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Background: The incidence of early-onset colorectal cancer (EOCRC) is 
increasing globally. This study aims to describe the temporal trends of incidence 
and explore related risk exposures in early-life at the country level based on the 
GBD 2019.

Methods: Data on the incidence and attributable risk factors of EOCRC were 
obtained from the GBD 2019. Temporal trends of age-standardized incidence 
were evaluated by average annual percentage change (AAPC). Early-life 
exposures were indicated as summary exposure values (SEV) of selected factors, 
SDI and GDP per capita in previous decades and at ages 0–4, 5–9, 10–14 and 
15–19  years. Weighted linear or non-linear regressions were applied to evaluate 
the ecological aggregate associations of the exposures with incidences of 
EOCRC.

Results: The global age-standardized incidence of EOCRC increased from 3.05 
(3.03, 3.07) to 3.85 (3.83, 3.86) per 100,000 during 1990 and 2019. The incidence 
was higher in countries with high socioeconomic levels, and increased drastically 
in countries in East Asia and Caribbean, particularly Jamaica, Saudi Arabia and 
Vietnam. The GDP per capita, SDI, and SEVs of iron deficiency, alcohol use, high 
body-mass index, and child growth failure in earlier years were more closely 
related with the incidences of EOCRC in 2019. Exposures at ages 0–4, 5–9, 
10–14 and 15–19  years were also associated with the incidences, particularly for 
the exposures at ages 15–19  years.

Conclusion: The global incidence of EOCRC increased during past three 
decades. The large variations at regional and national level may be related with 
the distribution of risk exposures in early life.
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Introduction

The incidence of early-onset colorectal cancer (EOCRC) 
(diagnosed before age 50 years) has been increasing since the 
mid-1990s in the United States (1), and became the leading cause of 
cancer incidence and mortality among young adults in 2017 (2). The 
rising incidence of EOCRC was also well documented in other 
countries in recent years (3, 4), especially in countries with high 
Human Development Index (HDI) (5). Several studies described the 
global upward trends of the incidence and mortality of EOCRC based 
on the Global Burden of Disease, Injuries and Risk factors 2019 (GBD 
2019) (4, 6, 7), and the Global Cancer Observatory (GLOBOCAN) (8), 
arousing extensive research interests on the new challenge for 
population health. As EOCRC is more likely to present adverse 
histologic features and develop metastatic diseases (9), the increased 
EOCRC has caused severe financial and life years loss in young patients 
(10), and is becoming a substantial public health problem globally.

The upward trend of the global incidence of EOCRC indicate 
substantial changes in risk exposures. It is essential to identify risk 
factors of EOCRC and therefore stem the tide either by decreasing risk 
exposures (11) or through risk-stratification screening in young 
populations (12). However, the risks and preventive factors for 
EOCRC have not been comprehensively reported. Most previous 
studies mainly focused on demographic and lifestyle factors, family 
history of CRC and specific comorbidities during adulthood (13–15). 
As colorectal carcinogenesis is a typically long-term process lasting for 
decades, exposure to risk factors in early-life, i.e., from peri-conception 
to 20 years old, may contribute to the development of EOCRC (16). 
The hypothesis is supported by a report of Murphy and colleagues 
(17), in which the age-specific incidence of EOCRC was observed to 
increase across successive birth cohorts after 1960 in the United States, 
indicating a significant birth cohort effect and suggesting that early life 
is an important window of susceptibility for EOCRC.

Nevertheless, there was a paucity of epidemiological evidence on 
early-life risk factors with EOCRC, probably due to the difficulty in 
exposure data collection. Based on a large-scale population-based case–
control study, Li et al. (18) observed significant associations of body mass 
index (BMI) and obesity at 20 years with the risk of CRC among subjects 
aged younger than 55 years. However, a nested case–control study based 
on the UK Biobank cohort did not find significant associations between 
multiple factors in early-life and the risk of EOCRC (19). A study based 
on the Nurses’ Health Study reported a compelling association between 
obesity at age 18 years and EOCRC in women (20).

In this study, we made use of the GBD 2019 data to describe the 
incidence of EOCRC and its temporal trends at global, regional and 
national levels. In addition, we speculate that the large variations of 
incidence at regional and national level may be  related with the 
distribution of risk exposures in early life, and test the hypothesis by 
evaluating the aggregate associations of exposures in previous decades 
or during childhood and adolescence with the incidence of EOCRC 
at the country level.

Materials and methods

Data sources

The GBD 2019 is a collaborative multinational study providing full 
time-series estimates of incidence, prevalence, mortality, years lived 

with disability (YLDs), years of life lost (YLLs), and disability adjusted 
Life Years (DALYs) for 369 diseases and injuries by sex and age groups 
from 1990 to 2019 for 204 countries and territories under 7 super-
regions, 21 regions, and 5 social demographic index (SDI) regions 
(low SDI, low-middle SDI, middle SDI, high-middle SDI, and high 
SDI) (21, 22). It also included 87 risk factors that are broadly 
categorised into three groups: (1) environmental and occupational, (2) 
behavioral, and (3) metabolic.

We synthesised the GBD 2019 data to assess the incidence and 
secular trends of CRC in young populations (age < 50 years) and 
explored the related factors in early life. Specifically, we extracted SDI, 
age-specific incidence of EOCRC, and summary exposure values 
(SEV) of risk factors in the populations at country/territory level from 
the website of https://vizhub.healthdata.org/gbd-results/ using the 
Global Heath Data Exchange (GHDx) Tool (23). We also downloaded 
the gross domestic product (GDP) data from the World Bank 
Databank.1 We further obtained the sex-specific data from GBD 2019, 
if sex stratified information is available.

Definition of EOCRC

CRC was coded as C18-21, D01.0-D01.2, or D12-D12.9 in the 
10th revision of the International Classification of Diseases (ICD-10) 
(24). In this study, we  defined EOCRC as CRC diagnosed before 
50 years. Using the GHDx tool and by selecting the term of “colon and 
rectum cancer” as the “cause,” and “Incidence” as the “measure,” 
we  obtained age-specific incidence of EOCRC for ten 5-year age 
groups (0–4, 5–9, 10–14, 15–19, 20–24, 25–29, 30–34, 35–39, 40–44 
and 45–49 years). The methodology adopted by the GBD 2019 to 
estimate incidence of CRC has been described previously (25). Briefly, 
the data derived from vital registration systems, vital registration 
samples, verbal autopsy, and cancer registry were used to calculate 
mortality-to-incidence ratios. Then a spatiotemporal Gaussian process 
regression was applied to model mortality-to-incidence ratios for all 
combinations of age, sex, year, and location with incidence data from 
cancer registries and mortality data from cancer registries or high-
quality vital statistics registries. Estimates of mortality obtained with 
mortality-to-incidence ratios were combined with vital registration 
and verbal autopsy mortality data and used as inputs in cancer type 
and sex-specific Cause of Death Ensemble models (CODEm) (26). 
And then incidence of specific cancer (e.g., CRC) were estimated by 
dividing the mortality estimates by the corresponding mortality-to-
incidence ratios for each cancer type by gender, age group, location 
and calendar year (21). Strength of the model ensured the 
comparability of the data provided across periods and regions. 
Evidently, the quality of the cancer registry and the vital statistic data 
may have been improved over time, and was found higher in high-SDI 
countries than those with low SDI level (24).

Early-life risk exposures

SEV was used in GBD 2019 to summarise the exposure 
distribution of various risk factors in a population, which were 
provided in 5-year age groups (0–4, 5–9, 10–14, 15–19, etc.). The SEV 

1 https://data.worldbank.org/indicator/
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for a risk factor was defined as a measure of a population’s exposure 
to the factor that takes into account the extent of exposure by risk level 
and the severity of that risk’s contribution to disease burden. The SEV 
is effectively excess risk-weighted prevalence, which allows for 
comparisons across different types of exposures (22). The equation 
and detailed information for SEV calculation were provided as 
Supplementary content 1.

The extracted country-level GDP per capita, SDI, and age-specific 
SEVs for all ten behavioral and metabolic factors in the populations 
less than 20 years were regarded as candidate factors, which included 
short gestation, low birth weight, exposure to suboptimal 
breastfeeding, child growth failure, childhood sexual abuse and 
bullying, alcohol abuse, drug use, intimate partner violence, iron 
deficiency, and high body mass index (BMI). We further identified the 
potential risk factors according to the correlations between the SEVs 
of the candidate factors and ASIR of EOCRC at global level over 1990 
and 2019 (Supplementary Figure S1) and at the nation level in 1990, 
2000, 2010 and 2019 (Supplementary Figure S2). Finally, we included 
the factors consistently correlated with ASIR of EOCRC and those 
previously reported as risk factors for EOCRC (18–20, 27), i.e., child 
growth failure, suboptimal breastfeeding, alcohol use, high BMI and 
iron deficiency, in this analysis.

We further evaluated the risk exposures in early-life through two 
approaches. First, by assuming that people aged 0–19 years in 1990, 2000 
and 2010 in each country or territory were the same people aged 30–49, 
20–39 and 10–29 years in 2019, we treated the SEVs of selected factors 
in a specific age group in 1990, 2000 and 2010 as risk exposures in early 
life for corresponding people in 2019. For example, for suboptimal 
breastfeeding available at 0–4 years in GBD 2019, we  evaluated the 
association between its SEV in 1990 and the incidence of EOCRC 
among people aged 30–34 years in 2019, and so on; for high BMI 
available for 0–19 years, we estimated the association of age-standardized 
SEV (aged 0–19 years) in 1990 with age-standardized incidence rate 
(ASIR) of EOCRC in people aged 30–49 years in 2019, and so forth.

Second, we used the age-specific SEVs of selected factors at four 
period (i.e., 0–4, 5–9, 10–14 and 15–19 years) as risk exposure windows 
in early life. As shown in Supplementary Figure S3, for people aged 
20–24 years in 2019, their exposure to risk factors at 10–14 years were 
extracted from year 2009; for people aged 25–29 years in 2019, their 
exposures at age 10–14 years were extracted from the data in 2004; in 
other words, the exposures at 10–14 years were extracted from the year 
of 1999, 2004, 2009, 2014 and 2019 for people at ages of 35–39, 30–34, 
25–29, 20–24, 15–19, and 10–14 years in 2019, respectively. The 
extracted SEVs for each exposure age window were further weighted 
for the association evaluation with ASIR of EOCRC in 2019.

Similarly, the SDI and the GDP per capita for each country or 
territory from 1990 to 2019 were used to gain deep understanding of 
the associations of socioeconomic factors during childhood and 
adolescence with the incidence of EOCRC in 2019.

Statistical analysis

Age-standardised incidence of EOCRC and SEVs of risk factors 
were estimated based on the GBD world standard population using 
a direct method (28). Average annual percentage changes (AAPCs) 
and 95% confidence intervals (CIs) of the age-standardized 

incidence, GDP per capita, SDI and SEVs were calculated using 
Joinpoint regression analysis to estimate the temporal patterns (29).

Associations of incidence with risk exposures were examined at 
national level by weighted linear or non-linear regression, mainly 
through the local weighted scatter plot regression (LOWESS). For 
sex-specific data, we  performed stratified analyses to evaluate the 
associations in the male and female populations. We also conducted 
stratified analyses by SDI levels of the countries to demonstrate the 
potential impact of quality of registration on the association 
evaluations. Multi-variable analyses were further performed to 
evaluate the adjusted associations. Variance Inflation Factor (VIF) was 
used to investigate for multi-collinearity of the risk factors during a 
same period or at a same age window. We did not observe a significant 
collinearity and any substantially changed associations after mutual 
adjustment (Supplementary Table S1). We therefore presented the 
unadjusted associations as the main results.

Considering that the American Cancer Society recommended to 
lower the age of initial screening from 50 to 45 years in 2018 (30), 
we ran a sensitivity analysis on temporal patterns in incidence using 
the data of the United States by including or excluding the age-group 
of 45–49 years in the country, respectively.

All data analyses were performed using R 4.2.0., mainly R package 
of “epitools.” Joinpoint Regression Program 4.9.1.0 was used to 
evaluate the secular trends of EOCRC and risk exposures. p value less 
than 0.05 was considered statistically significant.

Patient and public involvement statement

The GBD study is a global collaborative scientific effort involving 
more than 7,500 people from about 150 countries. No patients were 
involved in setting the specific research question, collecting and 
analysing the data, interpreting the results, or writing up the manuscript. 
The research findings will be disseminated to the wider community by 
press releases, social media platforms, presentations at international 
fora, reports to relevant government agencies and academic societies.

Results

Incidence and temporal pattern of EOCRC

The global age-standardised incidence of EOCRC reached 3.85 
(95%CI, 3.83–3.86) per 100,000 in 2019, and was higher in the male 
[4.64 (95%CI, 4.61–4.66) per 100,000] than the females [3.05 (95%CI, 
3.03–3.07) per 100,000]. We  also observed marked increases in 
incidence from 1990 to 2019, with an AAPC of 1.0% (95%CI, 0.8–1.2) 
over the decades (Table 1).

At the regional level, the incidence was the highest in East Asia 
[6.95 (95%CI, 6.90–6.99) per 100,000], followed by high-income 
countries in North America [6.86 (6.76, 6.96) per 100,000], Australasia 
[6.78 (6.44, 7.13) per 100,000] and high-income Asia Pacific countries/
regions [5.80 (5.68, 5.93) per 100,000]. The incidence increased from 
1990 to 2019 in most regions, with the exception of central Asia [AAPC: 
−0.9% (−1.4,-0.3)], high-income Asia Pacific [AAPC: −0.1% (−0.4, 
0.2)], central sub-Saharan African [AAPC: 0.0% (−0.4, 0.5)], Western 
Europe [AAPC: 0.1% (−0.2, 0.3)] and Southern Sub-Saharan Africa 
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[AAPC: 1.2% (−0.7, 3.1)]. The upward pattern was more pronounced 
in East Asia [AAPC: 2.8% (95%CI, 2.3, 3.4)], Andean Latin America 
[AAPC: 2.7% (1.5, 4.0)], and Central Latin America [AAPC: 2.3% (2.1, 
2.5)]. Further analysis by SDI demonstrated increasing trends of the 
incidences in all regions, and the highest incidence in high-SDI regions 
and the highest AAPC in middle SDI regions.

The incidence of EOCRC in 2019 at the country/territory level 
are presented in Figure 1. The highest incidence was observed in 
Taiwan, a province of China [32.73 (31.46, 34.04) per 100, 000], 
followed by Monaco [19.77 (2.24, 86.45) per 100, 000], Portugal 
[18.59 (17.14, 20.15) per 100, 000], the United States [18.09 (17.81, 
18.38) per 100, 000], and Australia [17.48 (15.61, 18.49) per 100, 000]. 
The incidence increased most rapidly in Jamaica [AAPC: 5.1% (3.2, 
7.0)], Saudi Arabia [AAPC: 4.8% (4.6, 5.1)] and Vietnam [AAPC: 
4.4% (4.3, 4.5)] overall; in Guatemala for men [AAPC: 4.4% (3.8, 
4.9)] and Jamaica for women [AAPC: 3.6% (2.6, 4.6)].

Sensitivity analysis on the temporal pattern of incidence based on 
the data of the United States was conducted by including or excluding 
subgroup of 45–49 years who might have received mass screening for 
CRC. As shown in Supplementary Figure S4, two small peaks in 
incidence were observed in populations aged 45–49 years around 2002 
and 2011, indicating the influence of CRC screening. However, no 
substantial change was observed in overall trend before and after 
excluding the subgroup.

Exposures to selected factors and temporal 
trends

As shown in Supplementary Figure S5, the national level of GDP 
per capita and SDI remained at the highest level in Monaco, 
Liechtenstein, and Switzerland in 1990, 2000, 2010 and 2019, and 

TABLE 1 Age-standardized incidence of early-onset colorectal cancer in 2019 and AAPC during 1990–2019 at global and regional level.

Age-standardized incidence (95% 
confidence interval), 1/100,000

Average annual percentage change (95% 
confidence interval), %

Overall Male Female Overall Male Female

Global 3.85 (3.83, 3.86) 4.64 (4.61, 4.66) 3.05 (3.03, 3.07) 1.0 (0.8, 1.2) 1.7 (1.5, 1.9) 0.3 (0.1, 0.5)

By region

  Eastern Sub-Saharan Africa 1.36 (1.31, 1.41) 1.43 (1.36, 1.51) 1.28 (1.22, 1.35) 0.5 (0.3, 0.8) 0.8 (0.5, 1.0) 0.2 (−0.2, 0.7)

  High-income Asia Pacific 5.80 (5.68, 5.93) 6.57 (6.39, 6.75) 5.00 (4.84, 5.17) −0.1 (−0.4, 0.2) −0.1 (−0.5, 0.2) 0.0 (−0.7, 0.6)

  East Asia 6.95 (6.90, 6.99) 9.57 (9.49, 9.64) 4.22 (4.17, 4.27) 2.8 (2.3, 3.4) 3.7 (3.0, 4.3) 1.3 (1.1, 1.6)

  Australasia 6.78 (6.44, 7.13) 7.06 (6.57, 7.58) 6.51 (6.05, 6.99) 0.5 (0.3, 0.8) 0.6 (0.3, 0.9) 0.5 (0.3, 0.6)

  Eastern Europe 5.17 (5.06, 5.28) 5.44 (5.28, 5.60) 4.92 (4.77, 5.07) 0.9 (0.0, 1.9) 1.1 (0.1, 2.1) 0.8 (−0.1, 1.7)

  Southern Sub-Saharan Africa 3.07 (2.93, 3.21) 3.46 (3.26, 3.68) 2.68 (2.50, 2.87) 1.2 (−0.7, 3.1) 0.9 (−1.1, 2.9) 1.4 (−0.5, 3.5)

  Central Sub-Saharan Africa 1.10 (1.02, 1.18) 1.22 (1.10, 1.34) 0.98 (0.88, 1.10) 0.0 (−0.4, 0.5) −0.1 (−0.5, 0.4) 0.1 (−0.4, 0.5)

  South Asia 1.36 (1.34, 1.38) 1.24 (1.22, 1.27) 1.47 (1.44, 1.50) 1.2 (1.0, 1.4) 1.4 (1.2, 1.6) 1.1 (0.7, 1.5)

  Central Europe 5.01 (4.87, 5.16) 5.75 (5.53, 5.97) 4.26 (4.08, 4.46) 0.4 (0.2, 0.6) 0.5 (0.3, 0.8) 0.3 (0.1, 0.5)

  Central Asia 2.43 (2.32, 2.55) 2.68 (2.51, 2.86) 2.19 (2.03, 2.35) −0.9 (−1.4, −0.3) −1.0 (−1.6, −0.3) −0.8 (−1.2, −0.3)

  Western Europe 4.96 (4.89, 5.04) 5.23 (5.13, 5.35) 4.69 (4.58, 4.79) 0.1 (−0.2, 0.3) 0.2 (−0.2, 0.5) 0.1 (−0.1, 0.3)

  Oceania 1.87 (1.59, 2.18) 2.12 (1.72, 2.60) 1.60 (1.25, 2.03) 0.3 (0.2, 0.5) 0.4 (0.2, 0.5) 0.3 (0.2, 0.4)

  Southeast Asia 3.50 (3.45, 3.55) 4.11 (4.03, 4.19) 2.90 (2.83, 2.96) 1.3 (1.1, 1.6) 1.6 (1.4, 1.8) 1.0 (0.8, 1.2)

  Andean Latin America 3.13 (2.97, 3.29) 3.53 (3.29, 3.78) 2.74 (2.53, 2.96) 2.7 (1.5, 4.0) 3.1 (1.9, 4.3) 2.3 (1.0, 3.7)

  Western Sub-Saharan Africa 1.04 (1.00, 1.08) 1.15 (1.09, 1.21) 0.94 (0.89, 1.00) 0.9 (0.7, 1.1) 1.0 (0.8, 1.1) 0.8 (0.6, 1.0)

  Tropical Latin America 3.10 (3.02, 3.18) 3.19 (3.07, 3.31) 3.01 (2.90, 3.12) 1.6 (1.2, 2.1) 1.7 (1.3, 2.1) 1.4 (1.0, 1.8)

  Southern Latin America 4.26 (4.08, 4.44) 4.71 (4.45, 4.99) 3.83 (3.59, 4.07) 1.4 (1.2, 1.5) 1.4 (1.3, 1.6) 1.3 (1.2, 1.5)

  North Africa and Middle East 2.26 (2.21, 2.30) 2.60 (2.54, 2.67) 1.87 (1.81, 1.92) 1.0 (0.4, 1.5) 1.3 (0.6, 2.0) 0.5 (0.1, 1.0)

  High-income North America 6.86 (6.76, 6.96) 7.45 (7.30, 7.60) 6.28 (6.14, 6.41) 0.8 (0.4, 1.2) 0.8 (0.4, 1.2) 1.0 (0.8, 1.2)

  Caribbean 3.46 (3.27, 3.66) 3.64 (3.36, 3.93) 3.29 (3.03, 3.57) 1.0 (0.8, 1.2) 1.1 (0.9, 1.3) 0.8 (0.6, 1.0)

  Central Latin America 3.05 (2.97, 3.13) 3.38 (3.26, 3.50) (2.64, 2.85) 2.3 (2.1, 2.5) 2.5 (2.2, 2.7) 2.1 (1.9, 2.3)

By SDI

  High SDI 5.85 (5.79, 5.90) 6.40 (6.32, 6.48) 5.26 (5.19, 5.33) 0.5 (0.2, 0.8) 0.6 (0.4, 0.7) 0.4 (0.2, 0.7)

  High-middle SDI 5.62 (5.57, 5.66) 7.07 (7.01, 7.14) 4.11 (4.06, 4.16) 1.7 (1.4, 2.0) 2.3 (1.9, 2.7) 0.8 (0.4, 1.2)

  Middle SDI 3.89 (3.86, 3.91) 4.98 (4.94, 5.03) 2.78 (2.75, 2.81) 2.1 (1.8, 2.3) 2.8 (2.5, 3.0) 1.2 (0.8, 1.5)

  Low-middle SDI 2.01 (1.99, 2.04) 2.11 (2.07, 2.15) 1.91 (1.88, 1.95) 1.4 (1.2, 1.6) 1.8 (1.6, 1.9) 1.0 (0.8, 1.2)

  Low SDI 1.26 (1.23, 1.29) 1.25 (1.21, 1.29) 1.27 (1.23, 1.31) 0.6 (0.5, 0.7) 0.7 (0.6, 0.8) 0.5 (0.4, 0.6)
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increased more or less in all countries over the four calendar years. 
The GDP per capita increased most in Equatorial Guinea during 1990 
and 2019 [AAPC of 17.5% (14.0, 21.1)], followed by Vietnam [AAPC 
of 13.1% (11.8, 14.5)] and China [AAPC of 12.7% (11.8, 13.6)], while 
the SDI increased most in Equatorial Guinea [AAPC of 4.2% (4.1, 
4.4)], Mozambique [AAPC of 3.3% (3.2, 3.4)], and Uganda [AAPC of 
3.1% (3.0, 3.2)].

Table  2 presents the SEVs of suboptimal breastfeeding, child 
growth failure, iron deficiency, alcohol use and high BMI in 1990, 
2000, 2010 and 2019. Alcohol consumption and high BMI were 
observed to increase over the four time points, while a decreasing 
trend was observed for suboptimal breastfeeding, iron deficiency and 
child growth failure. Generally, the male populations were more likely 
to expose to alcohol consumption and high BMI than the females, 

while the female populations were more likely to be  suboptimal 
breastfed and suffer from child growth failure. However, the temporal 
trends of the exposures were similar in both sexes. Further analysis by 
SDI demonstrated higher child growth failure and iron deficiency in 
low-SDI regions, and higher suboptimal breastfeeding, alcohol use 
and high BMI in high-SDI regions. The highest AAPC of high BMI 
was observed in regions with middle SDI.

As profiled in Supplementary Figure S6, alcohol use, high BMI 
and suboptimal breastfeeding were higher in the United Kingdom, 
the United States and Monaco, which are countries with high GDP 
per capita or SDI; iron deficiency and child growth failure, on the 
other hand, were higher in countries with low socioeconomic levels 
such as Malawi, India and Somalia. The factors were found to 
be  substantially changing in countries undergoing rapid 

FIGURE 1

Age-standardized incidence of EOCRC (left) in 2019 and AAPC (right) from 1990 to 2019 at the country level.

https://doi.org/10.3389/fpubh.2024.1367818
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2024.1367818

Frontiers in Public Health 06 frontiersin.org

TABLE 2 Global summary exposure values of selected risk factors and average annual percent changes during the period of 1990 and 2019.

Summary exposure value (95% confidence interval), % Average annual 
percentage 

change (95% 
confidence 
interval), %

Year 1990 Year 2000 Year 2010 Year 2019

Suboptimal breastfeeding 21.85 (20.44, 23.19) 20.73 (19.06, 22.03) 20.10 (18.29, 21.39) 19.13 (17.25, 20.44) −0.4 (−0.6, −0.3)

By sex

  Male 15.19 (13.67, 17.19) 14.06 (12.63, 15.92) 13.43 (12.06, 15.92) 12.61 (11.40, 14.19) −0.6 (−0.8, −0.5)

  Female 28.77 (26.67, 29.50) 27.73 (25.08, 28.53) 27.10 (24.05, 28.03) 25.98 (22.70, 27.04) −0.3 (−0.4, −0.2)

By SDI

  High SDI 29.67 (19.97, 42.44) 29.03 (19.45, 41.68) 28.90 (19.34, 41.53) 28.50 (19.01, 41.06) −0.1 (−0.2, 0.0)

  High-middle SDI 25.08 (16.24, 37.00) 24.58 (15.84, 36.40) 24.66 (15.90, 36.50) 22.91 (14.51, 34.41) −0.3 (−0.8, 0.2)

  Middle SDI 22.49 (14.18, 33.90) 21.99 (13.78, 33.30) 21.44 (13.35, 32.63) 19.75 (12.02, 30.59) −0.4 (−0.9, 0.1)

  Low-middle SDI 18.78 (11.27, 29.40) 17.45 (10.24, 27.77) 16.89 (9.82, 27.09) 16.72 (9.69, 26.88) −0.4 (−0.8, 0.0)

  Low SDI 17.68 (10.42, 28.06) 17.26 (10.10, 27.54) 16.72 (9.69, 26.88) 16.17 (9.27, 26.19) −0.3 (−0.4, −0.2)

Child growth failure 4.93 (4.41, 5.57) 4.86 (4.33, 5.48) 4.21 (3.70, 4.78) 3.53 (3.00, 4.10) −1.1 (−2.4, 0.2)

By sex

  Male 4.81 (4.28, 5.45) 4.76 (4.23, 5.37) 4.11 (3.59, 4.67) 3.42 (2.91, 3.98) −1.1 (−2.5, 0.3)

  Female 5.06 (4.54, 5.71) 4.97 (4.43, 5.59) 4.32 (3.80, 4.90) 3.64 (3.11, 4.23) −1.1 (−2.3, 0.2)

By SDI

  High SDI 0.67 (0.00, 4.98) 0.61 (0.00, 4.89) 0.59 (0.00, 4.84) 0.57 (0.00, 4.81) −0.5 (−1.0, −0.1)

  High-middle SDI 1.99 (0.24, 7.20) 2.03 (0.25, 7.27) 1.87 (0.20, 7.02) 1.61 (0.13, 6.60) −0.7 (−1.9, 0.6)

  Middle SDI 3.47 (0.83, 9.47) 3.29 (0.75, 9.19) 2.99 (0.62, 8.76) 2.52 (0.42, 8.04) −1.0 (−1.9, −0.1)

  Low-middle SDI 8.34 (3.68, 16.21) 7.40 (3.07, 14.97) 5.93 (2.16, 12.96) 4.81 (1.52, 11.39) −1.9 (−2.7, −1.0)

  Low SDI 7.87 (3.37, 15.59) 7.42 (3.08, 14.99) 6.17 (2.30, 13.29) 5.16 (1.72, 11.90) −1.4 (−2.5, −0.4)

Iron deficiency 19.21 (16.92, 21.43) 18.58 (16.45, 20.61) 17.92 (15.88, 19.87) 17.42 (15.26, 19.44) −0.3 (−0.4, −0.3)

By SDI

  High SDI 10.42 (6.44, 15.95) 9.61 (5.81, 14.98) 9.14 (5.44, 14.40) 8.89 (5.25, 14.10) −0.5 (−0.9, −0.2)

  High-middle SDI 14.82 (9.97, 21.21) 13.87 (9.20, 20.08) 12.53 (8.11, 18.49) 11.86 (7.58, 17.70) −0.8 (−1.0, −0.6)

  Middle SDI 17.60 (12.27, 24.45) 16.39 (11.27, 23.05) 15.33 (10.39, 21.80) 14.54 (9.75, 20.89) −0.7 (−0.7, −0.6)

  Low-middle SDI 25.10 (18.64, 33.07) 23.67 (17.42, 31.45) 21.93 (15.93, 29.45) 20.12 (14.39, 27.38) −0.8 (−1.0, −0.5)

  Low SDI 30.00 (22.90, 38.62) 28.89 (21.93, 37.37) 26.56 (19.90, 34.73) 24.69 (18.29, 32.61) −0.7 (−1.0, −0.3)

Alcohol use 2.95 (1.68, 4.77) 3.37 (1.87, 5.57) 3.72 (2.06, 6.14) 4.28 (2.30, 7.15) 1.3 (0.9, 1.6)

By sex

  Male 4.21 (2.41, 6.75) 4.92 (2.73, 8.06) 5.50 (3.02, 9.08) 6.49 (3.49, 10.82) 1.5 (1.1, 1.8)

  Female 1.64 (0.91, 2.75) 1.73 (0.94, 2.94) 1.82 (0.98, 3.10) 1.93 (1.01, 3.31) 0.6 (0.5, 0.6)

By SDI

  High SDI 10.14 (7.26, 13.78) 11.62 (8.52, 15.47) 9.76 (5.93, 15.16) 10.55 (6.53, 16.13) 0.0 (−2.0, 2.1)

  High-middle SDI 6.97 (4.62, 10.08) 7.30 (4.90, 10.47) 6.55 (3.50, 11.19) 7.34 (4.07, 12.20) 0.0 (−1.1, 1.2)

  Middle SDI 2.41 (1.14, 4.49) 3.10 (1.62, 5.37) 2.61 (0.87, 5.99) 3.03 (1.12, 6.60) 0.6 (−2.2, 3.5)

  Low-middle SDI 1.35 (0.46, 3.07) 1.91 (0.80, 3.82) 1.43 (0.28, 4.29) 1.62 (0.36, 4.58) 0.4 (−4.1, 5.1)

  Low SDI 0.69 (0.13, 2.11) 1.21 (0.38, 2.86) 1.13 (0.17, 3.83) 1.19 (0.19, 3.93) 1.5 (−3.7, 7.0)

High body mass index 8.77 (7.02, 12.01) 11.06 (9.03, 14.90) 13.77 (11.47, 18.01) 16.80 (14.08, 21.52) 2.3 (2.2, 2.3)

By sex

  Male 8.30 (6.02, 13.36) 10.58 (7.87, 16.11) 13.32 (10.18, 19.48) 16.64 (12.92, 23.53) 2.1 (1.9, 2.3)

  Female 9.26 (6.58, 14.29) 11.57(8.43, 17.03) 14.26 (10.72, 20.53) 16.98 (12.90, 23.70) 2.4 (2.3, 2.5)

(Continued)
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socioeconomic development, with the largest AAPC of suboptimal 
breastfeeding in Republic of Moldova [3.1% (2.9, 3.2)], child growth 
failure in Angola [−5.1% (−5.5, −4.6)], iron deficiency in 
Equatorial Guinea [−5.9% (−6.0, −5.7)], alcohol use in Vietnam 
[9.3% (8.4, 10.2)], and high BMI in Bosnia and Herzegovina [5.6% 
(5.3, 6.0)].

Country-level associations of potential risk 
exposures in previous decades with 
incidence of EOCRC

As shown in Figure 2, a significant association was observed for 
GDP per capita, SDI, and SEVs of iron deficiency, alcohol use, high 
BMI, child growth failure and suboptimal breastfeeding in 1990, 2000, 
2010 and 2019 with the incidence of EOCRC in 2019 at the country 
level [β (95%CI) ranging from −0.76 (−0.87, −0.65) to 17.14 (15.11, 
19.18), all p values <0.001]. The significant associations were observed 
in both male and female populations (Supplementary Figure S7), and 
appeared more pronounced for the exposures in earlier calendar years 
than those in recent years. Similar association patterns were observed 
across the countries with high or low SDI levels 
(Supplementary Figure S8).

Country-level associations of potential risk 
exposures at early age groups with 
incidence of EOCRC

Further analysis on exposures at ages 0–4, 5–9, 10–14 and 
15–19 years demonstrated significant associations of exposures at each 
age group with the incidence of EOCRC at the country level (Figure 3). 
The associations appeared more pronounced for the exposures at 
older age groups, with the largest β (95%CI) for GDP per capita [0.77 
(0.64, 0.91)], SDI [6.40 (5.50, 7.30)], alcohol use [0.22 (0.18, 0.26)], 
high BMI [0.08 (0.06, 0.10)], and iron deficiency [−0.14 (−0.17, 
−0.12)] at 15–19 years (all p values less than 0.001). Similar association 
patterns were observed in the male and female populations 
(Supplementary Figure S9). The association patterns were also 
consistent across countries with high or low SDI 
(Supplementary Figure S10).

Discussion

In this ecological analysis, we presented up-to-date results on 
the incidence of EOCRC and related exposures in early-life at 
national level. Consistent with previous studies (4, 31), we found a 
global increasing trend of EOCRC incidence over past three 
decades, particularly a higher incidence in countries or regions 
with a higher socioeconomic level and a substantially upward 
trend in countries or regions undergoing rapid socioeconomic 
development. Furthermore, we observed significant country-level 
associations of GDP per capita, SDI, and SEVs of iron deficiency, 
high BMI, suboptimal breastfeeding, child growth failure and 
alcohol use in early-life with the incidence of EOCRC. Our findings 
highlight the importance to prevent and control EOCRC in young 
populations, and indicate the potential contributions of the 
exposures in early-life to the large variations of EOCRC incidences 
across countries.

The higher incidence of EOCRC in the United  States and 
European countries with a higher GDP per capita or SDI indicate 
higher risk exposures in the populations. The GDP per capita and the 
SDI represent the economic and social development level of a country 
or a region.

Generally, populations in highly developed countries or regions 
were more likely to have sedentary lifestyles, take more red meat and 
highly processed food, consume more cigarette and alcohol, and have 
higher prevalence of overweight or obesity, all of which have been 
recognized as risk factors of EOCRC (13, 32, 33). The drastically rising 
incidence in China and other countries experiencing more rapid 
socioeconomic development may also due to the increasing exposures 
to the risk factors due to epidemic of western lifestyle in 
these countries.

Since the GBD used the data from registry systems which have 
been better constructed in developed countries, the higher incidence 
of EOCRC in these countries may be attributed to a higher degree of 
completeness and accuracy of incidence reporting. Meanwhile, the 
fast-rising incidence in the countries experiencing a rapid 
development may be explained by the improving quality of cancer 
registries over the period. However, lower incidences were observed 
for stomach cancer and esophageal cancer in high-SDI regions than 
those with middle-SDI (34), and decreasing trends were found for 
stomach and liver cancers in developing countries, similar with the 

TABLE 2 (Continued)

Summary exposure value (95% confidence interval), % Average annual 
percentage 

change (95% 
confidence 
interval), %

Year 1990 Year 2000 Year 2010 Year 2019

By SDI

  High SDI 17.38 (13.53, 21.98) 23.24 (18.76, 28.49) 27.06 (22.20, 32.67) 28.84 (23.81, 34.66) 1.7 (0.1, 3.2)

  High-middle SDI 10.96 (7.95, 14.74) 13.67 (10.28, 17.82) 18.17 (14.23, 22.87) 21.97 (17.59, 27.15) 2.5 (2.0, 2.9)

  Middle SDI 8.25 (5.67, 11.60) 11.29 (8.23, 15.11) 15.05 (11.49, 19.38) 19.16 (15.08, 24.03) 2.9 (2.6, 3.2)

  Low-middle SDI 5.65 (3.56, 8.53) 7.27 (4.87, 10.45) 9.54 (6.76, 13.10) 13.04 (9.71, 17.17) 3.0 (2.3, 3.7)

  Low SDI 6.33 (4.10, 9.34) 7.20 (4.81, 10.37) 8.78 (6.12, 12.22) 11.37 (8.28, 15.27) 2.1 (1.0, 3.2)

Summary exposure value of child growth failure defined based on the WHO 2006 growth standards for children 0–59 months using Z-scores derived from an international reference 
population.
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results based on the GLOBOCAN (35), both of which indicate the 
limited influence of the quality of registry data as well as modelling 
(36, 37).

Moreover, while the CRC screening is usually targeting the 
populations aged 50–74 years, the guidelines in the United States and 
many European countries recommended to lower the starting age 

FIGURE 2

Country-level associations of selected risk exposures in 1990, 2000, 2010 and 2019 with the incidence of EOCRC in 2019.
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from 50 to 45 years (30, 38), which may have improved the detection 
of colorectal lesions at the stage of polyps or adenoma and the early-
stage of cancers in the young sub-populations. In the sensitivity 

analysis using the data of the US by including or excluding the 
population at age of 45–49 years, we did not observe substantially 
changed incidence and temporal pattern of EOCRC, probably due to 

FIGURE 3

Country-level associations of selected risk exposures at 0–4, 5–9, 10–14 and 15–19  years with the incidence of EOCRC in 2019.
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the small coverage of screening and the double impacts of CRC 
screening on cancer incidence. Nevertheless, the unchanged incidence 
and its secular trend greatly mitigated our concern on the impact of 
CRC screening.

To explore the factors related with EOCRC, we defined the risk 
exposures in early life as those 10, 20 and 30 years ago or at ages 0–4, 
5–9, 10–14 and 15–19 years. We found that suboptimal breastfeeding, 
child growth failure, iron deficiency, alcohol use and high BMI in 
previous decades or at the age groups were significantly associated 
with the incidences of EOCRC at the country level. The associations 
appeared more pronounced for the exposures in earlier calendar years 
and at ages 15–19 years, indicating the possibility that the risk 
exposures in early life, particularly during adolescence, may contribute 
to the development of EOCRC. Our results were consistent with 
previous studies based on the Nurses’ Health Study, in which exposure 
to risk factors like sugar-sweetened beverage and high BMI during 
adolescence were associated with a higher risk of EOCRC (20, 39).

The country-level associations of early-life exposure with EOCRC 
could be alternatively explained by the increased population coverage 
of the registry systems and improved quality of registry data over time. 
This may involve the lower-quality exposure data collected earlier and 
the higher quality incidence data collected later. If it was true, the 
associations of early-life exposures with subsequent EOCRC may have 
biased towards or away from null, which depended on whether the 
data were underestimated or overestimated. Furthermore, since SDI 
of each country may represent the quality of registration data and the 
degree of improvement in quality over time (24), the stratified analysis 
by SDI did not demonstrate different association patterns. Evidently, 
our results could not be fully explained by improved quality of data.

Of the five significant risk exposures, child growth failure and iron 
deficiency were higher in Low SDI regions, while higher suboptimal 
breastfeeding, alcohol use and high BMI were higher in High SDI 
regions, in line with the correlations of the factors with EOCRC 
incidences. Supporting evidence or potential mechanisms were also 
available for the factors with EOCRC. Suboptimal breastfeeding is an 
index for unbalanced nutrition in early life (under- nutrition or over-
nutrition) due to replaced artificial feeding. The higher incidence of 
EOCRC in countries with a higher suboptimal breastfeeding was in 
line with the well-established protective effect of optimal breastfeeding 
practice. Breast milk has been suggested to reduce gastrointestinal 
inflammation and thus protect against development of ulcerative 
colitis (40). Children artificially fed could not benefit from the 
protections. Alcohol use is a widely-recognized risk factor for EOCRC 
and other diseases (41). It is of note that alcohol use varied greatly in 
young populations across countries, and demonstrated a reverse 
U-shaped association with incidence of EOCRC. Further analysis 
identified several East European countries as exceptional cases, which 
had the highest SEV of alcohol use but lower incidence of EOCRC, 
possibly due to the lower level of exposure to other risk factors (42). 
Heme iron involves in colorectal carcinogenesis through catalysing 
ROS production and changing intestinal microflora (43, 44). Since the 
iron deficiency was less prevalent in men (45), the higher incidence of 
EOCRC in men than in women was consistent with the negative 
ecological correlation of iron deficiency with EOCRC. Growth failure 
indicates insufficient nutrition in early life, which has been associated 
with lower risks of metabolic diseases and cancers in animals (46, 47). 
The country-level negative association of child growth failure with 
EOCRC in this study was consistent with a Dutch cohort study, in 
which growth failure was correlated with a lower risk of CRC at 

individual level (48). Contrary to growth failure, high BMI in early-life 
indicates excessive energy intake and represents abnormal metabolic 
status. High BMI or obesity in early-life has been associated with a 
higher risk of EOCRC in a case–control study (18) and a cohort study 
(20). In this study, a high BMI in early life, either defined as exposure 
in previous years or at ages 0 to 19 years, was consistently associated 
with a higher incidence of EOCRC at the country level. Our results 
indicate the possible contributions of nutrition and growth during 
childhood in subsequent EOCRC, which need to be confirmed in 
epidemiological studies at the individual level.

To the best of our knowledge, this analysis based on the GBD 2019 
was the first attempt to generate hypothesis that the risk exposures in 
early-life may involve in the development of EOCRC. The GBD 2019 
provided comprehensive and long-term data for estimates of global 
disease burden and related risk factors, based on which we could 
define the risk exposures in early life and ensure the evaluation of 
ecological correlations of the risk exposure with subsequent incidence 
of EOCRC in a same population at the country level.

However, there are several limitations in this study. First, as an 
ecological study, the associations at the country level could not 
support causal inference due to the possible ecological fallacy and 
potential confounding factors. For example, the close correlation of 
heme iron with red meat intake (41), the well-known risk factor for 
CRC (42), indicate the potential confounding effect of red meat intake. 
Therefore, the related exposures identified in this study just guide the 
generation of hypothesis on the potential risk factors for 
EOCRC. Second, to define the exposures in early life, we supposed 
that people in 1990 aged 0–19 years was exactly the same individuals 
aged 30–40 years in 2019, which might be assumptive in countries 
with low GDP per capita or huge movement of people. This may lead 
to misclassification bias. Nevertheless, the huge populations at region 
and country level may have minimized the potential bias. Finally, due 
to the inherent limitations of the GBD 2019 data, we just focused on 
ten risk exposures in early-life, and were unable to evaluate other 
factors such as smoking, physical inactivity, intakes of red meat, 
processed meat, and whole grains with EOCRC.

Conclusion

In summary, in this ecological analysis based on the GBD 2019, 
we observed a global fast-rising incidence of EOCRC and identified 
several exposures in early life associated with the incidences at the 
country level. Our results highlight the importance to prevent and 
control CRC in young populations, and help to generate hypothesis 
that the risk exposures during adolescence may contribute to the 
development of EOCRC.

Data availability statement

Publicly available datasets were analyzed in this study. This data 
can be found at: https://vizhub.healthdata.org/gbd-results/.

Author contributions

ZW: Formal analysis, Software, Writing – original draft. WY: 
Formal analysis, Writing – review & editing. WW: Formal analysis, 

https://doi.org/10.3389/fpubh.2024.1367818
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://vizhub.healthdata.org/gbd-results/


Wang et al. 10.3389/fpubh.2024.1367818

Frontiers in Public Health 11 frontiersin.org

Writing – review & editing. JH: Data curation, Writing – review & 
editing. YM: Supervision, Writing – review & editing. CY: Data 
curation, Writing – review & editing. JS: Supervision, Writing – review 
& editing. JF: Data curation, Writing – review & editing. YW: Data 
curation, Writing – review & editing. MW: Supervision, Writing – 
review & editing. WX: Conceptualization, Methodology, Supervision, 
Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. The study was 
supported by the Health Commission of Pudong New Area of 
Shanghai (PW2019A-5). The funder of the study had no role in study 
design, data collection, data analysis, data interpretation, or writing of 
the report.

Acknowledgments

The authors wish to thank the GBD study for sharing the data.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1367818/
full#supplementary-material

References
 1. Murphy CC, Singal AG, Baron JA, Sandler RS. Decrease in incidence of young-

onset colorectal Cancer before recent increase. Gastroenterology. (2018) 
155:1716–1719.e4. doi: 10.1053/j.gastro.2018.07.045

 2. Bhandari A, Woodhouse M, Gupta S. Colorectal cancer is a leading cause of cancer 
incidence and mortality among adults younger than 50 years in the USA: a SEER-based 
analysis with comparison to other young-onset cancers. J Investig Med. (2017) 65:311–5. 
doi: 10.1136/jim-2016-000229

 3. Siegel RL, Torre LA, Soerjomataram I, Hayes RB, Bray F, Weber TK, et al. Global 
patterns and trends in colorectal cancer incidence in young adults. Gut. (2019) 
68:2179–85. doi: 10.1136/gutjnl-2019-319511

 4. Gu WJ, Pei JP, Lyu J, Akimoto N, Haruki K, Ogino S, et al. The burden of early-onset 
colorectal Cancer and its risk factors from 1990 to 2019: A systematic analysis for the 
global burden of disease study 2019. Cancers (Basel). (2022) 14:3502. doi: 10.3390/
cancers14143502

 5. Vabi BW, Gibbs JF, Parker GS. Implications of the growing incidence of global 
colorectal cancer. J Gastrointest Oncol. (2021) 12:S387–s398. doi: 10.21037/jgo-2019-
gi-06

 6. Li Q, Yu M, Lv H, Zhang L, Deng Y, Yu H. Burden of early-onset colorectal cancer 
along with attributable risk factors from 1990 to 2019: a comparative study between 
China and other G20 countries. BMC Public Health. (2023) 23:1463. doi: 10.1186/
s12889-023-16407-y

 7. Wang Y, Huang X, Cheryala M, Aloysius M, Zheng B, Yang K, et al. Global increase 
of colorectal cancer in young adults over the last 30 years: an analysis of the global 
burden of disease study 2019. J Gastroenterol Hepatol. (2023) 38:1552–8. doi: 10.1111/
jgh.16220

 8. Global Cancer observatory: Cancer over time. Lyon, France: International Agency 
for Research on Cancer. Available at: https://gco.iarc.who.int/overtime (2024).

 9. Chang DT, Pai RK, Rybicki LA, Dimaio MA, Limaye M, Jayachandran P, et al. 
Clinicopathologic and molecular features of sporadic early-onset colorectal 
adenocarcinoma: an adenocarcinoma with frequent signet ring cell differentiation, rectal 
and sigmoid involvement, and adverse morphologic features. Mod Pathol. (2012) 
25:1128–39. doi: 10.1038/modpathol.2012.61

 10. Eng C, Jácome AA, Agarwal R, Hayat MH, Byndloss MX, Holowatyj AN, et al. A 
comprehensive framework for early-onset colorectal cancer research. Lancet Oncol. 
(2022) 23:e116–28. doi: 10.1016/S1470-2045(21)00588-X

 11. Burnett-Hartman AN, Lee JK, Demb J, Gupta S. An update on the epidemiology, 
molecular characterization, diagnosis, and screening strategies for early-onset colorectal 
Cancer. Gastroenterology. (2021) 160:1041–9. doi: 10.1053/j.gastro.2020.12.068

 12. Yeoh KG, Ho KY, Chiu HM, Zhu F, Ching JYL, Wu DC, et al. The Asia-Pacific 
colorectal screening score: a validated tool that stratifies risk for colorectal advanced 
neoplasia in asymptomatic Asian subjects. Gut. (2011) 60:1236–41. doi: 10.1136/
gut.2010.221168

 13. Gausman V, Dornblaser D, Anand S, Hayes RB, O'Connell K, du M, et al. Risk 
factors associated with early-onset colorectal Cancer. Clin Gastroenterol Hepatol. (2020) 
18:2752–2759.e2. doi: 10.1016/j.cgh.2019.10.009

 14. Syed AR, Thakkar P, Horne ZD, Abdul-Baki H, Kochhar G, Farah K, et al. Old vs 
new: risk factors predicting early onset colorectal cancer. World J Gastrointest Oncol. 
(2019) 11:1011–20. doi: 10.4251/wjgo.v11.i11.1011

 15. Low EE, Demb J, Liu L, Earles A, Bustamante R, Williams CD, et al. Risk factors 
for early-onset colorectal Cancer. Gastroenterology. (2020) 159:492–501.e7. doi: 
10.1053/j.gastro.2020.01.004

 16. Mahabir S, Aagaard K, Anderson LM, Herceg Z, Hiatt RA, Hoover RN, et al. 
Challenges and opportunities in research on early-life events/exposures and cancer 
development later in life. Cancer Causes Control. (2012) 23:983–90. doi: 10.1007/
s10552-012-9962-5

 17. Murphy CC, Cohn BA. Early life: an important window of susceptibility for 
colorectal Cancer. Gastroenterology. (2022) 163:532–3. doi: 10.1053/j.gastro.2022.01.003

 18. Li H, Boakye D, Chen X, Jansen L, Chang-Claude J, Hoffmeister M, et al. 
Associations of body mass index at different ages with early-onset colorectal Cancer. 
Gastroenterology. (2022) 162:1088–1097.e3. doi: 10.1053/j.gastro.2021.12.239

 19. Gausman V, Liang PS, O’Connell K, Kantor ED, du M. Evaluation of early-life 
factors and early-onset colorectal Cancer among men and women in the UK biobank. 
Gastroenterology. (2022) 162:981–983.e3. doi: 10.1053/j.gastro.2021.11.023

 20. Liu PH, Wu K, Ng K, Zauber AG, Nguyen LH, Song M, et al. Association of 
Obesity with Risk of early-onset colorectal Cancer among women. JAMA Oncol. (2019) 
5:37–44. doi: 10.1001/jamaoncol.2018.4280

 21. Collaborators, G.D.a.I. Global burden of 369 diseases and injuries in 204 countries 
and territories, 1990-2019: a systematic analysis for the global burden of disease study 
2019. Lancet. (2020) 396:1204–22. doi: 10.1016/S0140-6736(20)30925-9

 22. Murray CJL, Aravkin AY, Zheng P, Abbafati C, Abbas KM, Abbasi-Kangevari M, 
et al. Global burden of 87 risk factors in 204 countries and territories, 1990–2019: a 
systematic analysis for the global burden of disease study 2019. Lancet. (2020) 
396:1223–49. doi: 10.1016/S0140-6736(20)30752-2

 23. Network., G.B.o.D.C. Global Burden of Disease Study 2019 (GBD 2019) Results. 
Seattle, United States: Institute for Health Metrics and Evaluation (IHME), (2020). 
Available at: https://vizhub.healthdata.org/gbd-results/

 24. Kocarnik JM, Compton K, Dean FE, Fu W, Gaw BL, Harvey JD, et al. Cancer 
incidence, mortality, years of life lost, years lived with disability, and disability-adjusted life 
years for 29 Cancer groups from 2010 to 2019: A systematic analysis for the global burden 
of disease study 2019. JAMA Oncol. (2022) 8:420–44. doi: 10.1001/jamaoncol.2021.6987

 25. Alvarez EM, Force LM, Xu R, Compton K, Lu D, Henrikson HJ, et al. The global 
burden of adolescent and young adult cancer in 2019: a systematic analysis for the global 
burden of disease study 2019. Lancet Oncol. (2022) 23:27–52. doi: 10.1016/
S1470-2045(21)00581-7

https://doi.org/10.3389/fpubh.2024.1367818
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1367818/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1367818/full#supplementary-material
https://doi.org/10.1053/j.gastro.2018.07.045
https://doi.org/10.1136/jim-2016-000229
https://doi.org/10.1136/gutjnl-2019-319511
https://doi.org/10.3390/cancers14143502
https://doi.org/10.3390/cancers14143502
https://doi.org/10.21037/jgo-2019-gi-06
https://doi.org/10.21037/jgo-2019-gi-06
https://doi.org/10.1186/s12889-023-16407-y
https://doi.org/10.1186/s12889-023-16407-y
https://doi.org/10.1111/jgh.16220
https://doi.org/10.1111/jgh.16220
https://gco.iarc.who.int/overtime
https://doi.org/10.1038/modpathol.2012.61
https://doi.org/10.1016/S1470-2045(21)00588-X
https://doi.org/10.1053/j.gastro.2020.12.068
https://doi.org/10.1136/gut.2010.221168
https://doi.org/10.1136/gut.2010.221168
https://doi.org/10.1016/j.cgh.2019.10.009
https://doi.org/10.4251/wjgo.v11.i11.1011
https://doi.org/10.1053/j.gastro.2020.01.004
https://doi.org/10.1007/s10552-012-9962-5
https://doi.org/10.1007/s10552-012-9962-5
https://doi.org/10.1053/j.gastro.2022.01.003
https://doi.org/10.1053/j.gastro.2021.12.239
https://doi.org/10.1053/j.gastro.2021.11.023
https://doi.org/10.1001/jamaoncol.2018.4280
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30752-2
https://vizhub.healthdata.org/gbd-results/
https://doi.org/10.1001/jamaoncol.2021.6987
https://doi.org/10.1016/S1470-2045(21)00581-7
https://doi.org/10.1016/S1470-2045(21)00581-7


Wang et al. 10.3389/fpubh.2024.1367818

Frontiers in Public Health 12 frontiersin.org

 26. Foreman KJ, Lozano R, Lopez AD, Murray CJL. Modeling causes of death: an 
integrated approach using CODEm. Popul Health Metrics. (2012) 10:1. doi: 
10.1186/1478-7954-10-1

 27. Sharma R, Abbasi-Kangevari M, Abd-Rabu R, Abidi H, Abu-Gharbieh E, Acuna 
JM, et al. Global, regional, and national burden of colorectal cancer and its risk factors, 
1990–2019: a systematic analysis for the global burden of disease study 2019. Lancet 
Gastroenterol Hepatol. (2022) 7:627–47. doi: 10.1016/S2468-1253(22)00044-9

 28. Anderson RN, Rosenberg HM. Age standardization of death rates: implementation 
of the year 2000 standard. Natl Vital Stat Rep. (1998) 47:1–16, 20.

 29. Kim H-J, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint 
regression with applications to cancer rates. Stat Med. (2000) 19:335–51. doi: 10.1002/
(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z

 30. Wolf AMD, Fontham ETH, Church TR, Flowers CR, Guerra CE, LaMonte S, et al. 
Colorectal cancer screening for average-risk adults: 2018 guideline update from the 
American Cancer Society. CA Cancer J Clin. (2018) 68:250–81. doi: 10.3322/caac.21457

 31. Pan H, Zhao Z, Deng Y, Zheng Z, Huang Y, Huang S, et al. The global, regional, 
and national early-onset colorectal cancer burden and trends from 1990 to 2019: results 
from the global burden of disease study 2019. BMC Public Health. (2022) 22:1896. doi: 
10.1186/s12889-022-14274-7

 32. Stoffel EM, Murphy CC. Epidemiology and mechanisms of the increasing 
incidence of Colon and Rectal cancers in young adults. Gastroenterology. (2020) 
158:341–53. doi: 10.1053/j.gastro.2019.07.055

 33. Hofseth LJ, Hebert JR, Chanda A, Chen H, Love BL, Pena MM, et al. Early-onset 
colorectal cancer: initial clues and current views. Nat Rev Gastroenterol Hepatol. (2020) 
17:352–64. doi: 10.1038/s41575-019-0253-4

 34. Hong MZ, Li JM, Chen ZJ, Lin XY, Pan JS, Gong LL. Global burden of major 
gastrointestinal cancers and its association with socioeconomics, 1990-2019. Front 
Oncol. (2022) 12:942035. doi: 10.3389/fonc.2022.942035

 35. Wong MCS, Huang J, Chan PSF, Choi P, Lao XQ, Chan SM, et al. Global incidence 
and mortality of gastric Cancer, 1980-2018. JAMA Netw Open. (2021) 4:e2118457. doi: 
10.1001/jamanetworkopen.2021.18457

 36. Zhang T, Chen H, Zhang Y, Yin X, Man J, Yang X, et al. Global changing trends in 
incidence and mortality of gastric cancer by age and sex, 1990-2019: findings from 
global burden of disease study. J Cancer. (2021) 12:6695–705. doi: 10.7150/jca.62734

 37. Cao G, Liu J, Liu M. Global, regional, and National Trends in incidence and 
mortality of primary liver Cancer and its underlying etiologies from 1990 to 2019: results 
from the global burden of disease study 2019. J Epidemiol Glob Health. (2023) 13:344–60. 
doi: 10.1007/s44197-023-00109-0

 38. Castiglione G, Zappa M, Grazzini G, Mazzotta A, Biagini M, Salvadori P, et al. 
Immunochemical vs guaiac faecal occult blood tests in a population-based screening 
programme for colorectal cancer. Br J Cancer. (1996) 74:141–4. doi: 10.1038/
bjc.1996.329

 39. Hur J, Otegbeye E, Joh HK, Nimptsch K, Ng K, Ogino S, et al. Sugar-sweetened 
beverage intake in adulthood and adolescence and risk of early-onset colorectal cancer 
among women. Gut. (2021) 70:2330–6. doi: 10.1136/gutjnl-2020-323450

 40. Xu L, Lochhead P, Ko Y, Claggett B, Leong RW, Ananthakrishnan AN. Systematic 
review with meta-analysis: breastfeeding and the risk of Crohn's disease and ulcerative 
colitis. Aliment Pharmacol Ther. (2017) 46:780–9. doi: 10.1111/apt.14291

 41. Bryazka D, Reitsma MB, Griswold MG, Abate KH, Abbafati C, Abbasi-Kangevari 
M, et al. Population-level risks of alcohol consumption by amount, geography, age, sex, 
and year: a systematic analysis for the global burden of disease study 2020. Lancet. 
(2022) 400:185–235. doi: 10.1016/S0140-6736(22)00847-9

 42. Griswold MG, Fullman N, Hawley C, Arian N, Zimsen SRM, Tymeson HD, et al. 
Alcohol use and burden for 195 countries and territories, 1990–2016: a systematic 
analysis for the global burden of disease study 2016. Lancet. (2018) 392:1015–35. doi: 
10.1016/S0140-6736(18)31310-2

 43. Ijssennagger N, Belzer C, Hooiveld GJ, Dekker J, van Mil SWC, Müller M, et al. 
Gut microbiota facilitates dietary heme-induced epithelial hyperproliferation by 
opening the mucus barrier in colon. Proc Natl Acad Sci USA. (2015) 112:10038–43. doi: 
10.1073/pnas.1507645112

 44. Seiwert N, Heylmann D, Hasselwander S, Fahrer J. Mechanism of colorectal 
carcinogenesis triggered by heme iron from red meat. Biochim Biophys Acta Rev Cancer. 
(2020) 1873:188334. doi: 10.1016/j.bbcan.2019.188334

 45. Sheikh AB, Javed N, Ijaz Z, Barlas V, Shekhar R, Rukov B. Iron deficiency anemia 
in males: a dosing dilemma? J Community Hosp Intern Med Perspect. (2021) 11:46–52. 
doi: 10.1080/20009666.2020.1831743

 46. Vera E, Bernardes de Jesus B, Foronda M, Flores JM, Blasco MA. Telomerase 
reverse transcriptase synergizes with calorie restriction to increase health span and 
extend mouse longevity. PLoS One. (2013) 8:e53760. doi: 10.1371/journal.pone.0053760

 47. Zhu Z, Jiang W, Zacher JH, Neil ES, McGinley JN, Thompson HJ. Effects of energy 
restriction and wheel running on mammary carcinogenesis and host systemic factors in 
a rat model. Cancer Prev Res (Phila). (2012) 5:414–22. doi: 10.1158/1940-6207.
CAPR-11-0454

 48. Jenniskens JCA, Offermans K, Simons CCJM, Samarska I, Fazzi GE, Smits KM, 
et al. Energy balance-related factors in childhood and adolescence and risk of colorectal 
cancer expressing different levels of proteins involved in the Warburg-effect. Int J Cancer. 
(2022) 150:1812–24. doi: 10.1002/ijc.33941

https://doi.org/10.3389/fpubh.2024.1367818
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1186/1478-7954-10-1
https://doi.org/10.1016/S2468-1253(22)00044-9
https://doi.org/10.1002/(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z
https://doi.org/10.1002/(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z
https://doi.org/10.3322/caac.21457
https://doi.org/10.1186/s12889-022-14274-7
https://doi.org/10.1053/j.gastro.2019.07.055
https://doi.org/10.1038/s41575-019-0253-4
https://doi.org/10.3389/fonc.2022.942035
https://doi.org/10.1001/jamanetworkopen.2021.18457
https://doi.org/10.7150/jca.62734
https://doi.org/10.1007/s44197-023-00109-0
https://doi.org/10.1038/bjc.1996.329
https://doi.org/10.1038/bjc.1996.329
https://doi.org/10.1136/gutjnl-2020-323450
https://doi.org/10.1111/apt.14291
https://doi.org/10.1016/S0140-6736(22)00847-9
https://doi.org/10.1016/S0140-6736(18)31310-2
https://doi.org/10.1073/pnas.1507645112
https://doi.org/10.1016/j.bbcan.2019.188334
https://doi.org/10.1080/20009666.2020.1831743
https://doi.org/10.1371/journal.pone.0053760
https://doi.org/10.1158/1940-6207.CAPR-11-0454
https://doi.org/10.1158/1940-6207.CAPR-11-0454
https://doi.org/10.1002/ijc.33941

	Global incidence trends of early-onset colorectal cancer and related exposures in early-life: an ecological analysis based on the GBD 2019
	Introduction
	Materials and methods
	Data sources
	Definition of EOCRC
	Early-life risk exposures
	Statistical analysis
	Patient and public involvement statement

	Results
	Incidence and temporal pattern of EOCRC
	Exposures to selected factors and temporal trends
	Country-level associations of potential risk exposures in previous decades with incidence of EOCRC
	Country-level associations of potential risk exposures at early age groups with incidence of EOCRC

	Discussion
	Conclusion
	Data availability statement
	Author contributions

	References

