
www.thelancet.com/gastrohep   Vol 7   July 2022 627

Articles

Global, regional, and national burden of colorectal cancer 
and its risk factors, 1990–2019: a systematic analysis for the 
Global Burden of Disease Study 2019
GBD 2019 Colorectal Cancer Collaborators* 

Summary
Background Colorectal cancer is the third leading cause of cancer deaths worldwide. Given the recent increasing 
trends in colorectal cancer incidence globally, up-to-date information on the colorectal cancer burden could guide 
screening, early detection, and treatment strategies, and help effectively allocate resources. We examined the temporal 
patterns of the global, regional, and national burden of colorectal cancer and its risk factors in 204 countries and 
territories across the past three decades.

Methods Estimates of incidence, mortality, and disability-adjusted life years (DALYs) for colorectal cancer were 
generated as a part of the Global Burden of Diseases, Injuries and Risk Factors Study (GBD) 2019 by age, sex, and 
geographical location for the period 1990–2019. Mortality estimates were produced using the cause of death ensemble 
model. We also calculated DALYs attributable to risk factors that had evidence of causation with colorectal cancer.

Findings Globally, between 1990 and 2019, colorectal cancer incident cases more than doubled, from 842 098 
(95% uncertainty interval [UI] 810 408–868 574) to 2·17 million (2·00–2·34), and deaths increased from 518 126 
(493 682–537 877) to 1·09 million (1·02–1·15). The global age-standardised incidence rate increased from 22·2 
(95% UI 21·3–23·0) per 100 000 to 26·7 (24·6–28·9) per 100 000, whereas the age-standardised mortality rate 
decreased from 14·3 (13·5–14·9) per 100 000 to 13·7 (12·6–14·5) per 100 000 and the age-standardised DALY rate 
decreased from 308·5 (294·7–320·7) per 100 000 to 295·5 (275·2–313·0) per 100 000 from 1990 through 2019. Taiwan 
(province of China; 62·0 [48·9–80·0] per 100 000), Monaco (60·7 [48·5–73·6] per 100 000), and Andorra (56·6 
[42·8–71·9] per 100 000) had the highest age-standardised incidence rates, while Greenland (31·4 [26·0–37·1] 
per 100 000), Brunei (30·3 [26·6–34·1] per 100 000), and Hungary (28·6 [23·6–34·0] per 100 000) had the highest 
age-standardised mortality rates. From 1990 through 2019, a substantial rise in incidence rates was observed in 
younger adults (age <50 years), particularly in high Socio-demographic Index (SDI) countries. Globally, a diet low in 
milk (15·6%), smoking (13·3%), a diet low in calcium (12·9%), and alcohol use (9·9%) were the main contributors to 
colorectal cancer DALYs in 2019.

Interpretation The increase in incidence rates in people younger than 50 years requires vigilance from researchers, 
clinicians, and policy makers and a possible reconsideration of screening guidelines. The fast-rising burden in low 
SDI and middle SDI countries in Asia and Africa calls for colorectal cancer prevention approaches, greater awareness, 
and cost-effective screening and therapeutic options in these regions.
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Introduction
In 2019, colorectal cancer was the third leading cause of 
cancer deaths and the second leading cause of disability-
adjusted life years (DALYs) for cancer worldwide.1 Around 
70–75% of colorectal cancer cases occur sporadically and 
are associated with modifiable risk factors, whereas 
25–30% of cases are linked to non-modifiable risk factors 
such as genetic factors, a personal history of polyps or 
adenoma, or a family history of colorectal cancer 
or hereditary risk (eg, Lynch syndrome or familial 
adenomatous polyposis).2–5 Because of the increased 
prevalence of modifiable risk factors such as smoking, 
alcohol consumption, unhealthy diets, sedentary 
behaviour, physical inactivity, obesity, increasing life 

expectancy, increasing awareness and affordability of 
colorectal cancer screening, and increasing screening 
capacity, incident cases of colorectal cancer are growing 
rapidly in low-income and middle-income countries 
(LMICs).6,7

The UN Sustainable Development Goal (SDG) target 3.4 
focuses on reduction of premature mortality from 
non-communicable diseases (including cancers) by a 
third by 2030.8 Colorectal cancer can be prevented by 
ameliorating modifiable risk factors, and deaths can be 
prevented through early detection of polyps with proven 
screening interventions;9–11 therefore, addres sing the 
global colorectal cancer burden must serve as one of the 
considerations towards progress on SDG 3.4 relating to 
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non-communicable dis eases. In this endeavour, recent 
changes in the colorectal cancer burden should be tracked 
at the global, regional, and national levels to identify those 
countries making progress and those countries and 
regions where more work is needed.

This study aimed to investigate the global, regional, 
and national burden of colorectal cancer in 204 countries 
and territories from 1990 to 2019. We examined the 
age-sex-location-specific burden of colorectal cancer 
using estimates from the Global Burden of Diseases, 
Injuries, and Risk Factors Study (GBD) 2019.1,12–14 The 
colo rectal cancer burden was examined in light of the 
development status of countries measured by the Socio-
demographic Index (SDI). We also aimed to quantify 
health loss due to colorectal cancer using DALYs, which 
encompasses the burden of a disease due to both deaths 
and disabilities caused by it. Last, we also examined the 
risk-attributable burden of the main risk factors for 
colorectal cancer. Apart from GBD, the International 
Agency for Research on Cancer (IARC) produced cancer 
estimates for 2020; however, GBD estimates facilitate 
examination of temporal patterns at global, regional, and 
national levels. An assessment of recent trends at the 
global, regional, and national levels, and the associated 
risk factors for countries at different levels of 

development, can help track progress, map resource 
requirements, and help in policy making and 
implementation towards prevention and tackling the 
growing burden of colorectal cancer.

This manuscript was produced as part of the 
GBD Collaborator Network and in accordance with the 
GBD Protocol. 

Methods
Overview
The GBD 2019 estimates were generated for 286 causes 
of death, 369 causes of non-fatal burden, and 87 risk 
factors.1,12–14 In comparison with the 195 countries and 
territories included in GBD 2017, nine more countries 
(Cook Islands, Monaco, San Marino, Nauru, Niue, Palau, 
Saint Kitts and Nevis, Tokelau, and Tuvalu) were included 
in GBD 2019, providing full time-series estimates from 
1990 to 2019 for 204 countries and territories, which were 
grouped under seven super-regions and 21 regions. The 
colorectal cancer estimates mapped to the International 
Classification of Diseases (ICD) codes are available in the 
appendix (p 14).15 The GBD estimation framework and 
calculation of all the metrics are detailed in GBD 2019 
capstone publications and the supplementary appendices 
published with these reports.1,12–14

Research in context

Evidence before this study
Colorectal cancer is one of the leading causes of cancer deaths 
worldwide. Previously, the Global Burden of Diseases, Injuries, and 
Risk Factors Study (GBD) 2017 provided estimates for colorectal 
cancer incidence, deaths, and disability-adjusted life years (DALYs) 
for the period 1990–2017. Apart from GBD 2017, the International 
Agency for Research on Cancer (IARC) provided estimates for 
colorectal cancer for 2020 under the GLOBOCAN project. The 
present study was done as a part of GBD 2019, which produced 
estimates for 302 causes of death, 369 diseases and injuries, and 
87 risk factors for 204 countries and territories for 1990–2019.

Added value of this study
In this study, we provide age-sex-location-specific estimates of 
colorectal cancer incidence, deaths, and DALYs for 204 countries 
and territories between 1990 and 2019. GBD 2019 produced 
estimates with technical collaboration from WHO, which has led 
to the inclusion of nine more WHO member countries. 
28 714 site-years of data were used to estimate colorectal cancer 
incidence, deaths, and DALYs in GBD 2019, 16% more than in 
GBD 2017. In comparison with GLOBOCAN 2020, which provided 
colorectal cancer estimates for 2020, we provide estimates for full 
time series through 1990 to 2019 for all 204 countries and 
territories included in GBD 2019. Apart from estimates of 
incident cases, deaths, and age-standardised rates, as was done in 
GLOBOCAN 2020, we also estimated the burden of deaths and 
disability quantified with DALYs. The colorectal cancer burden was 
also examined in the light of country-level socioeconomic 

development measured by Socio-demographic Index (SDI). The 
contribution of the main risk factors to colorectal cancer DALYs 
was also examined by sex in 21 world regions.

Implications of all the available evidence
Incident cases of colorectal cancer doubled or more than doubled 
in 16 of 21 world regions, and the number of deaths doubled or 
more than doubled in 15 of 21 world regions in the past 
three decades. The age-standardised incidence and death rates 
(per 100 000 person-years) either remained the same or 
decreased in high SDI quintiles and increased in low SDI and 
middle SDI quintiles. Large increases in colorectal cancer incidence 
rates were observed in middle SDI countries, as well as in people 
aged 20–49 years in high SDI countries. Further research is 
required to understand the causes of the colorectal cancer burden 
in younger adults (aged <50 years) and the main risk factors, 
including obesity, physical inactivity, alcohol consumption, 
smoking, and an altered gut microbiome, that might have led to 
the rise in the colorectal cancer burden. The increasing incidence 
of colorectal cancer in people younger than 50 years in high SDI 
countries also necessitates reconsideration of screening 
recommendations to include younger age groups (ie, those aged 
40–49 years). The public health interventions for colorectal cancer 
awareness, screening, and prevention through containment of 
modifiable risk factors such as alcohol, smoking, an unhealthy 
diet (high in processed meat and fat, and low in fruits and 
vegetables), and obesity are key to stemming the tide of 
colorectal cancer worldwide.

See Online for appendix
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Data sources
For GBD 2019, input data from various sources such as 
vital registration, verbal autopsy, and cancer registries 
were used to generate the colorectal cancer estimates. 
28 714 site-years of data (22 849 site-years for vital 
registration, 516 site-years for verbal autopsy, and 
5349 site-years for cancer registries) were used to 
estimate the colorectal cancer burden in GBD 2019, 
3962 site-years (16%) more than GBD 2017. The vital 
registration system records data of vital events in a 
person’s life (birth, death, and cause of death). Verbal 
autopsy is a data collection method generally used in 
populations without a complete vital registration system; 
in this method, a trained interviewer uses a questionnaire 
to collect information about signs, symptoms, and 
demographic characteristics of a recently deceased 
person from someone familiar with the deceased. Cancer 
registries are a data collection system that record and 
manage the data relating to a person with cancer. The 
information on various input sources of data used in 
GBD 2019 can be obtained from the GBD 2019 Data 
Input Sources Tool.

Mortality estimation
GBD estimation begins with mortality estimation in 
multiple steps. The mortality data from cancer registries 
might be sparse, although incidence data can be available; 
therefore, to maximise data availability, mortality-to-
incidence ratios (MIRs) were generated from the cancer 
registries that contained both incidence and mortality 
data. In the first step, incidence and mortality data from 
cancer registries were processed before they were 
matched by cancer, age, sex, year, and location to generate 
crude MIRs. Final MIRs were estimated by use of spatio-
temporal Gaussian Process Regression (ST-GPR) using 
the Healthcare Access and Quality (HAQ) index, age, and 
sex16 as covariates. The MIR estimates from the ST-GPR 
model were multiplied with incidence data to generate 
crude mortality estimates. The final mortality estimates 
were produced with the Cause of Death Ensemble Model 
(CODEm) using crude mortality estimates from the last 
step and those from vital registration and verbal autopsy 
as inputs along with other variables taken as covariates.1,15 
Only those variables were chosen that have been 
found to have a plausible relation with death due to 
colo rectal cancer. The list of covariates at different levels 
used in CODEm for colorectal cancer is presented in the 
appendix (pp 15–16).1,15 The final mortality estimates from 
CODEm were then divided by the MIRs from ST-GPR to 
generate age-sex-location-specific estimates for incident 
cases.

Non-fatal estimation
The mortality estimates generated from CODEm were 
combined with reference life tables to generate 
estimates for years of life lost (YLLs).12 The 10-year 
prevalence was divided into four sequelae of a fixed 

duration based on expected person-time spent in each 
of the sequela: diagnosis and primary therapy 
(4·0 months), metastatic phase (9·7 months), and 
terminal phase (1·0 month), with the remaining 
duration assigned to the controlled phase.15 Sequela-
specific years lived with disability (YLDs) were calculated 
by multiplying disability weights with sequelae-specific 
prevalence. Total YLDs were calculated by summing the 
sequela-specific YLDs. The sum of YLLs and YLDs 
produced the DALYs estimates, with one DALY being 
equivalent to 1 year of healthy life lost.17

The age-specific rates of incidence, mortality, and DALYs 
were expressed per 100 000 person-years and calculated 
with GBD population estimates,12 and the age-standardised 
rates were calculated as weighted averages of age-specific 
rates per 100 000 people, in which weights are the 
proportion of people in corresponding age groups as per 
the GBD world population age standard.12 All 
GBD estimates in this Article are provided with 
95% uncertainty intervals (UIs). For each computational 
step, 1000 draws are generated; 95% UIs are calculated by 
taking values at the 2·5th and 97·5th percentile from the 
1000 draws, and are provided alongside the mean 
estimates.12

Socio-demographic Index
The colorectal cancer burden was evaluated against 
country-level development measured with the SDI,12,15 
which is a composite indicator of three indicators: 
lag-distributed income per capita, average educational 
attainment for people aged 15 years and older, and the 
total fertility rate (in people aged <25 years). Each of these 
indicators was first rescaled on a scale of 0 (lowest) to 
1 (highest) based on country-specific values. The 
geometric mean of these three indices provided the final 
value of the country-level SDI. Based on SDI values, the 
204 countries and territories were categorised into 
five groups: low SDI (<0·45), low-middle SDI 
(≥0·45 and <0·61), middle SDI (≥0·61 and <0·69), 
high-middle SDI (≥0·69 and <0·80), and high SDI (≥0·80).

Risk factors
Estimation of GBD risk factors is based on a comparative 
risk assessment framework and involves six steps. The 
first is identification of risk-outcome pairs: only those 
risk-outcomes that have convincing or plausible evidence, 
as per World Cancer Research Fund criteria,18 are included 
in GBD risk factor estimation. The second is estimation 
of relative risk (RR) as a function of exposure for each 
risk-outcome pair. The third is distribution of exposure 
for each risk factor by age, sex, location, and year. The 
fourth is determining the theoretical minimum risk 
exposure level (TMREL). The fifth is estimation of the 
population attributable fraction (PAF) and attributable 
burden. The RR for each risk-outcome pair, exposure 
levels, and TMREL are used to model the PAF.13 The PAF 
of a particular risk factor is multiplied by colorectal cancer 

For the GBD 2019 Data Input 
Sources Tool see http://ghdx.
healthdata.org/gbd-2019/data-
input-sources
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DALYs to generate the DALYs attributable to that risk 
factor. The sixth is estimating the PAF and attributable 
burden for the combination of risk factors.

The details of each of these steps and the underlying 
methodology are provided elsewhere.13 In this GBD 
iteration, 87 risk factors were included, of which ten 
(alcohol use, diet high in processed meat, diet high in red 
meat, diet low in calcium, diet low in fibre, diet low in 
milk, high body-mass index [BMI], high fasting plasma 
glucose, low physical activity, and smoking) have a 
non-zero contribution to colorectal cancer deaths and 
DALYs. We assessed the percentage contribution of these 
ten risk factors to colorectal cancer DALYs in 2019. The 
total number of input data sources used for the exposure 
of different risk factors in GBD 2019 are detailed 
elsewhere,13 of which we present the number of input 
data sources for the ten risk factors related to colorectal 
cancer (appendix p 17).

The percentage changes between 1990 and 2019 were 
interpreted as statistically significant if the 95% UI did not 
include zero. All data analysis and data visualisation in this 
study were done with statistical software R (version 4.1.1), 
Stata (version 13.1), and Python (version 3.8.8).

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
Overview of the global burden
Globally, for both sexes combined, incident cases of 
colorectal cancer more than doubled, from 842 098 
(95% UI 810 408–868 574) in 1990 to 2·17 million 
(2·00–2·34) in 2019 (figure 1A). Between 1990 and 2019, 
deaths due to colorectal cancer increased from 518 126 
(493 682–537 877) to 1·09 million (1·02–1·15), and DALYs 
increased from 12·4 million (11·9–12·9) to 24·3 million 
(22·6–25·7). By 2019, 95·6% of colorectal cancer DALYs 
were due to YLLs and 4·4% were due to YLDs 
(appendix p 5). The global age-standardised incidence 
rate of colorectal cancer increased from an estimated 22·2 
(21·3–23·0) per 100 000 to 26·7 (24·6–28·9) per 100 000 
from 1990 through 2019 (figure 1B). By contrast, the 
global age-standardised mortality rate decreased 
from 14·3 (13·5–14·9) per 100 000 to 13·7 (12·6–14·5) 
per 100 000, and the age-standardised DALY rate 
decreased from 308·5 (294·7–320·7) per 100 000 to 295·5 
(275·2–313·0) per 100 000 from 1990 through 2019.

Males experienced greater increases in colorectal cancer 
incidence, deaths, and DALYs, than females in terms of 
absolute counts, and the age-standardised rates increased  
in males and remained similar throughout or decreased 
in females (figure 1). In 2019, males accounted for 57·2% 
(1·2 million [95% UI 1·1–1·4]) of colorectal cancer incident 
cases, and 54·9% (594 176 [550 959–638 031]) of deaths due 
to colorectal cancer. In 2019, the age-standardised 

Figure 1: Global temporal patterns of colorectal cancer burden, 1990–2019
(A) All-age counts. (B) Age-standardised rates. Data source: Global Burden of Diseases, Injuries, and Risk Factors Study 2019. DALYs=disability-adjusted life-years.
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incidence rate was 1·5-times higher in males than in 
females (33·1 [30·2– 36·1] per 100 000 vs 21·2 [19·0–23·2] 
per 100 000), with a similar disparity between males and 
females in terms of the age-standardised mortality 
rate (16·6 [15·4–17·8] per 100 000 in males vs 11·2 
[10·0–12·2] per 100 000 in females) and the 
age-standardised DALY rate (360·0 [333·1–387·8] 
per 100 000 in males vs 237·9 [218·7–257·1] per 100 000 in 

females; figure 1). The number of incident cases increased 
in all SDI quintiles, whereas the age-standardised 
incidence rate decreased in the high SDI quintile only 
(appendix p 6). Similarly, deaths and DALYs increased in 
all SDI quintiles, but age-standardised mortality rates 
stagnated or decreased only in high-middle SDI and high 
SDI quintiles (appendix pp 7–8). Notably, the rise in all-
age counts was steeper in all SDI quintiles than in the 

Incidence (95% UI) Mortality (95% UI) DALYs (95% UI) Age-
standardised 
incidence rate 
(95% UI)

Age-
standardised 
mortality 
rate (95% UI)

Age-
standardised 
DALY rate 
(95% UI)

Global 2 166 168 
(1 996 298–2 342 842)

1 085 797  
(1 002 795–1 149 679)

24 284 087  
(22 614 920–25 723 221)

26·7 
(24·6–28·9)

13·7 
(12·6–14·5)

295·5 
(275·2–313·0)

Andean Latin America 11 094 
(8935–13 467)

5630 
(4593–6791)

125 578 
(101 753–151 796)

20·0 
(16·1–24·2)

10·3 
(8·4–12·4)

220·8  
(179·0–266·3)

Australasia 23 671 
(19 439–28 848)

8382 
(7575–8978)

163 248 
(150 872–173 959)

48·3 
(39·6–59·1)

16·2 
(14·8–17·3)

348·6 
(324·2–370·7)

Caribbean 13 813 
(11 813–15 959)

7995 
(6935–9176)

172 016 
(147 186–200 175)

26·7 
(22·9–30·9)

15·5 
(13·4–17·7)

333·3 
(285·2–387·9)

Central Asia 10 949 
(9999–12 008)

7467 
(6822–8166)

199 841 
(182 012–219 941)

15·2 
(13·9–16·6)

11·2 
(10·3–12·2)

256·8 
(234·4–281·1)

Central Europe 84474 
(74 551–95 453)

51 567 
(45 636–57 749)

1 052 146 
(922 923–1 184 246)

39·9 
(35·2–45·1)

23·6 
(20·8–26·4)

512·6 
(448·7–577·9)

Central Latin America 37 542 
(32 211–43 870)

22 470 
(19 542–25 997)

539 638 
(465 200–627 069)

15·9 
(13·7–18·6)

9·7 
(8·4–11·2)

223·7 
(193·1–259·5)

Central sub-Saharan 
Africa

3957 
(3015–5113)

3544 
(2705–4609)

100 988 
(75 749–131 447)

7·7 
(5·9–10·1)

7·4 
(5·7–9·9)

169·3 
(129·2–220·2)

East Asia 637 096 
(548 895–738 549)

275 604 
(238 238–317 886)

6 712 862 
(5 774 277–7 735 907)

30·9 
(26·8–35·7)

14·1 
(12·2–16·2)

325·2 
(280·7–373·2)

Eastern Europe 106 017 
(96 250–117 074)

63 476 
(57 180–70 011)

1 419 105 
(1 287 540–1 571 374)

31·1 
(28·2–34·4)

18·3 
(16·5–20·2)

423·7 
(384·0–469·3)

Eastern sub-Saharan 
Africa

14 227 
(12 130–16 886)

12 717 
(10 940–15 001)

356 433 
(301 931–425 606)

8·8 
(7·6–10·4)

8·5 
(7·4–9·9)

193·9 
(166·0–229·6)

High-income Asia Pacific 196 371 
(166 417–225 643)

76 929 
(64 821–83 603)

1 327 823 
(1 186 117–1 414 814)

44·6 
(38·4–51·1)

15·3 
(13·4–16·4)

323·9 
(298·6–342·1)

High-income North 
America

260 911 
(229 909–295 693)

95 664 
(88 321–99 688)

1 987 109 
(1 895 869–2 059 774)

42·7 
(37·6–48·6)

14·9 
(13·9–15·5)

339·9 
(325·9–351·9)

North Africa and Middle 
East

60 010 
(53 354–67 555)

39 147 
(34 761–44 107)

1 013 634 
(896 161–1 146 526)

13·9 
(12·3–15·6)

9·8 
(8·7–11)

218·7 
(194·1–246·5)

Oceania 691 
(555–855)

551 
(443–682)

16 315 
(12 915–20 556)

10·0 
(8·2–12·1)

8·8 
(7·2–10·7)

203·6 
(163·6–252·5)

South Asia 113 711 
(98 190–129 352)

94 846 
(81 524–109 075)

2 419 098 
(2 078 019–2 782 570)

8·3 
(7·2–9·4)

7·3 
(6·2–8·3)

165·1 
(141·7–189·9)

Southeast Asia 117 010 
(96 631–136 244)

82 024 
(67 617–94 606)

2 142 434 
(1 780 490–2 482 287)

19·3 
(16–22·4)

14·4 
(11·9–16·6)

334·0 
(276·6–386·4)

Southern Latin America 26 866 
(21 480–33 612)

17 930 
(16 774–18 975)

366 436 
(347 729–385 441)

32·2 
(25·7–40·4)

21·2 
(19·9–22·4)

447·6 
(424·7–470·5)

Southern sub-Saharan 
Africa

7106 
(6389–7882)

5922 
(5329–6580)

147 780 
(132 439–165 539)

13·1 
(11·8–14·5)

11·5 
(10·4–12·7)

250·4 
(225·1–279·3)

Tropical Latin America 42 891 
(40 118–44 928)

27 704 
(25 668–29 090)

660 129 
(625 562–687 740)

17·8 
(16·6–18·6)

11·7 
(10·8–12·3)

268·3 
(253·7–279·8)

Western Europe 382 442 
(332 800–432 448)

172 454 
(155 345–181 815)

3 008 234 
(2 815 060–3 152 895)

42·4 
(37·1–48·3)

17·3 
(15·8–18·1)

351·2 
(332·0–366·8)

Western sub-Saharan 
Africa

15 321 
(12 895–17 824)

13 773 
(11 698–16 069)

353 242 
(295 571–420 704)

8·7 
(7·4–10·0)

8·4 
(7·3–9·7)

176·1 
(149·0–206·2)

Numbers in parenthesis represent 95% uncertainty intervals (UIs). DALYs=disability-adjusted life years. The age-standardised incidence rate, age-standardised mortality rate, 
and age-standardised DALY rate are shown per 100 000 person-years. Source: Global Burden of Diseases, Injuries, and Risk Factors Study 2019. 

Table: Region-wise colorectal cancer burden in 2019 
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high SDI quintile such that the share of low, low-middle, 
middle, and high-middle SDI quintiles in the total 
colorectal cancer burden increased from 47·3% to 62·1% 
in terms of incident cases, from 57·1% to 69·8% in terms 
of deaths, and from 62·4% to 74·6% in terms of DALYs 
between 1990 and 2019 (appendix pp 6–8).

Colorectal cancer burden by region
In 2019, east Asia was the worst-affected region, 
with 637 096 (95% UI 548 895–738 549) new cases, 275 604 
(238 238–317 886) deaths, and 6·7 million (5·8–7·7) DALYs 
due to colorectal cancer (table). Australasia had the highest 
age-standardised incidence rate (48·3 [39·6–59·1] 
per 100 000) and central Europe had the highest 
age-standardised mortality rate (23·6 [20·8–26·4] 
per 100 000) across 21 regions in 2019. The age- standardised 
incidence rate was the lowest in central sub- Saharan 
Africa (7·7 [5·9–10·1] per 100 000) and south Asia (8·3 
[7·2–9·4] per 100 000). South Asia also had the lowest 

age-standardised mortality rate (7·3 [6·2–8·3] per 100 000). 
The age-standardised DALY rate was the highest in 
central Europe (512·6 [448·7–577·9] per 100 000) and 
lowest in south Asia (165·1 [141·7–189·9] per 100 000) 
in 2019 (table).

The preponderance of colorectal cancer in males 
in 2019, in terms of both age-standardised incidence rates 
and age-standardised mortality rates, was more apparent 
in developed regions (eg, Australasia, central Europe, and 
the high-income Asia Pacific) and differences between 
males and females were smaller in south Asia and regions 
of Africa (eg, eastern sub-Saharan Africa and western 
sub-Saharan Africa; figure 2).

Three patterns emerged from region-wise temporal 
trends of age-standardised rates in GBD regions 
(appendix p 9). First, in regions with already high 
incidence rates in 1990 (eg, Australasia and the high-
income Asia Pacific), the age-standardised incidence 
rates either stagnated or decreased and age-standardised 

Figure 2: Age-standardised rates of colorectal cancer in 2019, by sex and region
(A) Age-standardised incidence rate (per 100 000 person-years). (B) Age-standardised mortality rate (per 100 000 person-years). Error bars denote 95% uncertainty 
intervals. Data source: Global Burden of Diseases, Injuries, and Risk Factors Study 2019.
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mortality rates decreased in the past three decades. 
Second, concomitant rises in age-standardised inci dence 
and mortality rates were observed in a few regions of 
Asia, Africa (eg, western sub-Saharan Africa and 
south Asia), and Oceania. Third, large increases occurred 
in age-standardised incidence rates, whereas a smaller 
increase was observed in age-standardised mortality 
rates in a few regions (eg, east Asia and south east Asia).

From 1990 to 2019, incident cases doubled or more 
than doubled in 16 of 21 regions, deaths doubled or more 
than doubled in 15 of 21 regions, and DALYs doubled or 
more than doubled in 13 of 21 regions, led by regions of 
Latin America and Asia (figure 3A). The changes in age-
standardised rates were modest, with age-standardised 
incidence rates increasing by 50% or more in six GBD 
regions (east Asia, Andean Latin America, southeast 
Asia, central Latin America, North Africa and the 
Middle East, and south Asia; figure 3B). Age- standardised 

incidence rates decreased, although these decreases were 
not statistically significant, in high-income North America 
(–10·0% [95% UI –21·1 to 2·5]) and Australasia (–6·2% 
[–22·7 to 14·7]) between 1990 and 2019. Age-standardised 
mortality rates increased the most in southeast Asia 
(46·7% [21·8 to 70·0]) followed by east Asia (37·1% 
[15·1 to 62·3]), and decreased in Australasia (–33·5% 
[–29·8 to –37·2]) and high-income North America 
(–25·3% [–23·5 to –27·3]) from 1990 through 2019, with 
a couple of other high-income regions experiencing a 
reduction (–22·1% [–25·0 to –19·6] in western Europe 
and –14·8% [–20·6 to –10·9] in the high-income Asia 
Pacific). Due to large increases in incidence and death 
rates, the age-standardised DALY rate increased the most 
in regions of Asia and Latin America, led by southeast 
Asia (41·6% [18·2 to 62·7]) and central Latin America 
(37·8% [19·0 to 59·4]) and decreased in high-income 
regions and regions of Europe (figure 3B).

Figure 3: Region-wise percentage change in colorectal cancer burden, 1990–2019
(A) All-age numbers. B) Age-standardised rate (per 100 000). Data source: Global Burden of Diseases, Injuries, and Risk Factors Study 2019. Error bars denote 95% uncertainty intervals.
DALYs=disability-adjusted life-years.
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Colorectal cancer burden by country
China, the USA, and Japan had the highest all-age 
incident counts for both sexes combined, with 607 900 
(95% UI 521 805–708 420) new cases in China, 227 242 
(197 022–261 375) new cases in the USA, and 160 211 
(130 730–186 831) new cases in Japan, in 2019 
(appendix pp 18–43). China (261 777 [224 403–303 318]), 
India (79 098 [67 137–92 723]), and the USA (84 026 
[77 987–87 516]) had the highest death counts. 
Somalia (5·0 [3·1–9·2] per 100 000), Niger (5·6 [4·2–7·6] 
per 100 000), and Bangladesh (5·6 [3·9–8·0] per 100 000) 
had the lowest age-standardised incidence rates, 
whereas Taiwan (province of China; 62·0 [48·9–80·0] 
per 100 000), Monaco (60·7 [48·5–73·6] per 100 000), 
and Andorra (56·6 [42·8–71·9] per 100 000) had the 
highest age-standardised incidence rates (figure 4A; 
appendix pp 18–43). Greenland (31·4 [26·0–37·1] 
per 100 000), Brunei (30·3 [26·6–34·1] per 100 000), and 
Hungary (28·6 [23·6–34·0] per 100 000) had the highest 
age-standardised mortality rates, whereas Bangladesh 
(4·9 [3·4–7·1] per 100 000), Somalia (5·0 [3·2–9·3]), and 
Nepal (5·4 [3·9–7·4] per 100 000) had the lowest 
age-standardised mortality rates among 204 countries 
and territories in 2019 (figure 4B; appendix pp 18–43). 
Age-standardised DALY rates varied from 107·4 
(74·6–152·7) per 100 000 in Bangladesh to 680·3 
(555·7–812·4) per 100 000 in Greenland in 2019 
(figure 4C; appendix pp 18–43).

Between 1990 and 2019, for both sexes combined, 
incident cases doubled or more than doubled in 
157 of 204 countries and territories and deaths doubled 
or more than doubled in 129 of 204 countries and 
territories (appendix pp 44–66). Austria was the only 
country that reported a significant reduction in the 
number of colorectal cancer deaths (–20·5% 
[–26·4 to –14·8]) and DALYs (–29·7% [–34·4 to –25·0]) 
between 1990 and 2019. The changes in age-standardised 
rates were modest across countries in comparison with 
changes in absolute counts. From 1990 through 2019, 
the largest increase in age-standardised rates occurred in 
Cape Verde (age-standardised incidence rate 180·6% 
[121·1 to 237·3], age-standardised mortality rate 
152·9% [97·3 to 204·0], and age-standardised DALY rate 
114·2% [71·8 to 159·4]) and the largest reduction 
occurred in Austria (age-standardised incidence 
rate –34·1% [–46·7 to –19·1], age-standardised mort-
ality rate –50·2% [–53·3 to –46·8], and age-standardised 
DALY rate –53·2% [–56·2 to –50·0]; appendix pp 44–66).

The relationship between country-level age-standardised 
rates of colorectal cancer and SDI in 2019 is shown in the 
appendix (p 10). SDI seemed to exert a positive 
relationship with age-standardised rates, with the slope 
becoming steeper in the upper end of the development 
spectrum for age-standardised incidence rates, whereas a 
positive relationship between age-standardised DALY 
rates and SDI seemed to taper off slightly towards high 
SDI countries.

Colorectal cancer burden by age group
Figure 5 illustrates the colorectal cancer incidence count 
and age-specific rates (per 100 000 person-years) in 2019. 
The incidence count followed a bell-shaped distribution 
with a peak in individuals aged 60–74 years for both males 
and females. Incident cases were higher in males than in 
females in all age groups up to age 80–84 years, with a 
greater number of new cases in females aged 85 years 
and older (figure 5A). Unlike incident cases, incidence 
rates continued to increase with age, increasing much 
faster in those aged 50–54 years and older (figure 5B). 
Between 1990 and 2019, all age groups experienced a rise 
in incident cases, with the highest increases occurring in 
those aged 85 years and older (appendix p 11). Further-
more, incidence rates increased in younger age groups 
(20–49 years) and decreased in older age groups 
(50–80 years) only in the high SDI quintile (appendix p 12). 
Percentage changes in incidence rates were higher in 
females compared to males only in low SDI quintiles; in 
all other SDI quintiles, males had higher percentage 
changes in incidence rates. Moving up in the development 
spectrum, the contrast between increases (or decreases) 
in younger age groups (20–49 years) and older age groups 
(50–74 years) became more pertinent. For instance, in the 
high SDI quintile, the incidence rates either remained 
unchanged or decreased in older age groups (50–74 years), 
whereas large increases were observed in younger age 
groups (20–49 years; appendix p 12).

Risk factors
Figure 6 depicts the contribution of ten risk factors to all-
age DALYs due to colorectal cancer, for both sexes 
combined, for 21 GBD regions in 2019. At the global 
level, a diet low in milk (15·6%), smoking (13·3%), a diet 
low in calcium (12·9%), and alcohol use (9·9%) were the 
main contributors to colorectal cancer DALYs, with the 
relative contribution of different risk factors varying as 
per the region’s development status. In sub-Saharan Africa 
and Asia (barring the high-income Asia Pacific), a diet 
low in calcium and milk were the main risk factors, 
whereas smoking and alcohol use were the main risk 
factors in high-income regions (figure 6). At the global 
level, high BMI contributed only 8·3% of DALYs, with a 
higher contribution in comparatively high-income 
regions (eg, central Europe [14·0%] and high-income 
North America [13·8%]). The contribution of smoking to 
DALYs was greater than 15% in regions of Europe 
(eg, 18·2% in central Europe, 15·9% in western Europe, 
and 15·5% in eastern Europe) as well as in southern Latin 
America, east Asia, and high-income North America.

The severity of risk factors also varied by sex, with 
alcohol use contributing 13·9% of global DALYs and 
smoking contributing 18·9% of global DALYs in males, 
whereas alcohol use contributed only 4·5% of global 
DALYs and smoking contributed only 5·7% of global 
DALYs in females (appendix p 13). In females, a diet low 
in milk (15·5%), a diet low in calcium (12·0%), and high 
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Figure 4: Geographical distribution of age-standardised rates of colorectal cancer in 2019
(A) Age-standardised incidence rate. (B) Age-standardised mortality rate. (C) Age-standardised DALY rate. Data source: Global Burden of Diseases, Injuries, and 
Risk Factors Study 2019. DALY=disability-adjusted life-year. 
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fasting plasma glucose (7·5%) were the major 
contributors to colorectal cancer DALYs. Similar differ-
ences were observed between sexes with regard to the 
contribution of high BMI, which contributed 
11·1% of DALYs in males and 4·6% in females. The 
differ ences between sexes in the contribution of risk 
factors to colorectal cancer DALYs were also apparent in 
all GBD regions. The distribution of inadequate dietary 
risk factors (eg, a diet low in milk and calcium) was 
similar across the two sexes across regions of 
sub-Saharan Africa and Asia (appendix p 13).

Discussion
Between 1990 and 2019, new cases of colorectal cancer 
doubled or more than doubled in 157 of 204 countries and 
territories, and deaths due to colorectal cancer doubled or 
more than doubled in 129 of 204 countries and territories, 
and large increases were experienced in low SDI and 
middle SDI countries. Incidence and mortality rates 
mostly decreased in high SDI countries, whereas several 
low SDI and middle SDI countries and regions saw 
increases in age-standardised rates. The incident cases 
shared by low SDI, low-middle SDI, middle SDI, 
and high-middle SDI countries increased from 
47·3% to 62·1%, the share of death counts rose from 

57·1% to 69·8%, and the share of DALYs increased from 
62·4% to 74·6% from 1990 through 2019. 

We found large increases in age-standardised incidence 
rates in Asia (eg, 142·3% in east Asia and 78·5% in 
southeast Asia) and Latin America (eg, 100·0% in 
Andean Latin America, and 77·0% in central Latin America) 
between 1990 and 2019. Due to fast economic growth and 
rapid industrialisation, the thriving middle class in 
developing countries is adopting a westernised lifestyle 
characterised by an unhealthy diet (low in fruits and 
vegetables and high in red meat and processed meat), 
sedentary behaviour (eg, spending a long time watching 
television), and less physical activity, along with substance 
abuse (alcohol and smoking).19,20 These behavioural 
changes have resulted in an increased incidence of 
lifestyle-related illnesses, including colorectal cancer.

The age-standardised mortality rate decreased in high-
income regions (eg, –33·5% [95% UI –29·8 to –37·2] in 
Australasia and –25·3% [–23·5 to –27·3] in high-income 
North America) between 1990 and 2019. The reduction 
in incident cases and deaths, particularly among 
individuals older than 50 years, in high-SDI regions and 
countries suggests early detection of colorectal cancer 
due to screening, cancer registries, and technological 
improvements, as well as normalisation of early referral 

Figure 5: Age-specific burden of colorectal cancer in 2019
(A) Incident cases. (B) Age-specific incidence rate (per 100 000). Error bars denote 95% uncertainty intervals. Data source: Global Burden of Diseases, Injuries, and Risk 
Factors Study 2019. 
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Figure 6: Percentage contribution of risk factors to all-age DALYs of colorectal cancer in 2019, for both sexes, globally and by regions
Data source: Global Burden of Diseases, Injuries, and Risk Factors Study 2019. DALYs=disability-adjusted life-years. 
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to physicians. In most high SDI countries, 50–75 years is 
also the age group in which colorectal cancer screening 
is generally recommended for early detection of 
adenomatous polyps and adenomas.21 In the USA, the 
impact of colorectal cancer screening in reduction of 
deaths due to colorectal cancer is notable given the 
considerable increases in colonoscopy screening in 
the 2000s.22

We found more colorectal cancer cases and deaths 
among males than females, with male age-standardised 
rates being 1·5–2·0-times higher than females in different 
GBD regions and the difference between males and 
females growing over time. In the 1960s, when the first 
international reports were published on colorectal cancer, 
the age-standardised incidence rate used to be higher for 
females than males, but the incidence has since risen 
faster for males than for females.23 The predominance of 
males in the global colorectal cancer burden has been 
attributed to the high prevalence of visceral fat,24 higher 
smoking prevalence,19 and greater alcohol consumption 
among this demographic.25 We also found a greater 
contribution of alcohol and smoking to colorectal cancer 
DALYs in males than in females. Some studies have also 
suggested protective effects of endogenous oestrogen 
against colorectal carcinogenesis in females.26 Besides 
endogenous oestrogens, oral contraceptives might also 
contribute to the lowered colorectal cancer risk in females 
compared to males.27 Besides the difference in incidence, 
there are also differences in mortality between males and 
females, with females tending to have better survival 
outcomes.28,29 Sex apparently modulates the circadian 
clocks of males and females differently, with respect to the 
effects of chemotherapy in colorectal cancer, which might 
also contribute to the sex-based differences in survival and 
mortality.30 In terms of the age-specific burden of 
colorectal cancer in males versus females, the findings of 
GBD 2019 differ from a previous study in which 
colorectal cancer incidence and mortality were higher in 
females than in males in individuals aged 65 years and 
older, implying that colorectal cancer is a major health 
threat in older females;31 in the present study, however, 
such differences were mainly observed in individuals 
aged 80 years and older.

In line with previous studies,32–36 we observed large 
increases in new cases and age-specific rates in individuals 
aged 20–49 years between 1990 and 2019, especially in 
high SDI countries. In the USA, a previous study37 also 
noted substantial increases in colorectal cancer incidence 
rates in individuals aged 20–49 years from 1975 to 2010 
and the incidence rate of colon cancers is expected to 
increase by an estimated 90%, and the incidence rate of 
rectal cancers is expected to increase by 140%, by 2030.37,38 
In most high-income countries, screening is recom-
mended from the age of 50 years onwards; however, the 
recent trends in growing colorectal cancer incidence in 
younger adults (<50 years) have led to calls for a 
reconsideration of screening recommendations to 

include individuals aged 40–49 years. In 2019, the 
American Cancer Society recommended colorectal cancer 
screening from the age of 45 years onwards,36 which can 
be further modified to include younger people, especially 
targeting those with a high risk of colorectal cancer 
(eg, personal history of polyps or adenoma or family 
history of colorectal cancer or hereditary risk, males, 
smokers, and those with a high BMI).

The exact reasons for the increasing incidence of 
colorectal cancer in people younger than 50 years are less 
clear, but one possible reason could be due to the birth 
cohort effect, such that those born in the second half of 
the 20th century are increasingly exposed to potentially 
modifiable behavioural risk factors such as unhealthy 
diets, obesity, sedentary behaviour, low physical activity,18 
and increased smoking prevalence in early adult-
hood.32,33,39,40 However, most of these risk factors have been 
implicated on the basis of evidence generated from 
patients with colorectal cancer aged 50 years or older, so 
the exact mechanisms or underlying risk factors remain 
less clear.40–42 A previous study has attributed prolonged 
sedentary television viewing time to early onset of 
colorectal cancer, particularly rectal cancer.43 Early-onset 
colorectal cancer has also been attributed to the rising 
obesity prevalence in younger adults.44–46 A prospective 
cohort study of 94 217 women showed that dietary and 
lifestyle factors leading to hyperinsulinaemia are 
associated with an increased risk of colorectal cancer in 
younger women in the USA.47 Binge drinking (episodic 
heavy alcohol consumption) is also implicated as one of 
the risk factors, with binge drinking being higher among 
adults younger than 50 years than in adults aged 50 years 
and older (ie, those of screening age).48

The GBD 2019 colorectal cancer estimates 
(2·17 million incident cases and 1·09 million deaths) 
are higher than GLOBOCAN estimates for 2020 
(1·9 million incident cases and 935 173 deaths).49 The 
global age-standardised rates estimated by GBD are also 
higher (age-standardised incidence rate 26·7 per 100 000; 
age-standardised mortality rate 13·7 per 100 000) than 
those for GLOBOCAN (age-standardised incidence rate 
19·5 per 100 000 and age-standardised mortality rate 
9·0 per 100 000). Both GBD and GLOBOCAN report high 
incidence and mortality rates in high-income regions and 
countries in Europe, North America, and Asia, and 
low incidence and mortality rates in LMICs of 
sub-Saharan Africa and south Asia, yet there are a few 
differences in the estimates, which stem from the different 
methodologies and data sources used. One of the main 
differences is that GLOBOCAN mostly estimates cancer 
incidence and deaths from cancer registry data, whereas 
GBD also models estimates from data sources such as vital 
registration, cancer registries, verbal autopsy, and sample 
registration systems. Another key difference between GBD 
and GLOBOCAN estimates stems from the redistribution 
of deaths from unknown or non-specific cancers to other 
cancers in GBD estimates.15 The GBD estimation 
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framework has two key advantages over GLOBOCAN. In 
addition to producing incidence and mortality estimates, 
GBD produces estimates for YLLs, YLDs, and DALYs, 
which encompasses the disease burden due to both death 
and disability caused by the disease. Second, GLOBOCAN 
provides estimates for a single year (eg, 2002, 2008, 2012, 
2018, and 2020) and there are some time series available 
for selected countries up to 2012 (the CI5Plus: Cancer 
Incidence in Five Continents Time Trends series); however, 
continuous time series of estimates of the colorectal cancer 
burden are not available from GLOBOCAN for sufficiently 
long time periods at the global and regional levels for all 
countries and territories. A track of temporal patterns can 
provide useful information; for instance, the rises in 
colorectal cancer incidence among younger adults 
(<50 years) in the past three decades, particularly in high-
income regions, can allow researchers to examine the 
changing risk factors, set hypotheses, and help clinicians 
and policy makers to be more vigilant about the changing 
trends of colorectal cancer.

The major limitation of this study was the non-availability 
of data from cancer registries in many countries in Africa, 
the Caribbean, and Asia. Although GBD uses all available 
data from sources such as vital registration, verbal autopsy, 
and cancer registries, the accuracy of GBD estimates 
crucially depends upon cancer incidence and mortality 
data from cancer registries. Many LMICs in 
sub-Saharan Africa and Asia either do not have population-
based cancer registries or the existing registries have 
insufficient coverage. Under-reporting also occurs 
because of poor documentation of cases, a shortage of 
medical facilities and adequately trained medical 
personnel, lack of a well established oncology centre, and 
as a result of mis diagnosis. Moreover, the 95% UIs 
reported in the study do not take into account several 
sources of bias, including measurement bias, selection 
bias due to missing data, and model specification bias. 
Second, the disease registration system was inadequate 
30 years ago, especially in LMICs, and although it has 
improved in several LMICs in recent years, the estimates 
for the early years of the analysis (ie, the 1990s) are 
expected to be more biased, which is also reflected in the 
wider 95% UIs of the mean estimates and percentage 
changes. Third, there is a lag in the official reporting of 
cancer data for 2019 even in high SDI countries so the 
estimates for the most recent years are generated on the 
basis of recent trends and are provided with wider 
uncertainty intervals. GBD is an iterative estimation 
framework providing temporal estimates; the official data 
for 2019 will be updated as they become available and will 
be reflected in future GBD iterations.

In conclusion, colorectal cancer incident cases and 
deaths have more than doubled worldwide in the past 
three decades. Reducing the prevalence of modifiable 
risk factors and increasing screening uptake are key to 
reducing deaths from colorectal cancer, in line with 
achieving target 3.4 of the SDGs.8 Low SDI and middle 

SDI (including low-middle, middle, and high-middle 
SDI) countries, which together comprise close to 
75% of colorectal cancer DALYs, are expected to 
experience further increases in colorectal cancer 
incidence as a result of population ageing and increasing 
life expectancy, improved screening and detection, and 
changing lifestyles. Strategies such as dietary and 
lifestyle modifications, early screening among high-risk 
individuals, access to high-quality health care, and better 
treatment modalities (including improved personalised 
therapy and access to clinical trials) are imperative to face 
this global challenge. Population-based cancer registries 
are important for monitoring colorectal cancer incidence 
and survival. The increase in colorectal cancer incidence 
in people younger than 50 years should serve as an early 
warning signal, necessitating greater awareness of these 
trends among clinicians, researchers, and policy makers, 
as well as more research into the risk factors and 
mechanisms that underpin these trends.

The data generated through GBD are an important 
resource for people and health-care providers, as they 
provide information on the effect of current treatment 
strategies, the effects of previous interventions, and the 
need for preventive measures. The findings from 
GBD 2019 can be used by policy makers and provide new 
perspectives for scientists and physicians throughout the 
world. These results provide comprehensive and 
comparable estimates that can inform efforts for 
equitable colorectal cancer control worldwide, with the 
larger goal of reducing the global burden of cancer.
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