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Abstract

Background: Colorectal cancer (CRC) incidence rates have been decreasing in the United States (US), but there is limited
information about differences in these improvements among individuals from different racial and ethnic subgroups across
different regions of the US.

Methods: Data from the National Program of Cancer Registries (NPCR) and the Surveillance, Epidemiology, and End Results
(SEER) databases were used to examine trends in CRC incidence from 2001 to 2020 using a population-based retrospective
cohort study. We obtained annual estimates of CRC incidence and used meta-regression analyses via weighted linear models to
identify main effects and interactions that explained differences in CRC incidence trends among groups defined by race/ethnicity
and US region while also considering CRC stage and sex. To summarize overall trends over time in incidence rates for specific
racial and ethnic groups within and across US regions, we obtained average annual percentage change (AAPC) estimates.

Results: The greatest differences in CRC incidence trends were among groups defined by race/ethnicity and US region. Non-
Hispanic Black (NHB) persons had the largest declines in CRC incidence, with AAPC estimates ranging from �2.27 (95% CI:
�2.49 to �2.06) in the South to �3.03 (95% CI: �3.59 to �2.47) in the West, but had higher-than-average incidence rates at
study end. The AAPC estimate for American Indian/Alaska Native (AIAN) persons suggested no significant change over time
(AAPC: �0.41, 95% CI: �2.51 to 1.73).

Conclusion: CRC incidence trends differ among racial/ethnic groups residing in different US regions. Notably, CRC incidence
rates have not changed noticeably for AIAN persons from 2001-2020. These findings highlight the importance of reinvigorating
collaborative efforts to develop geographic and population-specific screening and preventative approaches to reduce the CRC
burden experienced by Native American communities and members of other minoritized groups.
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Plain language summary
Colorectal cancer (CRC) incidence rates have been decreasing in the United States (US), but there is limited information about
differences in these improvements among individuals from different racial and ethnic subgroups across different regions of the
US. Data from theNational Program of Cancer Registries from 2001-2020 were used to compare trends in CRC incidence rates
among racial/ethnic groups, US regions, and other characteristics. Non-Hispanic Black (NHB) individuals displayed the largest
reductions in CRC incidence, but their incidence rates remained higher than the national average at the end of the study study
period. Incidence rates decreased significantly for all racial/ethnic groups, except for American Indian/Alaska Native individuals,
whose incidence rates were essentially constant over time. These findings highlight the importance of reinvigorating col-
laborative efforts to develop geographic and population-specific screening and preventative approaches to reduce the CRC
burden experienced by minoritized groups.
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Introduction

Colorectal cancer (CRC) has the third highest incidence of all
cancers in the United States (US), and it results in the third and
fourth highest number of cancer deaths in men and women,
respectively.1-4 Recently, it has been noted that CRC incidence
has been trending higher for younger persons, and this has led
to the recent recommendation that CRC screening begin at age
45 rather than at age 50.5,6 In spite of this concerning de-
velopment, overall CRC incidence rates have been trending
downwards over the past decades.2,7-11

In the US, differences in incidence rates have been noted
among persons of different racial and ethnic groups, and in
particular, evidence suggests that non-Hispanic Black
(NHB) and American Indian/Alaska Native (AIAN) pop-
ulations have historically experienced the highest CRC
incidence.12-14 In addition to reports of differences in in-
cidence rates overall, there is also evidence suggesting that
trends in incidence differ among racial and ethnic groups in
the US.8,10,12,15,16 Drivers of these differences can be at-
tributed to racial and ethnic group-level differences en-
countered throughout the CRC clinical care continuum,
beginning with risk factors and prevention, but also con-
tinuing through diagnosis, treatment, and surveillance.17

Socioeconomic disadvantages such as low income and low
education, which have disproportionately impacted NHB
and AIAN populations historically, resulted in higher ex-
posure to CRC risk factors for CRC including high-fat diets,
tobacco and alcohol use, obesity and diabetes.18,19 NHB
and AIAN persons are also less likely than NHW persons to
have ever been screened for CRC.20 Even among those who
are screened, NHB populations are less likely than NHW
populations to receive screening colonoscopy, which re-
moves precancerous polyps.21 Similarly, due to poor access
to endoscopy services for many AIAN persons who reside
in rural areas, this population relies more heavily on mailed

fecal immunochemical tests (FITs) and may struggle to
access follow-up diagnostic colonoscopy.22,23

In spite of these reports, much remains unknown about
differences in CRC incidence trends among population sub-
groups. Not only is limited information published that com-
pares and contrasts CRC incidence trends among multiple
racial and ethnic groups, but much that is reported also fails to
differentiate among different regions of the US, something
that has been shown to be important, particularly for AIAN
populations.12,15

Understanding CRC incidence trends within subgroups of
the population defined by different demographic character-
istics such as race/ethnicity and gender, and across regions of
the US, can provide a comprehensive picture of the distri-
bution of CRC burden. Such information can help highlight
priorities for CRC prevention and control research and pro-
grammatic efforts. Therefore, our primary purpose is to es-
timate and compare CRC incidence trends for individuals
from distinct racial/ethnic groups across regions of the US
while accounting for differences arising due to sex and age. In
this effort, we focus on data from the past two decades,
2001 through 2020, and estimate separate trends according to
summary stage of CRC at diagnosis: localized/non-metastatic
or regional metastases only vs distant metastasis. Our hy-
potheses were that distinct CRC incidence trends would be
apparent for individuals from different racial/ethnic groups,
and these trends might differ according to the region of the US
in which individuals reside.

Methods

This study was based on data from United States Cancer
Statistics (USCS) for the period 2001 through 2020. USCS
data were accessed from the National Program of Cancer
Registries and Surveillance, Epidemiology, and End Results
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Program SEER*Stat Database: NPCR and SEER Incidence –
U.S. Cancer Statistics 2001-2020 Public Use Research Da-
tabase, 2022 submission (2001-2020).24 Data are from ret-
rospective population-based registries that participate in
CDC’s National Program of Cancer Registries and/or NCI’s
Surveillance, Epidemiology, and End Results Program and
meet high-quality data criteria. These registries cover ap-
proximately 98% of the U.S. population,25 and data are
available for download in SEER*Stat v8.4.2. This project,
Study ID: 21-102, was reviewed by the University of New
Mexico Health Sciences Institutional Review Board, and was
granted exemption according to Category 4: Secondary
research on data or specimens (no consent required). Fur-
thermore, the current report complies to RECORD guidelines
for SEER/USCS studies.26 Although this study received fi-
nancial support from the National Cancer Institute of the
United States, the funders played no role in the work
(Supplemental Material).

We extracted information about incident CRC cases re-
ported in individuals ages 20 and older for the stated time
period from the data source described above. CRC cases
were defined according to their locations in SEER*Stat with
the codes C18.0 through C18.9 and C19.9 and C20.9. As
recommended,27 we extracted incidence estimates using only
those cancer registries that provided appropriate data in each
year from 2001 through 2020 using the “R0120” indicator in
SEER*Stat. The demographic groups of primary interest in
this analysis were: US regions (Midwest, Northeast, South,
West), race/ethnicity (SEER/USCS labels are non-Hispanic
American Indian/Alaska Native [AIAN], non-Hispanic
Asian/Pacific Islander [API], Hispanic of any race [His-
panic], non-Hispanic Black [NHB], and non-Hispanic White
[NHW]), and sex (female and male). We excluded indi-
viduals of unknown race from analysis. Because trends in
age at onset have been explored recently from this data
source, we did not focus on this important demographic
grouping.28 Even so, we extracted data for three age groups
(20-49, 50-64, 65+) for summary purposes. We obtained
counts of incident CRC cases, classified according to their
overall summary stage, within each demographic group by
year of diagnosis (2001-2020). As summary stage definitions
changed markedly after 2017, particularly with respect to
localized vs regional CRC definitions,29 we extracted only
two categories of summary stage – distant vs localized or
regional – to enable stable assessments of trends over time. In
addition to obtaining total counts within groups defined
separately according to the levels of each demographic
variable, we used the tools incorporated into SEER*Stat to
obtain age-adjusted estimates of CRC incidence (events per
100 000 individuals), within groups of individuals simul-
taneously defined by combinations of the demographic,
CRC, and year variables. Age adjustments were accom-
plished according to 19 age groups and standardized to the
US Census P25-1130.30 We obtained 95% confidence in-
tervals using the Tiwari modification.31

In our primary analyses, we used the SEER-estimated age-
adjusted incidence rates, and their standard errors, within
subgroups of individuals simultaneously defined by the cat-
egories of the factors of interest: US region, race/ethnicity, sex,
distant vs localized or regional summary stage, and year at
diagnosis. Some of these combinations resulted in small
enough groups that fewer than 16 incident CRC cases were
observed. Because of this, we obtained estimates of CRC
incidence rates while pooling across years, in 2-, 3-, 4-, 5-, and
7-year intervals. We then used the estimates obtained from
combined years to impute incidence rates successively, along
with standard errors that reflected the added uncertainty due to
the prediction values. We used 7-year estimates to impute
suppressed incidence rates from the 5-year data, the 5-year
estimates to impute suppressed 4-year incidence rates, and so
on until annual incidence rates were available for all com-
binations of the factors of interest.

Using the natural logarithm-transformed estimates of in-
cidence rates from all the possible combinations of the dif-
ferent factors listed above, and the inverse of their variances as
analysis weights, we performed meta-regression analyses via
linear models to identify combinations of factors associated
with differences in CRC incidence trends over time. In this
analysis, we included year of CRC diagnosis using natural
cubic splines with knots placed at 2001, 2005.75, 2010.5,
2015.25, and 2020 to estimate CRC incident trends without
making parametric assumptions about their form.32,33 We
selected a model by minimizing Akaike’s Information Cri-
terion (AIC) in a step-by-step process. In the first step, we fit a
main-effects-only model, and subsequently fit additional
models that included all possible interactions for interaction
terms of higher and higher order. Once the AIC no longer was
lower after including the next higher set of interactions, we
initiated the second step. In this step, we added single in-
teractions of one higher order than the all-interactions model
with the lowest AIC. We selected interactions according to
their impact on the model AIC, and continued to add these
interactions until the AIC was not improved with the addition
of the next most important interaction.

The interactions included in the final meta-regression
model defined combinations of the factors of interest which
explained important differences in CRC incidence, and in
CRC incidence trends. To interpret the differences suggested
by these interactions we returned to SEER*Stat and extracted
age-adjusted incidence rates and standard errors within the
combinations of the factors of interest identified in the in-
teraction.We chose to obtain these marginal data summaries to
avoid the need to make specific comparisons that might have
been based on imputed annual incidence rates. We summa-
rized these CRC incidence estimates, including the indicated
CRC incidence trends over time, and compared them among
those combinations of factors. Using the results of these
models, we obtained estimates of incidence rate ratios, and
their confidence intervals, to make specific between-group
comparisons. We summarized the average trends over the
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study time period with estimates of average annual percentage
change (AAPC) within specific subgroups. We obtained these
estimates via linear regression models with log-transformed
incidence rates as the outcome variable and year of diagnosis as
the predictor variable. Exponentiating and scaling the resulting
regression coefficients and confidence limits provided the es-
timates corresponding to AAPC. In addition to estimating
AAPC estimates, we also obtained between-group incidence
rate ratios using estimates from the meta-regression regression
model. Analyses were performed in SAS (v9.4) and R (v4.2.3).

Results

This study reports on CRC incident trends from more than
2.5 million incident cases of CRC from 2001 to 2020 in the
US, as contained in the USCS. Over 75% of these cases
occurred among individuals identified as being NHW, with
more than 10% occurring among those identified as NHB.
This data resource reported more than 130 000 incident cases
for each of the first five years of this time interval. The lowest
counts of incident cases were reported between 2010 and
2013, where there were approximately 120 000 incident
cases per year. These incident counts occurred during a time
period of increasing population size, and this is reflected in
decreases in age- and population-adjusted incidence rates
over the course of this study (Table 1). After accounting for
differences in population sizes and age distributions, the rates
in Table 1 suggest that CRC incidence was consistently
highest among NHB persons and lowest for API persons
between 2001 and 2020.

Our meta-regression model-building efforts identified a
final model that included four significant three-way interac-
tions among the factors of interest. The most important in-
teraction in this meta-regression model estimated separate
incidence trends by race/ethnicity within regions of the US.
The other three interactions, in order of importance, modeled
separate incidence trends within groups defined by combi-
nations of summary stage and sex, sex and race/ethnicity, and
summary stage and race/ethnicity.

Figure 1 illustrates the most important interaction identified
in the meta-regression linear model, with spline estimates of
CRC incidence trends over time for each racial/ethnic group
within four US regions. The estimated trends shown in the
four panels of this figure highlight several key points. CRC
incidence rates trended lower over the 20-year study period for
almost all racial/ethnic groups in each US region, with the
exception of AIAN individuals. The greatest, and least, het-
erogeneity in CRC incidence rates among racial/ethnic groups
is apparent in the northeast, and west, US regions, respec-
tively. All four regions have greater parity among these
population subgroups toward the end of our study period when
compared to the beginning. The levels of CRC incidence rates
for different racial/ethnic groups appear to vary considerably
across different regions of the US, particularly in the early
years of the study period. This is illustrated further in Table 2,

where rate ratios compare the within-region incidence rates for
each racial and ethnic group to the overall incidence rates
within each US region for selected study years.

Although CRC incidence trends for racial/ethnic groups
within US regions are typically not linear in nature, summarizing
the overall trends over time with average annual percentage
change (AAPC) estimates can provide additional insights into
differences in overall trends over time. Table 3 contains AAPC
estimates for each racial/ethnic group within each region of the
US. The AAPC estimates differ significantly across the four US
regions for each racial/ethnic group (P < 0.001 for each), except
for AIAN persons (P = 0.864). The AAPC estimates demonstrate
that NHB persons had the highest declines in CRC incidence,
ranging from �2.27 (95% CI: �2.49 to �2.06) in the South
to�3.03 (95%CI:�3.59 to�2.47) in theWest. On the other end
of the spectrum, AIAN persons had the smallest changes in CRC
incidence. None of the per-region AAPC estimates for this
population group demonstrated a significant decline, nor did the
pooled-across-regions AAPC, which had an estimate of �0.41,
with a 95% CI ranging from �2.51 to 1.73).

The second most important interaction in the meta-
regression model demonstrates significant differences in
sex-specific incidence trends for CRC diagnoses for local-
ized or regional vs distant summary stages. The key dif-
ferences suggested by this finding are summarized here,
rather than in tables or figures. In 2001, age-adjusted lo-
calized or regional summary stage CRC incidence rates for
women and men were 34.9 (95% CI: 34.6 to 35.2) and 48.1
(95% CI: 47.7 to 48.5) events per 100 000 individuals, re-
spectively. The distant summary stage incidence rates were
7.7 (95% CI: 7.5 to 7.8) per 100 000 for women and 10.9
(95% CI: 10.7 to 11.1) per 100 000 for men. Incidence rates
decreased faster for men than for women for both summary
stage groups. The female:male incidence rate ratio for CRC
diagnoses of localized or regional summary stages was 0.73
(95% CI: 0.72 to 0.74) in 2001 and this rate ratio increased
linearly to a value of 0.78 (95% CI: 0.77 to 0.79) by 2020.
For CRC diagnoses at distant summary stages, the female:
male incidence rate ratio increased linearly from 0.71 (95%
CI: 0.69 to 0.73) in 2001 to a maximum of 0.76 (95% CI:
0.74 to 0.78) in 2006. After 2006, this incidence rate ratio
decreased to a value of 0.73 (95% CI: 0.71 to 0.74) in 2020.

The third most impactful interaction in the meta-regression
linear model indicates that there were differences in sex-
specific incidence trends according to different racial/ethnic
groups. The key differences suggested by this finding are
summarized here, rather than in tables or figures. Incidence
rates are higher for males than for females throughout the
study period for all racial/ethnic groups. In 2001, the female:
male incidence rate ratios varied among persons of different
races/ethnicities; these female:male incidence rate ratios were
0.79 (95% CI: 0.72 to 0.86) for AIAN, 0.75 (95% CI: 0.73 to
0.78) for API, 0.67 (95% CI: 0.66 to 0.69) for Hispanic, 0.75
(95% CI: 0.74 to 0.77) for NHB, and 0.722 (95% CI: 0.717 to
0.727) for NHW persons. The trends in female:male incidence
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rate ratios did not change significantly over time for AIAN,
API, or NHB persons. For Hispanic persons, the female:male
rate ratios increased on average by 0.34% (95% CI: 0.11% to
0.56%) for each year from 2001 to 2020, and for NHW
persons the female:male rate ratios increased on average by
0.44% (95% CI: 0.38% to 0.51%) for each year.

Figure 2 demonstrates that there are differences in
summary stage-specific CRC incidence rates for persons of
different racial and ethnic groups. Declines in incidence
rates are evident for all race/ethnic groups for localized or

regional CRC diagnoses, and these rates of decline are
significantly faster for localized or regional than for distant
summary stages for each racial/ethnic group. In 2020, there
was an average 12.3% (95% CI: 11.0% to 13.6%) decrease
in the localized or regional incidence rate for CRC diag-
noses, compared to the prevailing trends. There was also a
significant decrease in the incidence rates of CRC diag-
nosed at distant summary stages (3.7%, 95% CI: 1.1% to
6.2%), but this decrease was significantly lower than that
for those not diagnosed at distant summary stages. Table 3

Table 1. Colorectal Cancer Incidence Rates From 2001-2020.

AIAN API Hispanic NHB NHW

Rate (95%CI) Rate (95%CI) Rate (95%CI) Rate (95%CI) Rate (95%CI)

Total 37.1 (36.5-37.8) 30.5 (30.3-30.7) 33.1 (32.9-33.2) 45.0 (44.9-45.2) 39.6 (39.5-39.6)
Sex Female 33.5 (32.7-34.3) 26.4 (26.1-26.6) 27.9 (27.7-28.0) 39.6 (39.4-39.9) 34.5 (34.4-34.6)

Male 41.5 (40.5-42.5) 35.8 (35.5-36.1) 39.7 (39.5-40.0) 52.8 (52.5-53.1) 45.5 (45.4-45.6)
Age <50y 7.7 (7.4-8.0) 5.6 (5.5-5.7) 5.5 (5.4-5.6) 8.0 (7.9-8.1) 7.2 (7.2-7.3)

50-64y 69.8 (68.0-71.7) 57.5 (56.9-58.2) 60.4 (60-60.9) 90.3 (89.8-90.9) 67.4 (67.2-67.6)
65+y 167.0 (162.9-171.1) 141.1 (139.7-142.4) 158.6 (157.6-159.7) 203.3 (202.2-204.3) 191.6 (191.3-192)

Stage Localized or Regional 28.5 (28.0-29.1) 24.3 (24.1-24.5) 25.7 (25.6-25.9) 33.5 (33.3-33.6) 31.4 (31.3-31.4)
Distant 8.6 (8.3-8.9) 6.3 (6.2-6.4) 7.4 (7.3-7.4) 11.6 (11.5-11.6) 8.2 (8.2-8.2)

Region Northeast 21.6 (19.8-23.4) 28.8 (28.3-29.2) 36.5 (36.1-36.9) 43.1 (42.7-43.5) 41.8 (41.6-41.9)
Midwest 39.4 (37.6-41.3) 27.8 (27.1-28.5) 32.5 (31.8-33.1) 47.8 (47.4-48.2) 41.3 (41.1-41.4)
South 35.4 (34.4-36.4) 24.4 (23.9-24.8) 32.4 (32.2-32.7) 45.0 (44.8-45.3) 39.1 (39.0-39.2)
West 40.5 (39.6-41.5) 33.8 (33.5-34.1) 32.5 (32.2-32.7) 43.7 (43.1-44.2) 36.2 (36.0-36.3)

Year 2001 39.2 (35.7-42.8) 39.6 (38.1-41.0) 40.2 (39.2-41.2) 54.5 (53.5-55.4) 50.2 (49.9-50.5)
2002 38.7 (35.3-42.4) 39.4 (38.1-40.8) 39.0 (38.1-40.0) 54.9 (54.0-55.8) 49.1 (48.8-49.4)
2003 40.7 (37.3-44.4) 37.6 (36.3-38.9) 39.1 (38.2-40.1) 55.4 (54.5-56.4) 48.2 (47.9-48.5)
2004 38.0 (34.7-41.4) 37.1 (35.9-38.4) 40.1 (39.2-41.0) 54.9 (54.0-55.8) 47.3 (47.0-47.6)
2005 37.7 (34.6-41.1) 36.4 (35.2-37.6) 38.7 (37.8-39.5) 53.6 (52.7-54.5) 46.1 (45.8-46.3)
2006 39.8 (36.5-43.2) 35.7 (34.6-36.9) 38.7 (37.9-39.6) 52.7 (51.8-53.6) 44.5 (44.2-44.8)
2007 41.6 (38.3-45.0) 34.9 (33.8-36.0) 37.5 (36.7-38.3) 51.3 (50.5-52.2) 43.7 (43.4-44.0)
2008 38.8 (35.7-42.1) 34.9 (33.8-36.0) 36.8 (36.0-37.6) 50.6 (49.8-51.4) 42.4 (42.1-42.7)
2009 38.0 (35.1-41.1) 33.1 (32.1-34.1) 35.6 (34.9-36.4) 48.7 (47.9-49.5) 40.3 (40.0-40.5)
2010 38.5 (35.6-41.5) 32.6 (31.6-33.6) 33.3 (32.6-34.1) 46.6 (45.8-47.4) 38.6 (38.3-38.8)
2011 37.9 (35.1-40.9) 31.7 (30.8-32.7) 33.4 (32.7-34.2) 44.8 (44.1-45.6) 37.8 (37.6-38.1)
2012 36.3 (33.6-39.1) 29.9 (29.0-30.8) 31.9 (31.2-32.5) 43.6 (42.8-44.3) 37.0 (36.8-37.3)
2013 37.6 (34.9-40.5) 29.4 (28.5-30.2) 31.8 (31.2-32.4) 43.2 (42.5-43.9) 36.5 (36.3-36.8)
2014 36.7 (34.1-39.4) 29.1 (28.3-30.0) 31.9 (31.3-32.5) 42.4 (41.7-43.1) 36.6 (36.3-36.8)
2015 39.6 (37.0-42.4) 28.3 (27.5-29.1) 31.7 (31.1-32.3) 41.5 (40.9-42.2) 36.5 (36.2-36.7)
2016 40.6 (38.0-43.4) 28.4 (27.7-29.2) 30.9 (30.3-31.5) 40.0 (39.4-40.7) 35.8 (35.6-36.1)
2017 38.6 (36.1-41.2) 27.5 (26.7-28.2) 30.7 (30.2-31.3) 38.4 (37.8-39.1) 35.2 (34.9-35.4)
2018 35.8 (33.4-38.3) 26.8 (26.1-27.6) 30.2 (29.6-30.7) 38.5 (37.9-39.2) 34.8 (34.6-35.0)
2019 34.4 (32.1-36.8) 26.8 (26.1-27.5) 29.6 (29.1-30.1) 37.9 (37.3-38.5) 34.8 (34.5-35.0)
2020 31.7 (29.5-34.0) 22.7 (22.1-23.4) 25.6 (25.1-26.1) 32.6 (32.0-33.2) 30.9 (30.7-31.1)

Notes. Rates are per 100 000 and age-adjusted to the 2000 US Std Population (19 age groups - Census P25-1130) standard; Confidence intervals (Tiwari
2006 mod) are 95% for rates.
Abbreviations: AIAN: Non-Hispanic American Indian or Alaska Native; API: Non-Hispanic Asian or Pacific Islander; Hispanic: Hispanic of any race; NHB: Non-
Hispanic Black; NHW: Non-Hispanic White.
Midwest US region includes Ohio, Indiana, Illinois, Michigan, Wisconsin, Minnesota, Iowa, Missouri, North Dakota, South Dakota, Nebraska, Kansas; Northeast
US region includes Maine, NewHampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New York, New Jersey, Pennsylvania; South US region includes
Delaware, Maryland, District of Columbia, Virginia, West Virginia, North Carolina, South Carolina, Georgia, Florida, Kentucky, Tennessee, Alabama, Mississippi,
Arkansas, Louisiana, Oklahoma, Texas; West US region includes Montana, Idaho, Wyoming, Colorado, New Mexico, Arizona, Utah, Nevada, Washington,
Oregon, California, Alaska, Hawaii.
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shows AAPC estimates for changes in incidence rates for
localized or regional CRC, and for distant CRC, within each
racial/ethnic group. AIAN persons experienced the slowest
declines in CRC incidence at localized and regional stage,
and these differences were significant when compared to
each other racial/ethnic group. Hispanic persons experi-
enced significantly slower declines in localized or regional
CRC incidence than NHB and NHW persons. AIAN per-
sons also appeared to experience a slight, though non-
significant, increase in incidence rates for distant stage
CRC, and this trend differed significantly from those of all
other racial/ethnic groups. Hispanic and NHW persons
experienced significantly slower rates of decline in the
incidence of distant stage CRC than NHB persons. Sum-
maries of additional findings are shown in the Supplemental
materials.

Discussion

Our analyses of trends in CRC incidence identified four key
effects that simultaneously captured differences in CRC in-
cidence trends among the factors that were studied. The most
important finding is that there are differences in overall CRC
incidence trends that differed significantly among regions of
the US according to race and ethnicity. This finding suggests
that although overall CRC incidence rates are declining in the
US, there are population subgroups for whom improvement
has been markedly slower. This is illustrated in both Table 2
and Figure 1. Table 2 illustrates that incidence rates for in-
dividuals from distinct racial and ethnic groups varied over
time according to the region of the US in which they resided.
For instance, NHW individuals in the northeast had signifi-
cantly higher than average CRC incidence rates in 2001, but

Figure 1. Trends in incidence rates for each racial/ethnic group within each region of the US. Rates are per 100 000 and age-adjusted to the
2000 US Std Population (19 age groups - Census P25-1130) standard. Estimates were obtained from the results of the meta-regression
linear models analyses. (a) Midwest (b) Northeast (c) South (d) West.
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their incidence rates in 2019 were not distinguishable from the
regional average. In comparison, NHB individuals displayed
CRC incidence rates that were relatively consistent over time
when compared to the regional averages. Pairing this ob-
servation from Table 2 with the visual representation from
Figure 1, one observes that although overall declines in CRC
incidence were greatest for NHB individuals, they were not
sufficient to reduce their most recent rates below those of
other racial/ethnic subgroups. Of particular importance, the
curves in Figure 1 illustrate that although the CRC incidence
rates for AIAN individuals were among the lowest observed
in each region in 2001, this was no longer the case in most
regions of the US by the end of the study period.

This finding is concordant with prior reports of incidence
trends differing between AIAN and NHW populations in
various regions in the US.15,34 Although our findings do not
focus on the Contract Health Service Delivery Area
(CHSDA) counties containing or adjacent to federally
recognized tribal lands, and the regions in the US available
in our analyses are less refined, our findings are remark-
ably consistent. CRC incidence rates in 2001 tended to be
lower for AIAN persons than for NHW, with considerable
heterogeneity across regions. These patterns changed
over the course of our study period, with CRC incidence
rates changing negligibly among AIAN persons while

CRC incidence rates declined over the same period for
NHW persons. Unique to what has been reported
previously,8,10,12,15,16 our analyses suggest that similar
patterns are present when comparing CRC incidence rates
between AIAN persons and individuals of all other racial/
ethnic groups we considered.

The reported declines in CRC incidence rates, particularly
among NHW individuals,15,35 have been at least partially
ascribed to the effectiveness of screening colonoscopy, which
can remove precancerous polyps before they can develop into
CRC.36 Indeed, the gap for screening rates between NHB and
NHW populations has narrowed over time, from 41.9%
among NHB vs 49.6% among NHW in 2000 to 70.0% among
NHB vs 71.0% among NHW by 2018.17 The narrowing of the
incidence gap between NHB and NHW populations observed
in our results provides further evidence of this screening-
incidence relationship. Interestingly, comparing AIAN and
NHW populations in the same time period, the screening gap
did not narrow to the same extent (2000: 39.2% AIAN vs
49.6% NHW; 2018: 62.1% AIAN vs 71.0% NHW), which
may partially explain why incidence did not fall among AIAN
persons. Variations in the availability of and access to colo-
noscopy for CRC screening across different regions of the US,
particularly for minoritized populations, may therefore be a
contributor to the differences in CRC incidence trends we

Table 2. Comparisons of the Relative CRC Incidence Rates Between Each Region and the Nationwide Incidence Rate in That Year, for Each
Racial and Ethnic Group in Each of Three Study Years.

Incidence rate ratios (95% CI), relative to nationwide estimates

Race/Ethnicity Year Midwest Northeast South West

AIAN 2001 1.19 (0.93 - 1.52) 0.53 (0.33 - 0.84) 0.94 (0.78 - 1.12) 1.04 (0.90 - 1.21)
2010 1.01 (0.81 - 1.25) 0.66 (0.46 - 0.94) 0.86 (0.74 - 1.00) 1.14 (1.00 - 1.29)
2019 0.96 (0.78 - 1.17) 0.54 (0.39 - 0.76) 0.98 (0.86 - 1.11) 1.08 (0.97 - 1.21)

API 2001 0.76 (0.65 - 0.89) 0.82 (0.75 - 0.91) 0.71 (0.63 - 0.80) 1.11 (1.06 - 1.15)
2010 0.90 (0.79 - 1.01) 0.89 (0.83 - 0.96) 0.82 (0.75 - 0.89) 1.09 (1.04 - 1.13)
2019 0.95 (0.86 - 1.04) 0.98 (0.92 - 1.05) 0.92 (0.86 - 0.98) 1.05 (1.00 - 1.09)

Hispanic 2001 0.96 (0.86 - 1.08) 1.13 (1.06 - 1.20) 1.01 (0.96 - 1.06) 0.94 (0.89 - 0.98)
2010 0.95 (0.87 - 1.05) 1.14 (1.08 - 1.21) 0.96 (0.92 - 1.00) 0.99 (0.95 - 1.03)
2019 1.01 (0.94 - 1.09) 1.04 (0.99 - 1.09) 0.97 (0.94 - 1.01) 1.01 (0.98 - 1.05)

NHB 2001 1.07 (1.02 - 1.12) 0.96 (0.92 - 1.00) 0.99 (0.97 - 1.02) 0.99 (0.93 - 1.05)
2010 1.07 (1.02 - 1.11) 0.95 (0.91 - 0.99) 0.99 (0.97 - 1.02) 1.01 (0.96 - 1.07)
2019 1.06 (1.02 - 1.11) 0.95 (0.91 - 0.99) 1.01 (0.98 - 1.03) 0.94 (0.88 - 0.99)

NHW 2001 1.02 (1.00 - 1.03) 1.11 (1.09 - 1.13) 0.96 (0.95 - 0.97) 0.91 (0.89 - 0.92)
2010 1.04 (1.02 - 1.06) 1.05 (1.03 - 1.07) 0.98 (0.96 - 0.99) 0.94 (0.92 - 0.96)
2019 1.03 (1.01 - 1.04) 1.01 (0.99 - 1.03) 1.03 (1.01 - 1.04) 0.90 (0.88 - 0.92)

Notes. Estimates were obtained from the results of the meta-regression linear models analyses.
Rates are per 100 000 and age-adjusted to the 2000 US Std Population (19 age groups - Census P25-1130) standard; Confidence intervals (Tiwari 2006 mod) are
95% for rates.
Abbreviations: AIAN: Non-Hispanic American Indian or Alaska Native; API: Non-Hispanic Asian or Pacific Islander; Hispanic: Hispanic of any race; NHB: Non-
Hispanic Black; NHW: Non-Hispanic White.
Midwest US region includes Ohio, Indiana, Illinois, Michigan, Wisconsin, Minnesota, Iowa, Missouri, North Dakota, South Dakota, Nebraska, Kansas; Northeast
US region includes Maine, NewHampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New York, New Jersey, Pennsylvania; South US region includes
Delaware, Maryland, District of Columbia, Virginia, West Virginia, North Carolina, South Carolina, Georgia, Florida, Kentucky, Tennessee, Alabama, Mississippi,
Arkansas, Louisiana, Oklahoma, Texas; West US region includes Montana, Idaho, Wyoming, Colorado, New Mexico, Arizona, Utah, Nevada, Washington,
Oregon, California, Alaska, Hawaii.
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report.15,37 There are many possible causes for disparities in
CRC incidence trends among different racial/ethnic groups.
These include differences in the prevalence of risk factors such
as diet, obesity, smoking, and alcohol use, the gut microbiome,
and access to screening and treatment.15,37-40 Differences in
these exposures and challenges with healthcare access may
result in the disparities in CRC incidence trends that are
apparent across the different regions in the US. Challenges to
access include the geographic density of gastroenterologists,
which has been shown to be the highest in the Northeast and
Midwest, and lowest in the West,41 as well as high variability
in the uninsured rate, which has been shown to be the highest
in the South.42

The distinct CRC incidence trends reported here suggest
that there are unique patterns of CRC incidence over time
among racial/ethnic groups according to the four US re-
gions considered in this analysis. There also appear to be
differences between males and females, and among dif-
ferent racial/ethnic groups in CRC incidence trends ac-
cording to the stage at diagnosis. For instance, it appears
that AIAN women engage in CRC screening at signifi-
cantly lower rates than women from other racial and ethnic
groups.43 This suggests that differences in screening
participation may lead to the distinct trends among racial
and ethnic groups according to stage at diagnosis. This
could in turn have an impact on the overall differences in
the CRC incidence trends for different racial/ethnic groups
residing in different regions of the US. The differences
reported here suggest a need to develop and implement
interventions that are targeted towards improving
screening rates for men, and for AIAN persons, where
higher incidence rates or poorer incidence trends are
present.

It is apparent that incidence of CRC incidence dropped in
the year 2020 (see Figure 1). In fact, the pooled estimate of
CRC incidence in the year 2020 was 10.3% lower (95% CI:
9.3% to 11.2% lower) than would have been expected given
the trends from 2001 to 2019. This observation is consistent
with other reports that the COVID-19 pandemic caused
healthcare disruptions that led to delays in the diagnosis of
cancer.1

The findings of this report need to be considered within the
context of several limitations. This is a retrospective analysis
of data from the SEER and NPCR registries, with relatively
little information on comorbidities, access to care, CRC
screening, and insurance status. The provenance of the data
also suggests that the reported racial and ethnic classifica-
tions may reflect misclassification,44 which may bias our
estimates. Also, several of the factors of primary interest to
us were only available in broad categories in the data source
to which we had access. This is particularly noteworthy for
the regions of the US available for use, which were limited to
four broad categories, and in the racial/ethnic groups, which
only enabled the consideration of five groups: non-Hispanic
American Indian/Alaska Native (AIAN), non-Hispanic

Table 3. Estimates of Average Annual Percentage Change (AAPC)
for Persons of Each Racial/Ethnic Group Residing in Each US Region,
and Separately for Diagnoses of CRC at Different Summary Stages.

Race/Ethnicity US region AAPC Lower 95% CI Upper 95% CI

AIAN Midwest �0.63 �2.73 1.50
Northeast �1.06 �4.64 2.65
South �0.72 �2.00 0.59
West �0.07 �1.18 1.05

API Midwest �1.85 �2.98 �0.71
Northeast �1.60 �2.33 �0.86
South �1.33 �2.16 �0.49
West �2.53 �2.91 �2.15

Hispanic Midwest �1.73 �2.59 �0.86
Northeast �2.53 �3.02 �2.05
South �2.04 �2.37 �1.71
West �1.36 �1.70 �1.02

NHB Midwest �2.35 �2.74 �1.96
Northeast �2.37 �2.76 �1.99
South �2.27 �2.49 �2.06
West �3.03 �3.59 �2.47

NHW Midwest �2.09 �2.23 �1.96
Northeast �2.76 �2.89 �2.63
South �1.89 �2.00 �1.79
West �2.33 �2.47 �2.18

Race/
Ethnicity

CRC summary
stage AAPC

Lower 95%
CI

Upper 95%
CI

AIAN Localized or
Regional

�0.94 �2.03 0.17

Distant 0.81 �1.21 2.87
API Localized or

Regional
�2.67 �3.09 �2.24

Distant �1.23 �2.07 �0.38
Hispanic Localized or

Regional
�2.27 �2.57 �1.98

Distant �0.69 �1.25 �0.13
NHB Localized or

Regional
�2.82 �3.06 �2.58

Distant �1.32 �1.73 �0.90
NHW Localized or

Regional
�2.60 �2.69 �2.51

Distant �0.70 �0.89 �0.52

Notes. Estimates were obtained from the results of the meta-regression linear
models analyses.
An annual percentage change of �1 represents the situation where the group
experienced an average 1% reduction in CRC incidence for each year of
observation.
Abbreviations: AIAN: Non-Hispanic American Indian or Alaska Native; API:
Non-Hispanic Asian or Pacific Islander; Hispanic: Hispanic of any race; NHB:
Non-Hispanic Black; NHW: Non-Hispanic White.
Midwest US region includes Ohio, Indiana, Illinois, Michigan, Wisconsin,
Minnesota, Iowa, Missouri, North Dakota, South Dakota, Nebraska, Kansas;
Northeast US region includes Maine, New Hampshire, Vermont, Massa-
chusetts, Rhode Island, Connecticut, New York, New Jersey, Pennsylvania;
South US region includes Delaware, Maryland, District of Columbia, Virginia,
West Virginia, North Carolina, South Carolina, Georgia, Florida, Kentucky,
Tennessee, Alabama, Mississippi, Arkansas, Louisiana, Oklahoma, Texas;West
US region includes Montana, Idaho, Wyoming, Colorado, New Mexico,
Arizona, Utah, Nevada, Washington, Oregon, California, Alaska, Hawaii.
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Asian/Pacific Islander (API), Hispanic of any race (His-
panic), non-Hispanic Black (NHB), and non-Hispanic White
(NHW).

Conclusion

This analysis highlights the significant differences in CRC
incidence trends among persons of different racial/ethnic
population subgroups according to the region in the US in
which these individuals reside. Notable declines in CRC in-
cidence were evident in all four US regions for all racial/ethnic
groups, except for AIAN persons. Despite these improvements,
heterogeneity in CRC incidence among racial and ethnic
population subgroups persists, particularly for diagnoses made
at distant summary stages. That CRC incidence rates appear to
be unchanged for AIAN persons over the two-decade interval
considered for this study is a notable concern, particularly
within the context of significant declines for all other racial/
ethnic groups reported here. Coupling this observation with
recent reports that AIAN persons experience poorer CRC-
specific survival highlights the importance of addressing
CRC among this population subgroup.45,46 A number of in-
terventions are being implemented to support Native American
communities in their efforts to access recommended CRC
screening tests, promote healthy behaviors, and reduce risk
exposures.23,47,48 At least one study has shown that some
evidence-based interventions for increasing CRC screening that
may be effective in non-AIAN populations—such as using
social media to increase CRC awareness—were not preferred
and respondents instead preferred culturally appropriate printed
materials and mailed reminders.47 Still another tribe-specific

study revealed that improving access to a regular source of care
was the most preferred strategy for increasing CRC screening
rates, as Indian Health Service health centers must often pri-
oritize acute care services over preventive health.23,49 Addi-
tional efforts will be required to fully address the disparities
highlighted in this paper. Engagement with Native American
communities as they develop comprehensive community and
systems-based approaches is likely to offer the greatest potential
to finally reduce and overcome these historical and distressingly
persistent health disparities.
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