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Abstract 

Purpose  To explore the worldwide, regional, and country-specific burden of early-onset colorectal cancer (EO-
CRC) and identify its associated risk factors between 1990 and 2021, and to project its incidence and mortality rates 
for 2036.

Methods  We acquired data on EO-CRC categorized by gender, socio-demographic index (SDI), and risk factors based 
on the Global Burden of Disease (GBD) Study 2021. Joinpoint regression analysis was utilized to explore the variation 
in disease burden. The autoregressive integrated moving average (ARIMA) model was performed to forecast the dis-
ease burden up to 2036.

Results  Globally, the incidence rate, prevalence rate, mortality rate, and disability-adjusted life years (DALYs) rate 
of EO-CRC were estimated at 5.37 (95%UI: 4.91 to 5.86)/100,000, 34 (95%UI: 30.96 to 37.35)/100,000, 2.01 (95%UI: 
1.84 to 2.19)/100,000, and 101.37 (95%: 92.85 to 110.18)/100,000 in 2021. The prevalence and incidence rates 
of EO-CRC showed an ascending trajectory, whilst the DALYs and mortality rates demonstrated a downward tra-
jectory between 1990 to 2021. The high-middle SDI regions and East Asia exhibited the highest EO-CRC burden 
among the five SDI regions and 21 GBD regions respectively. A low-whole-grains diet was the chief risk factor contrib-
uting to EO-CRC. It was predicted that the age-standardized rate (ASR) of EO-CRC incidence would increase by 5.56%, 
while the ASR of mortality would decrease by 13.9% globally until 2036.

Conclusion  The current and future global burden of EO-CRC is heavy and varies significantly across different regions 
and countries.
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Introduction
Gastrointestinal cancers is a collective term for com-
mon malignant tumors of the digestive system, including 
esophageal cancer, gastric cancer, liver cancer, colorectal 
cancer (CRC), pancreatic cancer, and gallbladder cancer. 
These cancers account for one-fourth of all global can-
cer cases and one-third of cancer-related deaths, making 
them one of the major global health issues [1]. It is well 
known that gastrointestinal cancers primarily affect the 
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elderly population aged 65 and above. However, recent 
data show a significant increase in the incidence of gas-
trointestinal cancers among individuals under 50 years 
old, including esophageal, gastric, colorectal, pancreatic, 
and biliary tract cancers, collectively referred to as early-
onset gastrointestinal cancers (EO-GICs) [2–4]. EO-GICs 
often exhibit poorer pathological features and progno-
sis compared to those occurring in older age groups. 
Moreover, they are more likely to be overlooked in early 
screening [3]. The rising incidence of these EO-GICs has 
emerged as a significant public health challenge.

Early-onset colorectal cancer (EO-CRC) is one of the 
EO-GICs that exhibiting the most significant increase 
in the incidences and mortality rates in the past three 
decades [4]. The incidence of EO-CRC is steadily rising 
in Europe and the United States, with projections indi-
cating an approximate doubling by 2030 [5]. Australia 
has also observed a significant increase in colon cancer 
cases among individuals under 50 years old [6]. Further-
more, in the Caribbean and Latin American regions, 
CRC incidence among individuals aged 15–49 has dou-
bled from 1990 to 2019 [7]. The Asia–Pacific region has 
experienced substantial growth in EO-CRC rates as well, 
particularly in Southeast Asia and the Western Pacific, 
which showed age-standardized incidence rate increases 
of 16.9% and 26.2%, respectively, between 2010 and 2019 
[8]. East Asia had the highest incidence rate, mortality 
rate, and the fastest increase in EO-CRC among all GBD 
regions in 2019 [7].

Compared to CRC occurring in older individuals, EO-
CRC is more likely to exhibit aggressive pathological 
features such as poorly differentiated adenocarcinoma, 
signet ring cell carcinoma, as well as lymphovascular and 
perineural invasion [9]. These characteristics pose greater 
challenges for treatment and result in worse treatment 
outcomes. The majority of young patients with CRC are 
diagnosed with metastasis at the time of initial diagnosis 
[10]. Despite receiving intensive treatment, these patients 
exhibited a higher recurrence rate and a lower 5-year sur-
vival rate [11]. Most EO-CRC cases are sporadic and lack 
a genetic or familial background, indicating that acquired 
factors such as diet, lifestyle, and environment may con-
tribute significantly. It is imperative to conduct further 
epidemiological studies and research into risk factors in 
order to gain a better understanding of the underlying 
mechanisms and develop effective prevention strategies 
[4].

Although some previous studies have examined the 
global burden of EO-CRC, the data they used was 
obtained from the GBD Study 2019, which was published 
two years ago. Previous studies often focused on a spe-
cific population in certain regions or within a certain age 
range [12–15]. The new data from the GBD Study 2021 

was released recently, and there is currently no compre-
hensive report on the global disease burden of EO-CRC 
based on this data. Consequently, we conducted this 
analysis of the global EO-CRC burden, including its dis-
tribution across various countries and regions, between 
1990 and 2021 [16]. Moreover, we investigated poten-
tial risk factors associated with EO-CRC. Additionally, 
an autoregressive integrated moving average (ARIMA) 
model was employed to forecast the burden over the 
next fifteen years. The findings of our analysis will play 
a crucial role in informing decision-makers and the pub-
lic, helping formulate evidence-based public policies, 
efficiently allocate resources for cancer prevention, and 
reduce exposure to EO-CRC risk factors.

Methods
Date source
A comprehensive evaluation of the negative health 
impacts associated with 371 diseases, injuries, and dis-
abilities, as well as 88 risk factors, was presented in the 
GBD Study 2021. The study covers 204 nations and ter-
ritories, utilizing up-to-date epidemiological data and 
improved standardized methodologies [16, 17]. The data 
for this investigation were drawn from the GBD Study 
2021 (https://​vizhub.​healt​hdata.​org/​gbd-​resul​ts/).

Disease burden of EO‑CRC​
In this research, we acquired and examined GBD 2021 
data regarding the prevalence, incidence, DALYs, and 
mortality of EO-CRC (age 15–49 years) on a global scale 
as well as at regional and national levels. The 95% uncer-
tainty intervals (UIs) of all the estimates were presented. 
Moreover, the prevalence, incidence, disability-adjusted 
life years (DALYs), and mortality rates were all reported 
per 100,000 persons per year. Comprehensive explana-
tions regarding the methodologies employed in the GBD 
Study 2021 have been provided by previous research 
[16–18].

Socio‑demographic index (SDI)
Furthermore, the investigation utilized the SDI, which 
assesses socio-demographic development by consider-
ing factors such as income, educational attainment, and 
fertility patterns in a specific region or country. Based on 
the calculated SDI score, regions and countries are clas-
sified into five distinct quintiles: high SDI, high-middle 
SDI, middle SDI, low-middle SDI, and low SDI. The SDI 
quintile categories of 204 countries and territories are 
shown in Table S1 [18].

Joinpoint regression analysis
We utilized Joinpoint Version 5.1.0, software provided 
by the National Cancer Institute of the United States, to 
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conduct joinpoint regression analysis in order to evalu-
ate trends in the disease burden of EO-CRC. This soft-
ware analyzes data trends over time by fitting multiple 
line segments using a logarithmic scale. Average Annual 
Percentage Changes (AAPCs) and Annual Percentage 
Change (APC) were used to evaluate the trends in vari-
ation [19]. The 95% confidence interval (CI) was deter-
mined using a linear regression model. An increase in 
age-standardized rate (ASR) is associated with a positive 
AAPC value and its corresponding 95% CI above zero. 
Conversely, a decrease in ASR is associated with a nega-
tive AAPC value and its corresponding 95% CI below 
zero [20].

Risk factors
The GBD Study 2021 provides access to 11 risk factors 
associated with EO-CRC, which are broadly classified 
into three primary categories: dietary-related factors, 
metabolic factors, and behavioral factors. Dietary-related 
factors included a low-calcium diet, low-fiber diet, low-
milk diet, low-whole-grain diet, high-processed-meat 
diet, and high-red-meat diet. Metabolic factors included 
high fasting plasma glucose and high body mass index 
(BMI). Behavioral factors included low physical activ-
ity, high alcohol use, and smoking [17, 21]. Explanations 
and methods for estimating the contribution of these risk 
factors to the EO-CRC burden have been extensively dis-
cussed in prior scholarly works [17, 22]. In summary, the 
GBD Study 2021 utilized an established risk assessment 
framework to calculate the proportion of the EO-CRC 
burden associated with each individual risk factor.

Prediction
The ARIMA model is composed of the autoregres-
sive model and the moving average model, which 
are combined to form the ARIMA model. The fun-
damental presumption is that data sequences are 
stochastic variables dependent on time, with their auto-
correlation describable through the ARIMA model, 
enabling the prediction of future values based on pre-
ceding ones. The expression of the equation is as fol-
l o w s : Yt = φ1Yt - 1+φ2Yt - 2+...+φpYt - p + et−θ1et - 1−...−θqet - q   . 
In this equation, ( φ1Yt - 1+φ2Yt - 2+...+φpYt - p + et ) 
is the component of the autoregressive model, while 
( et−θ1et - 1−...−θqet - q ) represents the moving average 
part. The value observed during period (t-p) is repre-
sented by (Yt-p), and p and q represent the model orders 
of the autoregressive and moving average components, 
with et representing the unpredictable deviation occur-
ring during time period t [23]. The ARIMA model neces-
sitates that the time series be a stochastic sequence with a 
mean of zero and demonstrate stationarity. We employed 

R version 4.3.2 for all statistical analyses and graphical 
representations.

Results
Global burden of EO‑CRC​
Worldwide, from 1990 to 2021, the EO-CRC incidence 
shows a marked upward trajectory (Fig.  1a, Table  1). 
The incidence cases increased from 107,310 (95% UI: 
99,971 to 114,185) in 1990 to 211,890 (95% UI: 193,832 
to 231,272) in 2021; the rate of incidence grew from 3.96 
(95% UI: 3.69 to 4.21)/100,000 in 1990 to 5.37 (95% UI: 
4.91 to 5.86)/100,000 in 2021, with an AAPC of 0.99% 
(95% CI: 0.9% to 1.07%), while the APC from 2019 to 
2021 was -0.5%. From the perspective of sex, in 2021, the 
incidence cases and incidence rate for males were 126,666 
(110,037 to 144,645) and 6.33 (5.5 to 7.23)/100,000, 
respectively, which were higher than those for females, 
85,224 (77,873 to 93,407) and 4.37 (4 to 4.79)/100,000, 
respectively. The AAPCs for males were 1.31% (95% CI: 
1.18% to 1.45%), which was greater than that for females, 
0.57% (95% CI: 0.42% to 0.72%).

The EO-CRC prevalence cases increased from 585,832 
(95% UI: 551,999 to 618,952) in 1990 to 1,342,468 
(95% UI: 1,222,335 to 1,474,707) in 2021, with the 
prevalence rate increasing from 21.61 (95% UI: 20.34 
to 22.84)/100,000 in 1990 to 34 (95% UI: 30.96 to 
37.35)/100,000 in 2021. The AAPC was 1.47% (95% CI: 
1.33% to 1.61%) during 1990 to 2021, while the APC was 
-0.54% during 2019 to 2021. By sex, in 2021, the preva-
lence cases and prevalence rate for males were 803,681 
(95% UI: 698,587 to 923,434) and 40.19 (95% UI: 34.93 
to 46.18)/100,000, respectively, which were higher than 
those for females, 538,787 (95% UI: 492,036 to 591,352) 
and 27.65 (95% UI: 25.25 to 30.34)/100,000. The AAPC of 
the prevalence rate for males was 1.82% (95% CI: 1.6% to 
2.04%) during 1990 to 2021, which was higher than that 
for females, 1.02% (95% CI: 0.9% to 1.15%) (Fig.  1b and 
Table 2).

As illustrated in Fig.  1c and Table  3, the number of 
deaths due to EO-CRC increased from 59,232 (95% UI: 
54,391 to 63,963) in 1990 to 79,504 (95% UI: 72,699 to 
86,539) in 2021; nevertheless, the mortality rate declined 
from 2.19 (95% UI: 2.01 to 2.36)/100,000 in 1990 to 2.01 
(95% UI: 1.84 to 2.19)/100,000 in 2021, with an AAPC 
of -0.23% (95% CI: -0.34% to -0.12%). Additionally, the 
number of deaths and the mortality rate for males were 
47,359 (95% UI: 41,411 to 53,364) and 2.37 (95% UI: 2.07 
to 2.67)/100,000, respectively, which were higher than 
those for females, 32,145 (95% UI: 29,391 to 35,098) and 
1.65 (95% UI: 1.51 to 1.8)/100,000. It is worth noting that 
the AAPC for males was significantly larger than that for 
females, with an opposite trend (males’ AAPC: 0.06%, 
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95% CI: -0.08% to 0.19%; the females’ AAPC: -0.62%, 95% 
CI: -0.78% to -0.46%).

Worldwide, the DALYs attributed to EO-CRC increased 
from 3,026,077 (95% UI: 2,769,994 to 3,263,327) in 1990 
to 4,002,756 (95% UI: 3,666,300 to 4,350,056) in 2021, 
while the DALYs rate decreased from 111.64 (95% UI: 
102.2 to 120.39)/100,000 in 1990 to 101.37 (95% UI: 
92.85 to 110.18)/100,000 in 2021. The AAPC was -0.31% 
(95% CI: -0.46% to -0.16%). From a gender perspective, 
the DALYs and DALYs rate for males were significantly 
higher than those for females (Fig. 1d and Table 4).

EO‑CRC burden by regions
As exhibited in Tables 1, 2, 3, 4 and Fig. 2, the high-middle 
SDI region exhibited the heaviest EO-CRC burden among 
all SDI regions, while the low SDI region showed the 
lightest burden. Specifically, the high-middle SDI region 
exhibited the maximal prevalence rate (2.72/100,000, 
95% UI: 2.56 to 2.88), mortality rate (3.09/100,000, 95% 
UI: 2.72 to 3.53), and DALYs rate (155.3/100,000, 95% UI: 
136.66 to 177.18); whereas the low SDI region exhibited 
the minimal incidence rate (1.3/100,000, 95% UI: 1.12 
to 1.49), prevalence rate (5.86/100,000, 95% UI: 5.07 to 
6.68), mortality rate (0.93/100,000, 95% UI: 0.8 to 1.08), 

DALYs rate (47.47/100,000, 95% UI: 40.89 to 55.15), 
AAPC for the incidence rate (-0.02%, 95% CI: -0.16 to 
0.12%), and AAPC for the prevalence rate (0.35%, 95% CI: 
0.2 to 0.5%). The APCs of incidence and prevalence rates 
in high SDI regions were -1.74% and -1.68% from 2018 to 
2021 respectively.

The detailed data of EO-CRC burden in the 21 GBD 
regions of the world from 1990 to 2021 are shown in 
Tables 1, 2, 3, and 4. Notably, in 2021, East Asia exhib-
ited the largest incidence rate (11.86/100,000, 95% 
UI: 9.56 to 14.45), mortality rate (3.7/100,000, 95% 
UI: 2.97 to 4.51), and DALYs rate (187.93/100,000, 
95% UI: 151.08 to 228.06). In contrast, Western Sub-
Saharan Africa showed the smallest incidence rate 
(0.82/100,000, 95% UI: 0.61 to 1.06), prevalence rate 
(3.63/100,000, 95% UI: 2.7 to 4.63), mortality rate 
(0.6/100,000, 95% UI: 0.45 to 0.77), and DALYs rate 
(30.33/100,000, 95% UI: 22.72 to 38.94). From 1990 to 
2021, Central Latin America had the fastest increases 
in the incidence rate (3.48%, 95% CI: 3.32 to 3.64%), 
mortality rate (2.18%, 95% CI: 1.76 to 2.59%), preva-
lence rate (3.97%, 95% CI: 3.8 to 4.13%), and DALYs 
rate (2.07%, 95% CI: 1.72 to 2.43%) of EO-CRC. Cen-
tral Asia had the lowest AAPC for the incidence rate 

Fig. 1  Trends in global incidence, prevalence, mortality, and DALY rates of early-onset colorectal cancer by sex, from 1990 to 2021. Incidence rate 
(a) Prevalence rate (b) Mortality rate (c) DALYs rate (d). DALYs disability-adjusted life years
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(-0.28%, 95% CI: -0.83 to 0.27%) and prevalence rate 
(0.03%, 95% CI: -0.31 to 0.37%), while Western Europe 
had the largest decreases in the mortality rate (-1.09%, 
95% CI: -1.24 to -0.95%) and DALYs rate (-1.08%, 95% 
CI: -1.22 to -0.94%).

EO‑CRC burden by countries and territories
From the perspective of incidence cases of EO-CRC 
among 204 countries and territories, China (78,692.27, 
95% UI: 62,703.11 to 96,467.59), the USA (17,291.63, 95% 
UI: 16,665.10 to 17,901.57), and India (12,500.87, 95% 

Table 1  Incidence of early-onset colorectal cancer in 1990 and 2021, and the AAPCs from 1990 to 2021

UI Uncertainty interval, CI Confidence interval, AAPCs Average annual percent changes, SDI Socio-demographic index

Location 1990 2021 AAPCs % (95%CI)
1990–2021

Number(95% UI) Rate per 100,000 
population (95% 
UI)

Number(95% UI) Rate per 100,000 
population (95% 
UI)

Global 107,310 (99,971 
to 114,185)

3.96 (3.69 to 4.21) 211,890 (193,832 
to 231,272)

5.37(4.91 to 5.86) 0.99 (0.9 to 1.07)

Sex
  Female 49,210 (44,835 to 53,755) 3.68(3.35 to 4.02) 85,224 (77,873 to 93,407) 4.37(4 to 4.79) 0.57 (0.42 to 0.72)

  Male 58,100 (52,189 to 63,006) 4.23(3.8 to 4.59) 126,666 (110,037 
to 144,645)

6.33(5.5 to 7.23) 1.31 (1.18 to 1.45)

SDI
  High SDI 35,483 (34,725 to 36,269) 7.7(7.53 to 7.87) 50,985 (49,341 to 52,745) 10.15(9.82 to 10.5) 0.89 (0.65 to 1.13)

  High-middle SDI 31,203 (28,545 to 33,777) 5.53(5.06 to 5.98) 62,134 (54,171 to 72,026) 9.87(8.6 to 11.44) 1.96 (1.76 to 2.16)

  Low SDI 2860 (2212 to 3362) 1.29(1 to 1.52) 7037 (6070 to 8090) 1.3(1.12 to 1.49) -0.02 (-0.16 to 0.12)

  Low-middle SDI 8199 (7120 to 9362) 1.49(1.29 to 1.7) 21,402 (18,752 to 24,495) 2.11(1.85 to 2.41) 1.12 (1.03 to 1.21)

  Middle SDI 29,452 (25,922 to 32,914) 3.23(2.85 to 3.61) 70,157 (61,014 to 78,922) 5.59(4.86 to 6.29) 1.79 (1.66 to 1.93)

Region
  Andean Latin America 301 (258 to 349) 1.62 (1.39 to 1.87) 1031 (818 to 1283) 2.95 (2.34 to 3.67) 1.95 (1.27 to 2.63)

  Australasia 937 (849 to 1032) 8.68 (7.87 to 9.57) 1660 (1419 to 1913) 11.5 (9.83 to 13.25) 0.97 (0.43 to 1.51)

  Caribbean 740 (678 to 800) 4.05 (3.71 to 4.38) 1540 (1309 to 1787) 6.43 (5.47 to 7.46) 1.51 (1.2 to 1.81)

  Central Asia 1065 (1022 to 1109) 3.19 (3.06 to 3.32) 1350 (1196 to 1506) 2.77 (2.45 to 3.09) -0.28 (-0.83 to 0.27)

  Central Europe 3702 (3533 to 3876) 5.96 (5.69 to 6.24) 4418 (4023 to 4856) 8.38 (7.63 to 9.22) 1.04 (0.53 to 1.54)

  Central Latin America 1365 (1316 to 1416) 1.67 (1.61 to 1.74) 6128 (5453 to 6851) 4.6 (4.1 to 5.15) 3.48 (3.32 to 3.64)

  Central Sub-Saharan 
Africa

257 (198 to 327) 1.05 (0.81 to 1.34) 801 (586 to 1116) 1.23 (0.9 to 1.71) 0.53 (0.42 to 0.64)

  East Asia 36,382 (30,663 to 42,129) 5.28 (4.45 to 6.12) 81,689 (65,829 to 99,517) 11.86 (9.56 to 14.45) 2.67 (2.51 to 2.83)

  Eastern Europe 6415 (6166 to 6668) 5.82 (5.59 to 6.05) 7158 (6545 to 7816) 7.44 (6.8 to 8.12) 0.73 (0.18 to 1.28)

  Eastern Sub-Saharan 
Africa

1335 (1010 to 1554) 1.6 (1.21 to 1.86) 3323 (2795 to 4139) 1.59 (1.33 to 1.98) -0.02 (-0.15 to 0.11)

  High-income Asia Pacific 8246 (7943 to 8557) 8.88 (8.56 to 9.22) 8882 (8204 to 9602) 11.36 (10.49 to 12.28) 0.8 (0.51 to 1.09)

  High-income North 
America

11,839 (11,590 to 12,114) 7.94 (7.78 to 8.13) 19,392 (18,590 to 20,043) 11.5 (11.02 to 11.88) 1.2 (0.67 to 1.74)

  North Africa and Mid-
dle East

3916 (3089 to 4574) 2.44 (1.93 to 2.85) 13,106 (11,385 to 15,156) 3.92 (3.41 to 4.53) 1.54 (1.37 to 1.71)

  Oceania 47 (34 to 58) 1.46 (1.07 to 1.83) 107 (86 to 129) 1.51 (1.22 to 1.83) 0.07 (-0.03 to 0.16)

  South Asia 6383 (5572 to 7184) 1.21 (1.05 to 1.36) 15,511 (13,484 to 18,697) 1.54 (1.34 to 1.86) 0.78 (0.49 to 1.08)

  Southeast Asia 6262 (5150 to 7252) 2.65 (2.18 to 3.07) 17,969 (15,047 to 20,586) 4.85 (4.06 to 5.55) 2.04 (1.89 to 2.18)

  Southern Latin America 957 (858 to 1060) 3.91 (3.5 to 4.33) 2096 (1824 to 2379) 6.04 (5.26 to 6.86) 1.42 (1 to 1.85)

  Southern Sub-Saharan 
Africa

549 (502 to 602) 2.13 (1.95 to 2.34) 1319 (1146 to 1566) 3.05 (2.65 to 3.63) 1.12 (0.5 to 1.74)

  Tropical Latin America 1703 (1618 to 1785) 2.17 (2.06 to 2.27) 5938 (5582 to 6312) 4.95 (4.66 to 5.27) 2.58 (2.47 to 2.69)

  Western Europe 14,307 (13,675 to 15,000) 7.4 (7.07 to 7.76) 16,581 (15,579 to 17,566) 8.8 (8.26 to 9.32) 0.56 (0.29 to 0.84)

  Western Sub-Saharan 
Africa

603 (498 to 721) 0.7 (0.58 to 0.84) 1892 (1407 to 2436) 0.82 (0.61 to 1.06) 0.51 (0.42 to 0.6)



Page 6 of 20Zhang et al. BMC Public Health         (2024) 24:3124 

Table 2  Prevalence of early-onset colorectal cancer in 1990 and 2021, and the AAPCs from 1990 to 2021

UI Uncertainty interval, CI Confidence interval, AAPCs Average annual percent changes, SDI Socio-demographic index

Location 1990 2021 AAPCs % (95% 
CI)
1990–2021Number(95% UI) Rate per 100,000 

population (95% 
UI)

Number(95% UI) Rate per 100,000 
population (95% 
UI)

Global 585,832 (551,199 
to 618,952)

21.61(20.34 to 22.84) 1,342,468 (1,222,335 
to 1,474,707)

34(30.96 to 37.35) 1.47 (1.33 to 1.61)

Sex
  Female 270,245 (249,295 

to 291,296)
20.21(18.64 to 21.78) 538,787 (492,036 

to 591,352)
27.65(25.25 to 30.34) 1.02 (0.9 to 1.15)

  Male 315,588 (285,782 
to 338,428)

22.98(20.81 to 24.65) 803,681 (698,587 
to 923,434)

40.19(34.93 to 46.18) 1.82 (1.6 to 2.04)

SDI
  High SDI 229,274 (223,561 

to 235,118)
49.75(48.51 to 51.02) 361,976 (350,193 

to 374,033)
72.07(69.73 to 74.47) 1.2 (1.03 to 1.38)

  High-middle SDI 166,716 (153,734 
to 179,773)

29.54(27.24 to 31.85) 415,420 (360,559 
to 483,495)

65.98(57.27 to 76.8) 2.72 (2.56 to 2.88)

  Low SDI 11,559 (9044 to 13,638) 5.23(4.09 to 6.17) 31,778 (27,485 to 36,258) 5.86(5.07 to 6.68) 0.35 (0.2 to 0.5)

  Low-middle SDI 35,591 (31,038 to 40,540) 6.46(5.63 to 7.36) 105,351 (92,700 
to 119,971)

10.37(9.12 to 11.81) 1.54 (1.44 to 1.64)

  Middle SDI 142,104 (125,592 
to 158,043)

15.61(13.79 to 17.36) 426,887 (368,909 
to 483,710)

34.01(29.39 to 38.54) 2.55 (2.42 to 2.67)

Region
  Andean Latin America 1573 (1354 to 1817) 8.44 (7.26 to 9.75) 6620 (5252 to 8215) 18.92 (15.02 to 23.49) 2.66 (1.85 to 3.47)

  Australasia 6159 (5597 to 6800) 57.08 (51.87 to 63.02) 12,135 (10,409 to 13,924) 84.04 (72.09 to 96.42) 1.24 (0.74 to 1.75)

  Caribbean 3979 (3651 to 4274) 21.78 (19.99 to 23.4) 9036 (7726 to 10,412) 37.74 (32.27 to 43.48) 1.82 (1.52 to 2.11)

  Central Asia 5279 (5057 to 5512) 15.83 (15.17 to 16.53) 7319 (6470 to 8102) 15.01 (13.27 to 16.62) 0.03 (-0.31 to 0.37)

  Central Europe 19,202 (18,310 to 20,057) 30.92 (29.49 to 32.3) 27,216 (24,777 to 29,886) 51.65 (47.02 to 56.72) 1.57 (1.2 to 1.94)

  Central Latin America 6826 (6569 to 7083) 8.36 (8.05 to 8.68) 35,202 (31,284 to 39,468) 26.44 (23.5 to 29.65) 3.97 (3.8 to 4.13)

  Central Sub-Saharan 
Africa

1039 (809 to 1321) 4.25 (3.31 to 5.41) 3525 (2594 to 4862) 5.41 (3.98 to 7.46) 0.8 (0.69 to 0.9)

  East Asia 181,333 (154,184 
to 208,439)

26.32 (22.38 to 30.26) 547,652 (440,519 
to 664,853)

79.54 (63.98 to 96.57) 3.68 (3.54 to 3.83)

  Eastern Europe 34,727 (33,325 to 36,034) 31.49 (30.22 to 32.67) 44,108 (40,426 to 47,703) 45.84 (42.01 to 49.57) 1.23 (0.84 to 1.63)

  Eastern Sub-Saharan 
Africa

5296 (4099 to 6148) 6.35 (4.91 to 7.37) 14,782 (12,412 to 18,374) 7.06 (5.93 to 8.77) 0.34 (0.25 to 0.44)

  High-income Asia 
Pacific

53,689 (51,711 to 55,867) 57.84 (55.71 to 60.19) 64,327 (59,572 to 69,420) 82.24 (76.16 to 88.75) 1.14 (0.93 to 1.35)

  High-income North 
America

80,923 (78,688 to 83,141) 54.3 (52.8 to 55.79) 138,938 (133,599 
to 143,698)

82.38 (79.21 to 85.2) 1.37 (0.87 to 1.88)

  North Africa and Mid-
dle East

20,752 (16,461 to 24,080) 12.95 (10.27 to 15.02) 84,793 (74,134 to 96,858) 25.36 (22.17 to 28.97) 2.2 (2.03 to 2.37)

  Oceania 208 (154 to 257) 6.5 (4.81 to 8.05) 495 (407 to 595) 7 (5.75 to 8.4) 0.22 (0.04 to 0.4)

  South Asia 26,679 (23,421 to 30,040) 5.04 (4.43 to 5.68) 72,674 (63,855 to 87,344) 7.22 (6.34 to 8.68) 1.16 (0.87 to 1.45)

  Southeast Asia 28,426 (23,564 to 32,729) 12.01 (9.96 to 13.83) 94,393 (79,125 to 108,222) 25.46 (21.34 to 29.19) 2.52 (2.39 to 2.65)

  Southern Latin America 4873 (4407 to 5371) 19.9 (17.99 to 21.93) 12,444 (10,897 to 13,921) 35.88 (31.42 to 40.13) 1.93 (1.52 to 2.35)

  Southern Sub-Saharan 
Africa

2458 (2249 to 2680) 9.54 (8.73 to 10.4) 6092 (5317 to 7246) 14.11 (12.32 to 16.78) 1.26 (0.66 to 1.86)

  Tropical Latin America 8088 (7698 to 8485) 10.3 (9.8 to 10.81) 32,384 (30,409 to 34,452) 27.03 (25.38 to 28.75) 3.08 (2.97 to 3.19)

  Western Europe 91,843 (87,819 to 96,149) 47.48 (45.4 to 49.71) 120,015 (112,862 
to 127,517)

63.66 (59.87 to 67.64) 0.91 (0.58 to 1.25)

  Western Sub-Saharan 
Africa

2480 (2051 to 2954) 2.9 (2.4 to 3.45) 8318 (6192 to 10,625) 3.63 (2.7 to 4.63) 0.73 (0.66 to 0.8)
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UI: 10,752.57 to 15,048.28) ranked as the top three. The 
three highest incidence rates were observed in Monaco 
(19.08/100,000, 95% UI: 12.71 to 26.98/100,000), Tai-
wan Province of China (18.61/100,000, 95% UI: 16.47 to 
20.94/100,000), and Bermuda (18.16/100,000, 95% UI: 
13.37 to 23.47/100,000). The three countries/territories 
with the most DALYs were China (1,243,552.26, 95% 
UI: 983,058.92 to 1,524,383.13), India (401,362.02, 95% 
UI: 342,013.10 to 488,763.26), and the USA (205,519.95, 
95% UI: 197,696.94 to 213,092.23). The three countries/
territories with the highest DALY rates were Taiwan 
Province of China (239.59/100,000, 95% UI: 214.67 to 

264.27/100,000), Thailand (235.78/100,000, 95% UI: 
175.47 to 310.31/100,000), and Bulgaria (232.41/100,000, 
95% UI: 185.10 to 285.33/100,000). The global distribu-
tions of incidence, prevalence, mortality, and DALYs of 
EO-CRC are illustrated in Figs. 3, 4, 5 and 6 respectively. 
Detailed data for each indicator can be found in Tables 
S2-S5.

Proportion of EO‑CRC among all CRC cases
Our analysis revealed that in 2021, the proportions of 
EO-CRC incidence cases, prevalence cases, death cases, 
and DALYs numbers among all CRC cases worldwide 

Table 3  Mortality of early-onset colorectal cancer in 1990 and 2021, and the AAPCs from 1990 to 2021

UI Uncertainty interval, CI Confidence interval, AAPCs Average annual percent changes, SDI Socio-demographic index

Location 1990 2021 AAPCs % (95% CI)
1990–2021

Number(95% UI) Rate per 100,000 
population (95% 
UI)

Number(95% UI) Rate per 100,000 
population (95% 
UI)

Global 59,232 (54,391 to 63,963) 2.19(2.01 to 2.36) 79,504 (72,699 to 86,539) 2.01(1.84 to 2.19) -0.23 (-0.34 to -0.12)

Sex
  Female 26,780 (23,917 to 29,935) 2(1.79 to 2.24) 32,145 (29,391 to 35,098) 1.65(1.51 to 1.8) -0.62 (-0.78 to -0.46)

  Male 32,451 (28,468 to 35,780) 2.36(2.07 to 2.61) 47,359 (41,411 to 53,364) 2.37(2.07 to 2.67) 0.06 (-0.08 to 0.19)

SDI
  High SDI 13,064 (12,770 to 13,393) 2.83(2.77 to 2.91) 12,316 (11,905 to 12,747) 2.45(2.37 to 2.54) -0.47 (-0.62 to -0.33)

  High-middle SDI 17,682 (16,053 to 19,291) 3.13(2.84 to 3.42) 19,428 (17,107 to 22,242) 3.09(2.72 to 3.53) -0.03 (-0.2 to 0.15)

  Low SDI 2335 (1799 to 2744) 1.06(0.81 to 1.24) 5058 (4355 to 5858) 0.93(0.8 to 1.08) -0.42 (-0.55 to -0.29)

  Low-middle SDI 6273 (5427 to 7186) 1.14(0.98 to 1.3) 13,388 (11,782 to 15,442) 1.32(1.16 to 1.52) 0.47 (0.29 to 0.66)

  Middle SDI 19,818 (17,431 to 22,197) 2.18(1.91 to 2.44) 29,246 (25,664 to 32,574) 2.33(2.04 to 2.6) 0.22 (0.13 to 0.31)

Region
  Andean Latin America 223 (190 to 259) 1.2 (1.02 to 1.39) 524 (414 to 651) 1.5 (1.18 to 1.86) 0.66 (-0.14 to 1.47)

  Australasia 325 (296 to 360) 3.02 (2.74 to 3.34) 335 (293 to 384) 2.32 (2.03 to 2.66) -0.92 (-1.38 to -0.45)

  Caribbean 326 (292 to 358) 1.78 (1.6 to 1.96) 529 (442 to 638) 2.21 (1.85 to 2.67) 0.7 (0.39 to 1.01)

  Central Asia 691 (662 to 720) 2.07 (1.99 to 2.16) 745 (657 to 834) 1.53 (1.35 to 1.71) -0.91 (-1.28 to -0.54)

  Central Europe 2090 (2001 to 2183) 3.37 (3.22 to 3.52) 1659 (1519 to 1807) 3.15 (2.88 to 3.43) -0.23 (-0.64 to 0.17)

  Central Latin America 862 (830 to 893) 1.06 (1.02 to 1.09) 2724 (2424 to 3031) 2.05 (1.82 to 2.28) 2.18 (1.76 to 2.59)

  Central Sub-Saharan Africa 212 (164 to 270) 0.87 (0.67 to 1.11) 602 (438 to 841) 0.92 (0.67 to 1.29) 0.2 (0.07 to 0.33)

  East Asia 23,326 (19,679 to 26,968) 3.39 (2.86 to 3.91) 25,486 (20,478 to 31,043) 3.7 (2.97 to 4.51) 0.28 (0.14 to 0.43)

  Eastern Europe 3556 (3414 to 3697) 3.22 (3.1 to 3.35) 2931 (2660 to 3227) 3.05 (2.76 to 3.35) -0.11 (-0.58 to 0.35)

  Eastern Sub-Saharan Africa 1107 (824 to 1295) 1.33 (0.99 to 1.55) 2448 (2072 to 3062) 1.17 (0.99 to 1.46) -0.41 (-0.55 to -0.27)

  High-income Asia Pacific 3012 (2893 to 3125) 3.24 (3.12 to 3.37) 1943 (1834 to 2068) 2.48 (2.35 to 2.64) -0.87 (-1.15 to -0.6)

  High-income North America 3669 (3589 to 3752) 2.46 (2.41 to 2.52) 4499 (4345 to 4646) 2.67 (2.58 to 2.75) 0.29 (-0.35 to 0.93)

  North Africa and Middle East 2443 (1917 to 2854) 1.52 (1.2 to 1.78) 5100 (4369 to 5941) 1.53 (1.31 to 1.78) 0.05 (-0.07 to 0.16)

  Oceania 34 (24 to 43) 1.05 (0.76 to 1.34) 74 (59 to 90) 1.04 (0.83 to 1.28) -0.06 (-0.15 to 0.03)

  South Asia 5057 (4408 to 5705) 0.96 (0.83 to 1.08) 10,169 (8852 to 12,284) 1.01 (0.88 to 1.22) 0.2 (-0.08 to 0.49)

  Southeast Asia 4453 (3652 to 5181) 1.88 (1.54 to 2.19) 9834 (8231 to 11,284) 2.65 (2.22 to 3.04) 1.19 (1.06 to 1.32)

  Southern Latin America 594 (534 to 654) 2.42 (2.18 to 2.67) 921 (812 to 1045) 2.66 (2.34 to 3.01) 0.3 (-0.06 to 0.66)

  Southern Sub-Saharan Africa 392 (357 to 430) 1.52 (1.39 to 1.67) 862 (744 to 1026) 2 (1.72 to 2.38) 0.83 (0.21 to 1.45)

  Tropical Latin America 1163 (1107 to 1218) 1.48 (1.41 to 1.55) 3101 (2922 to 3288) 2.59 (2.44 to 2.74) 1.78 (1.5 to 2.06)

  Western Europe 5211 (4977 to 5454) 2.69 (2.57 to 2.82) 3649 (3451 to 3863) 1.94 (1.83 to 2.05) -1.09 (-1.24 to -0.95)

  Western Sub-Saharan Africa 485 (400 to 582) 0.57 (0.47 to 0.68) 1369 (1027 to 1756) 0.6 (0.45 to 0.77) 0.17 (0.07 to 0.28)
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Table 4  DALYs of early-onset colorectal cancer in 1990 and 2021, and the AAPCs from 1990 to 2021

Location 1990 2021 AAPCs % (95% CI)
1990–2021

Number(95% UI) Rate per 100,000 
population (95% UI)

Number(95% UI) Rate per 100,000 
population (95% UI)

Global 3,026,077 (2,769,994 
to 3,263,275)

111.64(102.2 to 120.39) 4,002,756 (3,666,300 
to 4,350,565)

101.37(92.85 to 110.18) -0.31 (-0.46 to -0.16)

Sex
  Female 1,368,664 (1,215,858 

to 1,533,020)
102.34(90.91 to 114.63) 1,615,410 (1,475,902 

to 1,767,273)
82.89(75.73 to 90.68) -0.68 (-0.83 to -0.52)

  Male 1,657,413 (1,446,902 
to 1,823,378)

120.7(105.37 to 132.79) 2,387,346 (2,093,226 
to 2,687,482)

119.38(104.68 to 134.39) 0 (-0.14 to 0.15)

SDI
  High SDI 652,668 (636,929 

to 670,832)
141.62(138.21 to 145.56) 619,204 (597,718 

to 644,147)
123.29(119.01 to 128.26) -0.46 (-0.61 to -0.31)

  High-middle SDI 902,454 (816,760 
to 984,611)

159.89(144.71 to 174.45) 977,720 (860,369 
to 1,115,476)

155.3(136.66 to 177.18) -0.03 (-0.31 to 0.25)

  Low SDI 118,015 (91,167 
to 138,716)

53.39(41.24 to 62.76) 257,458 (221,802 
to 299,099)

47.47(40.89 to 55.15) -0.4 (-0.54 to -0.26)

  Low-middle SDI 319,483 (276,008 
to 366,180)

57.97(50.08 to 66.45) 672,958 (590,065 
to 780,314)

66.22(58.06 to 76.78) 0.42 (0.27 to 0.58)

  Middle SDI 1,030,478 (903,217 
to 1,154,923)

113.16(99.19 to 126.83) 1,471,968 (1,287,755 
to 1,632,122)

117.28(102.6 to 130.04) 0.12 (0.01 to 0.23)

Region
  Andean Latin 
America

11,576 (9865 to 13,369) 62.12 (52.94 to 71.74) 26,709 (21,228 
to 32,813)

76.36 (60.69 to 93.81) 0.65 (-0.01 to 1.31)

  Australasia 16,152 (14,689 to 17,827) 149.68 (136.12 to 165.2) 17,152 (14,963 
to 19,533)

118.78 (103.62 
to 135.27)

-0.82 (-1.28 to -0.35)

  Caribbean 16,700 (14,979 to 18,358) 91.43 (82 to 100.5) 26,648 (22,293 
to 32,219)

111.29 (93.1 to 134.55) 0.69 (0.42 to 0.97)

  Central Asia 36,314 (34,762 to 37,782) 108.9 (104.25 to 113.3) 37,954 (33,468 
to 42,324)

77.84 (68.64 to 86.8) -0.96 (-1.17 to -0.74)

  Central Europe 102,618 (98,188 
to 107,243)

165.25 (158.12 to 172.7) 80,299 (73,370 
to 87,340)

152.4 (139.25 to 165.76) -0.28 (-0.74 to 0.17)

  Central Latin America 45,343 (43,735 to 46,907) 55.55 (53.58 to 57.46) 138,467 (123,783 
to 154,197)

104.01 (92.98 to 115.83) 2.07 (1.72 to 2.43)

  Central Sub-Saharan 
Africa

10,751 (8370 to 13,674) 44.03 (34.28 to 56) 30,449 (22,301 
to 42,392)

46.7 (34.2 to 65.02) 0.18 (0.06 to 0.3)

  East Asia 1,214,302 (1,021,110 
to 1,402,275)

176.28 (148.23 
to 203.57)

1,293,878 (1,040,222 
to 1,570,229)

187.93 (151.08 
to 228.06)

0.22 (0.07 to 0.38)

  Eastern Europe 176,370 (169,296 
to 183,154)

159.92 (153.5 to 166.07) 143,824 (130,426 
to 158,160)

149.47 (135.54 
to 164.36)

-0.33 (-0.67 to 0.01)

  Eastern Sub-Saharan 
Africa

56,321 (42,195 to 65,799) 67.52 (50.59 to 78.88) 125,630 (105,878 
to 158,037)

60 (50.56 to 75.47) -0.38 (-0.51 to -0.26)

  High-income Asia 
Pacific

149,582 (143,870 
to 155,753)

161.15 (154.99 
to 167.79)

96,791 (91,302 
to 103,003)

123.74 (116.73 
to 131.68)

-0.86 (-1.14 to -0.58)

  High-income North 
America

185,091 (180,635 
to 189,666)

124.2 (121.21 to 127.27) 226,870 (218,583 
to 235,859)

134.51 (129.6 to 139.84) 0.28 (-0.31 to 0.88)

  North Africa and Mid-
dle East

126,263 (99,159 
to 147,354)

78.78 (61.87 to 91.94) 259,531 (222,572 
to 302,029)

77.63 (66.57 to 90.34) 0 (-0.12 to 0.11)

  Oceania 1743 (1239 to 2210) 54.56 (38.77 to 69.16) 3781 (3025 to 4631) 53.44 (42.75 to 65.46) -0.1 (-0.2 to -0.01)

  South Asia 254,463 (222,591 
to 286,666)

48.1 (42.07 to 54.19) 505,534 (438,178 
to 616,020)

50.22 (43.53 to 61.19) 0.15 (-0.13 to 0.43)

  Southeast Asia 230,811 (188,588 
to 268,507)

97.55 (79.71 to 113.49) 493,115 (412,834 
to 566,189)

132.99 (111.34 
to 152.69)

1.06 (0.93 to 1.19)

  Southern Latin 
America

29,481 (26,563 to 32,348) 120.38 (108.46 
to 132.08)

46,132 (40,588 
to 52,461)

132.99 (117.01 
to 151.24)

0.32 (-0.11 to 0.75)

  Southern Sub-Saha-
ran Africa

20,264 (18,441 to 22,127) 78.68 (71.6 to 85.91) 43,269 (37,458 
to 51,424)

100.23 (86.77 to 119.12) 0.74 (0.11 to 1.37)
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were 9.66%, 11.49%, 7.61%, and 16.4%, respectively 
(Fig.  7a-d). From 1990 to 2021, these proportions 
showed a gradual decline globally. Furthermore, in 
low-SDI regions, these proportions exhibited a gradual 
increase during this period, while they demonstrated 
downward trends in other SDI regions (Fig. 7e-h).

Risk factor
We analyzed the percentage contribution of 11 risk fac-
tors to the DALYs of EO-CRC globally from 1990 to 2021. 
We found that the three major risk factors contributing 
to DALYs for EO-CRC worldwide in 2021 were a diet low 
in whole grains (17%), a diet low in milk (15.8%), and a 
diet high in red meat (13.8%) (Fig.  8a). The percent-
age contribution of these three risk factors also ranked 
among the top in most of the five SDI regions and 21 

DALYs disability-adjusted life years, UI Uncertainty interval, CI Confidence interval, AAPCs Average annual percent changes, SDI Socio-demographic index

Table 4  (continued)

Location 1990 2021 AAPCs % (95% CI)
1990–2021

Number(95% UI) Rate per 100,000 
population (95% UI)

Number(95% UI) Rate per 100,000 
population (95% UI)

  Tropical Latin 
America

59,866 (57,072 to 62,855) 76.24 (72.68 to 80.05) 154,279 (145,471 
to 163,866)

128.75 (121.4 to 136.75) 1.57 (1.46 to 1.69)

  Western Europe 257,612 (245,945 
to 269,775)

133.19 (127.16 
to 139.48)

182,900 (172,565 
to 195,136)

97.02 (91.54 to 103.51) -1.08 (-1.22 to -0.94)

  Western Sub-Saharan 
Africa

24,454 (20,161 to 29,331) 28.57 (23.55 to 34.26) 69,545 (52,090 
to 89,296)

30.33 (22.72 to 38.94) 0.18 (0.02 to 0.34)

Fig. 2  Trends in global incidence, prevalence, mortality, and DALYs rates of early-onset colorectal cancer, by SDI quintiles, from 1990 to 2021. 
Incidence rate (a) Prevalence rate (b) Mortality rate (c) DALYs rate (d). DALYs disability-adjusted life years
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GBD regions. Additionally, a diet low in calcium was sig-
nificantly higher than other risk factors in middle-low 
and low SDI regions, as well as in most African regions 
(Fig. 8a and Fig. S1). After analyzing the changes in each 
risk factor from 1990 to 2021, we found that two meta-
bolic factors, high BMI and high fasting plasma glucose, 
showed the fastest growth globally, particularly in mid-
dle, low-middle, and low SDI regions such as East Asia, 
Southeast Asia, and some African regions. Meanwhile, 
these regions experienced a substantial rise in high alco-
hol use (Figs.  8b and  9). Stratified analysis by age and 
gender indicated that smoking and high alcohol use had 
a much higher impact on males with EO-CRC compared 
to females; the smoking factor was significantly higher 
among individuals aged 40–49 compared to those aged 
15–39 (Fig. S2).

Prediction
The estimated worldwide incidence ASR of EO-CRC 
is projected to be 5.42 /100,000 in 2036, reflecting a 
growth rate of 5.56% from 2021 (Fig. 10a). The projected 
mortality ASR of EO-CRC for 2036 is estimated to be 
1.66/100,000, reflecting a decline of 13.85% compared to 
2021 (Fig.  10b). From 2021 to 2036, the incidence ASR 
among males is predicted to be greater than that among 
females. In males, the projected incidence ASR in 2036 
is estimated to be 6.72/100,000, reflecting a growth 
of 10.3%. Conversely, the incidence ASR in females is 
expected to remain consistent with that observed in 2021 
at 4.16/100,000. From 1990 to 2015, the mortality ASR 
of EO-CRC in males exhibited a decrease compared to 
that observed among females. However, the ASR of mor-
tality in males became higher than that in females after 
2016. The projected ASR of mortality in 2036 for males 
is expected to decline by 5.7%, standing at 1.52/100,000. 

Fig. 3  Incidence rates (a) and average annual percent changes (AAPCs) (b) of early-onset colorectal cancer in 204 countries and territories
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Similarly, the mortality ASR of females is projected to 
decrease significantly by 10.4% to 1.41/100,000 in 2036.

Discussion
EO-CRC has attracted significant concern in recent 
years, driven not only by its rapidly increasing incidence 
but also by several other critical factors. First, EO-CRC 
predominantly affects individuals under the age of 50, 
who often serve as primary breadwinners and essential 
contributors to society. Their illness impacts not only 
their health but also the well-being of their families and 
the broader community [24, 25]. Second, patients with 
EO-CRC are more susceptible to psychological issues, 
sexual dysfunction, and fertility challenges compared 
to those with traditional colorectal cancer, leading to a 
diminished overall quality of life [26]. Third, clinical stud-
ies indicate that EO-CRC patients present with more 

adverse pathological features, higher rates of chemother-
apy resistance, increased recurrence rates, and poorer 
prognoses than their traditional colorectal cancer coun-
terparts [9, 27–29]. Finally, emerging research reveals 
that EO-CRC involves distinct mechanisms of develop-
ment, risk factors, pathophysiology, and genomic char-
acteristics compared to traditional colorectal cancer. This 
highlights the urgent need for targeted research focused 
specifically on early-onset colorectal cancer [9–11].

As shown in our study, the global incidence and preva-
lence of EO-CRC have exhibited a rapid increasing trend 
from 1990 to 2021, which is consistent with previous 
research [30, 31]. However, we further observed that the 
trend shifted to a decline from 2019 to 2021, as indicated 
by corresponding APC values of less than zero. Further 
analysis shows that this declining trend occurred only 
in high SDI regions, while the incidence and prevalence 

Fig. 4  Prevalence rates (a) and average annual percent changes (AAPCs) (b) of early-onset colorectal cancer in 204 countries and territories
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in the other four SDI regions continued to increase rap-
idly during the same period. This suggests that health-
care measures in high SDI regions have yielded effective 
results in recent years, which may serve as a reference 
for research and practice in other regions. Over the 
past three decades, EO-CRC has shown the most rapid 
increase in high-middle SDI regions, while demonstrat-
ing the slowest growth rate in low SDI regions. This 
may be attributed to the rapid industrialization in high-
middle SDI regions, leading to lifestyle changes such as 
increased consumption of red meat, alcohol, processed 
food, and cigarettes, alongside a decrease in physical 
activity and an increase in obesity rates. These factors 
potentially contribute to an elevated risk of EO-CRC [32, 
33]. Furthermore, advancements in medical screening 
technologies may also result in a higher number of EO-
CRC cases being diagnosed in high-middle SDI regions 
[7]. Conversely, due to limited healthcare resources and 

lower levels of medical expertise, many cases of early-
onset CRC remain undiagnosed or unregistered in low 
SDI areas [34, 35]. While the burden of EO-CRC in lower 
SDI regions is currently lower, it is essential to consider 
the rising trends in alcohol consumption and metabolic 
risk factors. Recent studies indicate significant increases 
in metabolic disorders and alcohol-related complica-
tions in these regions [36–38], which may contribute to 
a future rise in EO-CRC cases. Therefore, caution is war-
ranted against overly optimistic conclusions regarding 
the current burden. Proactive public health strategies and 
continued monitoring are crucial to address these emerg-
ing risks in vulnerable populations.

There are notable differences in the disease burden of 
EO-CRC across different continents and countries, even 
among regions with similar SDI levels. This disparity may 
stem from variations in population size, lifestyle patterns, 
racial genetics, and healthcare conditions. Prior research 

Fig. 5  Mortality rates (a) and average annual percent changes (AAPCs) (b) of early-onset colorectal cancer in 204 countries and territories
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has suggested that in East Asia, race plays an important 
role in the development of CRC. Certain ethnic groups, 
such as Chinese, Koreans, and Japanese, have higher inci-
dence rates of CRC. Even in countries like Singapore and 
Malaysia, where diverse racial populations live in simi-
lar environments and dietary habits, the risk of CRC is 
significantly increased among Chinese compared to 
Malays and Indians. Furthermore, within the same eth-
nic group in China, individuals residing in coastal areas 
exhibit higher incidence and mortality rates than those 
living inland [39, 40]. The screening guidelines for CRC 
of different countries may impact the burden of EO-
CRC. Most countries recommend CRC screening for 
the general risk population starting at age 50 [41]. With 
increasing focus on EO-CRC, the Chinese CRC Screen-
ing Guidelines lowered the starting age for screening in 
the general risk population to 40 in 2020 [42]. The US 

Preventive Services Task Force (USPSTF) recommen-
dation also reduced the initial screening age from 50 to 
45 for CRC in 2021 [43, 44]. Adults aged 40 and above 
were required to undergo routine screenings for CRC in 
Japan since 1992 [41]. We found that the ranks of EO-
CRC mortality in Japan, China, and the USA were much 
lower than those of their corresponding incidence rates. 
Research by indicated that Japan had the lowest mortal-
ity-to-incidence ratio of EO-CRC in Asia from 1990 to 
2019 [45]. This suggests that while early screening might 
not reduce the incidence of EO-CRC, it can lower the risk 
of fatal outcomes from CRC. However, further research is 
needed to confirm these findings in the future.

Our study found that although the incidence, preva-
lence, mortality, and DALYs of EO-CRC have shown a 
rapid increase over the past 30 years, these indicators are 
declining relative to the proportions of overall CRC. This 

Fig. 6  DALYs rates (a) and average annual percent changes (AAPCs) (b) of early-onset colorectal cancer in 204 countries and territories. DALYs 
disability-adjusted life years
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result reflects that the growth rate of the disease burden 
associated with EO-CRC is relatively slower compared to 
that of all CRC cases. Similar findings have been reported 
in other studies [13, 34]. This may be due to age being one 
of the risk factors for CRC, combined with the increase 
in life span and the effects of population aging [31]. Con-
sequently, CRC in older populations is also a significant 
public health concern that requires focused attention.

Through our analysis of risk factors, we found that a 
diet low in whole grains, a diet low in milk, and a diet 
high in red meat have consistently been the major risk 
factors for DALYs in EO-CRC patients worldwide, 
regardless of whether in developed or low-income 
regions from 1990 to 2021. Similar results have also 
been reported in previous literature [7, 35]. According 
to another study [46], 21.5% of global gastrointestinal 
cancer cases in 2018 were attributable to poor dietary 
habits, with excessive processed meat consumption 
and insufficient fruit and whole grain intake being 
major risk factors. Therefore, encouraging people to 
increase their consumption of whole grains and milk 
while reducing their intake of red meat can help lower 
the global disease burden of EO-CRC. It is also worth 
noting that from 1990 to 2021, the two metabolic fac-
tors, high BMI and high fasting plasma glucose, were 

the fastest-growing risk factors for DALYs in EO-CRC 
patients globally, especially in economically underde-
veloped middle, low-middle, and low SDI regions such 
as East Asia, South Asia, Southeast Asia, and Central 
and Eastern sub-Saharan Africa. We also observed a 
significant increase in high alcohol use in these regions. 
This indicates that the disease burden of early-onset 
colorectal cancer caused by high BMI and high fast-
ing plasma glucose has increased significantly over the 
past 30 years. This also corroborates the earlier findings 
by Tan et  al. regarding GBD2019 [47], which reported 
a substantial rise in the global cancer-related mortal-
ity burden attributable to high BMI from 2010 to 2019, 
including cancers of the liver, colorectal, esophagus, 
and breast. In recent years, the incidence of early-onset 
colorectal cancer has significantly increased, closely 
associated with changes in various risk factors. Notably, 
the rising trends in alcohol consumption and inflam-
matory bowel disease (IBD) may play critical roles 
in this phenomenon [48, 49]. Research indicates that 
the increase in alcohol consumption among younger 
populations is significantly linked to the rising rates 
of early-onset colorectal cancer. Metabolites of alco-
hol can cause DNA damage in intestinal cells, thereby 
increasing the risk of malignant transformation. 

Fig. 7  Trends in proportion of early-onset colorectal cancer (EO-CRC) disease burden Among All colorectal cancer (CRC) Cases from 1990 to 2021. 
Trends in proportion of EO-CRC incidence cases (a) prevalence cases (b) death cases (c) DALYs number (d) globally by sex; trends in proportion 
of EO-CRC incidence cases (e) prevalence cases (f) death cases (g) DALYs number (h) by SDI quintiles
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Moreover, alcohol consumption may alter the gut 
microbiome and promote inflammatory responses, fur-
ther compromising gut health [48, 50]. Concurrently, 
the prevalence of IBD continues to rise among young 
individuals. Chronic intestinal inflammation is recog-
nized as a major contributing factor to colorectal can-
cer development. Studies have shown that individuals 
with IBD have a significantly higher risk of developing 
colorectal cancer compared to the general population, 
particularly with prolonged disease duration. There-
fore, early identification and management of IBD might 
be crucial in reducing the risk of early-onset colorectal 
cancer [49, 51]. Furthermore, high alcohol consump-
tion can also increase the risk of obesity [24], which 
further raises the risks of diabetes, hyperlipidemia, and 
other metabolic factors [52]. Reports show that obe-
sity, diabetes, and hyperlipidemia are independent risk 

factors for EO-CRC [53–55]. Thus, urgent measures 
are needed to reduce obesity and alcohol consumption, 
particularly among teenagers. Low and middle-low SDI 
regions, such as East Asia, South Asia, Southeast Asia, 
and Central and Eastern sub-Saharan Africa, should 
pay more attention to this issue and implement effec-
tive measures. Moreover, the conclusions of our study 
still need further research to be substantiated.

We projected the global burden of EO-CRC beyond 
2021, covering a period of 15 years. Our concern lies in 
the predicted 5.56% increase in the ASR of EO-CRC inci-
dence after this timeframe. Notably, the ASR of EO-CRC 
incidence among males is expected to rise by 10.3%, sur-
passing the corresponding change observed in females. 
This finding aligns with previous relevant studies and 
underscores the urgent need to enhance colonoscopy 
screening and early detection measures for CRC, while 

Fig. 8  Percentage contribution of 11 risk factors to the DALYs of EO-CRC globally, by SDI quintiles, in 1990 and 2021 (a), and the trends from 1990 
to 2021 (b). DALYs disability-adjusted life years, EO-CRC​ early-onset colorectal cancer, SDI Socio-demographic index
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Fig. 9  Trends of percentage contribution of 11 risk factors to the DALYs of EO-CRC in 21 GBD regions from 1990 to 2021. DALYs disability-adjusted 
life years, EO-CRC​ early-onset colorectal cancer, GBD global burden of disease

Fig. 10  Forecasts of age-standardized rates (ASR) for incidence (a) and Mortality (b) of early-onset colorectal cancer (EO-CRC), stratified by sex, 
over the next 15 years using the ARIMA model. ARIMA autoregressive integrated moving average
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intensifying health education about the associated risk 
factors to effectively prevent CRC occurrence, particu-
larly among males [14]. Fortunately, there is an estimated 
reduction of 13.9% in the ASR of EO-CRC mortality in 
2036. Notably, this decline is more significant among 
females than among males. These results are aligned with 
the findings noted in previous pertinent research and can 
be attributed to advancements in the treatment of CRC 
as well as an increased focus on promoting a healthy diet 
among women [56].

The innovations of this study are as follows: this is 
the first study analyzing the global burden and cross-
country health inequalities of EO-CRC from 1990 to 
2021 utilizing newly published data derived from the 
GBD Study 2021. Moreover, we conducted in-depth 
analyses of the percentage contribution and trends 
of risk factors for EO-CRC, stratified by sex and age. 
Admittedly, there are several limitations in this study. 
Firstly, the GBD data we used has a wide range of time 
spans and spatial spans, inevitably leading to variations 
in measurement standards. In addition, the rigor and 
completeness of data registration may vary across dif-
ferent regions, which can potentially interfere with the 
analysis results [16, 35]. Secondly, The GBD database 
is unable to evaluate demographic factors such as age, 
sex, and ethnicity, as well as comorbidities like diabetes 
and cardiovascular diseases. These factors are crucial 
in understanding the epidemiology of EO-CRC, as they 
may influence risk factors and disease outcomes. Future 
research should aim to incorporate demographic fac-
tors and comorbidities to enhance our understanding 
of the disease and inform prevention and treatment 
strategies more effectively [57, 58]. Thirdly, when con-
ducting the analysis of risk factors, using age-standard-
ized rates may lead to an underestimation of the true 
risk for certain factors highly correlated with specific 
age groups. Finally, it is important to acknowledge 
that the GBD database exhibits significant differences 
in data quality and collection methods compared to 
other databases, such as SEER (Surveillance, Epidemi-
ology, and End Results) and GLOBOCAN (Cancer’s 
Global Cancer Observatory). The GBD database inte-
grates various data sources, including hospital records, 
death certificates, and survey data, aiming to estimate 
the global burden of disease through modeling. How-
ever, this reliance on models may lead to inaccuracies 
in the estimation of specific diseases [1, 16]. Moreover, 
the SEER database is primarily based on cancer regis-
tries in the United States, providing detailed epidemio-
logical data for American cancer patients, but it has a 
relatively smaller sample size, covering only about 34% 
of the population [59]. In contrast, GLOBOCAN relies 
on reports from national cancer registries, with a lower 

frequency of data updates, potentially impacting the 
timeliness and accuracy of global cancer burden assess-
ments [50]. Consequently, the results derived from the 
GBD database may be influenced by data quality con-
siderations stemming from these differences in sample 
size and data update frequency. According to previ-
ous studies, the incidence for most digestive cancers, 
including CRC, in GBD 2019 were lower than those in 
GLOBOCAN 2020 in Asia [60]. Therefore, these limi-
tations may influence our assessment of the burden of 
EO-CRC. At last, given the variations in data sources 
and analytical methods among these databases, future 
research should approach the interpretation and com-
parison of results from different datasets with caution.

Conclusion
In brief, our findings indicated that the incidence and 
prevalence rates of EO-CRC exhibited an upward trend, 
while the mortality and DALYs rates demonstrated a 
downward trajectory from 1990 to 2021 globally. The 
highest EO-CRC disease burden among the five SDI 
regions occurred in the high-middle SDI region in 
2021, while East Asia demonstrated the highest mortal-
ity rate, incidence rate, and DALYs rate among the 21 
GBD regions. Dietary risk factors, such as a diet low in 
whole grains, a diet low in milk, and a diet high in red 
meat, were primary factors contributing to the DALYs of 
EO-CRC. The two metabolic factors, high BMI and high 
fasting plasma glucose, were the fastest-growing risk fac-
tors contributing to DALYs in EO-CRC patients globally 
from 1990 to 2021. In the next 15 years, the ASR of inci-
dence is projected to increase by 5.56%, while the ASR of 
mortality is expected to decrease by 13.9%. The current 
and future burdens of EO-CRC remain substantial at the 
global, regional, and national levels, displaying significant 
variation across different regions and nations.

Countries should promptly develop strategies to allo-
cate healthcare resources based on their disease burden 
and implement effective prevention and early screening 
measures.
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