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Background: This study aimed to evaluate the global colorectal cancer(CRC) trend and the relevant risk factors from 1990 to 2019
and for better policymaking and resource allocation.

Methods: Data on CRC, including incidence, mortality and disability adjusted life year (DALY) rates, were extracted from the 2019
Global Burden of Disease (GBD) study. The estimated annual percentage changes (EAPCs) were calculated to assess the temporal
trend of incidence, mortality and DALYs. The Bayesian age-period-cohort model(BAPC) was used to predict the future burden of
CRC.

Results: In 2019, a total of 2.17 million CRC cases were reported worldwide, a 157% increase from 1990. In high-social demographic
index (SDI) regions, the trend of age-standardized incidence rate(ASIR) tended to decrease, while the proportion of people under 50
years of age tended to increase. Although the number of deaths and DALY increased, the age-standardized death rate (ASDR) and
age-standardized DALY rate decreased. The CRC burden was growing fastest in middle-SDI regions, especially in East Asia, followed
by low SDI regions. In addition, the milk intake, High-BMI and high fasting plasma glucose play a more important role in on CRC.
The predicted cases and deaths in global continued to increase to 2044. And there is an upward trend in ASIR for both men and
women.

Conclusion: In developed regions, the CRC burden continues to decrease, while the CRC burden become more and more severe in
developing regions. Overall, the burden of CRC will rising in the near future. Therefore, reasonable resource allocation and prevention
policies should be implemented. Developing countries needs more attention.
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Introduction

Colorectal cancer (CRC) is a major component of the global cancer burden, accounting for approximately one-tenth of all
cancer cases and deaths." Among all types of cancer, the incidence of CRC ranks third, while the mortality rate
ranks second.” Surgical resection and adjuvant chemotherapy are the basic treatment, with prevention being the primary
strategy.”* In recent years, new, less invasive, and efficient inspection methods have been developed, which have reduced
the CRC morbidity and mortality rates to a certain extent.” Globally, the incidence and mortality of CRC are increasing
annually and are expected to exceed 2.2 million new cases and 1.1 million deaths by 2030.%” The incidence and mortality
of CRC vary widely by age, sex, region, and socioeconomic development.® Typically, 90% of patients with CRC are aged
>50 years, but the number of patients aged <50 years has rapidly increased over the past 20 years.”'® This may be due to

Clinical Epidemiology 2023:15 55-71 55
Received: 15 September 2022 © 2023 Liu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 5 January 2023
Published: 12 January 2023

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-9891-0605
http://orcid.org/0000-0003-0979-7653
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Liu et al Dove

genetic and lifestyle factors. The lifestyle factors that affect the development of CRC include poor eating habits, lack of
exercise and sedentary habits, smoking, passive smoking, and excess body weight. Although these factors have increased
the number of cases and deaths, they are potentially modifiable and can even have a protective effect.'’ By adjusting the
risk factors to make population-level changes toward a healthier lifestyle, in some high-risk countries, the incidence of
CRC has either decreased or remained stable.'?> However, the morbidity and mortality rates are rapidly increasing in
several countries with low and medium levels of economic development.’

The Global Burden of Disease (GBD) study estimated 369 diseases and injuries in 204 countries and regions; it
provided the data on the incident cases, deaths, and disability-adjusted life-years (DALYs) of CRC from 1990 to 2019,
thus allowing a full evaluation of the global burden and trends of CRC. Our research reveals the effects of the socio-
demographic index (SDI), geographic location, gender, and age on the incidence rate, death rate, and DALYs of CRC,
which updates, supplements, and expands previous research® to provide new insights for the development of CRC
prevention plans in different countries.

Methods
Study Data

This study used data on the incidence rate and death rate of CRC and DALY loss attributable to CRC and the relevant risk
factors from 1990 to 2019 obtained from the Global Health Data Exchange(GHDx) query tool (http:/ghdx.healthdata.org/
gbd-results-tool), based on gender, age, region, and country. The 204 countries and territories were divided into five levels

by SDI, high, high middle, middle, low middle, and low SDI was calculated using several social factors, including the
fertility rate of the population aged <25 years, the education level of the population aged >15 years, and per capita
income.'® According to geographical contiguity, the world was divided geographically into 21 different GBD regions, such
as Andean Latin America, Western Europe, and Central Asia. The data released from the (GHDx) Query Tool did not
require informed patient consent and was publicly available. In addition, the GBD study data followed the guidelines for
Accurate and Transparent Health Estimation Reporting for Population Health Research(GATHER).

Statistical Analysis

The annual age-standardized incidence rate (ASIR), age-standardized death rate (ASDR), age-standardized DALY rate,
and the corresponding estimated annual percentage changes (EAPCs) were used to assess the trends in the incidence and
mortality of CRC. DALY is calculated by adding the years of life with disabilities(YLDs) and years of life lost(YLLs)."*
YLD are estimated by combining prevalence estimates with disability weight(DW) associated with various phases of
cancer survival, including diagnosis/treatment, remission, metastatic/disseminated and terminal. DW indicates the
magnitude of the health loss associated with the outcome, usually in the range 0—1, with 1 indicating a state to death
and 0 indicating a state to full health. And the Global Burden Of Disease captured community-representative data
through some large population surveys and open-access internet surveys to estimate DW. Age-standardized rate (ASR) is
an important indicator that can effectively exclude the influence of age factors to compare the morbidity, mortality, and
DALYs between regions or countries with different age structures. Moreover, the ASR trend was used as a basis for
determining the changes in human disease patterns and risk factors. The following formula was used to calculate the

5 am,
ASRs (age-standardized incidence/death/DALY rate) (per 100,000 population),'> ASR = }— x 100,000(15), where a;
i=1

represents the specific age ratio of the i ™ age group, w; represents the number (or weight) of the corresponding age
group in the chosen reference standard population, and A represents the number of age groups. Assuming that the natural
logarithm of ASR changes linearly with time, EAPC was introduced, a widely accepted method to describe the trend of
ASR in a specific time interval.'® The following regression model was used to calculate the natural logarithm of the rates,
y =a + Bx + ¢, where y denotes In (ASR), x denotes the calendar year, and € denotes the error term (EAPC = 100 x (exp
(B) — 1)); moreover, its 95% confidence interval (CI) can also be obtained using the abovementioned method. The
relationship between EAPC and ASR trends can be explained using this method. The trend of ASR is deemed to'
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increase when the EAPC and the lower limit of its CI are >0,> decrease when the EAPC and the upper limit of its CI are
<0, and® stabilize under other conditions. In order to quantify the risk factors, the GBD study incorporated the
comparative risk assessment framework that offer a synthesizing evidence on risks and risk—outcome associations.'’
In this study, we select deaths and DALY to model the attributable burden of colorectal cancer to risk.

For cancer burden prediction, several models have been proposed, such as exponential regression model,'® generalized
linear models,'” Nordpred model, Joinpoint model and Bayesian age-period-cohort (BAPC) model.?” Among these models,
the BAPC model was shown to have a relatively lower error rate, especially for short-term projections, thus we chose it to
predict the trend of CRC through 2044.2'* In a word, the age-period-cohort model, regarded as a log-linear Poisson
model, assumes a multiplying effects of age, period and cohort: njj= log(4;;) = u+ai+p;+yy In the formula, i (1 <i <1)
stand for the age group at time nodes j (1 <j <J); u, a;,B; and y; are the intercept, age, period, and cohort effect; k = M
(I-i) + j, represents cohort index, which influence by multiple parameters, such as age, period index and period interval
et al. M represents how many times the age group intervals are the periodic intervals. For instance, M is 5 in our study, since
S-year age groups and yearly data were used. And based on the data on 2019, the predicted results are compared. We used
the CRC incidence in 2019 as the baseline, with an increase of 1% per year as a negative reference and a decrease of 1%
per year as an optimistic reference. R package BAPC and INLA was used to implement a BAPC model integrated nested
Laplace approximations. To verify the stability of the prediction model, nordpred age-period-cohort analysis was run by the
Nordpred package in R. All statistical analyses were performed using R (version 4.4.1).

Results

Incidence Burden of Colorectal Cancer

The number of CRCs worldwide has been increasing annually, and 2.166x10° (95% uncertainty interval (UI), 1.996-2.342) CRC
cases have been reported in 2019, a 157% increase compared with the 842.1 (95%UI, 810.41-868.57) cases reported in 1990.
Moreover, ASIR showed an increasing trend from 22.25/100,000 persons (95% UI, 21.29-22.97) in 1990 to 26.71/100,000 per-
sons (95% UI, 24.58-28.89) in 2019, with an average annual rate of 0.58% (Table 1). In the past 30 years, the annual incidence
rate of men (0.95%) has increased much higher than that of women (0.11%). In all age groups, the incidence rate was higher in
men than in women (Figure 1A). The number of CRC cases in men was also higher than that in women, and the incidence peak at
the age of 65-69 years and 7074 years, respectively. However, in the >85-year age groups, the number of cases was much higher
in women than in men. In all SDI and geographic regions, ASIR was higher in men than in women in 2019 (Figure 1B). More
detail about Age distribution of incidence (per 100,000) for CRC in countries are shown in Table S1. Based on the results of the
SDI level analysis, as presented in Table 1, only the ASIR trend of the high SDI region decreased, and a sharp increase was

observed in the middle-SDI region. At the global level, the incidence of CRC in younger individuals was much higher than that in
older patients, especially in those aged 30-34 years; this can also be observed in the high and high-middle SDI regions
(Figure 1C).

For geographic regions, except for high-income Asia Pacific, other regions with the highest ASIR, including
Australasia and high-income North America, the ASIR for CRC declined (Figure 1D). Sub-Saharan Africa and South
Asia had the lowest ASIR for CRC (Table S2). In terms of CRC incidence in both men and women, East Asia showed the
largest increase in ASIR for CRC. With the increase in the SDI, the ASIR of each region from 1990 to 2019 increased
(Figure 2A). However, the four regions with the highest SDI, including Western Europe, high-income Asia Pacific, high-
income North America, and Australasia, had a downward trend in ASIR. The largest increase was observed in Equatorial
Guinea, followed by Vietnam and China. The largest decrease was observed in Austria, followed by Kyrgyzstan and
Luxembourg (Figure 3A; Tables S3 and S4 and Figure S1).

Death Burden of Colorectal Cancer

Worldwide, the number of CRC-related deaths was 9.264x10° ((95% UI, 0.831-1.011)) in 2019 and increased to
109.56% from 1990 to 2019, but the ASDR of CRC declined (Table 2). In 1990-2019, the ASDR of men was higher
than that of women, and the gap widened. As shown in Figure 4A, the mortality rates in both sexes increased with age.
At the SDI level, the ASDR trend in the high SDI region decreased, stabilized in the high-middle SDI region, and
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Table | The Incident Cases and ASIR in 1990 and 2019 and Its Temporal Trends

1990

2019

1990-2019

Incident Cases
No. *10% (95% UI))

ASIR Per 100,000
No. (95% UI)

Incident Cases
No. #10% (95% UI)

ASIR Per 100,000
No. (95% UI)

EAPC
No. (95% CI)

Overall

Sex
Female
Male

Socio-demographic index
High SDI
High middle SDI
Middle SDI
Low middle SDI
Low SDI

Region
Andean Latin America
Australasia
Caribbean
Central Asia
Central Europe
Central Latin America
Central Sub-Saharan Africa
East Asia
Eastern Europe
Eastern Sub-Saharan Africa
High income Asia Pacific
High income North America
North Africa and Middle East
Oceania
South Asia
Southeast Asia
Southern Latin America
Southern Sub-Saharan Africa
Tropical Latin America
Western Europe
Western Sub-Saharan Africa

842.1(810.41-868.57)

413.89(393.40—432.69)
428.21(413.48—444.29)

443.89(427.71-453.34)
237.9(229.79-246.09)
104.83(97.28—113.06)
40.78(36.76-45.65)
14.28(11.96-16.83)

2.02(1.8-2.24)
12.03(11.52-12.42)
4.69(4.49—4.85)
6.75(6.52-6.98)
41.59(40.37-42.59)
7.48(7.2-7.66)
1.61(1.25-2.04)
112.33(100.31-125.62)
70.4(68.29-72.72)
5.2(4.34-6.14)
77.18(73.96-79.22)
167.9(160.79-172.26)
15.43(12.97-18.18)
0.25(0.19-0.3)
29.94(26.44-34.06)
27.9(24.57-30.66)
10.93(10.52-11.26)
2.87(2.5-3.34)
10.72(10.3411.05)
229.47(220.38-234.89)
5.43(4.4-6.64)

22.25(21.29-22.97)

19.92(18.83-20.81)
25.19(24.24-26.11)

42.45(40.91-43.35)
22.6(21.75-23.36)
10.23(9.5-11.03)
6.88(6.23-7.71)
6.2(5.19-7.26)

9.98(8.85-11.07)
51.57(49.33-53.25)
18.19(17.34-18.83)
13.99(13.51-14.46)
28.4(27.5-29.11)
9(8.59-9.26)
7.42(5.91-9.27)
12.77(11.44-14.26)
25.09(24.32-25.92)
7.01(5.83-8.25)
38.69(36.92-39.76)
47.46(45.59-48.63)
9.02(7.56-10.56)
8.34(6.63-9.95)
5.45(4.79-621)
10.81(9.6-11.81)
24.06(23.07-24.82)
10.73(9.26-12.71)
12(11.46-12.39)
39.57(38.03-40.47)
6.55(5.35-7.95)

2166.17(1996.3-2342.84)

594.18(638.03-550.96)
1239.73(1359.15-1133.17)

798.58(715.63-873.25)
655.82(594.86-716.67)
465.98(418.6-515.36)
151.95(137.8-166.93)
36.95(32.89-41.03)

11.09(8.93-13.47)
23.67(19.44-28.85)
13.81(11.81-15.96)
10.95(10-12.01)
84.47(74.55-95.45)
37.54(32.21-43.87)
3.96(3.01-5.11)
637.1(548.89-738.55)
106.02(96.25-117.07)
14.23(12.13-16.89)
196.37(166.42-225.64)
260.91(229.91-295.69)
60.01(53.35-67.56)
0.69(0.56-0.86)
113.71(98.19-129.35)
117.01(96.63-136.24)
26.87(21.48-33.61)
7.11(6.39-7.88)
42.89(40.12-44.93)
382.44(332.8-432.45)
15.32(12.89-17.82)

26.71(24.58-28.89)

21.22(19.05-23.16)
33.06(30.22-36.15)

42.78(38.75-46.64)
32.41(29.4-35.39)
18.87(16.99-20.86)
11.27(10.23-12.35)
7.33(6.55-8.13)

19.96(16.07-24.18)
48.35(39.6-59.06)
26.73(22.86-30.86
15.21(13.93-16.61
39.87(35.19-45.07
15.93(13.67-18.62
7.68(5.92-10.07)
30.94(26.75-35.72)
31.11(28.22-34.37)
8.83(7.64-10.37)
44.58(38.38-51.09)
42.71(37.61-48.61)
13.93(12.32-15.6)
9.99(8.16-12.13)
831(7.21-9.43)
19.3(15.97-22.4)
32.22(25.69-40.39)
13.07(11.8-14.45)
17.76(16.58-18.63)
42.42(37.09-48.26)
8.72(7.45-10.03)

- = = =

0.58(from 0.52 to 0.65)

0.11(from 0.03 to 0.18)
0.95(from 0.87 to 1.02)

—0.17(from —0.28 to —0.06)
1.29(from 1.19 to 1.4)
2.61(from 2.44 to 2.77)
1.74(from 1.69 to 1.78)
0.81(from 0.69 to 0.93)

2.7(from 2.52 to 2.88)
—0.52(from —0.65 to —0.39)
1.43(from 1.37 to 1.49)
0.54(from 0.33 to 0.76)
1.23(from .11 to 1.35)
1.92(from 1.83 to 2.02)
0.06(from —0.2 to 0.32)
3.61(from 3.33 to 3.89)
0.56(from 0.4 to 0.73)
0.83(from 0.75 to 0.91)
0.35(from 0.23 to 0.47)
—0.62(from —0.72 to —0.51)
1.71(from 1.5 to 1.91)
0.55(from 0.49 to 0.62)
1.31(from 1.18 to 1.44)
1.93(from 1.87 to 1.98)
0.94(from 0.83 to 1.05)
0.7(from 0.53 to 0.88)
|.44(from 1.23 to 1.65)
0.04(from —0.17 to 0.24)
1.21(from .1 to 1.32)
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Figure | The distribution and trends of colorectal cancer incidence globally. (A) Global number of incident cases and incidence rate of colorectal cancer per
100000 person-years by age and sex, 2019 (B) The ASIR in global, SDI regions, and 21 GBD regions by sex (C) The percentage change in ASIR of colorectal cancer for
global and SDI regions by age from 1990 to 2019 (D) The EAPC of colorectal cancer ASIR in global, SDI regions, and 21 GBD regions by sex.

Abbreviations: ASIR, age-standardized incidence rate; EAPC, estimated annual percentage change.

increased in the middle, low-middle, and low SDI regions. The ASDR of the high SDI region decreased in every age
group; in the other SDI regions, the ASDR of younger individuals decreased, while the ASDR of the elderly increased
(Figure 4C). Table S5 shows age distribution of death rate for CRC in different countries in 2019.

On observation from the geographic regions level, except for Andean Latin America, men in other regions had higher
ASDR than women (Figure 4B). Meanwhile, the ASDR of each region from 1990 to 2019 had a nonlinear relationship with
SDI; until the value of SDI reached about 0.75, a downward trend was observed (Figure 2B). In Figure 4D, the ASDR of
women was much higher than that of men in the low SDI region, which can also be found in Figure 1D and Figure S2. In
Eritrea, Marshall Islands, and Uganda, the abovementioned phenomena were more obvious (Figures S3-S5). In 2019, the
ASDR of CRC differed substantially between countries and territories, with Greenland, Brunei Darussalam, and Greenland
showing the highest ASDRs. By contrast, Bangladesh, Somalia, and Nepal showed the lowest ASDRs (Figure S6).
Equatorial Guinea, Cabo Verde, and Vietnam showed the largest ASDR increase; meanwhile, Austria, Singapore, and
Luxembourg showed the largest ASDR decline (Figure 3B), details are shown in Tables S3 and Sé.

DALYs Burden of Colorectal Cancer

At the global level, 24.284.09x10° (95% UI, 22.614-25.723) DALY were reported in 2019, doubling the number of
DALYs in 1990, but the age-standardized DALY rate slightly decreased with an EAPC of —0.21 (Table 3). In 2019, the
burden of CRC DALY rate showed a pattern similar to that of the death burden, regardless of age, sex, or region (Figures S2
and S7-S9; Table S7). Based on the SDI level, the high-middle SDI region had the highest age-standardized DALY rate,
followed by the high SDI region. These two regions showed a decreasing trend in age-standardized DALY rates.
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Figure 2 The trend in ASIR (A) and ASDR (B) of colorectal cancer across 21 GBD regions and global by SDI for both sexes combined, 1990-2019. For each region, points
from left to right depict estimates from each year from 1990 to 2019.

Abbreviations: GBD, Global Burden of Diseases, Injuries, and Risk Factors Study; SDI, Socio-demographic Index; ASIR, age-standardized incidence rate; ASDR, age-
standardized death rate.

Central Asia is the only region that showed an increase in ASDR, but the trend of the age-standardized DALY rate
declined. The increase in the age-standardized DALY rate was the largest in Equatorial Guinea, followed by Lesotho and
Vietnam. The decrease in the age-standardized DALY rate was largest in Austria, followed by Singapore and
Luxembourg (Figure 4C); details are shown in Tables S2, S3 and S8, and Figures S10 and S11.

Projection of Colorectal Cancer Trends
With the cancer prediction model and CRC data derived from the GBD website, the morbidity and mortality of CRC in
the next 25 years were projected. From 2020 to 2044, the global trend of CRC will not be optimistic, especially among
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Figure 3 The global disease burden of colorectal cancer for both genders in 204 countries and territories. (A) The EAPC of Colorectal cancer ASIR from 1990 to 2019 (B)

The EAPC of Colorectal cancer ASDR from 1990 to 2019 (C) The EAPC of Colorectal cancer age-standardized DALY rate from 1990 to 2019.

Abbreviations: ASIR, ASDR age-standardized incidence/death; EAPC, estimated annual percentage change; SDI, socio-demographic index.
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Table 2 The Death Cases and ASDR in 1990 and 2019 and Its Temporal Trends

1990 2019 1990-2019
Death Cases ASDR Per 100,000 Death Cases ASDR Per 100,000 EAPC No.
No. *103 (95% UI)) No. (95% Ul) No. *103 (95% UI) No. (95% UI) (95% ClI)

Overall

Sex
Female
Male

Socio-demographic index
High SDI
High middle SDI
Middle SDI
Low middle SDI
Low SDI

Region
Andean Latin America
Australasia
Caribbean
Central Asia
Central Europe
Central Latin America
Central Sub-Saharan Africa
East Asia
Eastern Europe
Eastern Sub-Saharan Africa
High income Asia Pacific
High income North America
North Africa and Middle East
Oceania
South Asia
Southeast Asia
Southern Latin America
Southern Sub-Saharan Africa
Tropical Latin America
Western Europe
Western Sub-Saharan Africa

518.13(493.68-537.88)

260.82(244.56-275.30)
257.31(246.26-271.01)

222.3(211.3-22821)
162.69(155.45-168.79)
83.37(76.84-90.07)
36.05(32.66—40.41)
13.44(11.31-15.79)

1.52(1.35-1.69)
5.64(5.38-5.81)
3.29(3.11-3.42)
5.12(4.95-5.3)
30.83(29.77-31.6)
5.73(5.48-5.89)
1.52(1.21-1.9)
83.31(73.75-93.32)
49.83(48.38-51.35)
4.9(4.1-5.79)
34.34(32.6-35.18)
71.91(67.82-74.17)
13.08(11.01-15.35)
0.21(0.16-0.25)
27.31(24.14-31.14)
23.64(20.96-25.97)
8.83(8.47-9.09)
2.57(2.21-3.04)
8.47(8.12-8.75)
130.91(124.43—134.4)
5.19(4.25-6.33)

14.31(13.52—-14.88)

12.91(12.03-13.64)
16.16(15.44-16.93)

21.18(20.08-21.75)
16.08(15.28-16.7)
8.77(8.1-9.44)
6.5(5.87-7.28)
6.22(5.21-7.26)

7.88(6.97-8.77)
24.41(23.19-25.2)
13.13(12.36-13.65)
10.96(10.5711.34)
21.53(20.69-22.11)
7.3(6.9-7.54)
7.55(6.05-9.42)
10.28(9.16-11.43)
18.01(17.45-18.57)
7.04(5.87-8.24)
17.94(16.9-18.45)
20.01(18.91-20.61)
8.2(6.87-9.56)
7.74(6.1-9.24)
5.34(4.66-6.1)
9.82(8.72-10.73)
19.95(18.99-20.6)
10.17(8.66-12.21)
10.1(9.57-10.47)
22.24(21.14-22.83)
6.61(5.44-7.98)

1085.8(1002.8—1149.68)

926.43(101 1.63-831.86)
13,959.59(15,045.72-12,895.72)

327.57(294.9-345.58)
326.64(299.66-349.53)
279.78(251.15-306.14)
116.55(105.51-128.33)
34.66(30.96-38.61)

5.63(4.59-6.79)
8.38(7.57-8.98)
7.99(6.94-9.18)
7.47(6.82-8.17)
51.57(45.64-57.75)
22.47(19.54-26)
3.54(2.7-4.61)
275.6(238.24-317.89)
63.48(57.18-70.01)
12.72(10.9415)
76.93(64.82-83.6)
95.66(88.32-99.69)
39.15(34.76—44.11)
0.55(0.44-0.68)
94.85(81.52-109.07)
82.02(67.62-94.61)
17.93(16.77-18.97)
5.92(5.33-6.58)
27.7(25.67-29.09)
172.45(155.34-181.81)
13.77(11.7-16.07)

13.69(12.6-1451)

11.24(10.01-12.17)
16.64(15.39-17.85)

16.29(14.93-17.09)
16.24(14.9-17.39)
11.98(10.76-13.09)
9.08(8.22-9.94)
7.33(6.53-8.14)

10.32(8.41—12.43)
16.24(14.82-17.29)
15.46(13.41-17.75)
11.21(1027-12.22)
23.57(20.8-26.42)
9.71(842-11.22)
7.45(5.74-9.87)
14.1(12.24-16.15)
18.3(16.47-20.2)
8.47(7.38-9.9)
15.29(13.42-16.36)
14.94(13.94-15.51)
9.83(8.68-11.05)
8.81(7.19-10.65)
7.29(6.25-8.33)
14.4(11.89-16.62)
21.22(19.87-22.44)
11.52(10.4-12.74)
11.68(10.78-12.28)
17.32(15.83-18.13)
8.41(7.27-9.67)

~0.21 (from —0.28 to —0.14)

—0.59(from —0.67 to —0.52)
0.1(from 0.03 to 0.17)

—1.09(from —1.17 to —1)
—0.04(from —0.15 to 0.06)
1.24(from |.1 to 1.37)
1.15(from I.11 to 1.19)
0.58(from 0.52 to 0.64)

1.16(from 1.02 to 1.3)
—1.73(from —1.88 to —1.59)
0.63(from 0.57 to 0.68)
0.33(from 0.17 to 0.5)
0.32(from 0.21 to 0.42)
0.97(from 0.93 to 1.01)
—0.1I(from —0.36 to 0.14)
l.4(from 1.17 to 1.64)
—0.3I(from —0.51 to —0.12)
0.69(from 0.62 to 0.76)
—0.68(from —0.75 to —0.62)
—1.22(from —1.32 to —1.13)
0.81(from 0.62 to )
0.41(from 0.34 to 0.49)
0.91(from 0.79 to 1.04)
1.25(from 1.19 to 1.31)
0.15(from 0.05 to 0.25)
0.45(from 0.24 to 0.66)
0.6(from 0.44 to 0.75)
—1.09(from —1.25 to —0.92)
1.05(from 0.95 to 1.15)
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Figure 4 The distribution and trends of colorectal cancer death globally. (A) Global number of deaths and death rate of colorectal cancer per 100000 person-years by age
and sex, 2019 (B) The ASDR in global, SDI regions, and 21 GBD regions by sex (C) The percentage change in ASDR of colorectal cancer for global and SDI regions by age
from 1990 to 2019 (D) The EAPC of colorectal cancer ASDR in global, SDI regions, and 21 GBD regions by sex.

Abbreviations: ASDR, age-standardized death rate; EAPC, estimated annual percentage change; GBD: Global Burden of Diseases.

males. For both male and female, the ASIR for CRC will continue to increase, due to the population growth and aging
(Figure S12). But the ASDR were predicted to rise slowly for males and to fall slowly for females after 2035 years,
largely due to advances in treatment (Figure SA). And the predicted results from the Nordpred age-period-cohort analysis
show a similar trend (Figure S13).

During 2020 to 2044, the CRC case number will reach 6.098x10°, about 3 times that of 2019. In Figure 5B, the
predicted incidence of males is much higher than the negative reference (1% increased rate annually), while females are
close to the negative reference. That means that existing prevention policies and their scope are insufficient to limit the
growth of the global burden of CRC, therefore the importance of prevention and treatment of CRC should be further
emphasized. In addition, although the increase in overall deaths is lower than the negative reference, the number of male
deaths will be higher than the negative reference after 2037. Meanwhile, the number of deaths among female will remain
stable before 2040.

Risk Factors Attributable to Colorectal Cancer Burden

In 2019, the three highest attributable proportions of risk factors for CRC were diet low in whole grains (15.8% [6.1-20.7%]),
diet low in milk (15.3% [9.9-20.7%]), and smoking (12.9% [8.6-17.5%]), which was different from those reported in
a previous study, which analyzed the data from 2017 (the top three risk factors, diet low in calcium, alcohol use, and diet low in
milk). Compared with 1990, the risk caused by diets low in milk has exceeded the risk caused by smoking. The attributable
risk proportions for CRC caused by smoking, alcohol use, and diet high in processed meat decreased, while proportions caused
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Table 3 The DALY and Age-Standardized DALY Rate in 1990 and 2019 and Its Temporal Trends

1990

2019

1990-2019

DALY
No. *10° (95% UI))

Age-Standardized DALY
Rate Per 100,000

DALY
No. *10% (95% UI)

Age-Standardized DALY
Rate Per 100,000

EAPC
No. (95% CI)

Overall

Sex
Female
Male

Socio-demographic index
High SDI
High middle SDI
Middle SDI
Low middle SDI
Low SDI

Region
Andean Latin America
Australasia
Caribbean
Central Asia
Central Europe
Central Latin America
Central Sub-Saharan Africa
East Asia
Eastern Europe
Eastern Sub-Saharan Africa
High income Asia Pacific
High income North America
North Africa and Middle East
Oceania
South Asia
Southeast Asia
Southern Latin America
Southern Sub-Saharan Africa
Tropical Latin America
Western Europe
Western Sub-Saharan Africa

12,408.15(11,858.13-12,924.93)

5934.54(5614.69-6295.86)
6473.61(6165.74-6879.92)

4660.35(4514.65-4766.63)
3960.5(3798.2-4115.13)
2365.88(2176.49-2557.3)
1034.04(932.27—1157.75)
381.06(318.7-450.05)

38.03(33.89-42.37)
126.15(121.96-129.71)
75.93(72.04-78.98)
147.81(143.12-153.24)
716.52(699.25-732.01)
148.16(144.01-151.43)
43.59(34.56-54.9)
2385.46(2099.38-2681.23)
1231.36(1191.18-1269.24)
140.16(116.32-167.14)
806.45(779.64-825.25)
1508.39(1456.32—1550.41)
365.14(308.29-432.79)
6.2(4.86-7.52)
786.71(697.21-893.7)
672.88(590.9-746.28)
195.3(189.16-200.64)
65.68(58-75.1)
222.1(215.29-228.25)
2593.19(2510.12-2651.07)
132.93(106.96-162.8)

308.51(294.71-320.75)

276.8(261.99-293.17)
346.63(330.92-366.69)

454.74(441.07—465.07)
364.37(349.2-378.43)

208.23(191.81-224.72)
155.87(141.29-174.79)
146.24(122.95-172.24)

173.85(154.26-193.62)
546.86(528.38-562.22)
285.84(271.18-297.27)
292.76(283.38-303.21)
486.32(474.11-497.21)
162.28(156.79-166.15)
173.85(138.79-217.27)
248.57(219.64-278.37)
438.41(423.82-452.11)
167.23(139.86-198.34)
398.32(383.37—408.3)
440.58(426.18-452.35)
192.83(162.72-227.03)
182.18(142.63-218.44)
125.38(111.12-142.89)
235.88(208.45-260.09)
422.05(407.73-433.74)
222.51(193.9-259.8)
226.7(218.3-233.65)
461.93(448.21—471.78)
143.84(117.11-175.65)

24,284.09(22,614.92-25,723.22)

10,324.5(11,149.97-9494.91)
13,959.59(12,895.72—15,045.72)

6164.66(5754.65-6435.9)
7174.86(6649.07-7693.26)
6990.43(6308.9-7671.29)
2998.33(2703.93-3314.97)
942.42(835.79-1059.27)

125.58(101.75-151.8)
163.25(150.87—173.96)
172.02(147.19-200.17)
199.84(182.01-219.94)
1052.15(922.92—1 184.25)
539.64(465.2-627.07)
100.99(75.75—131.45)
6712.86(5774.28-7735.91)
1419.1(1287.54-1571.37)
356.43(301.93—425.61)
1327.82(1186.12-1414.81)
1987.11(1895.87-2059.77)
1013.63(896.16-1146.53)
16.31(12.92-20.56)
2419.1(2078.02-2782.57)
2142.43(1780.49-2482.29)
366.44(347.73-385.44)
147.78(132.44-165.54)
660.13(625.56-687.74)
3008.23(2815.06-3152.89)
353.24(295.57-420.7)

295.54(275.17-312.98)

237.93(218.73-257.07)
360.05(333.07-387.83)

347.31(328.16-361.58)
356.65(330.6-382.58)
273.61(247.05-299.9)
209.51(189.36-231.12)
166.1(148.36-185.88)

220.77(179.05-266.3)
348.6(324.22-370.74)
333.31(285.19-387.92)
256.81(234.43-281.07)
512.56(448.72-577.87)
223.68(193.13-259.51)
169.27(129.19-220.17)
325.17(280.71-373.18)
423.7(384-469.26)
193.87(165.98-229.61)
323.88(298.56-342.11)
339.86(325.95-351.88)
218.67(194.05-246.53)
203.57(163.6-252.47)
165.06(141.74-189.86)
333.97(276.63-386.37)
447.56(424.73-470.53)
250.43(225.14-279.33)
268.3(253.73-279.78)
351.25(332-366.8)
176.11(149.04-206.17)

—0.21(from —0.26 to —0.15)

—0.65(from —0.71 to —0.6)
0.13(from 0.06 to 0.2)

=11 (from —1.17 to —1.04)
—0.18(from —0.28 to —0.08)
I.11(from 0.99 to 1.24)
1.01(from 0.98 to 1.05)
0.44(from 0.38 to 0.5)

1.04(from 0.89 to 1.18)
—1.89(from —2.03 to —1.74)
0.6(from 0.54 to 0.66)
—0.37(from —0.53 to —0.21)
0.17(from 0.07 to 0.27)
I.11(from 1.07 to 1.15)
—0.14(from —0.38 to 0.1)
1.24(from 1.02 to 1.46)
—0.57(from —0.79 to —0.34)
0.54(from 0.47 to 0.62)
—0.88(from —0.96 to —0.8)
—1.07(from —1.16 to —0.97)
0.56(from 0.38 to 0.74)
0.36(from 0.3 to 0.42)
0.8(from 0.68 to 0.92)
1.12(from 1.05 to 1.18)
0.17(from 0.09 to 0.24)
0.49(from 0.28 to 0.7)
0.68(from 0.5 to 0.85)
—1.17(from —1.3 to —1.03)
0.88(from 0.79 to 0.97)
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Figure 5 The observed (dashed line) and predicted (solid line) cases (A) and deaths (B) of colorectal cancer from 1990 to 2044. The upper bound of Shading represents the
rate increased by 1% per year (pessimistic reference) and the lower bound represents decreased by 1% per year (optimistic reference) based on the rate observed in 2019.

by high fasting plasma glucose level and high body mass index (BMI) increased (Figure 6A). The proportion of risk factors
contributing to CRC deaths differed by country and age (Tables S9 and S10). In 2019, along with age, the attributable
proportion of diet low in milk and calcium for CRC decreased, but the proportion of high fasting plasma glucose and low
physical activity levels increased. Moreover, the attributable proportion associated with smoking for CRC deaths initially
increased with age, but eventually decreased, peaking at ages 60—64 years and 65-69 years (Figure S14).

At the regional level, Central Europe and Australasia had highest attributable proportion of smoking and alcohol use
for CRC deaths, respectively, in 2019. The highest attributable proportion of diet in low milk for CRC deaths was
observed in Central Sub-Saharan Africa in 1990-2019 and far surpassed other countries. The proportion of deaths
attributable to diet low in whole grain and calcium was highest in Central Asia (21%) and Southeast Asia (25%),
respectively (Figure S15; Tables S11 and S12).

The proportions of risk factors for CRC DALY that can be attributed had a similar pattern to CRC deaths (Figure 6B;
Figures S16 and S17). The attributable proportion of risk factors for both CRC death and DALY differed by gender.
Except for low physical activity, the risk contributed by other factors for CRC was higher in men compared with that in

women (Figure 6C and D). In women, high BMI and high fasting plasma glucose level were the 8th and 4th leading risk
of CRC-related death, respectively, in the past 30 years, which was not observed in men (Figures S18 and S19).
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Figure 6 Percentage of attributable to risk factors of colorectal cancer in different year or gender. (A) deaths attributable to risk factors between 1990 and 2019 (B) deaths
attributable to risk factors between 1990 and 2019 (C) deaths attributable to risk factors between different gender in 2019 (D) deaths attributable to risk factors between
different gender in 2019.

Compared with that reported in 2017, diets low in milk and high BMI accounted for a greater proportion of women’s
CRC risk in 2019 (Figures S20 and S21).

Discussion
This study, based on GBD2019, evaluated the up-to-date global, regional, and national patterns in incidence, mortality,
and DALY associated with CRC and leading risk factors for CRC deaths and DALY's. The number of cases, deaths, and
DALYs of CRC have increased tremendously over the last 30 years globally. And with the exception of ASIR, ASDR
and age-standardized DALY rates have declined from 1990 to 2019. At present, the major burden of CRC is shifting
toward the developing regions from developed regions. Looking at the next 25 years, the global colorectal burden will
continue to grow. The following reasons which we speculate might be partly explained this increase:1) the population
growth and population aging;** 2) low-SDI regions which have strong potential to increase burden without well-
established prevention and treatment systems;?> 3) advances in screening methods lead to higher detection
rates;’® 4) increased dietary risks (such as lack of milk, whole grain, and calcium, etc.) due to resource shortages
since the outbreak of COVID-19;%’ 5) the westernization of life pattern of low-development region with the development
of economy. Given this changing trend in burden, CRC will increasingly be the primary public health burden in some
developing countries with lower incidence rates currently.

Decades ago, more than 90% of patients with CRC were aged >50 years.'” The incidence of CRC in the younger
individuals worldwide has increased rapidly, mainly reported in the high SDI and high-middle SDI regions, which is
consistent with the results of previous research.”®?’ However, this mechanism remains unclear. A possible hypothesis is
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that early exposure to potential risk factors may lead to genetic changes in colorectal epithelial cells, gut microbiota, and
host immunity.*® In addition, changes in lifestyle habits during adulthood and adolescence, such as increased intake of
sugary drinks, also increase the risk of CRC.*' The reason for the decreased incidence of CRC in older individuals is that
precancerous polyps are removed during early screening.’® The change in the age of onset means that the target
population for screening also needs to be changed. At present, CRC screening in most countries is performed after the
age of 50 years, and the American Cancer Society recommends the initiation of screening at the age of 45 years.***
Moreover, each country should appropriately relax the age of the population targeted for CRC screening in consideration
of the economic benefits.

From 1990 to 2019, gender differences increased, and the burden of CRC in men was much higher than that in
women. Two abnormal situations require attention. In the Andean Latin American region, the burden of CRC was higher
in women than in men, which has also been reported in previous studies.”’ Another phenomenon was observed in the
low-SDI region, the burden of CRC in women has high rate of increase compared with that in men, which may be due to
lifestyle and genetics. For example, in Latin American countries, residents tend to have excessive sugar intake, especially
women, but high sugar intake increases the risk of survival in patients with CRC.>**> At present, this phenomenon has
not been reported in other studies, and further research is required to determine its possible causes. Meanwhile, countries
in Andean Latin America and low SDI regions should consider the importance of abnormal gender differences when
formulating prevention and treatment policies.

Currently, the region with the highest rate of growing burden of CRC is East Asia, mainly in China, primarily due to
industrialization and economic development, leading to westernization of lifestyle.***” CRC screening projects are still
in the early stages, and the coverage and participation rate of the population are relatively low.**>° Nearly 50% of the
increase in CRC burden in China may be attributed to seven major risk factors.*® Therefore, China must take measures to
improve its shortcomings, and should further optimize the screening policy, adopt noninvasive methods, increase the
acceptance of citizens, and expand the scope of screening.*®

Africa has always been regarded as a region with low CRC burden,*! however, some countries in Africa, Equatorial
Guinea, and Lesotho have the fastest rate of increase of CRC burden. Another concern is the high mortality rate of CRC
in Africa and Oceania, despite its low incidence. In a report of CRC survival in sub-Saharan Africa, the 5-year survival
rate of CRC patients was very low, and the mortality rate was approximately 3 times that of developed countries.** For
low-income and middle-income countries, CRC screening programs should be cost-effective and culturally acceptable,
healthcare infrastructure needs to be improved, and policies that can promote healthy lifestyles and reduce the involve-
ment of high-risk factors should be developed.***** In addition, subsequent treatment is the key to reducing mortality.
Fortunately, sub-Saharan Africa has made great achievements in universal health coverage since 2010.* What needs to
be done further is how to allocate resources reasonably, improve the quality of medical care, reduce medical costs, and
attain equitable healthcare. Without the help of other countries is hard to accomplish, thus we hope that countries with
spare capacity can provide medical assistance to low-income countries and jointly improve the global CRC burden.

In 2019, diet in low milk, which increases the risk of CRC, was more prevalent in women than before.*® In general,
dietary risks were reduced compared with that reported in 1990 but remained the number 1 risk factor of CRC. This means
that although multiple dietary interventions have been formulated, it is difficult to achieve an optimal global diet.*’
However, we believe that the attributable proportion of dietary risks for CRC burden will increase during the COVID-19
pandemic. On the one hand, the global disruptions in the supply of food, such as vegetables, meat products and milk. On the
other hand, the economic depression has caused low-income households to cut back on non-essential spending.**
Ultimately reduces dietary diversity, increasing CRC risk. In addition, the effects of high BMI, high fasting plasma glucose
level and low physical activity level, which have become more important over the past 30 years, cannot be ignored. These
factors are directly related to obesity, which currently affects more than 2 billion people worldwide in the world.*” In the era
of the new crown epidemic, working from home has become the new normal for work in various countries, and the risk of
obesity is also increasing due to easy access and excessive intake.’® Over the past 30 years, more than 40 countries have
implemented drinking guidelines, which have effectively controlled alcohol intake, but this is still far from enough; alcohol
use was still the primary risk factor for CRC in the Australasia region.’' The risk of smoking has decreased significantly, but
it remains the number 1 risk factor of CRC in men. In this dilemma modification caused by COVID-19, each country should
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recognize the inadequacy of its own dietary diversity and formulate the appropriate dietary policy and adopt stronger
policies for smoking and alcohol use. However, efforts should not only include the proposal of relevant policies but also the
implementation of these policies at the individual level **>?

At present, there is growing evidence that inflammatory bowel disease, antibiotic misuse, and diabetes are risk factors
for early-onset colorectal cancer. However, no investigation for these variables in the GBD database. A meta-analysis
demonstrates that long-term inflammatory bowel disease increases the risk of developing CRC by approximately
2-3 times, and that the risk accumulates over time.* A case-control study of 4029 patients with the use of antibiotics
determined that with increased antibiotic use comes increased risk of CRC.>> And in a large cohort study, diabetes was
significantly associated with colon cancer.’® Thus, efforts should be undertaken to define the role of those risk factors in
increasing of CRC burden.

Our study has some limitations. The quality and quantity of the GBD data determine the accuracy of our results.”” If
real data of disease burden were unavailable, GBD data were estimated using modeling methods, and hence uncertainty
existed.”® Besides, the data collection performed in the GBD study aimed at obtaining country-specific estimates, and the
data collection and coding of each country were different, which may lead to data processing bias. Third, the short-term
trend of colorectal cancer burden may be masked due to assessment of the long-term trend from 1990 to 2019. Fourth,
our predicted results may underestimate the change in colorectal cancer burden. Finally, due to the limited information
available in the GBD database, we were unable to further analyze trends in colorectal cancer burden by histological
subtype. Despite these limitations, based on large samples of cancer data and advanced modeling methods, our results
demonstrate past, present, and future trends in CRC burden.

Conclusion

Globally, ASIR of CRC increased annually, while ASDR and age-standardized DALY rates of CRC decreased. The CRC
was predicted to impose a heavier burden on global health care system in the future due to growing population and
increasing exposure risk. Compared with decreasing CRC burden in the developed areas, the CRC burden in developing
countries is increasing rapidly. The incidence of CRC increased in the younger individuals in the high SDI region,
signifying the need to strengthen CRC screen at the age< 50 years. The risk factors associated with obesity, including
high BMI, high fasting plasma glucose level, and low physical activity level, should be paid more attention to.
Consequently, based on the abovementioned studies, reasonable resource allocation, prevention policies and new
effective treatment strategies should be implemented to prevent the burden of CRC from increasing, particularly in
developing countries.
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