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Abstract 

Background  To provide estimates and trends for burdens of early-onset colorectal cancer (EOCRC) from 1990 
to 2021 at the global, regional, and national levels, and to provide projections of EOCRC burden through 2030.

Methods  A trend analysis based on the Global Burden of Diseases 2021. The joinpoint regression model was used 
to analyze the temporal trends on EOCRC burden by calculating the corresponding average annual percent changes 
(AAPCs). A decomposition analysis was used to understand the drivers of the changes in EOCRC burden. The relation-
ship between socio-demographic index (SDI) and disease burden was assessed by the concentration index of ine-
quality. In addition, we constructed a Bayesian age-period-cohort model to predict the burden of EOCRC worldwide 
from 2022 to 2030.

Results  Globally, the burden of EOCRC increased significantly between 1990 and 2021, with the incidence rising 
from 5.43/100000 to 6.13/100000 (AAPC = 0.39), and the prevalence increasing from 29.65/100000 to 38.86/100000 
(AAPC = 0.87). Over the same period, the death rate decreased from 2.98/100000 to 2.30/100000 (AAPC = − 0.84), 
whereas the disability-adjusted life-year (DALY) decreased from 148.46/100000 to 115.42/100000 (AAPC = − 0.82). 
In 2021, East Asia and China had the highest burden of EOCRC regionally and nationally. Decomposition analysis 
indicated the increase in EOCRC burden was mainly driven by population growth. The concentration index revealed 
that high-SDI countries had a greater burden of EOCRC than low-SDI countries. The global incidence and prevalence 
of EOCRC will rise continuously from 2022 to 2030.

Conclusions  Between 1990 and 2021, the incidence and prevalence of EOCRC have escalated, whereas the death 
rate and DALY rate have declined. The burden varied with sex, SDI, and geographical locations. Given the rising trend 
of EOCRC burden, coordinated efforts are needed to reduce the burden posed by this malignancy.
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Background
Colorectal cancer (CRC) is currently the third most fre-
quently diagnosed cancer and the second leading cause of 
cancer-related mortality throughout the world [1]. Global 
patterns and trends of CRC vary greatly and are related 
to human development levels, suggesting that economic 
transition and the adoption of more Western lifestyles 
might increase the risk of this malignant disorder [2, 3]. 
Overall, the incidence of late-onset CRC (diagnosed after 
50  years of age) has decreased in the past few decades, 
largely due to the implementation of screening [4]. How-
ever, there is growing evidence that the incidence of CRC 
among adults younger than 50  years (i.e., early-onset 
CRC; EOCRC) has increased worldwide over the past few 
decades [5]. Based on data from cancer registries in 20 
European countries, the incidence of EOCRC increased 
annually by 7.9% from 2004 to 2016 for those aged 20–29, 
by 4.9% from 2005 to 2016 for those aged 30–39, and by 
1.6% from 2004 to 2016 for those aged 40–49 [6]. Simi-
lar trends have also been reported in many other non-
European countries, [7–10]. For example, the annual 
average increase in the incidence was 4.0% in New Zea-
land (2007–2016), 2.8% in Australia (2006–2015), 2.8% in 
Canada (2003–2012), and 2.2% in the USA (2007–2016) 
[3]. Meanwhile, the prevalence of EOCRC is also on the 
rise. It has been estimated that the prevalence increased 
by 56% between 1990 and 2019, from 16.3 to 25.4 per 
100,000 population [11].

Although the elderly population still accounts for the 
majority of CRC cases, EOCRC exhibits significant clini-
cal and pathological heterogeneity when compared to 
late-onset CRC, making it equally noteworthy [4, 12, 13]. 
For example, patients with EOCRC tend to be at a more 
advanced tumor–node–metastasis stage at diagnosis and 
have higher rates of signet-ring cell histology and poorly 
differentiated tumor, all of which are associated with a 
worse prognosis [4, 12, 13].

While some previous studies reported the incidence 
and trend of EOCRC in some countries, some issues 
still remain unclear [7–10]. For instance, many countries 
(especially low-resource ones) lack high-quality data on 
EOCRC. Additionally, the association between the bur-
den of EOCRC and different sociodemographic index 
(SDI) levels has been rarely reported. The Global Burden 
of Disease Study (GBD) offers a unique opportunity to 
investigate the disease burden of EOCRC by quantifying 
health loss from various of diseases and injuries world-
wide. Previous studies have analyzed the global burden of 
EOCRC between 1990 and 2019 based on GBD 2019 and 
have provided valuable information [11]. To our knowl-
edge, the latest burden and pattern of EOCRC has not 
been documented yet. Besides, few studies have provided 
burden predictions of EOCRC.

In this study, we aimed to present the global trends of 
EOCRC incidence and deaths between 1990 and 2021 
using latest data from GBD 2021 and to provide projec-
tions on EOCRC burden until 2030. In addition, we ana-
lyzed the contributions of major drivers to the changes in 
EOCRC burden. We also performed a health inequality 
analysis to determine the relationship between SDI and 
EOCRC burden.

Methods
Overview
In this analysis of data from GBD 2021, we extracted data 
from the Global Health Data Exchange (GHDx), which 
provides data on the burden of 371 diseases and inju-
ries in 21 GBD regions and 204 countries and territories 
between 1990 and 2021, including CRC [14]. Details of 
the methodology have been previously described [14]. 
The datasets used in this study are publicly available and 
can be accessed elsewhere [15].

This study complied with the Guidelines for Accurate 
and Transparent Health Estimates Reporting (GATHER) 
[16]. Ethics approval was not required for this study due 
to the analysis of anonymized and publicly available data.

Study population and data collection
CRC is a category of GBD 2021 which is defined as codes 
C18-C21.9, D01.0-D01.3, D12-D12.9, and D37.3-D37.5 in 
the International Classification of Diseases (ICD)−10 and 
codes 153–154.9, 209.1, 209.5, 211.3–211.4, 230.3–230.6, 
and 569.0 in ICD-9. In accordance with previous stud-
ies, “EOCRC” was defined as CRC diagnosed in young 
adults aged 20–49 years [3, 7, 17–19]. GBD estimates for 
CRC were collected on four disease indicators [incidence, 
deaths, prevalence, and disability-adjusted life-years 
(DALYs)], for both sexes, in six age groups (20–24 years, 
25–29 years, 30–34 years, 35–39 years, 40–44 years, and 
45–49 years), by 21 GBD-defined regions as well as 204 
countries and territories [14, 20]. The 21 GBD-defined 
regions were 21 groups of countries/territories that were 
geographically proximate and epidemiologically similar, 
including 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 Mid-
dle East, Oceania, South Asia, Southeast Asia, Southern 
Latin America, Southern Sub-Saharan Africa, Tropical 
Latin America, Western Europe, and Western Sub-Saha-
ran Africa [21].

The GBD 2021 also provided the SDI of each GBD 2021 
location (Additional file  1: Table  S1). SDI, which ranges 
from 0 to 1, is a summary indicator that identifies which 
level a country’s or a region’s health-related development 
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status is located on the spectrum of development world-
wide. SDI is the geometric mean of 0 to 1 indices of lag 
distributed income per capita, mean education for those 
ages 15 and older, and total fertility rate under the age 
of 25 [22]. For example, a country with an SDI of 0 sug-
gests that it has theoretical lowest level of health-related 
development (i.e., the lowest income per capita, fewest 
EDU15 + , and highest TFU25 when compared to other 
countries), whereas a country with an SDI of 1 has the 
highest level of development theoretically. According to 
the 2021 SDI values, all the 204 countries/regions were 
divided into one of the following SDI quintiles: high, 
high-middle, middle, low-middle, and low (Additional 
file 1: Table S2).

Statistical analysis
Joinpoint regression
First, we computed the average annual percentage 
changes (AAPCs), the 95% confidence intervals (CIs), 
and corresponding P values using Joinpoint regression 
to investigate the global trends in the burden of EOCRC 
between 1990 and 2021. AAPC is a summary indicator of 
the trend over a pre-specified fixed time interval. It is cal-
culated as the weighted average of the annual percentage 
changes from the Joinpoint model.

Decomposition analysis
In order to understand the drivers of the EOCRC burden, 
we conducted a decomposition analysis. The decompo-
sition analysis divides the overall difference in EOCRC 
burden into three factors: population growth, age struc-
ture aging, and epidemiological changes. Epidemiologi-
cal changes refer to changes in the rates of corresponding 
indicators.

Health inequality analysis
To assess the influence of socioeconomic levels on the 
burden of EOCRC, we adopted the concentration index 
to measure the SDI-related cross-country inequalities 
in EOCRC burden. The concentration index can quan-
tify the relative inequalities in health distribution among 
countries of varying socioeconomic backgrounds [23]. It 
ranges from −1 to 1, where a negative value indicates that 
the disease burden is more concentrated among people 
with lower socio-economic status, and vice versa.

Bayesian Age‑Period‑Cohort Analysis (BAPC)
Various models have been introduced for predicting can-
cer burden, including the Nordpred model, exponential 
regression model, generalized additive model, negative 
binomial regression model, and the BAPC model [24, 25]. 
Out of these, the BAPC model demonstrates a better pre-
dictive performance, particularly for near-term forecasts 

[24, 25]. As a result, we employed the BAPC model to 
forecast the incidence rate, death rate, prevalence rate, 
and DALY rate of EOCRC over the period from 2022 to 
2030. The BAPC model is a common approach to under-
standing the trend of disease changes, utilizing the classic 
age-period-cohort model as its foundation.

Data for incidence, deaths, prevalence, and DALYs 
were all expressed as estimates per 100,000 population 
and their 95% uncertainty intervals (UIs). All statistical 
analyses and visualization were finished using R software 
(version 4.3.3) with the INLA package.

Results
Global burden of EOCRC​
From 1990 to 2021, the global burden of EOCRC 
increased rapidly. Specifically, the number of EOCRC 
cases had doubled, rising from 105,315 (95% UI: 97,698 to 
112,502) in 1990 to 210,092 (95% UI: 190,809 to 231,075) 
in 2021, as detailed in Table  1. Additionally, the age-
standardized incidence rate (ASIR) of EOCRC climbed 
from 5.43 (95% UI: 5.04 to 5.79) to 6.13 per 100,000 
population (95% UI: 5.57 to 6.74), reflecting a significant 
increase (AAPC: 0.39 [95% CI: 0.29 to 0.48], P < 0.001). 
In 1990, the number of deaths attributed to EOCRC was 
57,938 (95% UI: 52,891 to 62,815), corresponding to an 
age-standardized death rate (ASDR) of 2.98 per 100,000 
population (95% UI: 2.72 to 3.23). By 2021, EOCRC-
related fatalities had escalated to 78,699 (95% UI: 71,677 
to 85,994), yet the ASDR had decreased to 2.30 per 
100,000 population (95% UI: 2.09 to 2.51) (AAPC: − 0.84 
[95% CI: − 0.99 to − 0.70], P < 0.001) (Table  1). During 
the same period, the age-standardized prevalence rate 
(ASPR) increased from 29.65 (95% UI: 27.77 to 31.40) 
to 38.86 per 100,000 population (95% UI: 35.34 to 42.86) 
(AAPC: 0.87 [95% CI: 0.72 to 1.01], P < 0.001), whereas 
the age-standardized DALY rate decreased 148.46 (95% 
UI:135.44 to 160.9) to 115.42 per 100,000 population 
(95% UI:104.96 to 126.14)(AAPC: − 0.82 [95% CI: − 0.97 
to − 0.66], P < 0.001) (Additional file 1: Table S3). In 2021, 
an estimated 1,332,091 (95% UI: 1,211,230 to 1,469,307) 
people worldwide had EOCRC, causing 3,943,287 (95% 
UI: 3,586,368 to 4,310,114) DALYs.

In terms of sex, in 1990, the global ASIR was higher in 
males (5.77 per 100,000 population) compared to females 
(5.07 per 100,000 population). By 2021, this trend per-
sisted, with the ASIR for males rising to 7.28 per 100,000 
population (AAPC: 0.74 [95% CI: 0.65 to 0.84], P < 0.001), 
while for females, it remained relatively stable at 4.96 
per 100,000 (Fig. 1 & Table 1). Between 1990 and 2021, 
the number of new EOCRC cases rose for both sexes, 
increasing from 56,978 to 125,636 in males and from 
48,338 to 84,456 in females. Males represented approxi-
mately 54.1% of all new EOCRC cases in 1990, and this 
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proportion escalated to 59.8% by 2021. Over this period, 
the ASDR declined for both genders: from 3.21 to 2.72 
per 100,000 population for males (AAPC: − 0.54 [95% 
CI: − 0.73 to − 0.35], P < 0.001), and from 2.74 to 1.87 
per 100,000 population for females (AAPC: − 1.24 [95% 
CI: − 1.35 to − 1.13], P < 0.001).

Regional burden of EOCRC​
Among the 5 SDI regions, the highest ASIR 
(10.05/100000 [95% UI: 9.63 to 10.48]) and ASPR 
(71.36/100000 [95% UI: 68.33 to 74.44]) were observed 
in the high-SDI region in 2021, whereas the highest 
ASDR (3.00/100000 [95% UI: 2.61 to 3.48]) and age-
standardized DALY rate (152.74/100000 [95% UI: 132.76 
to 177.22]) were noted in the high-middle SDI region 
(Table 1 & Additional file 1: Table S3). Between 1990 and 
2021, the ASIR significantly increased in all SDI regions 
except for the low SDI region. Meanwhile, the ASPR sig-
nificantly increased in all SDI regions, while the ASDR 
and age-standardized DALY rate significantly decreased 
in all these regions, except for the low-middle SDI region.

Among the 21 GBD regions, high-income North 
America had the highest ASIR of EOCRC in 2021 
(12.33/100,000 [95% UI: 11.74 to 12.93]), closely followed 
by Australasia (12.01/100000 [95% UI: 9.88 to 14.43]). 
Notably, East Asia, one of the most densely populated 
regions globally, reported 81,105 new EOCRC cases in 
2021 (95% UI: 64,864 to 99,677), accounting for nearly 
two-fifths of the global new cases. The highest ASDR 

in 2021 was also observed in East Asia (3.57/100000 
[95% UI: 2.86 to 4.41]), followed by Southeast Asia 
(2.99/100000 [95% UI: 2.46 to 3.49]). High-income 
North America (88.37/100000 [95% UI: 84.11 to 92.61]) 
had the highest ASPR among all regions in 2021, while 
East Asia (543,916 [95% UI: 435,918 to 667877]) had the 
greatest number of EOCRC patients. In 2021, the high-
est age-standardized DALY rate (184.03/100000 [95% UI: 
147.43 to 226.72]) and DALY number (1,279,602 [95% UI: 
1,022,782 to 1579020]) were both documented in East 
Asia (Table 1 & Additional file 1: Table S3).

National burden of EOCRC​
In 2021, among the 204 GBD countries/territories, 
Monaco had the highest ASIR (17.78/100000 [95% UI: 
10.87 to 27.01]) and ASPR (127.72 [95% UI: 79.51 to 
193.38]) of EOCRC, while Seychelles reported the high-
est ASDR (4.68 [95% UI: 3.45 to 6.21]) and age-stand-
ardized DALY rate (235.55 [95% UI: 173.09 to 313.27]) 
(Fig.  2, Additional file  1: Table  S4 & S5). By contrast, 
Mozambique documented the lowest ASIR (0.58/100000 
[95% UI: 0.37 to 0.87]) and ASPR (2.42 [95% UI: 1.54 to 
3.58]), while Oman had the lowest ASDR (0.41/100000 
[95% UI: 0.26 to 0.64]) and age-standardized DALY rate 
(20.7 [95% UI: 13.24 to 32.43]). Notably, in 2021, China 
ranked first in terms of incidence cases (78,129 [95% 
UI: 61,859 to 96574]), prevalent cases (524,949 [95% 
UI:416,604 to 649097]), death numbers (24,293 [95% UI: 
19,153 to 30270]), and DALY numbers (1,229,897 [95% 

Fig. 1  Trends of global burden of early-onset colorectal cancer, 1990 to 2021. DALYs, disability-adjusted life-years. Data expressed 
as age-standardized rates per 100,000 population
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UI: 972,022 to 1528848]) among all countries/territories 
(Additional file 1: Table S4 & S5).

Between 1990 and 2021, the AAPCs were greater than 
zero in 149 countries/territories for ASIR, less than zero 
in 123 countries/territories for ASDR, greater than zero 
in 180 countries/territories for ASPR, and less than zero 
in 119 countries/territories for age-standardized DALY 
rate, basically consistent with the overall global trend 
(Additional file 1: Table S4 & S5).

Decomposition analysis of EOCRC​
Figure  3 illustrated the contributions of population 
growth, age structure aging, and epidemiological changes 
to the shifts in EOCRC burden. Between 1990 and 2021, 
the increase in global EOCRC burden was mainly driven 
by population growth. Furthermore, the impact of pop-
ulation growth on EOCRC burden is more pronounced 
in low-income nations, whereas in high-income coun-
tries, the burden is more strongly influenced by epide-
miological changes. It is noteworthy that epidemiological 
changes had contributed to an increase in the incidence 
cases and prevalent cases while playing a mitigating effect 
on the numbers of deaths and DALYs.

Health inequalities of EOCRC​
The concentration index for ASIR, ASDR, ASPR, and 
age-standardized DALY rate were all greater than 0 in 
1990, indicating that higher SDI countries have under-
taken more EOCRC burden in comparison with their 
lower SDI counterparts (Fig.  4). In addition, by 2021, 
the concentration index of the four indicators further 
increased, indicating that inequalities in the burden of 
EOCRC among high and low SDI countries have become 
more prominent.

Prediction of disease burden of EOCRC from 2022 to 2030
According to the BAPC model, global burden of EOCRC 
is expected to increase between 2022 and 2030, with the 
ASIR and ASPR rising continuously (Fig.  5). By 2030, 
the global ASIR and ASPR are projected to escalate to 
6.46/100000 (95% UI: 5.17 to 7.75) and 41.46/100000 
(95% UI: 32.82 to 50.09), respectively. Fortunately, 
by 2030, the global ASDR is expected to decrease to 
2.21/100000 (95% UI: 1.74 to 2.68), with the DALY rate 
dropping to 111.81 100,000 (86.99 to 136.62). Nota-
bly, males will remain the primary victims of EOCRC, 

Fig. 2  Global map of the national burden of early-onset colorectal cancer in 2021. ASR, age-standardized rate; DALYs, disability-adjusted life-years. 
Data expressed as ASRs per 100,000 population
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and the gap in ASIR and ASPR is anticipated to widen 
between males and females.

Discussion
In this study, we described and analyzed the global, 
regional, and national burdens of EOCRC from 1990 
to 2021. By reporting high-quality disease data from 
204 countries/territories worldwide, this study not only 
enhanced our understanding of EOCRC epidemiology 
but also provided crucial insights into the trends and 
variations of this disease across different geographical 
locations and time periods. These findings can inform 
targeted interventions aimed at reducing the EOCRC 
burden globally.

At the global level, from 1990 to 2021, the global inci-
dence and prevalence of EOCRC increased remarkably. 
During the same period, there was an overall decreas-
ing trend in its death rate and DALY rate. In 2021, the 
number of new cases, deaths, prevalent cases, and DALYs 
were 2 times, 1.4 times, 2.3 times, and 1.3 times, respec-
tively, as compared to those 32  years ago. The “western 
diet” is frequently used to describe dietary intake pat-
terns in the USA and other developed nations, which is 
mainly characterized by an increased consumption of 
energy-dense foods and sugared beverages, red and pro-
cessed meats, as well as refined grains [26–28]. Western 
diet is ranked the most important modifiable risk fac-
tor of CRC [4]. In the past few decades, this unhealthy 
dietary pattern has also been more common in east-
ern and developing countries. A global assessment by 
the Global Burden of Diseases Nutrition and Chronic 

Diseases Expert Group found that, since 1990, the con-
sumption of unhealthy foods (e.g., red meats, processed 
meats, and sugared beverages) worsened among adults 
aged ≥ 20  years all over the world, although heteroge-
neity existed between countries [29]. In the same study, 
adults aged 20–49  years tended to have worse dietary 
patterns (i.e., lesser consumption of healthy dietary 
items and greater consumption of unhealthy ones) than 
those aged ≥ 50  years [29]. In the Nurses’ Health Study 
II (1991–2015), female adults with sugar-sweetened 
beverages consumption ≥ 2 servings per day had a more 
than doubled risk of EOCRC, when compared with 
those who consumed less than one serving per week 
[30]. Unfortunately, young adults are the main consum-
ers of sugar-sweetened beverages [4, 30]. Another global 
phenomenon that could likely have contributed to the 
increase in the burden of EOCRC is the growing obe-
sity among young adults, a prevailing public health con-
cern worldwide [31]. Several studies have demonstrated 
that early adulthood obesity is strongly associated with 
increased risk of EOCRC [32–34].

In the sex-stratified analysis, males had more cases 
and deaths of EOCRC than females and this sex-related 
difference kept growing over time. The male predomi-
nance of the global burden of EOCRC might be due to 
the greater tobacco and alcohol consumption and higher 
prevalence of visceral fat in this population [35]. Besides, 
oral contraceptives and endogenous estrogens were 
found to play a protective role for females in CRC [36, 
37]. We also found sex-related differences in the death 
rate, with males consistently outpacing females and the 

Fig. 3  Decomposition analysis of changes in the burden of early-onset colorectal cancer by SDI, 1990 to 2021. DALYs, disability-adjusted life-years; 
SDI, sociodemographic index. Epidemiological changes refer to changes in the rates of corresponding indicators
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gap widening between 1990 and 2021. Regarding the 
effect of surgery on CRC, females tend to have survive 
longer than males after CRC surgery, which may partly 
explain the gender difference in the death rate [38].

As the region with the heaviest EOCRC burden, East 
Asia had highest death rate and DALY rate of EOCRC 
in 2021. Additionally, due to its large population base, 
it also had the highest number of new EOCRC cases, 
deaths, prevalent cases, and DALYs. In 2021, East Asia 
contributed 38.6% and 32.1% of the global new cases and 
deaths of EOCRC, respectively. The major countries in 
East Asia, be it China, Japan, or South Korea, were all 
in the westernization of diet patterns and lifestyle in the 

past few decades, which can be responsible for the high-
est burden of EOCRC in this region [39–41]. Meanwhile, 
since southeast Asia had the third highest numbers of 
EOCRC deaths in 2021, the disease burden in the whole 
Asia is not optimistic as well. The whole Asian (5 regions) 
accounted for 59.2% and 60.6% of global new cases and 
deaths of EOCRC in 2021, outstripping the sum total 
of the other 5 continents (16 regions), highlighting the 
urgent need for EOCRC screening in Asia.

Nationally, China had the highest number of newly 
diagnosed cases, prevalent cases, deaths, DALYs among 
all countries in 2021. In 2021, 37 out of every 100 newly 
diagnosed cases of EOCRC occurred in China. Since 

Fig. 4  Health inequality analysis for the burden of early-onset colorectal cancer, 1990 and 2021. DALYs, disability-adjusted life-years; SDI, 
sociodemographic index
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the 1990s, China has undergone many dramatic social 
and economic changes, as well as changes in people’s 
lifestyles, which have been accompanied by a rapid rise 
in the prevalence of obesity [42]. Currently, China is the 
country with the highest number of overweight or obese 
people worldwide [42]. In China, approximately two-
thirds of young men start smoking in early adulthood 
[43]. In addition, smoking and alcohol consumption are 
also prevalent among young Chinese women [44]. These 
changes may partly explain the rapid increase in the inci-
dence and prevalence of EOCRC in China over the past 
three decades, which, combined with its large popula-
tion, has made China the country with the highest dis-
ease burden of EOCRC globally. As of 2021, Austria had 
the earliest screening age (40 years) of all CRC screening 
programs [45]. Interestingly, among the 204 countries 
and territories, Austria’s death rate was declining at the 
second fastest pace (AAPC = − 2.82) between 1990 and 

2021, more than three times the global average (AAPC = 
− 0.84). Another nation that deserves attention is the 
USA. In recognition of the growing burden of EOCRC in 
the USA, in 2018, the American Cancer Society moved 
up the earliest CRC screening age from 50 to 45 years for 
average-risk adults [46]. It will be necessary to see if this 
move in the USA can reduce the burden of EOCRC in the 
future.

We observed SDI-related health inequalities in EOCRC 
burden, with people living in higher SDI countries tend-
ing to have higher incidence, prevalence, death, and 
DALY rates of EOCRC. This is consistent with a previous 
study, in which the ASIR and ASDR of CRC in developed 
countries were 2.6 and 1.9 times higher than those in 
less developed countries, respectively [47]. Thus, future 
efforts to reduce the burden of EOCRC should primarily 
focus on countries with higher SDI. However, this does 
not imply that lower SDI countries do not need to take 

Fig. 5  Predictions of the global burden of early-onset colorectal cancer, 2022 to 2030. DALYs, disability-adjusted life-years
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action, as the incidence of EOCRC is showing an upward 
trend at the global level. It should be noted that devel-
oped countries often have more comprehensive registra-
tion systems and better medical conditions. In addition, 
several high SDI countries, like the USA, recommend 
start age of 45 years for CRC screening, which may lead 
to higher detection rate of EOCRC [46]. These may partly 
explain the higher ASIR and ASDR in high SDI countries.

Our findings revealed a concerning trend in the global 
burden of EOCRC. Using BAPC model, our analysis 
predicted a continuous rise in the global incidence and 
prevalence of EOCRC from 2022 to 2030, suggesting that 
EOCRC will remain a significant public health challenge 
in the coming years. Besides, the gap in ASIR will keep 
widening between sexes, with males bearing a greater 
burden compared to females. In the future, greater efforts 
should be made in health education to encourage young 
people to adopt healthier lifestyles. Additionally, meth-
ods for early detection of EOCRC should be optimized, 
and screening time for CRC should be appropriately 
advanced. This will not only enhance the detection rate of 
precancerous lesions, thereby reducing the occurrence of 
EOCRC, but also facilitate early diagnosis, thus improv-
ing patients’ prognosis.

This study had several limitations. First, since GBD 
2021 reported colon and rectal cancer together as "colo-
rectal cancer," we were unable to assess the respective 
trends in colon and rectal cancer between 1990 and 2021. 
Second, in some countries, especially in underdeveloped 
ones, the misdiagnosis or omission due to inadequate 
medical care may lead to under-registration of CRC and 
thus causing underestimation of the burden of disease, 
although the GBD collaboration had used robust statisti-
cal methods to minimize this impact. Third, GBD 2021 
did not provide data on sexual and gender minorities, a 
group that remains less understudied in CRC. Last but 
not least, in less developed countries, the low level of 
medical care, along with potential misdiagnosis, missed 
diagnosis, and inadequate registration system, may lead 
to an underestimation of the burden of EOCRC.

Conclusions
This study comprehensively reported the global bur-
den of EOCRC from 1990 to 2021. Over the past 
32  years, global ASIR and ASPR for EOCRC was on 
the rise, while ASDR and age-standardized DALY rate 
exhibited a downward trend. The burden varied with 
sex, sociodemographic factors, and geographical loca-
tions. Males and young adults in higher SDI coun-
tries undertook a heavier burden of EOCRC, which 
deserves attention. The burden of EOCRC is predicted 
to increase continuously over the next few years. The 

huge burden posed by EOCRC underscores the need 
for close collaboration among countries. Future efforts 
to mitigate the burden of EOCRC include health edu-
cation, population-wide screening, and an earlier start 
age for screening.
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