin production and an increase in insulin-like
growth factor receptor 1 (IGFR-1), which stimulates cell
proliferation and suppresses apoptosis, all of which has
been linked to bladder cancer. Type 2 diabetes is an
established risk factor in bladder cancer [56]. Adipose
tissue generates a mild systemic inflammatory reaction that
may play a role in bladder cancer carcinogenesis, as seen in
the link between levels of inflammatory mediators such as
C-reactive protein and interleukin-6 and bladder cancer
mortality [57].

Obesity and other types of cancer
Obesity and lung cancer

Various studies have examined the relationship between
BMI and the risk of lung cancer, and one or two of them
have suggested that patients with higher BMI have a lower
incidence of lung cancer. A meta-analysis examining a total
of 31 published studies demonstrated a clear inverse rela-
tionship between excess weight (BMI >25 kg/m?) and lung
cancer in patients who smoke [58] (relative risk 0.79),
whereas that relationship appeared to be lost in non-smok-
ers. Therefore, it can be concluded from this meta-analysis
that overweight and obesity have a preventive effect on the
development of lung cancer in patients who smoke.

Obesity and thyroid cancer

Observational studies examining the relationship between
thyroid cancer incidence and overweight or obesity have
been inconclusive and inadequate, so a systematic analysis
was done of the seven most important cohort studies
published, involving 5154 patients [59]. In that meta-ana-
lysis, it was concluded that a relative risk of thyroid cancer
of 1.13 exists in overweight patients, rising to 1.18 for
overweight and obesity combined. When the results were
analysed according to patients’ sex, there was no rela-
tionship between overweight and thyroid cancer in women,
but for obesity, a relationship was found.

Obesity and haematological malignancies

A meta-analysis of 16 epidemiological studies examining
the relationship between obesity and non-Hodgkin’s

lymphoma concluded that the relative risks were 1.07 for
overweight people and 1.20 for obese individuals [60].
When the analysis differentiated between lymphoma sub-
types, obesity was found to be significantly associated with
diffuse large B cell lymphoma, with a relative risk of 1.40,
but not follicular lymphoma. On the other hand, a meta-
analysis of nine studies evaluating the relationship between
obesity and leukaemia demonstrated a relative risk of 1.14
for overweight individuals and 1.39 for obese patients,
concluding that a 5 kg/m? increase in BMI meant a 13 %
rise in leukaemia risk.

Obesity and tumours of the central nervous system

The available data are highly inconsistent in terms of the
association between obesity and glioma incidence, because
studies are few and variable. However, data are more
consistent in patients with meningioma. Everything seems
to suggest that obesity in women is related to a higher risk
of meningioma, with a relative risk ranging from 1.67 to
2.01, depending on the study [61].

Obesity control as a cancer prevention factor

As seen above, there is increasing evidence that obesity is
not just an independent risk factor for the development of
certain types of cancer, but also a poor prognostic factor
and indicator of lower survival in patients who have al-
ready been diagnosed [8]. However, society in general still
has little awareness of the relationship between obesity and
cancer, no doubt partly because both these diseases were
stigmatised for a long time.

Moreover, although there have been marked improve-
ments in the last few decades in detection, treatment options
and cancer patients’ survival, there are still large gaps in our
knowledge about preventing the occurrence of cancer. Such
knowledge is needed, because about 50 % of cancers are
thought to be preventable [62]. The balance between each
person’s genetic predisposition and the interaction between
genome and obesity determines individual susceptibility to
developing certain types of cancer to a greater or lesser
extent. Lifestyle interventions, i.e. a healthier diet, greater
physical activity and weight control, thus appear to be a
safe, physiological approach to preventing cancer.

To date, no prospective, randomised studies have
evaluated the impact of voluntary weight loss on the inci-
dence of new cancers, or the prognosis of patients who have
already been diagnosed. It is known that, beyond a certain
BMI, weight gain over a period of time leads to higher
cancer risk. For example, among women of pre-menopausal
age diagnosed with breast cancer, all-cause mortality, in-
cluding cancer mortality, is twice as high in those who
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gained over 16 kg between 20 years of age and the year
prior to diagnosis than in those whose weight remained
stable. Similarly, among post-menopausal women with
breast cancer, mortality is up to three times higher in those
who put on more than 12.7 kg between the age of 50 years
and 1 year before being diagnosed [63]. Moreover, weight
gain over a short period of time, of 2—4 years, and more
gradual weight gain, over 10 years, are both significantly
associated with a higher incidence of colon cancer [64].
Studies in patients diagnosed with cancer are also
available showing that weight loss achieved by lifestyle
changes, such as a more balanced diet and greater physical
activity, can improve feelings of tiredness, self-perceived
body image and lung capacity, reduce the incidence of
comorbidities, and achieve favourable changes in the profile
of biomarkers linked to cancer risk and prognosis [65, 66].
In this sense, diagnosis should be seen as an ideal time to
raise patients’ awareness of their obesity problem and
suggest that they lose weight to improve their prognosis [8].

Conclusions

Obesity, defined as a BMI of over 30 kg/m?, is a highly
prevalent disease in Spain. This prevalence has increased in
the last two decades, and currently 23 % of the adult
population and 15 % of children and adolescents are af-
fected. Abdominal obesity, defined by waist circumference,
affects 36 % of the Spanish population. It is well known
that excess weight carries a greater risk of suffering type 2
diabetes mellitus, hypertension, dyslipidaemia, non-alco-
holic fatty liver disease, degenerative joint disease and
obstructive sleep apnoea. In addition to these classical as-
sociations, it also increases the risk of suffering various
types of cancer. The pathophysiology of obesity involves
various changes that may be implicated in the relationship
between obesity and cancer, such as excess inflammatory
cytokines and chronic inflammation, hyperinsulinaemia,
insulin resistance, and raised leptin and oestrogens.

The current evidence reveals differences in the rela-
tionship between obesity and various types of cancer.
Among cancers of the gastrointestinal tract, there is clear
evidence of increased risk of, for example, gastric cancer
(HR 1.13), or of the relationship to prognosis in malig-
nancies such as pancreatic cancer, in which high BMI
entails worse survival, or colorectal cancer, in which
BMI >35 kg/m? is associated with increased recurrence
and mortality. In the gynaecological field, raised BMI is
associated with a higher risk of endometrial (HR 2.89) and
ovarian (HR 1.14) cancer, although the link is more de-
batable in the latter case. Obese women with breast cancer
have worse survival, irrespective of whether they are pre-
or post-menopausal. As far as urological cancers are
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concerned, it is worth noting the relationship between
obesity and increased incidence of renal cancer (an in-
crease of 1.8-2.3 in relative risk). Likewise, diseases such
as prostate or bladder cancer have also been correlated with
overweight, in terms of both incidence and worse
prognosis.

Health professionals and the general public both need to be
informed and educated about the relationship between obesity
and cancer. This means taking preventive action. Preventing
obesity prevents cancer. On the other hand, the treatment
strategy should be adjusted for excess weight, and patients
recovering from cancer should be treated for obesity.
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