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ABSTRACT
Introduction: Non-Hispanic Black (Black) colorectal cancer (CRC) patients have a higher risk of mortality than most other ra-
cial/ethnic groups. Limited studies examine the contribution of socioeconomic (SES), clinicopathologic, or treatment variations 
to mortality disparities. This retrospective cohort investigation examined the extent to which SES, clinicopathologic, and treat-
ment factors explain racial/ethnic differences in CRC mortality.
Methods: We studied 146,515 individuals, 18+ years old, with a confirmed diagnosis of CRC within 2010–2017, identified from 
the Surveillance, Epidemiology, and End Results (SEER) database. We performed Cox regression analyses to examine the associ-
ation of race and ethnicity, surgery type, and tumor site with all-cause mortality and CRC-specific mortality. We then performed 
mediation analysis to quantify the extent to which mortality differences were mediated by SES, clinicopathologic, and treatment 
factors.
Results: Black patients had a significantly higher hazard of all-cause mortality than non-Hispanic White (White) patients. 
The White versus Black patients' comparison demonstrated that variations in SES and clinicopathologic factors significantly 
explained 46.63% (indirect effect HR: 0.92, 95% CI 0.91–0.93) and 10.87% (indirect effect HR: 0.98, 95% CI 0.97–0.99) of the ex-
cess all-cause mortality among Black patients, respectively. The Hispanic versus Black comparisons identified SES as the most 
influential mediator, explaining 19.68% of the excess all-cause mortality. The proportions mediating for CRC-specific mortality 
showed comparable outcomes to all-cause mortality.
Conclusion: Black patients had a greater risk for all-cause mortality and CRC-specific mortality attributed to SES and clinico-
pathologic variations compared to other racial/ethnic groups. Future studies should investigate equity in healthcare through 
interventions addressing SES-related disparities.
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1   |   Introduction

Racial and ethnic disparities in cancer survival due to tumor, 
sociodemographic, institutional, and neighborhood charac-
teristics have been observed among US populations [1]. The 
burden of colorectal cancer (CRC)-specific morbidity and mor-
tality—the second leading cause of cancer-related deaths in the 
United States—varies disproportionately based on patient char-
acteristics, including age, sex, race, and ethnicity [2–4]. In the 
United States, non-Hispanic, African American/Black (hence-
forth Black) adults have the highest CRC mortality rates com-
pared to non-Hispanic Caucasian/White (henceforth White) 
adults [5]. Despite extensive documentation of these race-based 
disparities [4], few studies have explored the impact of other 
contributing factors, including socioeconomic status (SES), 
clinicopathologic characteristics, and treatment-related fac-
tors, on CRC-specific outcomes. Identifying the effects of these 
determinants may lead to intervention against the modifiable 
aspects of well-known race-based disparities in CRC-specific 
morbidity and mortality.

Previous epidemiologic studies have associated patient-level 
SES (i.e., education, income, or employment) with CRC-related 
outcomes (e.g., patients who report earning a low income are 
more likely to experience worse surgical outcomes and greater 
risk of CRC-related death compared with adults earning higher 
incomes) [6, 7]. Additionally, clinicopathologic characteristics 
(e.g., tumor grade, size, site, and stage) were previously reported 
to be associated with CRC disease severity and outcomes, in-
cluding survival [8, 9]. Tumor location is associated with over-
all survival (e.g., patients diagnosed with rectal cancer report 
a higher 5-year survival rate compared to patients diagnosed 
with colon cancer) [10]. Likewise, tumor-sidedness was reported 
to be associated with survival. For instance, left-sided tumors 
are associated with a lower risk of mortality [10, 11]. Similarly, 
larger tumors are associated with a lower likelihood of survival 
[12, 13].

Finally, treatment options are consequential for CRC-related 
outcomes. Surgery, the most common treatment, cures up to half 
of patients [14]. Surgical intervention is contingent on tumor lo-
cation and the presence or extent of metastasis [14, 15]. Patients 
may undergo surgery (radiofrequency ablation, cryosurgery, 
etc.) based on tumor size, stage, and histology [15]. However, 
when controlling for SES and stage at CRC diagnosis, current 
research suggests that Black, Hispanic, and Asian patients are 
less likely to receive surgery than their White counterparts [16]. 
Additionally, a prior study reported that racially minoritized 
men and older patients were more likely to refuse treatment, 
with stated reasons including associated costs of care or pre-
existing health conditions [17, 18].

Although racial and ethnic disparities in CRC-specific out-
comes have been extensively documented, understanding the 
contributing factors associated with racial and ethnic dispari-
ties is critical for advancing health equity. In this investigation, 
we quantified the extent to which SES, clinicopathologic, and 
treatment-related factors may explain racial and ethnic differ-
ences in all-cause and CRC-specific mortality among individu-
als diagnosed with CRC.

2   |   Materials and Methods

2.1   |   Study Population and Data Source

We conducted a retrospective cohort investigation using second-
ary data derived from adults in the United States who received 
a primary diagnosis of CRC (i.e., encompassing the colon, sig-
moid, or rectum) between 2010 and 2017. Data were obtained 
from SEER's specialized census tract-level SES and rurality 
dataset  [19]. Using SEER*stat 8.4.3, we identified 235,504 pa-
tients ≥ 18 years of age with a confirmed microscopic diagnosis 
of CRC as their primary diagnosis within the specified period. 
Of the 235,504 patients who met our inclusion criteria, our anal-
ysis sequentially excluded individuals with unknown surgical 
status (n = 22,345) and those who lacked essential information, 
including race and ethnicity, tumor grade, tumor stage, geo-
graphic location, tumor site, and tumor size (n = 66,644). Hence, 
our analysis included a sample size of 146, 515, which was ad-
equately powered to answer the research questions (Table S2). 
The study population was de-identified; thus, the study was ex-
empted from approval by an Institutional Review Board.

2.1.1   |   Outcomes

Our primary focus in this study encompassed all-cause mor-
tality and CRC-specific mortality. Follow-up survival time was 
defined as the time (in days) between the CRC date of diagno-
sis and the mortality event or last contact date (December 31, 
2018), whichever occurred first. All-cause mortality was defined 
as death from any cause. CRC-specific mortality was defined as 
death due to CRC, and deaths due to other causes were censored.

2.1.2   |   Exposures

Our study concentrated on three key exposure variables as pre-
dictors of mortality outcomes: race and ethnicity, tumor site, 
and surgery type. Race and ethnicity were categorized as non-
Hispanic Caucasian/White (henceforth White), non-Hispanic 
African-American/Black (henceforth Black), Hispanic (all ra-
cial groups), and non-Hispanic (NH) Other (i.e., NH Asian or 
Pacific Islander and NH American Indian/Alaska Native) [20]. 
Tumor site was subdivided into cecum, ascending colon, trans-
verse colon, descending colon, sigmoid colon, rectosigmoid 
junction, and rectum. Surgery type was classified into four 
categories: no surgery, local excision, segmental resection, and 
radical resection. Detailed information on surgery grouping is 
shown in Table  S1. Additionally, SES, clinicopathologic char-
acteristics (tumor stage, size, site, and grade), and treatment-
related variables (surgery type, chemotherapy, radiotherapy, and 
treatment delay) were the proposed factors mediating the associ-
ation of race and ethnicity with mortality outcomes. Treatment 
delay was categorized as either “yes” or “no.” Patients who re-
ceived their first course of treatment (surgery, chemotherapy, 
radiotherapy, or endocrine therapy) within 1 month of diagnosis 
were classified as “no,” while those who began treatment more 
than 3 months after diagnosis were classified as “yes” [21–23]. 
SES was comprised of Yost Index SES quintiles (lowest, lower 
middle, middle, higher middle, and highest SES) and rurality 
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(all urban, mostly urban, mostly rural, and all rural). The Yost 
index is a comprehensive assessment of SES and is constructed 
by examining the primary factors derived from census tract-
level data, including adjusted median household income, me-
dian house value, median rent, the percentage of people living 
below 150% of the poverty line, an education index (i.e., percent 
with less than high school graduate, high school only and more 
than high school) and the percentages of working-class and 
unemployed individuals within specific block groups [24, 25]. 
Rurality was defined according to the Census Bureau's percent 
of the population living in non-urban areas and divided into 
four quartiles [26, 27]. We incorporated various cancer and so-
ciodemographic characteristics as covariates based on empirical 
evidence [21, 23, 28]. These encompassed age, gender, marital 
status, and year of diagnosis.

2.2   |   Statistical Analysis

Descriptive statistics were calculated to describe the study pop-
ulation's sociodemographic and cancer-related characteristics 
by surgery type, tumor site, race, and ethnicity. Significance 
testing was performed within each stratum using Pearson's chi-
squared test. We conducted a series of analyses to investigate the 
associations of surgery type, tumor site, and race and ethnicity 
with mortality outcomes (all-cause mortality and CRC-specific 
mortality). We generated crude hazard regression models and 
three sequentially adjusted Cox proportional hazard regression 
models. The first adjusted model incorporated SES, the second 
extended the adjustments to include tumor site and treatment 
characteristics, and the third model adjusted for the interaction 
of radiation therapy and chemotherapy with tumor site. We as-
sessed the proportional hazard's assumption and allowed the 
violating variables (i.e., age and marital status) to have time-
varying effects by adjusting for the interaction between them 
and the natural log of survival time.

Moreover, we used the inverse odds weighting (IOW) method 
to perform mediation analyses and quantify the extent to 
which variations in SES, clinicopathologic characteristics, and 

treatment-related factors explained the statistically significant 
differences in mortality outcomes between racial and ethnic 
groups [29–32]. We employed a competing-risk approach using 
Fine and Gray regression models, with non-CRC-specific mor-
tality as competing events, to determine the risk of CRC-specific 
mortality while employing conventional hazard models for all-
cause mortality [33, 34]. The mediation model we proposed to 
estimate the relative contribution of factors influenced by race 
and ethnicity and those that indirectly affected mortality out-
comes is presented in Figure 1. We interpreted a statistically sig-
nificant indirect effect as a corroboration of mediation. Lastly, 
we measured the extent of mediation by employing the propor-
tion mediated, which represents the share of the mortality dif-
ference between racial and ethnic groups that can be attributed 
to the mediating factors [35, 36]. All statistical tests were two-
sided, and a p-value less than 0.05 was considered statistically 
significant. Statistical analyses were conducted using SAS 9.4 
and Stata 18.

3   |   Results

A total of 146,515 adults (mean [SD] age, 64.9 [14.1]) were in-
cluded in the study. White patients constituted 66.49% of the 
total cohort, while Black, Hispanic, and NH Other patients com-
prised 11.79%, 12.23%, and 9.49%, respectively. When we exam-
ined the surgical procedures undergone by individuals, Black 
patients exhibited a higher percentage of “radical resection” 
(53.71%) compared to White (48.59%), Hispanic (44.67%), and 
NH Other (38.38%) patients (Table 1).

Radical resection constituted the most common surgical pro-
cedure at 47.74%. Local excision accounted for 4.87% of pa-
tients, with a majority being White adults (58.23%), aged 45–54 
(25.83%). Patients who did not undergo surgery represented 
4.14% of the total population, primarily consisting of White 
adults (64.92%), patients aged 55–64 (28.36%), and those in the 
highest SES (Table 2). Patients with distant metastasis (65.30%) 
represented most patients without surgery. The distribution 
of patients across tumor sites was as follows: cecum (17.45%), 

FIGURE 1    |    Proposed colorectal cancer mortality mediation model.
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TABLE 1    |    Demographic and tumor characteristics in individuals diagnosed with colon cancer by race and ethnicity, 2010–2017.

Total White Black Hispanic NH Other pa

N (%) 146,515 (100%) 97,413 (66.49%) 17,279 (11.79%) 17,915 (12.23%) 13,908 (9.49%)

Surgery type

No surgery 6069 (4.14%) 3940 (4.04%) 756 (4.38%) 840 (4.69%) 533 (3.83%) < 0.001

Local excision 7136 (4.87%) 4155 (4.27%) 1110 (6.42%) 936 (5.22%) 935 (6.72%)

Segmental resection 63,357 (43.24%) 41,985 (43.10%) 6133 (35.49%) 8137 (45.42%) 7102 (51.06%)

Radical resection 69,953 (47.74%) 47,333 (48.59%) 9280 (53.71%) 8002 (44.67%) 5338 (38.38%)

Tumor site

Cecum 25,562 (17.45%) 17,748 (18.22%) 3432 (19.86%) 2847 (15.89%) 1535 (11.04%) < 0.001

Ascending colon 22,549 (15.39%) 15,298 (15.70%) 3010 (17.42%) 2509 (14.01%) 1732 (12.45%)

Transverse colon 10,342 (7.06%) 7099 (7.29%) 1305 (7.55%) 1087 (6.07%) 851 (6.12%)

Descending colon 6641 (4.53%) 4065 (4.17%) 1032 (5.97%) 759 (4.24%) 785 (5.64%)

Sigmoid colon 29,277 (19.98%) 18,495 (18.99%) 3146 (18.21%) 4064 (22.68%) 3572 (25.68%)

Rectosigmoid junction 10,616 (7.25%) 6998 (7.18%) 961 (5.56%) 1448 (8.08%) 1209 (8.69%)

Rectum 26,953 (18.40%) 17,709 (18.18%) 2608 (15.09%) 3540 (19.76%) 3096 (22.26%)

Other 14,575 (9.95%) 10,001 (10.27%) 1785 (10.33%) 1661 (9.27%) 1128 (8.11%)

Gender

Female 71,361 (48.71%) 47,242 (48.50%) 8879 (51.39%) 8553 (47.74%) 6687 (48.08%) < 0.001

Male 75,154 (51.29%) 50,171 (51.50%) 8400 (48.61%) 9362 (52.26%) 7221 (51.92%)

Age at diagnosis

< 45 10,687 (7.29%) 6026 (6.19%) 1345 (7.78%) 2230 (12.45%) 1086 (7.81%) < 0.001

45–54 24,558 (16.76%) 14,566 (14.95%) 3633 (21.03%) 3759 (20.98%) 2600 (18.69%)

55–64 35,025 (23.91%) 21,997 (22.58%) 5008 (28.98%) 4612 (25.74%) 3408 (24.50%)

65–74 36,290 (24.77%) 24,762 (25.42%) 4177 (24.17%) 3896 (21.75%) 3455 (24.84%)

75+ 39,955 (27.27%) 30,062 (30.86%) 3116 (18.03%) 3418 (19.08%) 3359 (24.15%)

SES

Lowest 24,925 (17.01%) 12,093 (12.41%) 7462 (43.19%) 4204 (23.47%) 1166 (8.38%) < 0.001

Lower-mid 25,411 (17.34%) 16,265 (16.70%) 3495 (20.23%) 3954 (22.07%) 1697 (12.20%)

Middle 27,267 (18.61%) 18,556 (19.05%) 2610 (15.11%) 3768 (21.03%) 2333 (16.77%)

Upper-mid 31,976 (21.82%) 22,913 (23.52%) 2233 (12.92%) 3313 (18.49%) 3517 (25.29%)

Highest 36,936 (25.21%) 27,586 (28.32%) 1479 (8.56%) 2676 (14.94%) 5195 (37.35%)

County of residence

All rural 9545 (6.51%) 8547 (8.77%) 713 (4.13%) 170 (0.95%) 115 (0.83%) < 0.001

Mostly rural 10,010 (6.83%) 8701 (8.93%) 774 (4.48%) 347 (1.94%) 188 (1.35%)

Mostly urban 10,010 (6.83%) 8701 (8.93%) 774 (4.48%) 347 (1.94%) 188 (1.35%)

All urban 29,186 (19.92%) 22,324 (22.92%) 3032 (17.55%) 2363 (13.19%) 1467 (10.55%)

Marital status

(Continues)
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Total White Black Hispanic NH Other pa

Married 82,396 (56.24%) 56,174 (57.67%) 6923 (40.07%) 10,189 (56.87%) 9110 (65.50%) < 0.001

Single 26,239 (17.91%) 14,531 (14.92%) 5733 (33.18%) 3903 (21.79%) 2072 (14.90%)

Divorced/Separated 16,307 (11.13%) 10,853 (11.14%) 2395 (13.86%) 1994 (11.13%) 1065 (7.66%)

Widowed 21,573 (14.72%) 15,855 (16.28%) 2228 (12.89%) 1829 (10.21%) 1661 (11.94%)

Tumor stage

Localized 56,260 (38.40%) 38,071 (39.08%) 6513 (37.69%) 6490 (36.23%) 5186 (37.29%) < 0.001

Regional by direct 
extension only

20,985 (14.32%) 14,481 (14.87%) 2121 (12.28%) 2598 (14.50%) 1785 (12.83%)

Regional lymph nodes 
involved only

22,263 (15.20%) 14,259 (14.64%) 2876 (16.64%) 2835 (15.82%) 2293 (16.49%)

Regional by both direct 
extension and lymph 
node involvement

23,275 (15.89%) 15,323 (15.73%) 2473 (14.31%) 2980 (16.63%) 2499 (17.97%)

Distant 23,732 (16.20%) 15,279 (15.68%) 3296 (19.08%) 3012 (16.81%) 2145 (15.42%)

Tumor grade

Well differentiated; 
Grade I

16,199 (11.06%) 10,104 (10.37%) 2252 (13.03%) 2342 (13.07%) 1501 (10.79%) < 0.001

Moderately 
differentiated; Grade II

102,571 (70.01%) 67,708 (69.51%) 12,343 (71.43%) 12,446 (69.47%) 10,074 (72.43%)

Poorly differentiated; 
Grade III

22,740 (15.52%) 15,832 (16.25%) 2239 (12.96%) 2643 (14.75%) 2026 (14.57%)

Undifferentiated; 
anaplastic; Grade IV

5005 (3.42%) 3769 (3.87%) 445 (2.58%) 484 (2.70%) 307 (2.21%)

Tumor size

0–1 12,668 (8.65%) 8076 (8.29%) 1716 (9.93%) 1485 (8.29%) 1391 (10%) < 0.001

1.1–2 13,311 (9.09%) 8978 (9.22%) 1428 (8.26%) 1531 (8.55%) 1374 (9.88%)

2.1–4 46,123 (31.48%) 31,234 (32.06%) 4995 (28.91%) 5281 (29.48%) 4613 (33.17%)

4+ 74,413 (50.79%) 49,125 (50.43%) 9140 (52.90%) 9618 (53.69%) 6530 (46.95%)

Radiotherapy

No 127,088 (86.74%) 84,351 (86.59%) 15,561 (90.06%) 15,288 (85.34%) 11,888 
(85.48%)

< 0.001

Yes 19,427 (13.26%) 13,062 (13.41%) 1718 (9.94%) 2627 (14.66%) 2020 (14.52%)

Chemotherapy

No 84,483 (57.66%) 57,129 (58.65%) 9774 (56.57%) 9772 (54.55%) 7808 (56.14%) < 0.001

Yes 62,032 (42.34%) 40,284 (41.35%) 7505 (43.43%) 8143 (45.45%) 6100 (43.86%)

Year of diagnosis

(Continues)

TABLE 1    |    (Continued)
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ascending colon (15.39%), transverse colon (7.06%), descending 
colon (4.53%), sigmoid colon (19.98%), rectosigmoid junction 
(7.25%), rectum (18.40%), other (9.95%). Among patients with tu-
mors in the rectum, 58.73% were men and 41.27% were women.

3.1   |   All-Cause Mortality

Black patients [adjusted hazard ratio (aHR): 1.08, 95% CI 
1.05–1.11] had significantly higher risk of all-cause mortality 
than White patients (model 3) (Table  3). Conversely, Hispanic 
patients (aHR: 0.94, 95% CI 0.91–0.97) and NH Other (aHR: 
0.91, 95% CI 0.88–0.94) patients were at lower risk for all-cause 
mortality compared to White patients (model 3). Patients who 
underwent a surgical procedure (i.e., local excision, segmental, 
and radical resection) were at lower risk for all-cause mortality 
than patients with no surgery in the crude and adjusted mod-
els. Patients who underwent local excision (aHR: 0.43, 95% CI 
0.35–0.54), segmental resection (aHR: 0.28, 95% CI 0.26–0.31), 
and radical resection (aHR: 0.29, 95% CI 0.27–0.33) were at lower 
risk for all-cause mortality compared to people who did not un-
dergo surgery (model 3). Among patients who did not receive 
radiotherapy or chemotherapy, those with the primary tumor 
located in the transverse colon (aHR: 1.17, 95% CI 1.06–1.30) 
were at higher risk for all-cause mortality, whereas those with 
tumors in the rectum (aHR: 0.78, 95% CI 0.70–0.87) were at a 
significantly lower risk for all-cause mortality compared with 
those with tumors located in the cecum. Additionally, patients 
in the lowest SES quintile compared to the highest, men com-
pared to women, and single compared to married patients were 
all at higher risk for all-cause mortality.

3.2   |   Colorectal Cancer-Specific Mortality

As shown in Table 4, Black patients (aHR: 1.14, 95% CI 1.10–1.18) 
were at significantly increased risk for CRC-specific mortality 
than White patients (model 3). Moreover, patients who under-
went local excision (aHR: 0.34, 95% CI 0.25–0.46), segmental 
resection (aHR: 0.24, 95% CI 0.21–0.26), or radical resection 
(aHR: 0.25, 95% CI 0.22–0.28) were less likely to experience 
CRC specific mortality than those who did not undergo sur-
gery (Model 3). Among patients who only received radiotherapy 
(did not receive chemotherapy), patients with primary tumors 

situated in the descending colon (aHR: 1.46, 95% CI 1.06–2.01) 
demonstrated a higher likelihood of experiencing CRC-specific 
mortality. Conversely, individuals with tumors in the rectum 
(aHR: 0.79, 95% CI 0.68–0.92) were notably at lower risk of 
CRC-specific mortality than those with tumors in the cecum, as 
observed in Model 3. Patients who waited more than 1 month be-
tween diagnosis and the first course of treatment were less likely 
to have CRC-specific mortality (aHR: 0.85, 95% CI 0.82–0.88) 
than those who received treatment within 1 month of diagnosis.

3.3   |   Mediation Analysis

Mediators accounted for 51.38% (indirect effect HR: 0.92, 95% CI 
0.91–0.93) of excess all-cause mortality in Black versus White pa-
tients overall (Table 5). Variations in SES and clinicopathologic 
factors significantly explained 46.63% and 10.87% of excess all-
cause mortality, respectively. The Black patient versus Hispanic 
patient comparison identified SES as the most influential media-
tor, explaining 19.68% (indirect effect HR: 0.96, 95% CI 0.95–98) 
of excess all-cause mortality among Black patients. The Black 
patient versus White patient comparison identified variations 
in clinicopathologic characteristics as mediating factors, while 
the Black patient versus Hispanic patient comparison did not. 
Although the magnitudes differed, the proportions mediated 
for CRC-specific mortality displayed results similar to all-cause 
mortality. SES was the most critical mediator in all groups, with 
the greatest proportion mediated (55.23%) in the Black patient 
versus NH Other patient comparisons. In Black patients versus 
White patients, variations in clinicopathologic characteristics 
explained 9.06% (indirect effect HR: 0.98, 95% CI: 0.96–0.99) of 
the excess CRC-specific mortality. Lastly, the mediation analysis 
showed no evidence of mediation from treatment variations.

4   |   Discussion

Findings from this study showed that racial and ethnic dispari-
ties in mortality among US adults who received a primary diag-
nosis of CRC between 2010 and 2017 were primarily influenced 
by SES. SES was the strongest associated mediator leading to 
excess all-cause mortality among Black individuals [4, 37, 38]. 
Black patients had a higher risk of CRC-specific mortality than 
White patients, aligning with prior studies [4, 5, 39]. Black CRC 

Total White Black Hispanic NH Other pa

2010 18,095 (12.35%) 12,478 (12.81%) 2109 (12.21%) 1916 (10.69%) 1592 (11.45%) < 0.001

2011 17,647 (12.04%) 12,036 (12.36%) 2055 (11.89%) 1966 (10.97%) 1590 (11.43%)

2012 18,316 (12.50%) 12,398 (12.73%) 2130 (12.33%) 2118 (11.82%) 1670 (12.01%)

2013 18,048 (12.32%) 12,117 (12.44%) 2144 (12.41%) 2092 (11.68%) 1695 (12.19%)

2014 18,672 (12.74%) 12,370 (12.70%) 2228 (12.89%) 2282 (12.74%) 1792 (12.88%)

2015 18,694 (12.76%) 12,278 (12.60%) 2188 (12.66%) 2430 (13.56%) 1798 (12.93%)

2016 18,738 (12.79%) 12,085 (12.41%) 2232 (12.92%) 2534 (14.14%) 1887 (13.57%)

2017 18,305 (12.49%) 11,651 (11.96%) 2193 (12.69%) 2577 (14.38%) 1884 (13.55%)
aPearson chi-squared test was performed to obtain the p values.

TABLE 1    |    (Continued)
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patients had a higher risk of all-cause mortality compared to 
White patients, aligning with existing evidence [4, 39, 40, 41]. 
Patients who underwent a surgical procedure were less likely to 
experience all-cause and CRC-specific mortality. This corrobo-
rates findings that the five-year survival rate of CRC significantly 
improves due to surgery [42, 43]. In our study, treatment-related 
factors did not mediate all-cause or CRC-specific mortality. 
However, we observed variation in clinicopathologic factors 
as mediators for Black and White patients. These variations 
explained some of the excess CRC-specific mortality in Black 
individuals, aligning with prior study findings [44]. While ac-
knowledging the significance of clinicopathologic characteris-
tics, it is noteworthy that their influence, though substantial, 
followed the overarching influence of SES. This underscores 
the importance of addressing and understanding patient-level 
social and economic influences in any comprehensive analysis 
of CRC-related outcomes, especially regarding access to preven-
tion and treatment. Our findings emphasize the imperative of 
interventions targeting SES—and growing attention to health-
related social needs—to attain meaningful improvements in 
overall CRC-related outcomes [45].

Most patients underwent surgical procedures aligning with CRC 
guideline-concordant care recommendations [46, 47]. Timing of 
treatment was also an important risk factor in CRC mortality. 
For instance, patients who waited more than 1 month between 
diagnosis and the first course of treatment had a lower risk of 
CRC-specific mortality. In a prior study, CRC patients who ex-
perienced 1–2 weeks of treatment delay had an increased likeli-
hood of all-cause mortality but not CRC-specific mortality [48]. 
This may suggest that the ability to wait more than one month 
for CRC-related surgery indicates lower disease severity, thus 
resulting in lower CRC-specific mortality.

The most common tumor sites were the sigmoid, colon, and 
rectum, with more men reporting tumors in the rectum than 
women, in alignment with existing evidence [49, 50]. This might 
be attributed to the increased risk factors of CRC among men, 
including higher body mass index (BMI) and visceral fat deposit 
[51, 52]. In our study, patients with primary tumors located in 
the proximal colon (cecum, transverse colon) were at higher risk 
for all-cause mortality and CRC-specific mortality than patients 
with tumors in the rectum. Research on right-sided colon cancer 
versus left-sided colon cancer prognosis and mortality is poorly 
understood [53, 54]. However, evidence shows that patients with 
right-sided colon cancers are often at more advanced stages, 
with larger and more poorly differentiated tumors [55]. Results 
from another study indicate that mortality rates are lower for 
patients with rectal cancers than for those with proximal colon 
cancer [56].

All-cause mortality was greater among participants in the low-
est SES quintile compared with the highest SES quintiles [57]. 
This is potentially attributed to the inequitable distribution of 
resources and access to quality healthcare according to socio-
economic class in the United States. These disparities may also 
be attributed to a multi-dimensional array of issues, including 
behavioral risk factors, greater health-related social needs (i.e., 
food insecurity, housing instability, transportation issues, in-
terpersonal safety, and utility concerns), racism and discrimi-
nation, and generational mistrust [4, 57]. The greater all-cause 
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TABLE 3    |    Risk of all-cause mortality among US adults diagnosed with colorectal cancer, 2010–2017.

Overall mortality

Crude 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 1a 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 2b 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 3c 
proportional 
hazard ratio 

(95% confidence 
interval)

Race and ethnicity

White REFd REF REF REF

Black 1.10 (1.07–1.13) 1.09 (1.05–1.12) 1.09 (1.05–1.12) 1.08 (1.05–1.11)

Hispanic 0.89 (0.87–0.92) 0.96 (0.93–0.99) 0.94 (0.91–0.97) 0.94 (0.91–0.97)

NHe Other 0.82 (0.80–0.85) 0.95 (0.92–0.98) 0.91 (0.88–0.94) 0.91 (0.88–0.94)

Surgery type

No surgery REF REF REF REF

Local excision 0.11 (0.11–0.12) 0.09 (0.08–0.11) 0.45 (0.36–0.56) 0.43 (0.35–0.54)

Segmental resection 0.22 (0.21–0.22) 0.15 (0.14–0.16) 0.28 (0.26–0.31) 0.28 (0.26–0.31)

Radical resection 0.28 (0.27–0.29) 0.17 (0.16–0.19) 0.29 (0.26–0.32) 0.29 (0.27–0.33)

Tumor sitef

Cecum REF REF REF REF

Ascending colon 0.87 (0.81–0.94) 0.88 (0.81–0.95) 1.03 (0.95–1.11) 1.05 (0.97–1.14)

Transverse colon 0.94 (0.85–1.04) 1.01 (0.91–1.11) 1.14 (1.03–1.26) 1.17 (1.06–1.30)

Descending colon 0.67 (0.59–0.76) 0.83 (0.73–0.94) 1.01 (0.88–1.15) 1.06 (0.93–1.21)

Sigmoid colon 0.51 (0.47–0.55) 0.67 (0.61–0.73) 0.75 (0.69–0.82) 0.80 (0.73–0.87)

Rectosigmoid junction 0.54 (0.49–0.61) 0.65 (0.58–0.74) 0.80 (0.70–0.90) 0.87 (0.77–0.99)

Rectum 0.42 (0.39–0.46) 0.34 (0.31–0.38) 0.69 (0.63–0.77) 0.78 (0.70–0.87)

Other 0.81 (0.74–0.89) 0.99 (0.91–1.09) 1.02 (0.93–1.12) 1.02 (0.93–1.12)

Gender

Female REF REF REF REF

Male 0.92 (0.88–0.97) 1.15 (1.09–1.21) 1.17 (1.11–1.23) 1.17 (1.11–1.23)

Age at diagnosistvc

< 45 REF REF REF REF

45–54 1.12 (0.97–1.30) 1.22 (1.05–1.41) 1.21 (1.04–1.41) 1.21 (1.04–1.40)

55–64 1.62 (1.41–1.86) 1.63 (1.42–1.88) 1.55 (1.35–1.78) 1.53 (1.33–1.77)

65–74 2.14 (1.87–2.45) 2.16 (1.88–2.48) 2.14 (1.86–2.46) 2.12 (1.84–2.44)

75+ 4.36 (3.82–4.96) 4.08 (3.57–4.68) 3.23 (2.81–3.71) 3.20 (2.78–3.68)

SES

Lowest REF REF REF REF

Lower-mid 0.92 (0.89–0.94) 0.92 (0.89–0.95) 0.92 (0.89–0.94) 0.92 (0.89–0.94)

Middle 0.87 (0.84–0.89) 0.88 (0.85–0.91) 0.88 (0.86–0.91) 0.88 (0.86–0.91)

Upper-mid 0.81 (0.79–0.84) 0.83 (0.80–0.85) 0.82 (0.80–0.85) 0.83 (0.80–0.85)

Highest 0.71 (0.69–0.73) 0.74 (0.72–0.76) 0.74 (0.72–0.76) 0.74 (0.72–0.76)

(Continues)
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Overall mortality

Crude 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 1a 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 2b 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 3c 
proportional 
hazard ratio 

(95% confidence 
interval)

Rurality

All rural REF REF REF REF

Mostly rural 0.95 (0.91–0.99) 1.03 (0.98–1.08) 1.04 (0.99–1.09) 1.04 (0.99–1.09)

Mostly urban 0.93 (0.90–0.97) 1.00 (0.96–1.04) 1.01 (0.97–1.05) 1.01 (0.97–1.06)

All urban 0.93 (0.89–0.96) 0.98 (0.95–1.02) 1.00 (0.96–1.04) 1.00 (0.97–1.04)

Marital statustvc

Married REF REF REF REF

Single 1.43 (1.34–1.53) 1.61 (1.50–1.73) 1.36 (1.27–1.46) 1.36 (1.27–1.46)

Divorced/Separated 1.48 (1.36–1.60) 1.47 (1.36–1.60) 1.35 (1.24–1.46) 1.35 (1.24–1.46)

Widowed 2.49 (2.34–2.66) 1.57 (1.46–1.68) 1.31 (1.22–1.41) 1.31 (1.22–1.41)

Tumor stage

Localized REF REF REF

Regional by direct extension 
only

2.03 (1.83–2.24) 1.84 (1.66–2.05) 1.84 (1.66–2.05)

Regional lymph nodes involved 
only

2.06 (1.87–2.27) 3.67 (3.31–4.08) 3.68 (3.32–4.09)

Regional by both direct 
extension and lymph node 
involvement

3.66 (3.35–3.99) 5.52 (5.02–6.07) 5.52 (5.02–6.07)

Distant 10.60 (9.84–11.42) 16.90 (15.49–18.43) 16.76 (15.36–18.29)

Tumor grade

Well differentiated; Grade I REF REF REF

Moderately differentiated; Grade 
II

2.09 (1.86–2.35) 1.48 (1.31–1.67) 1.48 (1.31–1.67)

Poorly differentiated; Grade III 7.03 (6.22–7.93) 3.19 (2.82–3.61) 3.19 (2.82–3.62)

Undifferentiated; anaplastic; 
Grade IV

9.47 (8.20–10.93) 4.17 (3.61–4.83) 4.17 (3.61–4.83)

Tumor size

0–1 REF REF REF

1.1–2 2.18 (1.77–2.68) 1.42 (1.15–1.76) 1.43 (1.15–1.77)

2.1–4 4.35 (3.64–5.19) 1.65 (1.36–1.99) 1.66 (1.37–2.00)

4+ 8.47 (7.12–10.07) 2.13 (1.76–2.58) 2.15 (1.78–2.59)

Radiotherapyg

No REF REF REF

Yes 0.54 (0.50–0.59) 1.01 (0.98–1.05) 1.24 (1.09–1.42)

Chemotherapyh

(Continues)
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Overall mortality

Crude 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 1a 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 2b 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 3c 
proportional 
hazard ratio 

(95% confidence 
interval)

No REF REF REF

Yes 0.58 (0.55–0.61) 0.18 (0.17–0.19) 0.20 (0.18–0.21)

Treatment delay

No REF REF REF

Yes 0.98 (0.96–1.01) 0.91 (0.89–0.94) 0.91 (0.89–0.94)

Tumor site for patients who 
underwent radiotherapy

Radiotherapy and cecum REF

Radiotherapy and ascending 
colon

1.14 (0.91–1.42)

Radiotherapy and transverse 
colon

1.19 (0.90–1.59)

Radiotherapy and descending 
colon

1.41 (1.05–1.91)

Radiotherapy and sigmoid colon 0.88 (0.75–1.04)

Radiotherapy and rectosigmoid 
colon

0.83 (0.71–0.97)

Radiotherapy and rectum 0.77 (0.67–0.89)

Radiotherapy and other 1.01 (0.79–1.29)

Tumor site for patients who 
underwent chemotherapy

Chemotherapy and cecum REF

Chemotherapy and ascending 
colon

0.92 (0.86–0.98)

Chemotherapy and transverse 
colon

0.90 (0.83–0.98)

Chemotherapy and descending 
colon

0.80 (0.73–0.88)

Chemotherapy and sigmoid 
colon

0.85 (0.80–0.91)

Chemotherapy and rectosigmoid 
colon

0.81 (0.75–0.88)

Chemotherapy and rectum 0.84 (0.78–0.90)

Chemotherapy and other 1.01 (0.94–1.08)

Abbreviation: Tvc = time-varying covariate.
aModel 1 = Associations of surgery type, tumor site, and race and ethnicity with mortality outcomes adjusted for sociodemographic factors.
bModel 2 = Extended Model 1 by adjusting for tumor and treatment characteristics.
cModel 3 = Extended Model 2 by adjusting for the interaction of radiation therapy and chemotherapy with tumor site.
dRef = Reference group.
eNH = non-Hispanic.
fThe values provided in Model 3 are when the patients did not undergo chemotherapy or radiotherapy.
gThe values provided in Model 3 represent radiotherapy for cecum cases only.
hThe values provided in Model 3 represent chemotherapy for cecum cases only.
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TABLE 4    |    Risk of colorectal cancer-specific mortality among US adults diagnosed with colorectal cancer, 2010–2017.

Colorectal cancer-specific mortality

Crude proportional 
hazard ratio (95% 

confidence interval)

Model 1a 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 2b 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 3c 
proportional 
hazard ratio 

(95% confidence 
interval)

Race and ethnicity

White REFd REF REF REF

Black 1.21 (1.17–1.25) 1.15 (1.11–1.19) 1.15 (1.11–1.19) 1.14 (1.10–1.18)

Hispanic 1.04 (1.00–1.07) 1.06 (1.02–1.10) 1.04 (1.01–1.08) 1.04 (1.00–1.08)

NHe other 0.93 (0.89–0.97) 1.05 (1.01–1.09) 1.00 (0.96–1.04) 1.00 (0.96–1.04)

Surgery type

No surgery REF REF REF REF

Local excision 0.06 (0.05–0.06) 0.06 (0.04–0.08) 0.36 (0.26–0.49) 0.34 (0.25–0.46)

Segmental resection 0.17 (0.17–0.18) 0.11 (0.10–0.12) 0.24 (0.21–0.26) 0.24 (0.21–0.26)

Radical resection 0.22 (0.21–0.23) 0.13 (0.12–0.14) 0.24 (0.22–0.27) 0.25 (0.22–0.28)

Tumor sitef

Cecum REF REF REF REF

Ascending colon 0.86 (0.78–0.94) 0.86 (0.79–0.95) 1.05 (0.95–1.15) 1.05 (0.95–1.15)

Transverse colon 0.98 (0.87–1.10) 1.06 (0.94–1.19) 1.23 (1.09–1.38) 1.24 (1.10–1.40)

Descending colon 0.52 (0.45–0.61) 0.67 (0.57–0.79) 0.86 (0.73–1.01) 0.93 (0.79–1.10)

Sigmoid colon 0.43 (0.39–0.47) 0.57 (0.52–0.64) 0.67 (0.61–0.75) 0.74 (0.66–0.83)

Rectosigmoid junction 0.48 (0.42–0.55) 0.57 (0.49–0.66) 0.74 (0.64–0.86) 0.86 (0.74–0.99)

Rectum 0.35 (0.32–0.39) 0.26 (0.23–0.29) 0.59 (0.52–0.67) 0.74 (0.65–0.83)

Other 0.78 (0.70–0.87) 0.98 (0.88–1.10) 0.99 (0.89–1.10) 0.99 (0.89–1.11)

Gender

Female REF REF REF REF

Male 0.85 (0.80–0.90) 1.12 (1.10–1.15) 1.14 (1.11–1.16) 1.11 (1.04–1.18)

Age at diagnosistvc

< 45 REF REF REF REF

45–54 1.17 (0.99–1.38) 1.29 (1.08–1.52) 1.28 (1.08–1.52) 1.28 (1.08–1.52)

55–64 1.76 (1.50–2.06) 1.78 (1.52–2.09) 1.67 (1.42–1.96) 1.65 (1.40–1.94)

65–74 2.39 (2.05–2.79) 2.42 (2.07–2.83) 2.40 (2.05–2.82) 2.38 (2.03–2.79)

75+ 5.58 (4.80–6.49) 5.16 (4.41–6.03) 3.87 (3.30–4.55) 3.83 (3.26–4.50)

SES

Lowest REF REF REF REF

Lower-mid 0.92 (0.89–0.96) 0.95 (0.92–0.99) 0.94 (0.91–0.98) 0.94 (0.91–0.98)

Middle 0.87 (0.84–0.90) 0.91 (0.88–0.94) 0.91 (0.88–0.94) 0.91 (0.88–0.94)

Upper-mid 0.82 (0.79–0.84) 0.86 (0.83–0.89) 0.85 (0.82–0.89) 0.86 (0.83–0.89)

Highest 0.72 (0.70–0.75) 0.78 (0.76–0.81) 0.78 (0.75–0.81) 0.78 (0.75–0.81)

(Continues)



15 of 20

Colorectal cancer-specific mortality

Crude proportional 
hazard ratio (95% 

confidence interval)

Model 1a 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 2b 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 3c 
proportional 
hazard ratio 

(95% confidence 
interval)

Rurality

All rural REF REF REF REF

Mostly rural 0.96 (0.91–1.02) 1.00 (0.95–1.06) 1.02 (0.96–1.08) 1.02 (0.96–1.08)

Mostly urban 0.93 (0.89–0.98) 0.97 (0.93–1.02) 0.99 (0.94–1.04) 1.00 (0.95–1.04)

All urban 0.93 (0.89–0.97) 0.95 (0.91–0.99) 0.98 (0.94–1.03) 0.99 (0.94–1.03)

Marital statustvc

Married REF REF REF REF

Single 1.42 (1.31–1.54) 1.62 (1.49–1.75) 1.34 (1.23–1.45) 1.32 (1.22–1.44)

Divorced/Separated 1.46 (1.33–1.61) 1.46 (1.33–1.61) 1.32 (1.20–1.45) 1.31 (1.19–1.44)

Widowed 2.83 (2.63–3.06) 1.63 (1.50–1.77) 1.33 (1.23–1.44) 1.31 (1.21–1.43)

Tumor stage

Localized REF REF REF

Regional by direct extension only 2.85 (2.47–3.30) 2.66 (2.29–3.10) 2.57 (2.21–3.00)

Regional lymph nodes involved 
only

2.64 (2.30–3.04) 5.14 (4.44–5.96) 5.05 (4.36–5.86)

Regional by both direct 
extension and lymph node 
involvement

5.55 (4.91–6.28) 9.10 (7.98–10.38) 8.74 (7.64–9.99)

Distant 20.79 (18.64–23.20) 36.92 (32.70–41.68) 34.69 (30.64–39.29)

Tumor grade

Well differentiated; Grade I REF REF REF

Moderately differentiated; Grade 
II

2.15 (1.85–2.51) 1.52 (1.30–1.77) 1.51 (1.29–1.76)

Poorly differentiated; Grade III 9.44 (8.07–11.03) 3.91 (3.34–4.59) 3.85 (3.28–4.52)

Undifferentiated; anaplastic; 
Grade IV

13.02 (10.91–15.55) 5.26 (4.40–6.30) 5.12 (4.28–6.14)

Tumor size

0–1 REF REF REF

1.1–2 2.16 (1.59–2.92) 1.46 (1.32–1.61) 1.22 (0.90–1.67)

2.1–4 5.16 (3.98–6.70) 1.85 (1.69–2.03) 1.46 (1.11–1.92)

4+ 12.10 (9.36–15.64) 2.06 (1.88–2.25) 2.10 (1.60–2.77)

Radiotherapyg

No REF REF

Yes 0.49 (0.45–0.54) 1.02 (0.98–1.07) 1.24 (1.08–1.43)

Chemotherapyh

No REF REF REF

(Continues)
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Colorectal cancer-specific mortality

Crude proportional 
hazard ratio (95% 

confidence interval)

Model 1a 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 2b 
proportional 
hazard ratio 

(95% confidence 
interval)

Model 3c 
proportional 
hazard ratio 

(95% confidence 
interval)

Yes 0.49 (0.46–0.52) 0.14 (0.13–0.15) 0.16 (0.15–0.17)

Treatment delay

No REF REF REF

Yes 0.93 (0.90–0.96) 0.85 (0.82–0.88) 0.85 (0.82–0.88)

Tumor site for patients who 
underwent radiotherapy

Radiotherapy and cecum REF

Radiotherapy and ascending 
colon

1.19 (0.94–1.51)

Radiotherapy and transverse 
colon

1.16 (0.85–1.58)

Radiotherapy and descending 
colon

1.46 (1.06–2.01)

Radiotherapy and sigmoid colon 0.90 (0.75–1.07)

Radiotherapy and rectosigmoid 
colon

0.86 (0.72–1.02)

Radiotherapy and rectum 0.79 (0.68–0.92)

Radiotherapy and other 1.10 (0.85–1.43)

Tumor site for patients who 
underwent chemotherapy

Chemotherapy and cecum REF

Chemotherapy and ascending 
colon

0.99 (0.92–1.07)

Chemotherapy and transverse 
colon

1.00 (0.91–1.11)

Chemotherapy and descending 
colon

0.73 (0.65–0.83)

Chemotherapy and sigmoid 
colon

0.78 (0.72–0.84)

Chemotherapy and rectosigmoid 
colon

0.69 (0.62–0.76)

Chemotherapy and rectum 0.70 (0.64–0.76)

Chemotherapy and other 1.02 (0.94–1.12)

Abbreviation: Tvc = time-varying covariate.
aModel 1 = associations of surgery type, tumor site, and race and ethnicity with mortality outcomes adjusted for sociodemographic factors.
bModel 2 = Extended Model 1 by adjusting for tumor and treatment characteristics.
cModel 3 = Extended Model 2 by adjusting for the interaction of radiation therapy and chemotherapy with tumor site.
dRef = reference group.
eNH = non-Hispanic.
fThe values provided in Model 3 are when the patients did not undergo chemotherapy or radiotherapy.
gThe values provided in Model 3 represent radiotherapy for cecum cases only.
hThe values provided in Model 3 represent chemotherapy for cecum cases only.
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TABLE 5    |    Estimated proportion of racial and ethnic differences in all-cause mortality mediated by SES and treatment factors among US adults 
between 2010 and 2017.

Total effect, 
HR (95% CI)

Direct effect, 
HR (95% CI)

Indirect effect, 
HR (95% CI)

Proportion 
mediateda,b

All-cause mortality

Black (ref) vs. White patients

SESc 0.83 (0.81–0.89) 0.91 (0.88–0.94) 0.92 (0.91–0.93) 46.63%*

Clinicald 0.83 (0.81–0.89) 0.85 (0.82–0.88) 0.98 (0.97–0.99) 10.87%*

Treatmente 0.83 (0.81–0.89) 0.84 (0.81–0.86) 1.00 (0.99–1.00) 1.41%

All mediators 0.83 (0.81–0.89) 0.92 (0.89–0.94) 0.91 (0.89–0.93) 51.38%*

Black (ref) vs. Hispanic patients

SES 0.83 (0.81–0.86) 0.86 (0.83–0.89) 0.96 (0.95–0.98) 19.68%*

Clinical 0.83 (0.81–0.86) 0.83 (0.81–0.86) 1.00 (0.98–1.01) 1.60%

Treatment 0.83 (0.81–0.86) 0.84 (0.81–0.86) 1.00 (0.99–1.00) 2.34%

All mediators 0.83 (0.81–0.86) 0.86 (0.83–0.88) 0.97 (0.95–0.99) 16.13%*

Black (Ref) vs. NH other patients

SES 0.74 (0.71–0.77) 0.86 (0.81–0.90) 0.87 (0.83–0.90) 48.35%*

Clinical 0.74 (0.71–0.77) 0.74 (0.71–0.76) 1.01 (0.98–1.03) −2.41%

Treatment 0.74 (0.71–0.77) 0.74 (0.71–0.77) 1.01 (0.99–1.02) −2.80%

All mediators 0.74 (0.71–0.77) 0.82 (0.77–0.86) 0.91 (0.86–0.96) 32.10%*

CRC-specific mortality

Black (Ref) vs. White patients

SES 0.81 (0.78–0.84) 0.86 (0.83–0.90) 0.94 (0.93–0.95) 29.92%*

Clinical 0.81 (0.78–0.84) 0.83 (0.80–0.85) 0.98 (0.96–0.99) 9.06%*

Treatment 0.81 (0.78–0.84) 0.80 (0.78–0.83) 1.01 (0.99–1.02) −3.96%

All mediators 0.81 (0.78–0.84) 0.87 (0.84–0.90) 0.93 (0.91–0.95) 33.65%*

Black (Ref) vs. Hispanic patients

SES 0.89 (0.85–0.93) 0.92 (0.88–0.96) 0.97 (0.96–0.99) 26.22%*

Clinical 0.89 (0.85–0.93) 0.89 (0.87–0.93) 1.00 (0.98–1.02) 2.00%

Treatment 0.89 (0.85–0.93) 0.90 (0.87–0.94) 0.99 (0.98–1.01) 5.44%

All mediators 0.89 (0.85–0.93) 0.91 (0.88–0.95) 0.98 (0.95–1.00) 19.33%

Black(Ref) vs. NH Other patients

SES 0.80 (0.76–0.85) 0.90 (0.85–0.96) 0.88 (0.85–0.92) 55.23%*

Clinical 0.80 (0.76–0.85) 0.79 (0.75–0.83) 1.01 (0.98–1.04) −5.75%

Treatment 0.80 (0.76–0.85) 0.79 (0.75–0.83) 1.01 (0.99–1.03) −5.62%

All mediators 0.80 (0.76–0.85) 0.85 (0.80–0.90) 0.94 (0.89–0.99) 27.84%*

Note: Black used as the reference for all comparisons. The total effect represents the overall impact of race and ethnicity on mortality, encompassing all possible 
pathways. The direct effect isolates the impact of race and ethnicity on mortality after accounting for and excluding any influence from mediating pathways. 
Conversely, the indirect effect specifically captures the impact of race and ethnicity on mortality mediated through these pathways.
aProportion mediated = [(β_total − β_direct)/β_total] × 100.
bWe interpreted a statistically significant indirect effect as a corroboration of mediation.
cSES quintiles and rurality quartiles.
dTumor grade, site, size, and grade.
eSurgery type, chemotherapy, radiotherapy, and delayed treatment.
*p < 0.05.
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mortality risk among men compared with women may partially 
be explained by sex differences in the initiation and progression 
of CRC [51, 58, 59].

SES mediators accounted for almost half of the all-cause mor-
tality in Black patients compared to White patients. SES was 
the most significant mediator leading to excess all-cause mor-
tality among Black patients versus their Hispanic counterparts. 
There is evidence showing an association between low SES and 
worse outcomes among CRC patients; and in this study, Black 
individuals were more likely to report low SES [7, 60, 61]. Lower 
SES may predispose CRC patients to structural and inequitable 
access-related impediments to care, worsening CRC-specific 
outcomes [57].

Clinicopathologic characteristics had a lower mediating impact 
on all-cause mortality than SES, the most critical mediator in 
all groups. However, our study appropriately corroborates other 
available evidence on the effects of clinicopathologic factors. 
For instance, tumor differentiation and stage harmed patient 
survival, a difference more prominent in older populations [62]. 
As in prior studies, ours demonstrated that tumor location sig-
nificantly impacted mortality, with proximal and distal cancers 
showing higher mortality than rectum and rectosigmoid junc-
tion cancers [63]. Furthermore, a negative association existed 
between tumor size and CRC survival rate [10, 12]. CRC survival 
rates decreased significantly with increasing stages [64, 65]. 
Treatment type and a combination of treatments impacted sur-
vival rates for CRC patients [66, 67].

To our knowledge, this is the first study that quantified the ex-
tent to which SES, clinicopathologic, and treatment variations 
explained racial and ethnic differences in both all-cause mor-
tality and CRC-specific mortality among patients diagnosed 
with CRC. Limitations of this study include the absence of infor-
mation on the comorbidities that may have mediated all-cause 
mortality and CRC-specific mortality among patients. Another 
limitation of this study is the exclusion of patients with missing or 
unknown values for SES, clinicopathologic, or treatment-related 
factors. This exclusion may have introduced bias, especially if 
the missing data were not randomly distributed across the pop-
ulation or racial and ethnic groups. This can affect the study's 
findings by skewing comparisons between groups, potentially 
underestimating disparities, and impacting the study's gener-
alizability Despite growing evidence of an increased burden of 
CRC mortality among NH American Indian and Alaska Native 
adults, the decision to collapse these into the NH Other racial 
and ethnic categories, based on available data for analysis, fur-
ther limited the implications of our study. Furthermore, this 
analysis could not consider the effect of socio-structural factors 
(e.g., transportation, distance to care services, and non-marital 
social support networks) that may have impacted access and uti-
lization of therapeutic services for better CRC outcomes.

The study's findings underscore the critical need for targeted 
interventions to address the disproportionately higher rates of 
radical resection and mortality among Black patients with col-
orectal cancer. These disparities are driven by late-stage pre-
sentation, socioeconomic barriers, limited access to timely and 
comprehensive care, and systemic inequities in healthcare de-
livery [4, 16, 52]. Clinically, enhancing early detection through 

targeted screening, ensuring equitable access to guideline-
concordant treatments, and addressing implicit biases in 
care provision are essential to improving outcomes [16, 33]. 
Furthermore, building trust through culturally sensitive com-
munication and addressing social determinants of health, such 
as financial and transportation barriers, is critical to mitigating 
these disparities [52]. These findings highlight the urgent need 
for multifaceted approaches combining early intervention, equi-
table treatment, and systemic changes to advance health equity 
in CRC care [4].

5   |   Conclusion

Our study assessing racial and ethnic disparities in all-cause 
and CRC-specific mortality rates among adults in the United 
States reveals that SES, coupled with clinicopathologic char-
acteristics, emerged as primary factors influencing disparately 
higher mortality rates among Black patients compared to 
White patients. This study underscores the intricate interac-
tion between social, economic, and health-related factors, em-
phasizing the need for targeted interventions addressing both 
patient-level SES attributes and healthcare access to mitigate 
the observed disparities in mortality outcomes between racial 
and ethnic groups. Understanding and addressing these mul-
tifaceted determinants is crucial for advancing health equity 
initiatives and promoting a more just and effective healthcare 
system in the United States.
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