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Abstract
Background: Excess body weight (EBW), defined as a body 
mass index (BMI) ≥25 kg/m2, has become the second most 
important as well as a potentially modifiable risk factor for 
cancer in many industrialized countries. The more excess 
weight people have, the higher the risk of certain cancers. 
Over the past several decades, EBW has been increasing 
globally not only among adults, but also among children and 
adolescents. Summary: EBW is causally associated with 
colorectal, esophageal (adenocarcinoma), gastric (cardia), 
pancreatic, biliary and hepatocellular cancer. EBW when 
combined with tobacco smoking, risky alcohol use, or diabe-
tes can act synergistically to cause gastrointestinal cancer. In 
recent years, more and more young adults (20–40 years old) 
were diagnosed with EBW-associated neoplasms. People 
with EBW should be encouraged to join cancer screening 
programs. Key Messages: Keeping a healthy weight is a ma-
jor public health concern and reduces the risk of cancer.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Among adults aged 35–70 years, cancer is the major 
cause of death in high-income countries. In these coun-
tries, deaths from cancer outnumber those from cardio-
vascular disease more than twice among 35- to 70-year-

olds [1]. The lifetime cancer risk has risen overall to 
around 50% in many industrialized countries.

Over the past decade, cancers associated with excess 
body weight (EBW) have shown troubling signs of in-
crease among young adults and even adolescents (Fig. 1) 
[2, 3]. The prevalence of EBW (BMI ≥25.0 kg/m2) has 
expanded dramatically in almost all developing as well as 
developed countries, nowadays reaching pandemic levels 
of 60–70% of the adult population in industrialized coun-
tries. In 2016, an estimated 1.97 billion adults and over 
338 million children and adolescents around the world 
were categorized as overweight (BMI 25.0–29.9 kg/m2) or 
obese (BMI ≥30 kg/m2). Between 1975 and 2016, the 
global number of obese adults increased 6-fold and that 
of obese children and adolescents more than 10-fold [4]. 
According to the CDC, about 40% of young US-Ameri-
can adults aged 20–39 years were obese in 2017 and 2018. 
Growing evidence supports an association between child-
hood or adolescent obesity and increased risk of colorec-
tal, endometrial, kidney and pancreatic cancers and mul-
tiple myeloma in adulthood [5].

EBW is associated with colorectal, esophageal (adeno-
carcinoma), gastric (cardia), pancreatic, biliary, hepato-
cellular, kidney, thyroid, breast (postmenopausal), endo-
metrial and ovarian cancer as well as multiple myeloma 
and meningioma. Anderson et al. [6] estimated that de-
pending on gender and site, 4–38% of those malignancies 
could be due to EBW. 

Globally, the burden of cancer attributable to obesity, 
expressed as the population attributable fraction (PAF), 
has been calculated by Avgerinos et al. [7] as 11.9% among 
men and 13.1% among women. Islami et al. [8] reported 
that in the USA, in 2014 EBW accounted for 36% of gall-
bladder and 34% of liver cancers as well as for 32% of 
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esophageal, 17.5% of gastric and 17% of pancreatic can-
cers in adults aged 30 years and older. There is a positive 
dose-response association between EBW and the risk of 
those cancers (Fig. 2). Effective measures to permanently 
reduce excess weight may decrease EBW-associated can-
cer risk [9]. 

EBW-Associated Carcinogenesis

Biological mechanisms linking excess body fat to cancer 
encompass insulin resistance, abnormalities of the insulin 
growth factor (IGF)-I system and signaling, sex hormone 
biosynthesis and pathway, low-grade chronic inflamma-

Fig. 1. Age-specific annual percent change in incidence for 12 obesity-associated cancers, 1995–2014. Dots and 
shaded areas represent the net annual percentage changes (in % per year) and 95% CIs in incidence from the age 
period cohort models for 12 age groups (5-year increments from age 25 years). Reprinted with permission from 
Elsevier [2].
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tion, and oxidative stress, as well as alterations in adipokine 
pathophysiology and the intestinal microbiome [7]. A ca-
loric intake larger than caloric expenditure results in EBW 
and associated alterations in metabolism such as increased 
insulin levels and altered bioavailability of steroids and 
IGF-I. Adipose tissue is an integral hub of various hor-
mones (adipokines), growth factors, and inflammatory cy-
tokines such as tumor necrosis factor-α, interleukin-6 (IL-
6), and others. The increased level of IL-6 in obesity stimu-
lates the liver to synthesize and secrete C-reactive protein. 
Those metabolic alterations can induce both general and 
tumor-type-specific carcinogenic effects. 

High levels of IGF-I or insulin (hyperinsulinemia) not 
only stimulate tumor growth in vitro, but also enhance 
growth of both colon and breast cancer in animals. Pro-
spective studies provided evidence that patients with in-
sulin resistance and higher serum levels of C-reactive 

protein are at increased risk of colorectal, pancreatic, en-
dometrial and (postmenopausal) breast cancer. Similarly, 
higher serum levels of IGF-I go along with an increased 
risk of colorectal and breast cancer. 

In postmenopausal women, endogenous estrogens are 
mainly produced by adipose tissue. The increased risk of 
postmenopausal breast cancer among obese women is 
thought to be due to the enzymatic aromatase activity of 
adipose tissue. Aromatase stimulates the conversion of 
androgens into estrogens. Alterations in endogenous 
hormone metabolism are considered to be the link be-
tween obesity and endometrial cancer risk. 

Obesity predisposes to a proinflammatory state via in-
creased inflammatory mediators such as IL-6 and tumor 
necrosis factor-α, as well as reduced levels of adiponectin, 
which has an anti-inflammatory function. In fact, obesity 
is considered as a chronic low-grade, systemic inflamma-

Fig. 2. Nonlinear dose-response associations between excess body weight and risks of hepatocellular (liver), pan-
creatic, colorectal and gallbladder cancer. Estimated relative cancer risks (RR) are shown. BMI, body mass index. 
This material has been reproduced with permission from the World Cancer Research Fund/American Institute 
for Cancer Research [11].
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tory state. High maximum levels of serum C-reactive pro-
tein predict a greater risk of death among patients with 
solid tumors [10].

Colorectal Cancer

There is a nonlinear dose-response association between 
EBW and colorectal cancer (CRC) risk (Fig. 2) [11]. The 
CRC risk increases by 5% per 5 kg/m2 EBW [11]. Nowa-
days, fewer people aged 50 years and older are being diag-
nosed with CRC in Western countries, since more of them 
are having colonoscopies. It is a different story for younger 
adults though. In Europe, between 2004 and 2016, CRC 
rates have increased by 1.6% per year among people in 
their 40s, by 4.9% annually among 30- to 39-year-olds, and 
by even 7.9% annually among 20- to 29-year-olds [3]. 
Many scientists blame the EBW pandemic [2], while others 
refer to an unhealthy diet, physical inactivity, altered intes-
tinal microbiota, diabetes mellitus, risky alcohol use, and 
sedentary lifestyle. In a cohort study of 1,794,570 Jewish 
adolescents, EBW in adolescence was associated with an 
increased risk of subsequent colon cancers, whereas only 
obesity was associated with rectal cancer [5]. 

Due to the epidemiological increase in early-onset 
CRC (age <50 years), the American Cancer Society re-
leased an updated guideline for CRC screening in 2018. 
The new US-American recommendations say CRC 
screening should begin at a younger age, that is, at the age 
of 45 years for people at average risk [12]. Future screen-
ing recommendations are expected to become more per-
sonalized, aiming at precision cancer screening. The risk-
adapted starting age for regular screening for sporadic 
CRC may differ for different lifestyles and (nonheredi-
tary) personal risk stratification. In addition to genetic 
predisposition (i.e., hereditary CRC), EBW, risky alcohol 
use, tobacco smoking, poor diet, physical inactivity, 
chronic inflammatory bowel disease, family history, and 
diabetes mellitus are well-known risk factors for CRC. 
Some authors favor the development of precision (i.e., 
risk-adapted) algorithms for screening decisions. 

Type 2 Diabetes, EBW, and CRC
Cancer has overtaken both infections and cardiovas-

cular disease as the commonest cause of death with type 
2 diabetes both in Japan and in Scotland [13, 14]. Type 2 
diabetes is associated with increased CRC risk. The asso-
ciation may partly be due to risk factors shared between 
the two diseases, such as EBW, aging, diet, and physical 
inactivity. Well-studied mechanisms for a direct link be-
tween diabetes and CRC include hyperinsulinemia, high 
IGF-I levels, hyperglycemia, and inflammation. In West-
ern countries, 80–90% of adults with type 2 diabetes are 
overweight or obese. A nationwide Swedish cohort study 

has recently provided evidence that (type 2) diabetes is 
associated with increased CRC risk at a magnitude similar 
to having a family history of CRC [15]. Novel evidence 
argues for risk-adapted starting ages for CRC screening 
among patients with (type 2) diabetes and EBW. People 
with combined risk factors, such as family history plus 
type 2 diabetes/EBW, face a far higher risk of early-onset 
CRC than the average population [16]. 

Pancreatic Cancer

The world’s deadliest major cancer, pancreatic cancer, 
has a 5-year survival rate of around 9%. Its incidence is 
predicted to increase and in 2030 to become the second 
most common cause of cancer-related death in the USA. 
Recognized risk factors for the development of pancre-
atic adenocarcinoma are EBW, tobacco smoking, diabe-
tes, chronic pancreatitis, Helicobacter pylori infection, al-
cohol use (>45 g/day), and a family history of pancreatic 
cancer [8, 17]. 

Over the past 25 years, pancreatic adenocarcinoma has 
shown some of the most troubling signs of increase 
among young US-American adults. From 1995 to 2014, 
the average annual percent change in pancreatic cancer 
incidence increased with decreasing age from 0.77% (95% 
CI 0.57–0.98) for the ages of 45–49 years to 2.47% (1.77–
3.8) for the ages of 30–34 years and 4.34% (3.19–5.50) for 
the ages of 25–29 years [2]. EBW is one of the most im-
portant, potentially modifiable risk factors for pancreatic 
cancer, with a PAF of 16.9% [8]. Pancreatic cancer risk 
increases by 10% per 5 kg/m2 EBW [11].

There are multiple interactions between EBW, tobacco 
smoking, alcohol use, and diabetes to cause pancreatic 
cancer. The risk for pancreatic cancer may be reduced by 
25% or more by modifying lifestyle risk factors [8, 18, 19]. 
As EBW, alcohol use, tobacco smoking, and diabetes are 
prevalent among US adolescents, EBW combined with 
either risky alcohol intake, tobacco smoking, or diabetes 
may have contributed to the recent increases in incidence 
of (very-)early-onset (age <40 years) pancreatic adeno-
carcinoma [2, 20]. Unfortunately, there are no effective 
means available for the early detection of asymptomatic, 
early-stage pancreatic adenocarcinoma in the average 
population. Today, primary prevention is the best option 
to significantly reduce the burden of pancreatic cancer 
deaths [18]. 

Gallbladder and Biliary Duct Cancer

EBW is a major, potentially modifiable risk factor for 
gallbladder cancer, with a PAF of 35.5% [8]. There is a 
nonlinear dose-response relation between EBW and gall-
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bladder cancer risk (Fig. 2). Cancer risk increases by 25% 
per 5 kg/m2 EBW [11]. In the last 30 years, the prevalence 
of pediatric and adolescent gallstones, the primary risk 
factor for gallbladder cancer in adults, has increased in 
Western countries. An approximately linear relationship 
exists between body weight and gallstone development. 
Up to 4 out of 5 people with gallbladder cancer have gall-
stones when they are diagnosed. Gallstones and gallblad-
der inflammation are important risk factors for gallblad-
der cancer [21]. Compared with nondiabetic individuals, 
both men and women with type 2 diabetes have an in-
creased risk of gallbladder cancer [22]. There is also 
strong evidence for an association between EBW, type 2 
diabetes, and excess risk of intrahepatic cholangiocarci-
noma [23].

Liver Cancer (Hepatocellular Carcinoma)

Nonalcoholic fatty liver disease (NAFLD), also known 
as metabolic (dysfunction) associated fatty liver disease, 
is the most common liver disorder in the world, in par-
ticular in Western countries, where the main risk factors 
for NAFLD, EBW, and type 2 diabetes mellitus are very 
common. Globally, NAFLD has a reported prevalence of 
6–35% (median 20%). NAFLD may progress to nonalco-
holic steatohepatitis (NASH), and NASH to liver cirrho-
sis and liver cancer (hepatocellular carcinoma [HCC]). 
EBW is the most important, potentially modifiable risk 
factor for HCC, with a PAF of 33.9% in the USA [8]. A 
positive nonlinear dose-response relation exists between 
EBW and HCC risk (Fig. 2). HCC risk increases by 30% 
per 5 kg/m2 EBW [11]. Not only EBW, but also risky al-
cohol use is prevalent in Europe. Alcohol intake can syn-
ergistically enhance the obesity-associated HCC risk [24]. 
Moreover, EBW can further increase the HCC risk among 
people with chronic hepatitis B or C infections or with 
hemochromatosis [25]. Combining EBW with smoking 
tobacco similarly leads to an increased cumulative HCC 
risk [26]. In addition, there is now robust evidence of an 
association between type 2 diabetes and an increased 
HCC risk [27]. EBW-induced NASH interacts additively 
or even synergistically with other major HCC risk factors, 
such as chronic infection with hepatitis B and hepatitis C, 
alcohol drinking, tobacco smoking, and diabetes, to cause 
HCC. HCC is the major cause of liver-specific death 
among patients with liver cirrhosis. Early detection of as-
ymptomatic HCC by liver ultrasound every 6 months 
should be offered to patients with liver cirrhosis. Six-
monthly ultrasound scanning can not only detect early-
stage HCC but also asymptomatic, early-stage intrahe-
patic cholangiocellular carcinoma in patients with liver 
cirrhosis.

Esophageal, Esophagogastric Junction and Gastric 
Cancer

The incidence of esophageal adenocarcinoma (EA) and 
esophagogastric junction adenocarcinoma is increasing, 
and this has been attributed to the increased prevalence of 
Barrett’s esophagus, gastroesophageal reflux disease, EBW, 
and diabetes. EBW is a major, potentially modifiable risk 
factor for EA, with a PAF of 32.2% in the USA [8]. Dose-
response analysis showed a statistically significant 48% in-
creased risk of EA per 5 kg/m2 EBW [11]. Patients with 
type 2 diabetes mellitus have a higher prevalence of EA, 
esophagogastric junction adenocarcinoma, and gastric 
cancer [28, 29]. There is a positive dose-response relation-
ship between EBW and cardia cancer [11, 30]. Dose-re-
sponse analysis demonstrated a statistically significant 
23% increased risk of cardia cancer per 5 kg/m2 EBW [11]. 
EBW is a major, potentially modifiable risk factor for gas-
tric cancer as well, with a PAF of 17.5% in the USA [8]. 

In the USA, the incidence of early-onset gastric cancer 
has been steadily increasing since 1995, comprising more 
than 30% of new gastric cancer cases today. Early-onset 
gastric cancer shows worrisome trends and oncogenic 
features [31]. The Korean National Cancer Screening 
Program provided strong evidence for screening gastros-
copy – starting at the age of 40 years – to effectively reduce 
both gastric cancer and overall mortality [32]. In Western 
countries, screening esophagogastroscopy is generally re-
stricted to high-risk populations. 

Important risk factors for gastric cancer are H. pylori 
infection, dietary (nitroso compounds, high-salt diet with 
few vegetables) and lifestyle factors (EBW, tobacco smok-
ing, risky alcohol use), family history, male sex, diabetes 
mellitus, atrophic gastritis, and intestinal metaplasia. Risk 
factors for (either squamous or glandular cell) esophageal 
cancer comprise tobacco smoking, alcohol intake, family 
history, (previous) head and neck cancer, male sex, EBW, 
Barrett’s esophagus, reflux disease, and diabetes mellitus. 
With 3 or more of those risk factors being present con-
comitantly, overweight or obese people should consider 
undergoing screening esophagogastroscopy at the age of 
40 years to detect either early esophageal cancer, early 
esophagogastric junction adenocarcinoma, early gastric 
cancer, or precancerous lesions. In the future, biomark-
ers, liquid biopsy, microbial signatures, and metabolomic 
profiles will optimize risk stratification and may well lead 
to precision cancer screening [33]. 

Cancer Prevention – Preventive Oncology

There is no single or simple solution to the EBW pan-
demic. It is a complex problem and there has to be a mul-
tifaceted approach. Education to a healthy lifestyle, calor-
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ic restriction, physical exercise, healthy diet, and even bar-
iatric surgery are mainstays. EBW is not the only 
potentially modifiable risk factor for gastrointestinal can-
cers. More than 45% of gastrointestinal cancers are poten-
tially preventable [8, 34]. Effective cancer prevention pro-
grams can significantly reduce the burden of gastrointes-
tinal cancer deaths. There is considerable need for action. 
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