
Received: 26 May 2021 Revised: 21 July 2021 Accepted: 13 September 2021

DOI: 10.1002/cac2.12220

ORIG INAL ARTICLE

A global assessment of recent trends in gastrointestinal
cancer and lifestyle-associated risk factors

Lili Lu1 Christina S. Mullins1 Clemens Schafmayer1 Sebastian Zeißig2

Michael Linnebacher1

1 Department of General Surgery,
Molecular Oncology and Immunotherapy,
Rostock University Medical Center,
Rostock 18057, Germany
2 Department of Medicine I, University
Hospital Carl Gustav CarusTechnische
Universität (TU) Dresden, Dresden 01307,
Germany

Correspondence
Michael Linnebacher,Department of
General Surgery,MolecularOncology
and Immunotherapy,RostockUniversity
MedicalCenter, Schillingallee 69, 18057
Rostock,Germany.
Email:
michael.linnebacher@med.uni-rostock.de

Funding information
ChinaScholarshipCouncil,Grant/Award
Number: 201908080127

Abstract
Background: Gastrointestinal (GI) cancers were responsible for 26.3% of can-
cer cases and 35.4% of deaths worldwide in 2018. This study aimed to analyze
the global incidence, mortality, prevalence, and contributing risk factors of the
6 major GI cancer entities [esophageal cancer (EC), gastric cancer (GC), liver
cancer (LC), pancreatic cancer (PC), colon cancer, and rectal cancer].
Methods: Using the Global Cancer Observatory and the Global Health Obser-
vatory databases, we reviewed the current GI cancer incidence, prevalence, and
mortality, analyzed the association of GI cancer prevalence with national human
development indices (HDIs), identified the contributing risk factors, and esti-
mated developing age- and sex-specific trends in incidence and mortality.
Results: In 2020, the trend in age-standardized rate of incidence of GI cancers
closely mirrored that of mortality, with the highest rates of LC, EC, and GC
in Asia and of colorectal cancer (CRC) and PC mainly in Europe. Incidence
and mortality were positively, but the mortality-to-incidence ratio (MIR) was
inversely correlatedwith the nationalHDI levels. HighMIRs in developing coun-
tries likely reflected the lack of preventive strategies and effective treatments. GI
cancer prevalence was highest in Europe and was also positively correlated with
HDIs and lifestyle-associated risk factors, such as alcohol consumption, smok-
ing, obesity, insufficient physical activity, and high blood cholesterol level, but
negatively correlatedwith hypertension and diabetes. Incidences of ECwere con-
sistently and those of GC mostly decreasing, whereas incidences of CRC were
increasing inmost countries/regions, especially in the younger populations. Inci-
dences of LC and PC were also increasing in all age-gender populations except
for younger males. Mortalities were decreasing for EC, GC, and CRC in most
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HDI, human development indices; LC, liver cancer; MIR, mortality-to-incidence ratio; PC, pancreatic cancer; RC, rectal cancer
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countries/regions, and age-specific trends were observed in PC and LC with a
decrease in the younger but an increase in the older population.
Conclusions: On the global scale, higher GI cancer burden was accompanied,
for the most part, by factors associated with the so-called Western lifestyle
reflected by high and very high national HDI levels. In countries/regions
with very high HDI levels, patients survived longer, and increasing GI cancer
cases were observed with increasing national HDI levels. Optimizing GI can-
cer prevention and improving therapies, especially for patients with comorbid
metabolic diseases, are thus urgently recommended.

KEYWORDS
annual percentage change (APC), diabetes, gastrointestinal (GI) cancer, high blood cholesterol,
human development indices (HDI), hypertension, incidence, lifestyle, mortality, prevalence

1 BACKGROUND

Cancers located in the main gastrointestinal (GI) tract
include esophageal cancer (EC), gastric cancer (GC), colon
cancer (CC), rectal cancer (RC), liver cancer (LC), and pan-
creatic cancer (PC). The entirety of these tumors in 2018
made up 26.3% of cancer cases and accounted for 35.4% of
cancer deaths worldwide [1]. The most frequent GI cancer
is colorectal cancer (CRC), which accounted for 38.8% of
GI cancer cases and 26.0% of GI cancer-related deaths, fol-
lowed byGC (21.7% of cases and 23.2% of deaths), LC (17.9%
/ 23.2%), EC (12.2% / 15.0%), and PC (9.5% / 12.7%) [1, 2].
Distribution of these 6 GI cancer types differed largely

depending on world region and human development
indices (HDIs). EC, GC, and LC were more common in
Asia; CRC and PC more frequently occurred in Europe
and Northern America, while a larger proportion of PC
cases occurred in countries with very high HDI [1, 3, 4].
Differences were attributable to genetic and environmen-
tal factors, especially dietary habits and lifestyle, as well
as multi-causal combinations like obesity combined with
smoking and alcohol consumption [3, 5, 6]. These risk fac-
tors seemed to be shared by all GI cancers [7–9]. While the
risks of GI cancers increase with exposure time, the indi-
vidual contribution to a given cancer hazard varies among
different GI organs [9, 10].
In addition, age and gender have a significant influence

on both the incidence andmortality of GI tract cancers [11,
12]. Generally, male gender and older age are associated
with higher incidence and mortality compared to female
gender and younger age [13]. Besides, Siegel et al. [14]
recently reported a rapid and significant increase of CRC
incidence and mortality in younger persons in 19 of the 36
included countries but a significant decline in only 3 of the
36 countries. This surprising finding highlights the neces-

sity to globally analyze and compare the current epidemi-
ologic profiles, GI cancer-relevant risk factors, and tempo-
ral trends of GI cancers. Population-based, multi-national
data are crucial for optimizing preventive strategies and
diminishing the growing gap between countries with dif-
ferent HDI levels.
On the basis of a recent report [1] and with the support

of global databases [Global CancerObservatory (GCO) and
Global Health Observatory (GHO)], we analyzed the inci-
dence, mortality, and mortality-to-incidence ratio (MIR),
stratified by HDI level to overview the global burden
of GI cancers. Further, we analyzed the associations of
HDI, lifestyle-related risk factors, and metabolic factors
with 5-year prevalence on a country level to determine
risk factors for these 6 GI cancers. Finally, we calcu-
lated age- and gender-specific annual percent changes
(APCs) in incidence and mortality to estimate their recent
trends.

2 POPULATION ANDMETHODS

2.1 Source of data

The incidence andmortality in 2020 aswell as 5-year preva-
lence of 6 GI cancer entities were calculated respectively
using the datum visualization tools in the “Cancer Today”
section of the World Health Organization (WHO) GCO
database (https://gco.iarc.fr/today) [2]. The data of trends
in incidence during the recent 15 years were extracted
from the Cancer Incidence in the Five Continents (CI5)
series (https://ci5.iarc.fr/CI5plus/Pages/online.aspx) [15]
(Supplementary Table S1). The data of trends in mortal-
ity of GI cancers for various countries/regions from 1998 to
the recent update were obtained from the WHO database

https://gco.iarc.fr/today
https://ci5.iarc.fr/CI5plus/Pages/online.aspx
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in the “Cancer Over Time” section (https://www-dep.iarc.
fr/WHOdb/WHOdb.htm) [16] (Supplementary Table S1).
For further assessment of the national risk factors asso-

ciated with the prevalences of the 6 main GI cancers, we
extracted the most recent age-adjusted prevalence data for
risk factors, such as obesity in 2016, alcohol drinking in
2015, insufficient physical activity in 2015, raised blood
pressure (hypertension) in 2015, high blood glucose (dia-
betes) in 2014, high total cholesterol in 2008, and smoking
in 2018, from the WHO GHO database (https://www.who.
int/data/gho/data/indicators) [17].

2.2 Study population

The sites of 6 major GI cancers were identified using
the International Classification of Disease (ICD, 10th revi-
sion) codes: esophagus (C15), stomach (C16), colon (C18),
rectum and anus (C19-21), liver and intrahepatic bile
ducts (C22), and pancreas (C25). We included the data
of 185 countries/regions for incidence, mortality, and 5-
year prevalence analyses. According to the validity of data
from GCO and GHO, we included the data of 172 coun-
tries/regions and analyzed the associations ofHDI and risk
factors with GI cancers. Moreover, the data of 34 coun-
tries/regions were included for analyzing the trends in
incidence, but only 30 countries/regions for the trends in
mortality since the data of annual percent changes (APCs)
in mortality of GI cancers were not available for Belarus,
India, the Netherlands, and Turkey.

2.3 Outcomes and variables

Incidence, mortality, and 5-year prevalence of GI cancers
were analyzed at a country level. The trends of incidence
andmortality of GI cancers were stratified according to age
and gender (age < 50 years, male; age < 50 years, female;
age ≥ 50 years, male; age ≥ 50 years, female) [3, 12, 14].
The HDI data in GCO were divided into four categories:

HDI ≥ 0.80, very high; 0.8 > HDI ≥ 0.7, high; 0.7 >

HDI ≥ 0.55, medium; and HDI < 0.55, low. The cutoffs
were selected based on the Human Development Report
2020 recommendations released at http://hdr.undp.org/
en/content/download-data.
Related risk factors were assessed using the following

variables: obesity [body mass index (BMI) ≥ 30 kg/m2];
alcohol drinking (volume of pure alcohol per person per
year); insufficient physical exercise (≤ 150 min/week of
moderate intensity; ≤ 75 min/week of vigorous-intensity
exercise); hypertension (systolic blood pressure ≥ 140
mmHg or diastolic blood pressure ≥ 90 mmHg); diabetes
(fasting glucose ≥ 7.0 mmol/L, diabetes history, or use of

insulin or oral hypoglycemic drugs); raised total choles-
terol (total cholesterol ≥ 5.0 mmol/L); and smoking (any
form of tobacco smoking on a daily or occasional basis).

2.4 Statistical analyses

Incidence andmortality are presented as age-standardized
rates (ASRs, per 100,000 persons) [18–20]. The 5-year
prevalence represents the proportion of persons who had
a cancer diagnosis within the past 5 years and is given as
a proportion of the population per 100,000 persons. The
magnitude of trend changes for incidence and mortality
are presented as APCs of ASRs. APCs were calculated by
fitting a simple regression model to the log of the ASR
[15]. The correlations between HDI in 2020 and risk fac-
tors, and the 5-year prevalence of GI cancers were evalu-
ated using the Spearman’s correlation analyses and are pre-
sented by the correlation coefficient (r). To define the risk
factors, we divided the entity of all countries/regions into
two groups (high- vs. low-prevalence countries) according
to the median value of 5-year prevalence for each of the
6 GI cancers; then, we analyzed the associations of indi-
vidual risk factors with the prevalence of GI cancers on a
country level using the logistic regression analyses andpre-
sented data as odds ratios (ORs) and 95% confidence inter-
vals (CIs). Further, to predict the risk of GI cancers, the
prediction probabilities of investigated variables were cal-
culated by using logistic regression models and analyzed
using the receiver operating characteristic (ROC) curve,
and the data are presented as the area under the curves
(AUCs) and 95% CIs.
Statistical analyses were performed using the SPSS

Statistics software, version 20.0 (IBM, NY, USA), and sta-
tistical differences were considered significant at P ≤ 0.05.

3 RESULTS

3.1 HDI and GI cancers in 2020

In 2020, the mean global incidence of GI cancers was
50.8/100,000. It ranged from 145.7/100,000 in Mongolia to
12.1/100,000 in Eswatini (Figure 1A). The mortality pat-
tern of GI cancer closelymirrored the incidence. Themean
global mortality was 35.3/100,000. Mongolia had the high-
est mortality of 129.8/100,000 (Figure 1B). In addition, the
highest incidence and mortality of LC, EC, and GC were
consistently seen in Asia; those of CRC and PC mainly in
Europe (Figure 1C).
Stratified by HDI, the incidence and mortality of CC,

RC, and PC were consistently higher in countries/regions
with high and very high HDI than in those with medium

https://www-dep.iarc.fr/WHOdb/WHOdb.htm
https://www-dep.iarc.fr/WHOdb/WHOdb.htm
https://www.who.int/data/gho/data/indicators
https://www.who.int/data/gho/data/indicators
http://hdr.undp.org/en/content/download-data
http://hdr.undp.org/en/content/download-data
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F IGURE 1 Epidemiologic profiles of GI cancers in 2020. (A) The global age-standardized rates of incidence of GI cancers (data source
from GLOBOCAN 2020: https://gco.iarc.fr/today); (B) The global age-standardized rates of mortality of GI cancers (data source from
GLOBOCAN 2020: https://gco.iarc.fr/today); (C) The global age-standardized rates of incidence and mortality of 6 GI cancers stratified by
world area. Abbreviations: GI, gastrointestinal; EC, esophageal cancer; GC, gastric cancer; LC, liver cancer; PC, pancreatic cancer; CC, colon
cancer; RC, rectal cancer

https://gco.iarc.fr/today
https://gco.iarc.fr/today
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F IGURE 2 Epidemiologic profiles of 6 GI cancers stratified by national HDI levels. (A) Age-standardized rates of incidence of 6 GI
cancers stratified by HDI; (B) Age-standardized rates of mortality of 6 GI cancers stratified by HDI; (C) MIR of 6 GI cancers stratified by HDI.
Abbreviations: GI, gastrointestinal; HDI, human development indices; MIR, mortality-to-incidence ratio; EC, esophageal cancer; GC, gastric
cancer; LC, liver cancer; PC, pancreatic cancer; CC, colon cancer; RC, rectal cancer

and low HDI (Figure 2A and 2B). However, the MIR was
consistently lowest in countries/regions with very high
HDI, and gradually rose with decreasing HDI levels (Fig-
ure 2C). Considering the advanced medical levels in coun-
tries/regionswith highHDI, one can presumehigher num-
bers of GI cancer survivors. Thus, we further analyzed the

association between the 5-year prevalence of the 6 GI can-
cers and national HDI levels. The highest 5-year preva-
lence of GI cancer was found in Europe (261.8/100,000),
followed by North America (189.8/100,000) and Oceania
(182.0/100,000) (Figure 3A). As predicted, the prevalence
of the entirety of 6 GI cancers was positively correlated
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F IGURE 3 Prevalences of 6 GI cancers in 2020 and their correlations with national HDI levels. (A) Global 5-year prevalence of 6 GI
cancers (data source from GLOBOCAN 2020: https://gco.iarc.fr/today); (B) Correlation analyses between GI cancers’ prevalence and national
HDI. Abbreviations: GI, gastrointestinal; HDI, human development indices; EC, esophageal cancer; GC, gastric cancer; LC, liver cancer; PC,
pancreatic cancer; CC, colon cancer; RC, rectal cancer

https://gco.iarc.fr/today
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with national HDI levels (all P < 0.001); with the strongest
correlation seen in CC (r = 0.915, P < 0.001) followed by
RC (r = 0.884, P < 0.001) (Figure 3B).

3.2 Risk factors and GI cancers

Next, we analyzed the correlation of classical risk fac-
tors with national GI cancer prevalence. EC prevalence
was positively correlated with alcohol consumption (r =
0.483, P < 0.001), high cholesterol (r = 0.433, P < 0.001),
and smoking (r = 0.310, P < 0.001). Contrary to that and
surprisingly, diabetes had a significant inverse correlation
with EC prevalence (r = -0.389, P < 0.001) (Figure 4A).
Afterwards, all countries/regions were divided into two
groups (high- vs. low-prevalence countries) based on the
median value of EC prevalence (2.60/100,000) to define the
contributing factors to high prevalence. High cholesterol
(OR= 1.129,P= 0.001) and diabetes (OR= 0.749,P= 0.035)
remained significant in multivariate analysis, even with a
significant predictive ability for high EC prevalence (AUC
= 0.890, P < 0.001) (Figure 5A).
GC prevalence was positively correlated with alcohol

consumption (r = 0.486, P < 0.001), obesity (r = 0.329,
P < 0.001), insufficient physical activity (r = 0.266, P =

0.001), high cholesterol (r = 0.592, P < 0.001), and smok-
ing (r = 0.418, P < 0.001), but inversely with hypertension
(r = -0.309, P < 0.001) (Figure 4B). In multivariate analy-
sis, countries/regionswere divided into two groups accord-
ing to the median value of GC prevalence (10.55/100,000),
smoking (OR = 1.079, P = 0.028), high cholesterol (OR =

1.088, P = 0.033) and alcohol (OR = 1.299, P = 0.029) were
confirmed as positive correlates, and hypertension (OR =

0.807, P= 0.043) as negative correlate with high GC preva-
lence (Figure 5B). Combining these risk factors allowed
accurate prediction of high GC prevalence (AUC = 0.946,
P < 0.001) (Figure 5B).
Very similar results were obtained for CC prevalence

which was positively related to alcohol (r = 0.555, P <

0.001), obesity (r = 0.539, P < 0.001), physical inactivity
(r = 0.474, P < 0.001), high cholesterol (r = 0.845, P <

0.001), and smoking (r = 0.396, P < 0.001), as well as neg-
atively to hypertension (r= -0.524, P < 0.001) and diabetes
(r = -0.363, P < 0.001) (Figure 4C). High cholesterol (OR
= 1.177, P = 0.007) maintained positive, while hyperten-
sion (OR = 0.683, P = 0.014) and diabetes (OR = 0.568,
P = 0.023) maintained inverse correlations with high CC
prevalence (≥ 16.55/100,000) in multivariate analysis and
thus allowed very accurate high CC prevalence prediction
(AUC = 0.980, P < 0.001) (Figure 5C).
RC prevalence was again correlated positively with alco-

hol (r = 0.517, P < 0.001), obesity (r = 0.450, P < 0.001),
insufficient physical activity (r = 0.379, P < 0.001), high

cholesterol (r= 0.837, P< 0.001), and smoking (r= 0.518, P
< 0.001), and negatively with hypertension (r= -0.405, P<
0.001) and diabetes (r= -0.346, P< 0.001) (Figure 4D). For
high RC prevalence (≥ 9.30/100,000), high cholesterol (OR
= 1.140, P = 0.004) and smoking (OR = 1.077, P = 0.038)
were still positively and hypertension (OR = 0.790, P =

0.039)was negatively associatedwith a high combined pre-
diction probability in multivariate analysis (AUC = 0.950,
P < 0.001) (Figure 5D).
Risk factors positively correlated with LC prevalence

were alcohol (r = 0.411, P < 0.001), high cholesterol (r
= 0.355, P < 0.001), and smoking (r = 0.325, P < 0.001),
whereas hypertension (r = -0.232, P = 0.002) and diabetes
(r = -0.321, P < 0.001) were correlated inversely with LC
prevalence (Figure 4E). Smoking (OR = 1.060, P = 0.025),
alcohol (OR= 1.190,P= 0.041), and high cholesterol (OR=
1.078, P = 0.015) retained significance in multivariate test-
ing with a combined AUC of 0.859 (P < 0.001) for high LC
prevalence (≥ 6.40/100,000) (Figure 5E).
For PCprevalence, positive correlationswere foundwith

alcohol (r= 0.553, P< 0.001), obesity (r= 0.508, P< 0.001),
insufficient physical activity (r = 0.417, P < 0.001), high
cholesterol (r = 0.780, P < 0.001), and smoking (r = 0.438,
P < 0.001); again negative correlations were found with
hypertension (r = -0.432, P < 0.001) and diabetes (r = -
0.349, P< 0.001) (Figure 4F). Inmultivariate analysis, high
cholesterol (OR = 1.102, P = 0.037), alcohol (OR = 1.385,
P = 0.019), and obesity (OR = 1.170, P = 0.029) remained
as positive predictors and hypertension (OR = 0.770, P =
0.034) as a negative predictor for high PC prevalence (≥
2.65/100,000); their combination reached a very high pre-
dictive capacity (AUC = 0.962, P < 0.001) (Figure 5F).
Also, 1-MIR of GI cancers was positively correlated with

obesity, alcohol, smoking, insufficient physical activity,
and high cholesterol, but negativelywith hypertension and
diabetes (Figure 6 and Supplementary Table S2). All risk
factors but hypertension and diabetes were strongly corre-
lated with the HDI levels (Supplementary Figure S1).

3.3 Trends in incidence stratified by age
and gender

We next compared the APCs of incidence of 6 major GI
cancers in 34 countries/regions stratified by gender and
age (< 50 vs. ≥ 50 years) to identify recent trends in global
incidence (Figure 7 and Supplementary Figures S2-5).
For older males (Figure 7 and Supplementary Figure

S2), GC incidence was decreased in 32 countries/regions,
while only Turkey (APC = 1.22) and Uganda (APC = 1.29)
had rising incidences. EC incidence was decreased in 18
countries/regions, and RC incidence was decreased in 15
countries/regions. CC incidence was mainly increased in
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F IGURE 4 Correlation analyses between 5-year prevalences of (A) EC, (B) GC, (C) CC, (D) RC, (E) LC and (F) PC and risk factors on the
country level. Abbreviations: EC, esophageal cancer; GC, gastric cancer; LC, liver cancer; PC, pancreatic cancer; CC, colon cancer; RC, rectal
cancer
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F IGURE 5 Determination of risk factors for (A) EC, (B) GC, (C) CC, (D) RC, (E) LC and (F) PC on the country level. Abbreviations: EC,
esophageal cancer; GC, gastric cancer; LC, liver cancer; PC, pancreatic cancer; CC, colon cancer; RC, rectal cancer; ORs, odds ratios; CIs,
confidence intervals; AUCs, area under the curves
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F IGURE 6 Correlations of 1-MIR of GI cancers with (A) hypertension and (B) diabetes on the country level. Abbreviations: GI,
gastrointestinal; MIR, mortality-to-incidence ratio; EC, esophageal cancer; GC, gastric cancer; LC, liver cancer; PC, pancreatic cancer; CC,
colon cancer; RC, rectal cancer.

24 countries/regions, with the highest increase in India
(APC = 8.56). LC incidence was increased in 25 coun-
tries/regions; that of Colombia was the highest (APC =

6.28). PC incidence was the most increased in 28 coun-
tries/regions; France had the highest APC (4.50).
Very similar data were obtained for older females (Fig-

ure 7 and Supplementary Figure S3). GC incidence was
decreased in 33 countries/regions, with the sole excep-
tion of Turkey (APC = 1.09). EC incidence went down in
18 countries/regions; the Czech Republic had the high-

est APC (4.79). Incidence was increased for CC in 21,
for RC in 19, for LC in 22, and for PC in 29 countries/
regions.
In younger males (Figure 7 and Supplementary Figure

S4), GC and EC were also mostly decreasing in the vast
majority of countries/regions. EC incidence was increased
in 9 countries/regions, with the greatest increase occur-
ring in Uganda (APC = 8.13). GC incidence was increased
in only 6 countries/regions. LC increased in 16 coun-
tries/regions; the highest APC (10.39) was seen in Ireland.
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F IGURE 7 Heat map of APCs in incidence and mortality of 6 GI cancers. Abbreviations: GI, gastrointestinal; EC, esophageal cancer;
GC, gastric cancer; LC, liver cancer; PC, pancreatic cancer; CC, colon cancer; RC, rectal cancer; APCs, annual percent changes

Incidence increased for PC in 17, CC in 25, and RC in 26
countries/regions (Figure 7 and Supplementary Figure S4).
The analysis of the younger females revealed mostly ris-

ing numbers (Figure 7 and Supplementary Figure S5). This
was most pronounced for CC with positive APCs in 29
countries/regions, followed by PC in 26, RC in 22, and

LC in 20 countries/regions. GC and EC incidence were
decreased in 20 and 11 countries/regions, respectively.
The most striking finding of this analysis was the differ-

ence between younger and older femaleswith overallmore
positiveAPCvalues forGC,CC, andRC in younger females
(Figure 7 and Supplementary Figures S3 and S5).
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3.4 Trends in mortality stratified by age
and gender

Robustly decreasingmortality trendswere seen for EC,GC,
CC, and RC in most countries/regions and for all age and
gender groups. Differences could be observed for PC and
LC with decreases in males and females of < 50 years but
increases in the elder groups (Figure 7). Detailed informa-
tion is depicted in Supplementary Figures S6-9.
A significantly decreasing mortality was seen in 29 of 30

countries/regions for GC, in 26 of 28 for EC, in 21 of 30
for CC, and in 17 of 29 for RC in younger males (Figure 7
and Supplementary Figure S6). In older males, mortality
decreased in 29 of 30 for GC, in 24 of 30 for EC, in 18 of 30
for CC, and in 20 of 30 countries/regions for RC (Figure 7
and Supplementary Figure S7).
For PC and LC, differences between age groups became

evident. LC mortality declined only in 13 of 30 coun-
tries/regions in elder male patients but declined in 19 of
27 countries/regions in younger males (Figure 7, Supple-
mentary Figures S6 and S7). This difference was evenmore
pronounced for PC mortality with negative APCs in 23 of
29 countries/regions for younger males, but only in 6 of
30 countries/regions for older males (Figure 7 and Supple-
mentary Figures S6 and S7).
GI mortality trends in females were mostly similar to

those in males. In younger females, decreases in EC, GC,
CC, RC, and LC mortality were observed in 16 of 17, 23
of 30, 22 of 30, 17 of 28, and 15 of 25 countries/regions,
respectively (Figure 7 and Supplementary Figure S8). For
elder females, EC, GC, CC, RC, and LC mortalities were
decreased in 22 of 29, 29 of 30, 23 of 30, 21 of 30, and 13
of 29 countries/regions, respectively (Figure 7 and Supple-
mentary Figure S9). In striking contrast to the very simi-
lar positive development in the before-mentioned GI can-
cers in females, an age-specific difference became appar-
ent for PC. PC mortality was decreased in 17 of 29 coun-
tries/regions in younger females, but not in elder ones
(only 4 of 30 countries/regions with negative APCs) (Fig-
ure 7 and Supplementary Figures S8 and S9).

4 DISCUSSION

The present study comprehensively analyzed the global
epidemiological pattern of GI cancers. Incidence and mor-
tality of LC, EC, and GC were overall highest in Asia, and
those of CRC and PC were highest in Europe.
We observed a positive correlation of incidence with

national HDI levels. Incidence differed mostly for CRC
with up to 5-fold higher values in countries/regions with
very high compared to low HDI, supporting previous data
[21]. Since a similar pattern was also observed for mor-

tality and high HDI has been related to the prevalence of
lifestyle-related risk factors including high diet intake [22]
and BMI [23, 24], our data further linked GI cancer inci-
dence and mortality to the western lifestyle [25].
Moreover, for CC, RC, and GC, high MIRs were consis-

tently seen for countries/regions with low HDI, in com-
parison to those with very high HDI, again confirming
previous data [26, 27]. When analyzing prevalence, we
could verify that patients from the USA and UK had the
highest chances to survive GI cancers [28]. These findings
likely reflected the lack of efficient preventive strategies
and insufficient treatment schedules in developing coun-
tries [29].
Ahabitwith a proven role in cancer development is alco-

hol consumption [9], which we also found positively cor-
related with GI cancers’ 5-year prevalence. Bagnardi et al.
[30] observed a strong association of heavy drinking with
GI cancer, especially for squamous cell EC.
Several studies reported a link between smoking and the

development of GC [8, 31], CRC [7], and LC [32, 33] on
the individual level as well as for PC [3] and EC [34] on
a national level. We confirmed these findings and identi-
fied smoking as a risk factor for the 5-year prevalence of
GC, RC, and LC on the country level.
A previous report described a dose-dependent relation-

ship between physical activity and PC [35]. In the present
study, physical inactivity was correlated positively with the
5-year prevalence of GC, CC, RC, and PC in univariate
but not in multivariate analysis. Considering though the
strong correlation of obesity with PC prevalence in mul-
tivariate analysis and the established strong correlation
between insufficient physical activity and high BMI [35,
36], it seems justified to conclude that physical inactivity-
linked obesity is indeed a very important risk factor for PC
development.
Of note, such unhealthy habits could be modified.

Therefore, current preventive strategies need to be
amended in countries/regions with high prevalence of
GI cancers. Routine screening with a focus on high-risk
populations and geographical areas is advisable as a
primary preventive measure. Simultaneously, raising
and increasing health awareness by public health educa-
tion, publicity, and even medical interventions must be
considered [37].
Very similar and for the most part attributable to

unhealthy eating habits, total cholesterol was also strongly
associated with GI cancers’ prevalence. A diet high in fat
but low in carbohydrates, fruits, and vegetables increased
the risk of CRC [38], and GC [39]. Others found a cor-
relation between high cholesterol and CC, but not with
GC [40]. This inconsistency might arise from the opposite
effects of low- and high-density lipoproteins, with the lat-
ter being a positive prognosticator, since for example an
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inverse association with type-2 diabetes cancer risk has
been observed [41].
Interestingly, we found an inverse correlation between

hypertension and diabetes with the national 5-year preva-
lence of all 6 GI cancers. One possible explanation may
come from the fact that both co-morbidities increase GI
cancermortality on the national [42, 43], regional [44], and
individual levels [45–47]; decreases in cancer prevalence
thusmight reflect fewer surviving co-morbid patients (Fig-
ure 6). However, the paradoxical better patient survival
in countries with Western lifestyles can be best explained
by their high HDI levels, enabling advanced treatment
options.
Based on a 15-year trend for incidence and mortality,

EC and GC were decreasing in most countries, even in
historically high-risk Asia [4, 48, 49]. This might be due
to improved treatment options [50] and positive effects of
urban endoscopic screening [48, 49]. Additionally, reduc-
ing traditionally pickled and salty foods lowered GC inci-
dence as observed when comparing Asian American and
Native Asian populations [51].
However, the downside of this change towards Western

diet and lifestyle is the worldwide increases of CC and RC,
again especially pronounced for the younger generations
[14, 52, 53], which we also observed.
Moreover, PC incidence and mortality were increasing

in many countries/regions in all age-gender groups except
for younger males; this has been attributed to increased
obesity, metabolic syndrome within aging populations, as
well as age-related hormonal changes [54, 55].
An increase in LC could also generally be observed for

the elder. It has been previously reported that the mean
onset age of LC has shifted from 58.2 years in 1990 to 62.5
years in 2017 [56]. Relevant etiologies for elder patients
were hepatitis C, alcohol abuse, and non-alcoholic steato-
hepatitis [56]. Most pronounced increases were gener-
ally observed in countries with high HDI, including the
Netherlands, UK, and the USA. This strongly hinted at the
necessity to establishmore specific prevention strategies in
these countries to stop continuous LC increase.
Despite the fact that the epidemiological data used were

from the most comprehensive global cancer databases,
this study has several limitations. National differences in
incidence and mortality were possibly biased by differing
screening standards and data quality. For several coun-
tries, epidemiological data originated exclusively from big-
ger cities and were thus not representative. Further, more
recent data and high-quality cancer registries from some
low- and middle-income countries were missing [14, 57].
Albeit the fact that data in epidemiological registries come
from individual patients, the data quality is inferior to
that from clinical studies, and comparisons might thus be
biased. The lack of data on different sites and histological

subtypes in the GLOBOCAN database clearly represents a
further limitation. Finally, readers should always keep in
mind that correlation does not mean association or even
causality.

5 CONCLUSIONS

When overviewing the complete data set, it becomes evi-
dent that GI cancer burden was mostly associated with
risk factors reflecting the so-called Western lifestyle; this
included high cholesterol, obesity, alcohol, and smoking.
The MIRs for GC, CRC and PC were inversely correlated
with increasing national HDI levels, what can best be
explained by higher numbers of GI cancer survivors and
advanced medical levels in countries/regions with higher
HDI. Recent age- and gender-specific trends were diverse.
The detailed results of a given country or region could
help guide preventive actions by identifying the most rele-
vant factors modifying GI cancer risks, including age and
gender. Future research should focus on the specific etiol-
ogy of GI cancers behind epidemiologic transitions and on
improving therapeutic strategies, especially for GI cancer
patients with combined chronic metabolic diseases.
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