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Overweight and obesity constitute a global pandemic with devastating consequences that affect N2 billion people.
Obesity plays a central role in morbidity and mortality of diseases of multiple organs and systems, and it is a major
contributor to the growing incidence of cancer. There is now sufficient level of evidence for the association between
overweight and 11 types of cancer, among which are two of the most common cancers worldwide, those of the
colorectum and postmenopausal breast. Sedentary lifestyle, unhealthy diet, and excessive alcohol intake also account
for the burden of cancer bypromoting obesity. The risk of specific types of cancer is also directly influenced, regardless
of the magnitude of adiposity, by physical inactivity, consumption of red meat, processed meat and ultra-processed
foods, dairy products, alcohol,whole grain cereals, nuts, vegetables, and fruits. Type 2 diabetes is another global health
threat closely associatedwith obesity that boosts the risk of cancer driven by high BMI. Education to promote positive
choices and physical activity and resolute public health interventions on food delivery are requested to reduce the
burden of obesity-related cancer and lighten the unsustainable growing expenses to health systems.

© 2018 Elsevier Inc. All rights reserved.
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Fig. 1. Prevalence of obesity in adults in Europe, 2015.
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1. Introduction

Overweight and obesity have becomea global pandemicwith devas-
tating consequences, accounting for the third highest global social bur-
den after tobacco and armed violence [1]. In 2015, 19.5% of the
population across the countries of the Organization for Economic Co-
operation and Development (OECD) was obese. However, in countries
such as New Zealand, Mexico and the United States (US), these figures
exceeded 30% [2]. Obesity plays a central role in themorbidity andmor-
tality of diseases affecting the cardiovascular, respiratory, and musculo-
skeletal systems, and it is one of the main promoters of type 2 diabetes,
high blood pressure, and dyslipidaemia. Obesity is also a major contrib-
utor to the growing incidence of cancer that may overtake tobacco as
the leading preventable cause of cancer [3,4]. Of particular importance
is the association of overweight with breast and colorectal cancer, two
of themost common cancersworldwide. By 2008,medical expenditures
related to obesity were estimated at $147 billion in the US and $1.5 tril-
lion per year worldwide [1,5]. Aside from quitting smoking, there are
very few isolated interventions capable of achieving an impact on
human health and reducing expenses, such as the prevention of over-
weight and obesity.

This manuscript summarizes the best evidence published in the last
two decades about the risk of cancer associated with obesity and its re-
lated risk factors, including type 2 diabetes. This is not a systematic re-
view of all research about obesity and cancer. The information in this
manuscript summarizes that provided for international agencies and
societies such as the World Health Organization, the International
Agency for Research on Cancer (IARC), the American Society of Clinical
Oncology, theWorld Cancer Research Fund/American Institute for Can-
cer Research (WCRF/AICR), and the Centers for Disease Control and Pre-
vention. It also includes evidence from the most prominent research
based on systematic reviews, meta-analyses, and large prospective
studies released after 2015, the last year covered by the position papers
of the IARC and theWCRF/AICR. Special emphasis has been paid to high-
light the areas of concordance and disparities between different publi-
cations. Putative mechanisms of oncogenic transformation in obesity
and type 2 diabetes, and the effects of intentional weight loss on cancer
incidence are also reviewed.

2. Prevalence of Overweight and Obesity

Overweight and obesity are the abnormal or excessive accumulation
of fat. They are estimated most commonly by the body mass index
(BMI), although it does not discriminate the percent of body fat or the
body distribution of adiposity. In adults, a BMI of 25.0 to 29.9 kg/m2 is
considered overweight, and 30.0 kg/m2 or more is considered obesity.

During recent decades, the global prevalence of a BMI of 25 kg/m2 or
greater has risen by 27% in adults and 47% in children. This means an in-
crease in the number of overweight and obese people from 900 million
in 1980 to 2 billion in 2013, and the OECD projections foresee a steady
increase over the next two decades [6]. In Europe, overweight and obe-
sity accounted for up to 53% of the adult population in 2014 [7]. The
range of prevalence varied from 10% in Italy and Switzerland to N25%
in the United Kingdom and Hungary (Fig. 1) [2]. In Asia, despite the
growing incidence of obesity in very populated regions of China and
India, available data up to 2013 indicate a relatively low prevalence of
obesity at approximately 4% in men and women. However, China and
India were within the 10 countries that accounted for more than half
of obese people worldwide in 2013 [6].

3. Risk of Cancer in Overweight and Obese People

Cases of cancers not related to overweight and obesity have de-
creased during the first two decades of this century. However, the
cases of cancer related to overweight and obesity have increased [8].
In 2012, it was estimated that 3.6% of all cancers worldwide in adults
were attributable to high BMI. Of these, endometrial, postmenopausal
breast, and colon cancers accounted for 63.6% of all cases. Every increase
of BMI by 5% has been associatedwith a 10% greater risk of death related
to cancer. In 2014, overweight and obesity-related cancers accounted
for up to 40% of all cancers (55% in women and 24% in men) [9,10].
The most remarkable increase was for endometrial, ovarian, and post-
menopausal breast cancers [8]. With the exception of postmenopausal
breast cancer, an increase in BMI during childhood, adolescence, and
young adulthood confers a similar risk to that in adulthood. In contrast,
the absence of body adiposity throughout life lowers the risk of most
cancers [11]. Overweight- and obesity-related cancers are more fre-
quent in people over 50 years old, inwomen, in non-Hispanic black peo-
ple, and in more developed countries [8,12].

In 2018, the WCRF/AICR released an extensive systematic review
from 514 studies and meta-analyses published through 2015, with a
level of evidence that links overweight and obesity to the risk of specific
types of cancer of different localizations [13]. Also in 2018, the IARC ad-
vanced its conclusions about the cancer-preventive effects of the ab-
sence of excess body adiposity based on studies and meta-analyses
published through 2015, which will be published in the upcoming Vol-
ume 16 of the IARCHandbooks of Cancer Prevention [11,14]. TheWCRF/
AICR and the IARC Working Group classified the strength of the evi-
dence differently, andwhereas theWCRF/AICRmakes public health rec-
ommendations based on the level of evidence, the IARCWorking Group
does not provide recommendations.

TheWCRF/AICR and the IARC agree about that there is convincing and
sufficient evidence linking overweight and an increased risk of cancers of
the oesophagus (adenocarcinoma), colon and rectum, liver, pancreas,
postmenopausal breast, endometrium, and renal adenocarcinoma. The
WCRF/AICR assigned a lower level of evidence than that assigned by the
IARC for cancers of the gastric cardia, gallbladder, and ovary. The WCRF/
AICR also found some level of evidence for cancers that had not been ad-
dressed by the IARC, such as cancers of the mouth, pharynx and larynx,
cervix, and premenopausal breast. In this last case, overweight would
confer a probable protective effect (Table 1). According to the WCRF/
AICR, there is concordance among the different methods of assessment
of adiposity, such as BMI, waist circumference, andwaist to hip ratio [13].



Table 1
Strength of the evidence of the risk of cancer for overweight and obesity according to the criteria of the International Agency for Research on Cancer (IARC) and theWorld Cancer Research
Fund/American Institute for Cancer Research (WCRF/AICR).

Cancer site IARC Working Groupa WCRF-AICRb

Level of evidence RR (95% CI)c Level of evidence RR (95% CI)c,d

Oesophageal adenocarcinoma Sufficient 4.8 (3.0–7.7) Convincing 1.48 (1.35–1.62)
Gastric cardia Sufficient 1.8 (1.3–2.5) Probable 1.23 (1.07–1.40)
Colon and rectum Sufficient 1.3 (1.3–1.4) Convincing 1.05 (1.03–1.07)
Liver Sufficient 1.8 (1.6–2.1) Convincing 1.30 (1.16–1.46)
Gallbladder Sufficient 1.3 (1.2–1.4) Probable 1.25 (1.15–1.37)
Pancreas Sufficient 1.5 (1.2–1.8) Convincing 1.10 (1.07–1.14)
Post-menopausal breast Sufficient 1.1 (1.1–1.2)c Convincing 1.12 (1.09–1.15)
Endometrium Sufficient 7.1 (6.3–8.1) Convincing 1.50 (1.42–1.59)
Ovary Sufficient 1.1 (1.1–1.2) Probable 1.06 (1.02–1.11)
Renal adenocarcinoma Sufficient 1.8 (1.7–1.9) Convincing 1.30 (1.25–1.35)
Meningioma Sufficient 1.5 (1.3–1.8) NA NA
Thyroid Sufficient 1.1 (1.0–1.1)c NA NA
Multiple myeloma Sufficient 1.5 (1.2–2.0) NA NA
Male breast Limited NA NA NA
Fatal prostate cancer Limited NA Probable 1.08 (1.04–1.12)
Diffuse large B-cell lymphoma Limited NA NA NA
Oesophageal squamous-cell Inadequate NA NA NA
Gastric non-cardia Inadequate NA NA NA
Extrahepatic biliary tract Inadequate NA NA NA
Lung Inadequate NA NA NA
Cutaneous melanoma Inadequate NA NA NA
Testis Inadequate NA NA NA
Urinary bladder Inadequate NA NA NA
Brain or spinal cord glioma Inadequate NA NA NA
Mouth, pharynx and larynx NA NA Probable 1.15 (1.06–1.24)
Cervix NA NA Limited-suggestive 1.02 (0.97–1.07)
Pre-menopausal breast NA NA Probablee 0.93 (0.90–0.97)

NA, not available.
a The IARC assigned the strength of the evidence for a cancer-preventive effect of the absence of excess body fatness as sufficient, limited or inadequate.
b The WCRF/AICR assigned the strength of evidence for the risk of cancer for the excess of body fatness as convincing, probable, and limited but suggestive.
c Relative Risk (95% confidence interval) of the highest vs. normal body mass index category.
d Relative Risk per 5 body mass index units.
e Probable reduction of risk.
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Numerous individual studies and meta-analyses of specific types of
cancers have been released since 2015. An umbrella review of systematic
reviews and 204 meta-analyses evaluated the association between differ-
ent indices of adiposity and risk of developing or dying from cancer [15].
Their results support the vast majority of the conclusions of the WCRF/
AICR and IARCWorking Groups. In 12meta-analyses, the level of evidence
was judged to be strong for cancers of oesophagus (adenocarcinoma),
colorectum inmen, biliary tract system, pancreas, postmenopausal breast,
endometrium, kidney, and multiple myeloma. In 17 meta-analyses, the
level of evidence was highly suggestive of colon, liver, postmenopausal
breast, endometrium, and kidney cancer. The level of evidence was sug-
gestive in 23 meta-analyses for cancer of colorectum, pancreas, ovary,
prostate (mortality), thyroid, non-Hodgkin lymphoma,multiplemyeloma,
and leukaemia. In 19meta-analyses, it was weak for cancer of oesophagus
(adenocarcinoma), melanoma, endometrium, ovary, prostate (advanced),
thyroid, non-Hodgkin lymphoma (mortality), and leukaemia.
4. Type 2 Diabetes and Cancer

Diabetes has become one of themost worrisome global health prob-
lems in this century. It is estimated that 425 million people worldwide
have diabetes, which accounts for over 8.8% of the population aged
20–79 years, with an attributed total healthcare expenditures estimated
to be $727 billion in 2017 [16]. Type 2 diabetes is closely associatedwith
obesity, which shares common risk factors and comorbidities. Weight
loss through intensive lifestyle interventions of diet and physical activ-
ity accounts for most of the preventive effects on new cases of diabetes
[17]. In patients already diagnosed with diabetes, the level of cardiore-
spiratory fitness is associated with mortality from cancer [18].
An umbrella review of 18 meta-analyses published through 2013
has assessed the risk of developing cancer in type 2 diabetes patients
[19]. Of 20 different cancer sites, the following four types were linked
with type 2 diabetes with a robust level of evidence and without evi-
dence of bias: breast (RR 1.20; 95% CI, 1.12–1.28), colorectum (RR
1.27; 95% CI, 1.21–1.34), intrahepatic cholangiocarcinoma (RR 1.97;
95% CI, 1.57–2.45), and endometrium (RR 1.97; 95% CI, 1.71–2.27). In
2017, a pooled analysis of 19 cohort studies included in the Asia Cohort
Consortium found a positive association between diabetes and cancer of
the breast, colorectum, bile ducts, and endometrium. Other cancer sites
significantly associated with diabetes were liver, gallbladder, pancreas,
ovary, prostate, kidney, and thyroid [20].

In 2018, an extensive analysis of theworldwide risk of cancer related
to diabetes provided information about the population attributable
fraction for 12 cancers in 175 countries using data from the
GLOBOCAN Project of the IARC [21]. Diabetes and high BMI combined
were responsible for 5.6% of all 14,067,894 new cases of cancer world-
wide. Of them, 2.0% were attributable to diabetes, and 3.9% were attrib-
utable to high BMI. In women, 147,400 new breast cancer cases
constituted 29.7% of all cancers attributable to diabetes and high BMI,
and 121,700 endometrial cancer cases constituted 24.5% of all new can-
cers. Inmen, 126,700 cases of liver cancer, and 63,200 cases of colorectal
cancer comprise 42.8 and 21.4% of all new cancer cases attributable
to diabetes and high BMI, respectively. Countries from East and South-
east Asia deserve special mention, as these regions supported the sec-
ond largest proportion of cases of cancer worldwide attributable
to overweight and diabetes after high-income western countries in
2012. Of particular importance were the cases of liver cancer, which
contributed 53.8% to the total cancer burden related to overweight
and diabetes [21].
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5. Physical Activity and Cancer

Energy expenditure is essential for weight loss and to maintain a
healthyweight. Aminimum level ofmoderate intensity physical activity
of at least 150min perweek is recommended.Muscular strength, global
cardiorespiratory fitness status, and sedentary leisure time are also de-
terminants of energy expenditure and influence the risk of cancer.

5.1. Physical Activity and Cardiorespiratory Fitness

Physical activity of onlymoderate intensity is associatedwith a substan-
tial reduction in total mortality, cardiovascular mortality, and cancer-
related mortality, with a favourable dose-response from the minimum
level to a level as high as 10 times greater without evidence of harm
[22,23]. Pooled data from 12 prospective cohort studies, comprising 1.44
million participants from Europe and the US, with a median follow-up pe-
riod of 11 years, provided strong evidence on the association between
leisure-time physical activity and cancer incidence. A high level of physical
Table 2
Strength of the evidence of the risk of cancer for obesity, type 2 diabetes and associated risk fa
Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR).

Cancer site Obesity Physical
activity

Sedentary
behaviour

Oesophageal adenocarcinoma Sufficient
Convincing

–
Suggestive

Gastric cardia Sufficient
Probable

Colon and rectum Sufficient
Convincing

–
Convincing

Liver Sufficient
Convincing

–
Suggestive

Gallbladder Sufficient
Probable

Pancreas Sufficient
Convincing

Post-menopausal breast Sufficient
Convincing

–
Probable

Endometrium Sufficient
Convincing

–
Probable

–
Suggestive

Ovary Sufficient
Probable

Renal adenocarcinoma Sufficient
Convincing

Meningioma Sufficient
–

Thyroid Sufficient
–

Multiple myeloma Sufficient
–

Male breast Limited
–

Fatal prostate cancer Limited
Probable
Limited

–
Oesophageal squamous-cell

Gastric non-cardia

Intrahepatic biliary tract

Lung –
Suggestive

Cutaneous melanoma

Urinary bladder

Mouth, pharynx and larynx –
Probable

Cervix –
Suggestive

Pre-menopausal breast –
Probable

–
Suggestive

Nasopharynx

Diffuse large B-cell lymphoma
activitywas associatedwith a lower risk of 10 types of cancers independent
of BMI, including the threemost commoncancersworldwide, i.e., cancers of
the lung, breast, and colon and rectum (Table 2). High levels of physical ac-
tivity were also positively associated with non-advanced prostate cancer
and melanoma, possibly as a consequence of greater exposure to sunlight
[24]. Although a high level of physical activity does not eliminate the risk
of cancer anddeathassociatedwithobesity, it is beneficial at any level of ad-
iposity. In non-smoking women, the coexistence of obesity and low physi-
cal activity can explain up to 31% of all premature deaths, 59% of deaths
from cardiovascular disease, and 21% of deaths from cancer [25]. Unfortu-
nately, the level of physical activity in the general population is still far
from the optimum level. In 2016, the global prevalence of insufficient phys-
ical activity was 25.7% and predominated in women and in high-income
countries [26]. Among 36 European countries, N30% of the population
aged N15 years does less than the minimum level of the recommended
physical activity in a typical week. In ten countries, the prevalence of phys-
ical inactivity affected N50% of individuals; in 18 countries, the prevalence
ranged between 25 and 50%; and in only 9 countries, it was b25% [27].
ctors according to the International Agency for Research on Cancer (IARC) and the World

Red meat Processed
meat

Fish Dairy
products

Alcohol

–
Suggestive

–
Convincing

–
Probable

–
Suggestive

Sufficient
Convincing

–
Suggestive

–
Probable

–
Convincing

–
Suggestive

–
Convincing

–
Suggestive

–
Suggestive

–
Suggestive

–
Convincing

–
Probable

–
Suggestive

–
Suggestive

–
Suggestive

–
Suggestive

–
Suggestive

–
Suggestive

–
Suggestive

–
Convincing

–
Suggestive

–
Probable

–
Suggestive

–
Suggestive

–
Probable



Table 2 (continued.)

Cancer site Processed
food

Ultra-processed
food

Whole grain
cereals

Vegetables Fruits Type 2 Diabetes Diabetes and
high BMI

Oesophageal adenocarcinoma –
Suggestive

Gastric cardia

Colon and rectum –
Probable

(Suggestive)e (Suggestive)f

Liver (Suggestive)f

Gallbladder

Pancreas

Post-menopausal breast (Suggestive)d –
Suggestive

(Suggestive)e (Suggestive)f

Endometrium (Suggestive)e (Suggestive)f

Ovary

Renal adenocarcinoma

Meningioma

Thyroid

Multiple myeloma

Male breast

Fatal prostate cancer

Diffuse large B-cell lymphoma

Oesophageal squamous-cell –
Suggestive

–
Suggestive

Gastric non-cardia –
Probablea

Intrahepatic biliary tract (Suggestive)e

Lung –
Suggestive

–
Suggestive

Cutaneous melanoma

Urinary bladder –
Suggestive

–
Suggestive

Mouth, pharynx and larynx –
Suggestive

Cervix

Pre-menopausal breast

Nasopharynx –
Suggestiveb,c

–
Suggestive
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Cardiorespiratory fitness is frequently measured by estimating the
metabolic equivalents (METs) consumed after a treadmill exercise
test. Compared to men with the lowest cardiorespiratory fitness, those
with moderate and high cardiorespiratory fitness have a significantly
lower risk of developing lung and colon cancers independent of adipos-
ity and smoking status [28]. These results have been reproduced in very
long-term studies and meta-analyses. In a prospective study with
N40 years of follow-up, men already diagnosed with cancer with high
cardiorespiratory fitness had an adjusted 32% lower risk of death related
to cancer and a 68% lower risk of death related to cardiovascular causes
[29]. With each one MET increase in cardiorespiratory fitness, a 4% re-
duction in total cancer incidence may be expected [30]. A meta-
analyses of six prospective studies also showed a decreased total cancer
mortality risk associated with intermediate and high levels of cardiore-
spiratory fitness, independent of adiposity [31]. The risk of developing
breast cancer in pre- or post-menopausal women is also significantly
lower among those with the highest cardiorespiratory fitness indepen-
dent of weight, smoking status, family history of breast cancer, and oral
contraceptive or oestrogen use [32].

The WCRF/AICR differentiates recreational, occupational, and total
physical activity when estimating risk. They assigned strong and con-
vincing evidence to the association between total and recreational
physical activity and the risk of colon cancer. Total, recreational, and oc-
cupational physical activity probably decrease the risk of postmeno-
pausal breast cancer. In addition, recreational and occupational
physical activities probably decrease the risk of endometrial cancer.
They also found limited, although suggestive, evidence that physical ac-
tivity decreases the risk of lung, liver, and premenopausal breast cancers
(Table 2) [13].

A systematic review and meta-analysis of 126 studies in 2016
showed that theWHO recommendations for physical activity decreased
cancer risk by 7%, owing to a reduction of breast and colorectal cancer
risk [33]. The protective effect on colorectal cancer risk persisted after
adjusting for BMI and by family history of colorectal cancer [34].

5.2. Muscular Strength

Adequate muscle mass, strength, and metabolic function are essen-
tial to prevent diverse pathologic conditions and chronic diseases [35].
In the clinical setting, muscular strength can be assessed in the upper
extremities with a one-repetition maximum supine bench press, and
in the lower extremities with a one-repetition maximum seated leg
press. Compared to people in the lower tertile of muscular strength,
those in the middle and upper tertiles have a significantly lower risk



Table 3
Risk of cancer after intentional weight loss in prospective cohort studies.

Study Population Follow-up,
years

Subjects who lost weighta Cancer site Multivariate
adjusted
HR/RR (95% CI)

Parker, 2003 21,707 post-menopausal women 6 17% Any 0.89 (0.79–1.00)
Breast 0.81 (0.66–1.00)
Colon 0.91 (0.66–1.24)
Endometrium 0.96 (0.61–1.52)
Obesity-relatedb 0.86 (0.74–1.01)

Hervy, 2005 33,660 post-menopausal women 15 Lost weight from age 18 to menopause, 2% Breast 0.36 (0.22–0.60)
Lost weight from age 30 to menopause
and after menopause, 4%

0.48 (0.22–0.65)

Gained weight until menopause but lost
weight after menopause, 8%

0.77 (0.64–0.92)

Eliassen, 2006 49,514 post-menopausal women 26 5% Invasive breast cancerc 0.43 (0.21–0.86)
Rapp, 2007 28,811 men 7 At least 1.30 kg, 17% Colond 0.50 (0.29–0.97)
Luo, 2017 36,794 post-menopausal women 11.4 7.9% Endometrium 0.71 (0.54–0.95)
Welti, 2017 80,943 post-menopausal women 20 2.9% Breast 1.11 (1.03–1.20)

Endometrium 1.02 (0.62–1.68)
Colorectum 0.94 (0.65–1.36)

HR, hazard ratio; RR, relative risk; 95% CI, 95% confidence interval.
a Unless otherwise specified, most studies considered steady weight loss at least 5 kg or 5% of the basal body weight.
b Breast, colon, endometrium, or kidney.
c Women who lost weight after menopause and never used hormone replacement therapy.
d Weight lost of at least 1.30 kg in 7 years was not associated with a significant reduction in the risk of colon cancer in 36,938 women, and of cancer of the stomach, rectum, prostate,

kidney, bladder, and melanoma in men and women.
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of cancer mortality regardless of smoking status, BMI, percent of body
fat, waist circumference, and cardiorespiratory fitness [36,37].

Thus, performing regular physical activity of at least moderate inten-
sity, avoiding a sedentary lifestyle, and improving physical fitness are of
paramount importance to fight against obesity and to decrease the risk
of cancer independently of theweight, adiposity, and smoking status [38].

5.3. Sedentary Lifestyle

It is important not only to perform physical activity regularly but
also to avoid a sedentary lifestyle the rest of the time, as there is strong
evidence that prolonged sedentary time is associated with all-cause
mortality and cancer incidence regardless of physical activity level
[39,40]. There is a linear association between the time expended on
television viewing and the risk of cancer mortality, even after adjusting
for physical activity,which becomes significant after expending N4 h per
day [41]. Avoiding a sedentary lifestyle is also important for patients al-
ready diagnosedwith cancer. In cases of cancer of the colon and rectum,
leisure physical activity and time expended watching television were
both independently associated with mortality [42,43].

The WCRF/AICR considers that, although limited, there is evidence
that sedentary behaviour increases the risk of endometrial cancer
(Table 3) [44].

6. Nutrition, Food, and Cancer

To ascertain the isolated effects of specific foods from the effects of
other nutrients and lifestyle factors is challenging. We now have suffi-
cient evidence of the risk of specific foods regardless of the level of
adiposity.

6.1. Red Meat and Processed Meat

Red meat and processed meat deserve special attention due to the
extensive investigation in prospective cohort studies, case-control stud-
ies, and meta-analyses. Red meat is mammalian muscle meat that is
usually consumed cooked. Processed meat is any type of meat, poultry,
offal, ormeat by-product, such as blood, that is transformedbymeans of
salting, curing, fermenting, smoking, or other processes to enhance fla-
vour or improve preservation. The risk of cancer can be related to the
content of fat, the content of residues of veterinary drugs or pollutants,
the type of processing meat, and the method of cooking. Based on the
positive results of 12 large cohort studies and 9 case-control studies,
the IARC Working Group considers that there is sufficient and convinc-
ing evidence of a positive association between the consumption of proc-
essed meat and the risk of colorectal cancer (Table 2) [45]. In a meta-
analysis of 21 studies, red meat and processed meat increased the risk
of colorectal cancer approximately linearly. The relative risk was 1.17
(95% CI, 1.05–1.31) for each increase of 100 g/day of red meat and
1.18 (95% CI, 1.10–1.28) for each increase of 50 g/day of processed
meat [46]. There is also an association, though considered weak, be-
tween consumption of processed meat and cancer of the stomach, and
of red meat and cancer of the colorectum, pancreas, and prostate. The
overall evaluation of the IARC, assumed by the WHO, is that the con-
sumption of processed meat is carcinogenic to humans, and conse-
quently, it has been classified, together with tobacco, as a Group 1
carcinogen. Consumption of red meat is considered to be probably car-
cinogenic to humans (Group 2A) [45].

The WCRF/AICR found the risk of colorectal cancer associated with
the consumption of N50 g/day of processed meat convincing. The level
of evidence was limited and suggestive for cancers of the nasopharynx,
oesophagus (squamous cell), lung, stomach (non-cardia), and pancreas.
Consumption of N100 g/day of red meat probably increases the risk of
cancer of the colorectum. The evidence is limited but suggestive for can-
cers of the nasopharynx, lung, and pancreas (Table 2) [13].

The consumption of processed meat has also been associated with
cancer mortality in a meta-analysis of 17 cohort studies with a pooled
RR of 1.08 (95% CI, 1.06–1.11) [47].

6.2. Fish

There is extensive literature about the potential effect of fish con-
sumption on cancer risk but with variable results. The WCRF/AICR con-
siders that there is limited but suggestive evidence of a protective effect
of the consumption of 20 g/day of fish for liver cancer (RR 0.94; 95% CI,
0.89–0.99), and of 100 g/day for colorectal cancer (RR 0.89; 95% CI,
0.80–0.99). In contrast, the consumption of salted fish, including
Cantonese-style salted fish, was considered to increase the risk of naso-
pharynx cancer (Table 2).

Dietary supplementation with fish oils has recently gained accep-
tance to improve cardiovascular health and even to prevent cancer. In
vitro cell studies and animal models, n−3 polyunsaturated fatty acids
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(n−3 PUFA) have been demonstrated to inhibit carcinogenesis. How-
ever, the results of observational studies in humans are discordant for
different cancer types and for the same type of cancer. A meta-analysis
in 2013 of 26 publications including 883,585women concluded that the
consumption of at least 0.1 g/day of n−3 PUFA was associated with a
14% reduction in the risk of breast cancer [48]. Another meta-analysis
of 14 prospective studies found no relationship between n−3 PUFA
consumption and risk of colorectal cancer [49]. In the case of prostate
cancer, a meta-analyses of 16 publications found that certain types
of n−3 PUFAs, such as docosahexaenoic acid, were associated with
an increased risk of cancer, whereas alpha-linolenic acid was inversely
associated with the risk of prostate cancer. In addition, blood
eicosapentaenoic acid and docosahexaenoic acid concentrations were
also associated with aggressive prostate cancer [50].

6.3. Dairy Products and Eggs

The risk has been assessed separately for milk, cheese, dietary cal-
cium, and overall dairy products in prospective studies and meta-
analyses. Increments of 200 g/day of milk, 50 g/day of cheese,
200 mg/day of dietary calcium, and 400 g/day of dairy products have
been found by the WCRF/AICR to decrease the risk of colorectum and
breast (pre-menopause) cancer with a level of evidence probable and
suggestive, respectively [13]. A meta-analyses of 11 cohort studies
with 778,929 individuals concluded that the consumption of whole
milk increases the risk of prostate cancer (pooled RR 1.50; 95% CI,
1.03–2.17). The WCRF/AICR concluded that the relationship between
consumption of N400 g/day of dairy products and the risk of prostate
cancer is suggestive [13,51].

In ameta-analyses of 2014, an association between the consumption
of eggs and the risk of breast cancer was observed in cohort studies for
people who consumed 2 to 5 eggs per week, but not in case-control
studies, nor in people who consumed N5 eggs per week [52]. In a
meta-analysis of 12 studies with 629,453 participants, those with the
maximum consumption of eggs had a significantly increased risk of
ovarian cancer. This effect was only observed in women who partici-
pated in case-control studies but not in cohort studies [53]. Thedisparity
of these results suggests that chance, bias, and confounding factors may
not be ruled out with confidence.

6.4. Alcohol

Alcohol consumption has become the third leading preventable
cause of death in the US after tobacco and physical inactivity and inad-
equate nutrition [54]. In 2016, 5.3% of all global deathswere attributable
to alcohol consumption [55]. Alcohol also significantly contributes to
weight gain and to the risk of overweight and obesity-related cancers.
It should be taken into account that 1 g of alcohol contributes 7 kcal,
whereas 1 g of carbohydrate or protein contributes only 4 kcal. The con-
tent in grams of ethanol in alcoholic beverages can be estimated bymul-
tiplying the percentage of alcohol by the total volume and by 0.008.
Thus, the ethanol content of 330 ml of a 5% volume alcoholic beer con-
tributes 92.4 kcal, 100ml of red wine contributes 67 kcal, and 100ml of
whisky or gin contributes 224 kcal.

A meta-analyses of 572 studies published through 2012 provided a
quantitative estimation of the strength of the association between alco-
hol consumption and the risk of cancer, and a categorization of alcohol
consumption as light (≤12.5 g/day of alcohol), moderate (between
12.5 and 50 g/day), and heavy (≥50 g/day) [56]. Compared with non-
drinkers or light drinkers, heavy drinkers showed an increased relative
risk of oral and pharyngeal cancer (RR 5.13; 95% CI, 4.31–6.10), oesoph-
ageal squamous-cell carcinoma (RR 4.95; 95% CI, 3.86–6.34), colorectal
carcinoma (RR 1.44; 95% CI, 1.25–1.68), laryngeal carcinoma (RR 2.65;
95% CI, 2.19–3.19), and female breast cancer (RR 1.61; 95% CI, 1.33–
1.94). There was a clear dose-risk relationship between alcohol con-
sumption and the risk of these five types of cancer. Heavy drinkers
also had a significantly increased risk, without clear dose-risk relation-
ships, of cancer of the stomach, liver, gallbladder, pancreas, and lung.
Conversely, heavy alcohol consumption exerted a protective effect on
the risk of Hodgkin's lymphoma (RR 0.63, 95% CI, 0.41–0.97), and non-
Hodgkin's lymphoma (RR 0.75; 95% CI, 0.64–0.88) [56].

TheWCRF/AICR has found strong and convincing evidence of the re-
lationship between alcohol consumption and the risk of the cancer of
mouth, pharynx, and larynx, oesophagus (squamous cell), liver,
colorectum, breast (post-menopause). The level of evidence was con-
sidered strong but probable in cases of cancer of stomach and breast
(premenopause) and limited but suggestive in cancers of the lung, pan-
creas, and skin (basal cell carcinoma andmelanoma). They also found a
protective effect of alcohol consumption for kidney cancer (Table 2)
[13].

6.5. Ultra-processed Food

Foods can be classified according to the extent and purposing of food
processing, which can be associated with unhealthy nutrient profiles
and diet-related non-communicable diseases. Reports from the Food
and Agriculture Organization of the United Nations and the Pan
American Health Organization have recognized and used theNOVA sys-
tem that categorizes all foods into 4 groups according the extent of pro-
cessing [57]. Group 1 is composed of unprocessed or minimally
processed foods; Group 2 is processed culinary ingredients that are ob-
tained directly from Group 1 foods, such as sugar, salt, honey, vegetable
oils, butter, and starches; Group 3 is processed foods made by adding
two or three ingredients, such as sugar, oil, salt or other Group 2 sub-
stances to Group 1 foods, or processed foods by various preservation
methods, or non-alcoholic fermentation (cheese); and Group 4 is com-
posed of ultra-processed foods and drink products, which are industrial
formulations usually with five or more ingredients, including antioxi-
dants, stabilizers, and preservatives.

The NutriNet-Santé was a French population-based cohort study
launched in 2009 to assess dietary behaviours and nutritional determi-
nants of health. A total of 104,980 participants were categorized into
four groups according to the proportion of ultra-processed food in the
total diet. Compared to the first quarter of participants that consumed
less ultra-processed food, the fourth quarter was associated with a sig-
nificant increased overall cancer risk (RR 1.23; 95% CI, 1.08–1.40) and
risk of post-menopausal breast cancer (RR 1.38; 95% CI, 1.05–1.81)
after adjusting for energy intake, smoking status, physical activity,
BMI, alcohol intake, menopausal status, hormonal treatment, oral con-
traception, and Western dietary pattern. They estimated a 10% in-
creased risk of overall and breast cancer for a 10% increase in the
proportion of ultra-processed food. There was also a borderline but
non-significant increased risk of colorectal cancer (RR 1.23; 95% CI,
1.08–1.40; p=0.07). The food groups that most frequently contributed
to ultra-processed food composition were sugary products (26%),
drinks (20%), starchy foods and breakfast cereals (16%), and ultra-
processed fruits and vegetables. This study could not address the rela-
tive contribution of the processing methods, nutritional composition,
food additives, contact materials, and neoformed contaminants
(Table 2) [58].

6.6. Whole Grain Cereals and Nuts

There is extensive concordance in the protective effects of whole
grain cereals from cancer mortality in different meta-analyses. Con-
sumption of each 90 g/day of total whole grains is associated with a re-
duction of 9% in cancermortality [59–61]. The conclusions of theWCRF/
AICR are that each 90 g/day increment of whole grains decreases the
risk of cancer of the colorectum with a level of evidence probable
(Table 2) [13].

High versus low consumption of tree nuts and peanuts are also asso-
ciated with a decreased risk of cancer mortality. In a dose-response
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analysis, each 10 g/day increment in the intake of tree nuts reduced the
RR by 0.80 (95% CI, 0.72–0.89) [62]. High consumption of nuts has been
related to a decreased risk of cancer of the post-menopausal breast (neg-
ative oestrogen receptor), endometrium, pancreas, and gastrointestinal
tract [63–65]. In a case-control study, consumption of three ormore serv-
ings per week of nuts was strongly associated with a reduction of cancer
of the distal colon and rectum in men and women and of the proximal
colon in men. The association remained significant after adjusting for
age, alcohol consumption, physical activity, BMI, consumption of red
meat, fruits and vegetables, and total energy intake [66].

6.7. Fruits and Vegetables

Regular consumption of fruits and vegetables was protective against
cancermortality in ameta-analysis of prospective studies, with a reduc-
tion in the RR of 3–4% for each 200 g/day increment of intake [67]. The
WCRF/AICR judgement is that there is limited evidence about the pro-
tective effect of fruits and non-starchy vegetables on specific cancers
of different localizations (Table 2) [13].

6.8. Eating Patterns and High-quality Diets

Recommendations about food and nutrition directed to decrease the
risk of cancer, diabetes, cardiovascular disease, andmortality should not
be based on the promotion or discouragement of particular foods. It
should be based on the promotion of healthy eating patterns and
Fig. 2. Signalling pathways and risk of cancer of expanded adipose tissue. IGFs, insulin growth
activator inhibitor 1; PI3K, phosphatidylinositol 3-kinase; SHBG, sex hormone-binding glob
factor-α.
high-quality diets that include all the updated best evidence-based
knowledge. Thus, current dietary recommendations of the WCRF/
AICR, the American Cancer Society, and the IARC European Code against
Cancer Secretariat are directed towards limiting the consumption of en-
ergy dense foods, sugar-sweetened beverages, refined carbohydrates,
salt, alcohol, animal-based foods, and particularly, processed meat.
They promote the consumption of whole grain cereals, nuts, legumes,
fruits and vegetables and, in general, plant-based foods. For those who
choose to include animal-based foods, it is preferable to choose fish
and poultry as an alternative to red meat. For those who want to eat
red meat, it is recommended to select lean cuts and eat small portions
[13,68,69]. The protective effect against cancer risk of these recommen-
dations has been evaluated with favourable results using different eat-
ing scores, such as the Healthy Eating Index, the Alternative Healthy
Eating Index, the Dietary Approaches to Stop Hypertension, and the
Mediterranean pattern diet [70–73].

7. Mechanisms of Oncogenic Transformation in Obesity and Type 2
Diabetes

The complex biologic changes that follow adipose tissue expansion
and pre-dispose to oncogenic transformation are not fully understood.
The expanded adipose tissue is responsible for an unbalanced produc-
tion of adipokines. It is also associatedwith elevated levels of oestrogens
driven by an increase in aromatase activitywithin adipocytes and byde-
creased levels of sex hormone-binding globulins. In obesity, and
factors; IL6, interleukin 6; MAPK, mitogen-activated protein kinase; PAI-1, plasminogen
ulin; STAT3, signal transducer and activator of transcription 3; TNF-α, tumour necrosis
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particularly in type 2 diabetes, there is a state of upregulation in the re-
ceptors of insulin growth factors (IGFs), hyperinsulinaemia, insulin re-
sistance, and dyslipidaemia. Obesity and type 2 diabetes are also
associated with changes in non-adipose cells in the stromal-vascular
component of the adipose tissue that are responsible for an inflamma-
tory state by stimulating macrophages and other inflammatory cells to
increase the levels of interleukin 6, tumour necrosis factor-α, and plas-
minogen activator inhibitor 1. Unbalanced adipokines, insulin, IGFs, and
pro-inflammatory cytokines activate cell membrane receptors that
drive complex changes in several signalling pathways, mainly that of
phosphatidylinositol 3-kinase, signal transducer and activator of tran-
scription 3, and mitogen-activated protein kinase. All of these changes
are believed to play a critical role in the risk of oncogenic transformation
by favouring cell proliferation and migration, angiogenesis, and reduc-
ing cell apoptosis (Fig. 2) [74–76].

8. Effects of Intentional Weight Loss and Type 2 Diabetes Therapies
on Cancer Incidence

The strength of evidence about the effects of intentional weight loss
on the risk of cancer is weak and limited. The number of well-designed,
large, prospective studies is very scarce. There is no accordance about
the magnitude of the weight reduction and the period of time in
which it should be attained or must be maintained. However, the
most critical limitationmay be the very limited proportion of obese peo-
ple who achieve a durable weight loss of at least 5 kg or 5% of the basal
body weight. In most studies, this figure is usually b5–10%. From the
available information from cohort studies, there seems to be suggestive
evidence of a reduction in the risk of breast cancer in post-menopausal
women who attain weight loss that is maintained without significant
fluctuations over time (Table 3) [77–82].

Compared with the standard treatment of obesity based on changes
in diet and physical activity, bariatric surgery has the advantage of
achieving dramatic and sustained weight loss of up to 20 kg over
10 years [83]. In a systematic review and meta-analyses of six observa-
tional studies with 51,740 participants, compared with obese controls,
the relative risk of cancer in obese patients subjected to bariatric surgery
was 0.50 (95% CI, 0.41–0.73). After stratifying by sex, the benefits were
demonstrated only in women [84].

Therapeutic choices of type 2 diabetesmay have implications for the
risk of cancer. Some data suggest that insulin and oral secretagogues
may increase the risk of cancer compared to patients taking metformin
or thiazolidinediones. However, these data are retrospective andmay be
affected by confounding factors because patients taking insulin typically
have more advanced and long-lasting disease. Whether metformin or
thiazolidinediones confer protective effects beyond model systems
also remains unclear [74]. Glucagon-like peptide-1 (GLP-1) analogues
are incretin-based antidiabetic drugs that have the advantage of induc-
ing significant and prolonged weight loss in obese patients with type 2
diabetes, and thus, they could be beneficial to reduce the risk of cancer.
However, some data have raised concerns about a higher risk of some
types of cancer after 2–3 years of treatment. To date, there is neither
firm evidence in favour of GLP-1-based therapy increasing the risk of
specific cancers, nor evidence to rule out any such increased risk. Until
more information becomes available, this controversy should not be
taken into account when making treatment decisions [85,86].

9. Healthy Lifestyle: One Size Fits All Approaches for Obesity, Cancer,
CVD, and Mortality

The cornerstone of prevention relies on promoting a healthy lifestyle
favouring healthy foods and physical activity and reducing overeating,
excessive alcohol intake, and tobacco smoking. These measures have a
favourable impact on cancer and CVD incidence, both indirectly through
their benefits on reducing overweight and directly regardless of the
magnitude of overweight.
The impact of a healthy lifestyle on human health is impressive.
Using data from the European Prospective Investigation into Cancer
and Nutrition Cohort, it has been quantified the joint effect of five mod-
ifiable risk factors (healthy diet pattern, physical activity, smoking, alco-
hol intake, and BMI) on the risk of total cancers and cancers related to
alcohol, tobacco, and obesity. For a score from 0 (the worst lifestyle)
to 10 (the best lifestyle), there was a 5% lower risk in men and 4%
lower risk in women for all cancers for each score point. Compared
with the worst scoring category, the best scoring category was associ-
ated with a 28% lower risk across all cancers in men and 24% lower
risk in women [87].

A recent analyses with the data from the Nurses´ Health Study, the
Health Professional Follow-up Study, and the NHANES 2013–2014 has
provided incontestable results [88]. They investigated the effects on
all-cause and specific-cause mortality of a lifestyle score constructed
with smoking, BMI, alcohol intake, physical activity, and a high diet
quality score (upper 40%). The population-attributable risk of non-
adherence to the five risk factors was 60.7% for all-cause mortality,
51.7% for cancer mortality, and 71.7% for CVD mortality. In women
and men at the optimum level of the five risk factors, the projected
life expectancy at age 50 years was 14.0 and 12.2 years longer, respec-
tively, compared with those at the worst level.

In conclusion, approximately 30 to 40% of themost common cancers
are preventable by avoiding smoking and preventing overweight by
adopting a healthy lifestyle. Having a healthy lifestyle means engaging
in regular physical activity; choosing a predominantly plant-based diet
that limits the consumption of red meat, alcohol, and ultra-processed
foods, particularly of red processed meat; and selecting legumes, nuts,
dry fruits, and fish as themain source of proteins. Education to promote
positive choices has to be continuously reinforced throughout all pe-
riods of life. However, public health interventions on food delivery are
also requested to reduce the burden of obesity-related cancers and
lighten the unsustainable growing expenses to health systems.
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