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Simple Summary: The incidence of colorectal cancer in people under 50 years old is rapidly increasing
in the United States. Our study aims to understand how often early-onset colorectal cancer occurs
and what factors contribute to its rise. By analyzing data from 1990 to 2021, we found a significant
increase in cancer cases, especially among women and those born after 1983. Our findings highlight
the need for targeted prevention strategies and further research to uncover the reasons behind these
trends. This research can help the medical community develop better screening and prevention
methods to reduce the incidence of early-onset colorectal cancer.

Abstract: The incidence of early-onset colorectal cancer (EO-CRC) in individuals under 50 years old
is rapidly increasing in the United States. This study aims to evaluate EO-CRC incidence rates using
data from the Global Burden of Disease Study (GBD) 2021, providing insights into trends from 1990
to 2021. We employed an age—period—cohort (APC) model analysis to estimate the effects of age, time
period, and birth cohort on EO-CRC incidence. Our findings indicate that the number of EO-CRC
cases rose from 6256 (95% UI: 6059-6456) in 1990 to 9311 (95% UI: 8859-9744) in 2021, a 49% increase
from 1990 to 2021. The age-standardized incidence rate per 100,000 population increased by 34%
during this period. The net drift in females (0.22%, 95% CI: 0.20-0.24) was slightly higher than in
males (0.21%, 95% CI: 0.19-0.23) (p = 0.45). The APC analysis revealed that being over 25 years old,
the period from 2005-2021, and being born after 1983 negatively impacted EO-CRC incidence rates,
with a sharp rise after 2000 and a reduction among females from 2017 to 2021. Our study highlights
the need for targeted prevention strategies and further research to understand these trends.

Keywords: colorectal cancer; early-onset; incidence; age—period-cohort; global burden of diseases;
epidemiology; public health; United States

1. Introduction

The incidence of early-onset colorectal cancer (EO-CRC), defined as colorectal cancer
diagnosed before age 50, has been increasing alarmingly in the United States (US) in recent
decades [1,2]. The American Cancer Society projects that around 151,000 Americans will be
diagnosed with colorectal cancer in 2024, with a rapid rise in cases among young adults [3].
Specifically, the incidence of EO-CRC has risen by 50% in the last 30 years, and by 2030,
colorectal cancer (CRC) is predicted to be the leading cause of cancer death for the people
under 50 in the US [4]. This escalating burden has been observed across all younger age
groups from 20 to 49 years [5].

Several factors have been implicated in the rise of EO-CRC, including racial disparities,
obesity, sedentary lifestyle, and environmental exposures [6,7]. African Americans have
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historically been at higher risk for EO-CRC compared to Caucasians [8], possibly due to
socioeconomic factors and healthcare access. With the increase in the prevalence of risk
factors in the younger population, the incidence of EO-CRC may continue to increase.

Recent screening guidelines for the US population have lowered the recommended
CRC screening age from 45 to 50 years for the average-risk population [9,10]. This change
in the screening age threshold has consequently redefined the population considered
unscreened for CRC. Previous studies examining the incidences and outcomes of EO-CRC
did not account for this updated screening guideline [11-13]. An updated comprehensive
analysis with a focus on the age group below 45 years is needed to provide a more accurate
understanding of the evolving EO-CRC epidemiology.

Numerous studies have examined the epidemiological characteristics of EO-CRC at
both the regional and national levels [14-17]. CRC is influenced by age-related factors;
moreover, the epidemiology of CRC can be shaped by the specific time period and the birth
cohort of the population. However, there is a notable gap in research examining how age,
time period, and birth cohort influence the incidence of EO-CRC. Furthermore, few studies
have utilized age—period—cohort (APC) models to evaluate these effects comprehensively.
The Global Burden of Disease Study 2021 (GBD 2021) [18] evaluated over 370 diseases
and injuries, providing comprehensive data to examine the epidemiological patterns and
characteristics of EO-CRC. The age—period—cohort (APC) model is a powerful statistical
method tool that can analyze trends in disease incidence and mortality by simultaneously
accounting for three time-related factors: age, period, and cohort effects. This approach
helps to separate these interconnected factors, offering a clear understanding of how each
contributes to the observed trends in cancer incidence. By disentangling these intertwined
effects, the APC model provides a clearer picture of how each factor contributes to the
observed trends in cancer incidence [19].

In this study, we applied an APC model to analyze the incidence trends of EO-CRC in
the US from 1990 to 2021, aiming to provide a comprehensive insight into the age, period,
and cohort effects on EO-CRC, thereby informing targeted prevention strategies and future
research directions.

2. Materials and Methods
2.1. Data Sources

We used aggregated national-level data provided by the Institute of Health Metrics
and Evaluation (IHME) | Global Health Data Exchange (GHDX) to collect age-standardized
incidence rates for EO-CRC in the US from 1990 to 2021. These data encompass age-
standardized rates aggregated across the entire country, without individual or state-level
breakdowns. The International Classification of Disease 10th Revision (ICD-10) codes
used to define CRC (level 3) included C-180-18.9, C19, C19.0, C19.9, C2, C20, C20.0, C20.8,
C20.9, C21, C21.0,C21.1, C21.2, C21.8, and C21.9. EO-CRC was defined in this study as the
incidence of CRC before the age of 45 years. Age-standardized incidence rates per 100,000
population among males and females were used in our estimates.

These rates were standardized to the World Health Organization’s world standard
population, allowing for adjustments to account for differences in age distribution within
the population over time. This standardization is important for accurately comparing
incidence rates across different demographic groups and over the study period.

2.2. Study Population

The study population included individuals aged 20 to 44 years diagnosed with col-
orectal cancer from 1990 to 2021 in the United States. The population was divided into five
age groups: 20-24, 25-29, 30-34, 35-39, and 40—44 years.

2.3. Statistical Analysis

We used the APC model to analyze the incidence trends of EO-CRC. The APC model
allows for the separation of the effects of age, period, and cohort that are often intertwined.
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The incidence of EO-CRC served as the dependent variable, while age, period, and birth
cohort were considered as independent variables. The APC model uses statistical methods
to analyze how age-specific time periods and birth years affect EO-CRC incidence rates
over time. It helps to separate the influence of each factor on the incidence rates.

The model assesses the impact of age, period, and cohort factors on the incidence rates,
where the age effect reflects the difference in the EO-CRC incidence across various ages, the
period effect shows the impact of different external factors during the study period (1990 to
2021) on EO-CRC incidence throughout all ages, and the cohort effect illustrates EO-CRC
incidence changes caused by shared experiences or exposure to several risk factors across
birth years.

The incidence ratio is a measure used to compare the incidence rates between different
groups. It indicates how much more or less common EO-CRC is in one group compared to
another. An incidence ratio greater than 1 suggests higher incidence, while a ratio less than
1 suggests lower incidence.

Ideally, the age and period intervals in the APC model should be equal. Because
the age groups in the GBD 2021 are at five-year intervals, we displayed the incidence
and population data in consecutive five-year periods (1990-1994, 1995-1999, 2000-2005,
etc.), with 1990-1994 as the reference period. The population was divided into five age
groups: 2024, 25-29, 30-34, 35-39 and 40-44 years, with the medians of each interval as
the reference age group.

The APC model produces two main results: net drift and local drift.

1.  Net drift shows the overall annual increase in EO-CRC incidence rates across all birth
cohorts.

2. Local drift indicates the annual increase in specific age groups, highlighting variations
by age over time.

The cohorts are the result of participants” period minus their age. The relative risk
estimates and their 95% confidence intervals (Cls) were gathered using the Age—Period—
Cohort web tool provided by the National Cancer Institute [19]. Other indicators include
period rate ratios (RRs), birth cohort RRs, and fitted time trends.

2.4. Data Quality and Robustness

The estimates were generated using incidence and population data provided by the
IHME and the National Center for Health Statistics. The IHME utilizes sophisticated
modeling techniques to estimate disease incidence rates, incorporating data from various
sources, including vital registration systems, cancer registries, and health surveys. These
models adjust for potential biases and inconsistencies in the raw data, providing robust
and reliable estimates of EO-CRC incidence rates.

2.5. Data Analysis and Visualization

Microsoft Excel 360 was used to collect the data. Figures were generated using the
APC R software (version 4.2.2; R Foundation for Statistical Computing, Vienna, Austria).
The statistical significance was set at a two-sided p-value < 0.05 using the APC’s Wald’s
chi-square test.

3. Results
3.1. EO-CRC Incidence Trends

In the US, the burden of EO-CRC increased substantially from 1990 to 2021. The
number of incident cases rose from 6256 (95% uncertainty interval [UI]: 6059-6456) in 1990
to 9311 (95% UI: 8859-9744) in 2021, representing a 49% increase (95% UI: 41-56%) during
this period. Concurrently, the age-standardized incidence rate per 100,000 population
increased significantly from 32.9 (95% Ul: 31.8-33.9) in 1990 to 43.9 (95% UI: 41.8-46.0) in
2021, equating to a 34% (95% UI: 26-41%) overall increase in incidence rates from 1990 to
2021. The incidence rates of EO-CRC are generally higher in men compared to women
across all age groups. More details are in Table 1.
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Table 1. Early-onset colorectal cancer incidence and percentage change from 1990-2021.
Incident Cases Percentage Change Incidence Rate Percentage
(95% UI) (95% UI) per 100,000 (95% UI) Change (95% UI)

Overall 1990 2021 1990-2021 1990 2021 1990-2021

20-24 159 200 0.26 0.81 0.92 0.13
(154-164) (190-209) (0.18-0.33) (0.78-0.84) (0.87-0.96) (0.06-0.19)

2599 457 591 0.29 2.10 2.62 0.25
(475-440) (557-620) (0.20-0.38) (2.02-2.19) (2.48-2.75) (0.16-0.33)

30-34 1034 1409 0.36 4.63 6.13 0.32
(1001-1068) (1336-1477) (0.28-0.45) (4.48-4.78) (5.81-6.42) (0.24-0.41)

35-39 1736 2554 0.47 8.52 11.57 0.36
(1684-1787) (2431-2664) (0.39-0.55) (8.27-8.77) (11.01-12.07) (0.28-0.43

4044 2870 4557 0.59 15.88 21.69 0.37
(2789-2954) (4354-4774) (0.50-0.67) (15.43-16.35) (20.73-22.72) (0.29-0.44)

Females

20-24 70 92 0.31 0.73 0.86 0.17
(67-73) (87-97) (0.21-0.41) (0.70-0.76) (0.81-0.91) (0.09-0.27)

2529 209 270 0.29 1.93 242 0.25
(200-219) (251-287) (0.18-0.39) (1.85-2.02) (2.25-2.57) (0.15-0.36)

30-34 475 625 0.32 4.24 5.44 0.28
(451-497) (582-667) (0.20-0.45) (4.03-4.44) (5.07-5.81) (0.17-0.41)

35-39 764 1154 0.51 7.45 10.40 0.40
(735-795) (1080-1235) (0.38-0.63) (7.16-7.75) (9.73-11.12) (0.28-0.51)

4044 1310 2060 0.57 14.33 19.41 0.35
(1259-1365) (1942-2183) (0.46-0.68) (13.77-14.93) (18.30-20.56) (0.26-0.44)

Male

2024 89 108 0.22 0.89 0.97 0.09
(85-92) (102-114) (0.13-0.31) (0.85-0.92) (1.03-0.92) (0.01-0.17)

9529 248 321 0.30 2.27 2.82 0.24
(237-259) (102-114) (0.20-0.41) (2.17-2.37) (2.63-3.00) (0.15-0.35)

30-34 559 784 0.40 5.02 6.81 0.36
(537-583) (300-341) (0.30-0.51) (4.82-5.23) (6.41-7.19) (0.26-0.46)

35-39 971 1400 0.44 9.61 12.76 0.33
(932-1010) (1317-1482) (0.34-0.54) (9.22-9.99) (12.00-13.51) (0.24-0.42)

4044 1560 2497 0.60 17.47 24.02 0.38
(1506-1617) (2351-2636) (0.50-0.71) (16.86-18.10) (22.62-25.35) (0.29-0.47)

UL uncertainty interval.

In females, the 40—44 years age group saw an increase in incident EO-CRC cases from
1310 (95% UI: 1259-1365) in 1990 to 2060 (95% UI: 1942-2183) in 2021 (Figure 1). EO-CRC
incidence in the 35-39 years age group rose from 764 to 1154 cases, while incidence in
the 30-34 and 25-29 years groups increased from 500 and 300 cases to 700 and 500 cases,
respectively. The 20-24 years group showed a slight rise from 70 to 92 cases. In males, the
40-44 years age group increased from 1560 to 2500 EO-CRC cases in 2021. The 35-39 years
group rose from 1000 to 1400 cases, while the 30-34 and 25-29 years groups increased from
559 and 248 cases to 784 and 341 cases, respectively. The 20-24 years group saw a rise from
89 to 321 cases.
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Figure 1. Trends in incident cases and incidence rate of early-onset colorectal cancer by age group
and gender in the United States, 1990-2021 (females—left, and males—right).

The mounting burden was observed across all younger age groups from 20 to 44 years.
The largest percentage increase was observed among those aged 40-44 years, with a
59% escalation in incident cases overall (60% in males, 57% in females), coupled with
a 37% increase in the incidence rate. Notably, even the youngest group, 2024 years of
age, exhibited a 26% surge in EO-CRC cases and a 13% higher incidence rate. Among
individuals aged 35-39 years, cases increased by 47% overall, 51% in females, and 44%
in males, while incidence rates increased by approximately 36-40% in both sexes. In the
30-34 years age group, a 36% increase in EO-CRC cases and a 32% elevation in incidence
rate were noted across sexes. Although percentage increases tended to be higher among
males across most age groups, females exhibited slightly greater increases in the 35-39 years

age group.
3.2. Net and Local Drifts by Age Groups

The net and local drifts were evaluated by age group, where net drift represents the
overall annual percentage change across the study period, and the local drift represents
the annual percentage change in the EO-CRC incidence rates relative to the net drift for
each age group (Figure 2). The overall annual increase in EO-CRC incidence rates (net
drift) was slightly higher in females (0.22% per year, 95% CI: 0.20 to 0.24) compared to
males (0.21% per year, 95% CI: 0.19 to 0.23). However, this difference was not statistically
significant (p = 0.45). The annual increase in specific age groups (local drift) was above
average for both males and females, especially noticeable in individuals aged 22 years and
older, indicating a worsening trend in EO-CRC incidence rates until around age 37.

3.3. APC Analysis

The figures illustrating changes in rates provide additional insights through the APC
model analysis. This model isolates the effects of age, period, and cohort, offering a more
nuanced understanding of EO-CRC incidence trends than simple incidence rate graphs.
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Figure 3 demonstrates the effect of age, period, and cohort on the EO-CRC incidence.
Overall, the incidence of EO-CRC exhibits a rapid increase after the age of 25 years, irre-
spective of sex. However, the highest incidence is seen in males aged 42 years, around
21 per 100,000 population. From 2005, the incidence ratio of EO-CRC was greater than 1,
indicating worsening EO-CRC incidence during these periods. However, the 2019-2021 pe-
riod effect positively impacted the incidence rates in females. The cohort effect shows that
individuals born in 1983 onwards had an incidence ratio greater than 1, with a bell-shaped
curve indicating worsening incidence rates until 1996, followed by gradual reduction.

Overall

Local Drifts with Net Drift

Males

Local Drifts with Net Drift
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Figure 2. The net and local drifts of EO-CRC incidence from 1990 to 2021.
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The APC analysis revealed that being over 25 years old, the period from 20052021,
and being born after 1983 were important factors influencing EO-CRC incidence rates.

The fitted time trend represents the change in expected EO-CRC incidence over time
for the reference age, adjusted for the cohort effects. The fitted time trend is increasing with
a sharp increase after 2000, with an acute decrease in females from 2017 to 2021 (Figure 4).

Overall Males Females

Fitted Temporal Trends Fitted Temporal Trends Fitted Temporal Trends

Rate

Figure 4. The overall age, period, and cohort effects on the EO-CRC incidence rates (per 100,000 pop-
ulation) by sex group from 1990 to 2021.

4. Discussion

To the best of our knowledge, this is the first study to examine the long-term trends
and APC effects of EO-CRC in the US from 1990 to 2021, using comprehensive data from
the GBD 2021 study. Our study revealed a significant increase in EO-CRC incidence over
the past three decades, with a 34% rise in age-standardized incidence rates from 32.9 per
100,000 in 1990 to 43.9 per 100,000 in 2021. The greatest increase was observed in individuals
aged 40-44. The APC analysis highlighted critical factors influencing EO-CRC incidence,
including being over 25 years old, the period from 2005-2021, and being born after 1983.
These findings align with previous research, emphasizing the impact of lifestyle changes
and genetic predispositions on EO-CRC trends.

The greatest increase was observed in individuals aged 40—44, with incident cases
rising by 59% and incidence rates by 37%. This substantial rise highlights a growing public
health concern that necessitates urgent attention. Local drift analysis indicated an increase
in EO-CRC incidence among those aged 22 and above, peaking at age 42. The cohort
effect showed that individuals born after 1983 were at elevated risk, with the incidence
ratio peaking around 1996 before declining. This suggests that younger cohorts may be
experiencing different or additional risk factors compared to older cohorts.

Our findings are consistent with previous research showing a significant global rise in
EO-CRC incidence. Patel et al. (2021) emphasized the rising burden in individuals under
50, linking EO-CRC trends to lifestyle changes and genetic predispositions [20]. Their
recommendations led to updated guidelines for colorectal cancer screening, advocating for
earlier screening starting at age 45 due to the high prevalence of neoplasia in the young
population. Similarly, a global systematic review also documented an increase in young-
onset CRC across multiple countries, particularly in North America and Europe [21-23].

Multiple studies have emphasized that the increased incidence in EO-CRC is primarily
attributed to shifts in dietary patterns and increasingly sedentary lifestyle, which exacerbate
CRC risk [20,24-30]. A case-control study by Low et al. identified obesity, diabetes,
and smoking as prominent risk factors for EO-CRC among US veterans aged 18-49 [24].
Additionally, the study highlighted the complex interplay of diet and metabolic health,
identifying regular alcohol consumption, hypertension, higher BMI, and increased fish
consumption as key contributors to EO-CRC in a Chinese population [25]. While fish
consumption was initially identified as a potential risk factor, this finding is unusual. Most
CRC epidemiological studies indicate that fish is either neutral or protective, except in
specific regions like northern Iceland where fish contamination is an issue. Furthermore,
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sedentary behavior, unhealthy diet, and family history, increased metabolic risk factors
such as hypertension, dyslipidemia, and type 2 diabetes significantly raise the likelihood of
developing colorectal adenocarcinoma [26-30].

Findings from our APC analysis highlighted the importance of distinguishing between
age, period, and cohort effects in understanding EO-CRC trends. The rapid increase in
incidence after age 25, irrespective of sex, suggests that interventions targeting young adults
could be crucial. Moreover, the period effect from 2005 onwards, which showed a worsening
trend, indicates that recent environmental or lifestyle changes are likely contributors to
the rising incidence. This aligns with the observed increase in incidence rates among
individuals born after 1983, peaking around 1996, which could reflect generational shifts in
risk factors.

Although our study did not assess EO-CRC by cancer location due to data constraints,
it is essential to note that a combination of sigmoidoscopy and fecal immunochemical test
(FIT) is most appropriate for distal/rectal cancer screening, while colonoscopy and/or FIT
are adequate for proximal colon screening. Future studies should aim to include cancer
location to provide more specific screening recommendations.

Considering the risk factors associated with EO-CRC, they underscore the importance
of adopting a multifaceted approach to prevention. Dietary guidelines should emphasize a
balanced and nutrient-rich diet, as a well-rounded nutritional intake plays a critical role
in reducing EO-CRC risk. Coupled with the promotion of regular physical activity, these
lifestyle modifications can significantly mitigate the risk of this condition. Furthermore,
targeted health screening, particularly among high-risk cohorts born between 1983 and
2016, is crucial for early detection and timely treatment, which can further aid in the
prevention and management of EO-CRC.

The escalating burden of EO-CRC necessitates immediate action from healthcare poli-
cymakers and clinicians. While current screening guidelines recommend colorectal cancer
screening from age 45 onwards for the average-risk populations, evidence suggests that
even younger individuals may be at significant risk, particularly those with a family history
or known genetic predispositions. Therefore, a comprehensive understanding of lifestyle
factors impacting EO-CRC risk across different demographics and age groups is crucial.
Analyzing genetic markers can help identify specific high-risk populations that would
benefit from targeted screening and preventive measures. Additionally, evaluating the
effectiveness of current screening guidelines and considering lowering the recommended
screening age for certain high-risk groups under 45 is imperative. Furthermore, investi-
gating socioeconomic disparities in healthcare access can shed light on the reasons behind
delayed diagnoses and worse outcomes, enabling the development of targeted interven-
tions to address these inequalities. By conducting multifaceted research, tailored strategies
for prevention, early detection, and improved outcomes can be developed to combat the
rising burden of EO-CRC.

Strengths and Limitations

A significant strength of this study is its use of the comprehensive GBD 2021 dataset,
providing long-term data across 31 years for robust analysis. The APC model allowed a
detailed exploration of age, period, and cohort effects on EO-CRC incidence. However, the
study is limited by its reliance on aggregated national data, which may obscure regional
disparities in EO-CRC trends. The GHDx dataset did not provide information on cancer
location (proximal colon, distal colon, or rectal cancers). Additionally, lifestyle risk fac-
tors and genetic predispositions were not directly analyzed due to data constraints. We
acknowledge the importance of analyzing ethnicity in CRC incidence studies. While our
current study does not include this analysis due to data limitations, we plan to address
this significant aspect in future research. Furthermore, reliance on public data might have
introduced inaccuracies or inconsistencies in cancer classification.
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5. Conclusions

Our study delivers important insights into the increasing incidence of EO-CRC in the
US over the past three decades. Our findings reveal a consistent and substantial rise in
incidence rates, particularly among individuals aged 40—44. The APC analysis underscores
the complex interplay between age, period, and cohort effects. Our research strengthens
the call for refining early detection strategies, increasing public awareness, and expanding
studies into the genetic and lifestyle factors contributing to the growing EO-CRC burden.
Addressing these issues through targeted research and public health interventions will be
crucial in mitigating the future impact of this disease.
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