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Simple Summary: Outcomes in colorectal cancer patients are significantly influenced
by patients’ socioeconomic status, but interplay between individual and neighborhood
socioeconomic status is not well characterized. The goal of this retrospective study was
to shed light on this interplay by investigating the effect of neighborhood socioeconomic
status in colorectal cancer patients with low individual socioeconomic status. Patients
living in affluent neighborhoods had faster treatment initiation and better overall survival
than those living in low-socioeconomic status areas, but their outcomes remained worse
than the general population. These findings can be used to inform future study, develop
targeted interventions, and help close the survival gap related to socioeconomic inequality
in these vulnerable patients.

Abstract: Background: Socioeconomic status (SES) significantly influences outcomes in
colorectal cancer (CRC) patients, with those from low-SES backgrounds facing worse prog-
noses. However, living in an affluent neighborhood may mitigate some of these disparities
through environmental advantages. This study investigates whether Medicaid-insured
CRC patients, as a proxy for low individual SES, experience better outcomes when residing
in high-SES neighborhoods. Methods: Using the National Cancer Database, we examined
Medicaid CRC patients, stratifying them by neighborhood SES indicators: median house-
hold income and education level. Patients in the highest and lowest quartiles of income and
education were compared. Medicaid patients from the highest-SES neighborhoods were
compared to the general population. Multivariable regression models analyzed 30- and
90-day postoperative mortality, overall survival (OS), and time from diagnosis to treatment
initiation and surgery. Results: CRC patients in high-income neighborhoods began treat-
ment earlier (coefficient —1.847, p = 0.015) and exhibited improved OS (HR 0.810, p < 0.001)
compared to those in low-income neighborhoods, irrespective of education level. Similarly,
patients in high-education neighborhoods started treatment sooner (coefficient —3.926,
p < 0.001) and had better OS (HR 0.897, p < 0.001). No differences were observed in time
to surgery or postoperative mortality. Despite these advantages, Medicaid patients in
high-income (HR 1.130, p < 0.001) and high-education (HR 1.209, p = 0.002) areas still had
worse OS compared to non-Medicaid patients. Conclusions: Higher neighborhood SES is
associated with a significant survival benefit for Medicaid CRC patients, but these patients
still lag behind their non-Medicaid counterparts. Understanding the mechanisms by which
neighborhood SES influences cancer outcomes could inform targeted interventions to close
the survival gap.
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1. Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed cancer and cause of
cancer-related death in the United States. In the United States alone, over 150,000 patients
are newly diagnosed with CRC, and an estimated 50,000 patients will die of CRC annually.
Notably, the disease is increasingly being diagnosed at later stages and in younger patients,
making a thorough understanding of CRC, its risk factors, and effective treatments more
important than ever [1]. The global burden is even more significant, with an estimated
1.9 million new cases and nearly 1 million deaths in 2020 [2].

CRC is frequently diagnosed via screening [3] and then treated with a combination of
surgery, chemotherapy, immunotherapy, and/or radiation, depending on cancer stage and
location. After treatment, surveillance for recurrent disease is recommended [4,5]. At each
of these steps, more disadvantaged patients with less access to health care may fall through
the cracks.

Socioeconomic status (SES) plays a significant role at all levels of health care. How-
ever, it is important to note that SES is not a singular, quantifiable value, but rather an
umbrella term that encompasses various factors that impact patients throughout the health-
care process. Understanding these nuances creates an opportunity to propose targeted
interventions and improve patient outcomes.

Previous studies have shown that all-cause [6], lung cancer [7], breast cancer [8], and
indeterminate cancer [9] mortality were worse in lower-income neighborhoods, even when
controlling for individual patients” income. In CRC specifically, lower SES has correlated
with increased incidence [10-13], later disease stage at presentation [14-17], and worse
overall outcomes [16,17]. A recent study concluded that neighborhood SES was the greatest
contributing factor to the disparity in overall survival between White and Black patients,
with 29% of the difference in this outcome attributable to neighborhood SES [18]. Although
much of this research has been done in American cohorts, the negative influence of low SES
on CRC outcomes holds in countries outside of the United States [19-26] and on a global
scale [27]. This surfeit of evidence suggests that patients” environments greatly impact their
health outcomes.

While CRC mortality is worse in low-SES neighborhoods [16,17,28-33], this relation-
ship between individual and neighborhood SES has not been well studied. More research is
needed to fully characterize the inequalities faced by low-SES patients with CRC in order to
design and implement actionable change. The underlying mechanism of how environment
impacts CRC disparities is still unclear. Furthermore, the literature has yet to elucidate
how environment and individual SES influence each other in patients with CRC. In this
study, we sought to control the influence of individual SES in order to specifically evaluate
the impact of patients’ surroundings on their CRC outcomes. To do this, we focused on
patients with individual low SES from different socioeconomic environments.

2. Materials and Methods

This study was deemed exempt from informed consent by the University of Vir-
ginia Institutional Review Board due to the de-identified nature and public availability of
the dataset.
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2.1. Study Population

De-identified data were sourced from the National Cancer Database (NCDB) using
the 2020 participant user file. The NCDB is a joint project of the Commission on Cancer
(CoC) of the American College of Surgeons and the American Cancer Society and covers
over 70% of cancer diagnoses in the United States [34]. The CoC’s NCDB and the hospitals
participating in the CoC’s NCDB are the source of the de-identified data used herein; they
have not verified and are not responsible for the statistical validity of the data analysis or
the conclusions derived by the authors.

Medicaid is the largest health insurance program in the United States and insures
nearly one-quarter of Americans. Its eligibility is largely based on income, with a ma-
jority of states offering coverage to adults with incomes 138% or less than the federal
poverty level [35]. Medicaid insurance status therefore served as a surrogate for indi-
vidual SES, which has been used previously as a surrogate for low-income status [36].
Patients > 18 years old in the NCDB covered by Medicaid insurance who were diagnosed
with CRC of any stage and any histology between the years 2004 and 2020 were included.
There were no systematic exclusion criteria.

For comparison with non-Medicaid patients, all patients > 18 years old in the NCDB
not enrolled in Medicaid who were diagnosed with CRC of any stage and any histology
between the years 2004 and 2020 were included. This included patients whose insurance
status was unknown.

2.2. Study Groups and Outcomes

The initial analysis involved two distinct comparisons to assess the impact of environ-
mental SES factors on cancer care: one focused on income, and the other on education. The
study population was first stratified into quartiles based on the median household income
associated with the patient’s zip code, using data from the time period corresponding to
the patient’s diagnosis. To emphasize the contrast in socioeconomic conditions, patients
within the median two quartiles were excluded, and patients from the highest-income
quartile were compared against those from the lowest quartile. A similar stratification was
applied for educational attainment, using the proportion of residents with a high school
diploma within each zip code. This was a comparison between patients from zip codes in
the highest quartile of high school graduation rate against those in the lowest quartile.

Subsequently, a combined income/education analysis was conducted. Medicaid CRC
patients from zip codes that were simultaneously in the highest or lowest quartile of income
(HI vs. LI) and the highest or lowest quartile of education (HE vs. LE) were included. This
generated four groups: HI/HE, HI/LE, LI/HE, and LI/HIL Outcomes of patients in these
groups were then compared against one another.

Finally, overall survival in Medicaid patients with CRC living in the highest income
and education quartiles was compared to overall survival in non-Medicaid patients.

The primary outcomes of interest were overall survival and mortality rates at 30 and
90 days post-surgery. Secondary outcomes were time from CRC diagnosis to the initiation
of treatment and the time from diagnosis to surgical intervention. Short-term postoperative
mortality was evaluated to specifically gauge the impact of surgical disparities, whereas
other variables were selected to study overall cancer care.

2.3. Statistical Analysis

Univariable analysis was used to compare the baseline characteristics and outcomes
of Medicaid patients with CRC patients living in areas of diverging SES as measured
by median household income and educational attainment. Continuous variables were
summarized as means with standard deviations and were compared using independent
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t-test, and categorical variables were summarized as frequencies with percentage and
compared using Chi-Square test.

Multivariable linear regression models were utilized to evaluate differences in the time
to initiation of treatment and time to surgery across study groups, adjusting for age, sex,
race, ethnicity, comorbidities as quantified by Charlson-Deyo score [37], disease stage, and
type of facility. The Charlson-Deyo score incorporates patients’ co-morbidities to predict
long-term survival and is calculated in the NCDB. Furthermore, multivariable logistic
regression models were developed to assess 30-day and 90-day postoperative mortality in
the subset of patients who underwent surgery, adjusting for the aforementioned variables
and any medical treatments administered (including chemotherapy and immunotherapy).
Cox regression analysis was subsequently employed to analyze overall survival, adjusting
for the previously mentioned factors and the surgical status of the patients. Patients with
missing data were excluded from multivariable regression analyses. Multicollinearity was
evaluated, with variance inflation factors all below 5. A sensitivity analysis was conducted
to investigate the potential interaction between income and education levels. Statistical
significance was determined by two-sided p-values of less than 0.05. For continuous
variables, normality was assumed per the central limit theorem.

All statistical analyses were performed using Stata version 15 (StataCorp LLC, College
Station, TX, USA).

3. Results

A total of 63,777 Medicaid patients across all zip codes were diagnosed with CRC
between 2004 and 2020 and therefore qualified for analysis.

3.1. Income Analysis

A total of 15,730 patients lived in the lowest-income quartile, and 13,046 lived in the
highest-income quartile area (Table 1). Medicaid patients living in the highest-income
quartile were more likely to be older (57.7 years vs. 55.6 years), White (68.1% vs. 51.2%) or
Asian (11.6% vs. 2.7%), non-Hispanic (87.4% vs. 83.7%), have a lower Charlson-Deyo score
(0.363 vs. 0.454), and be diagnosed with CRC at a lower stage (26.9% vs. 24.9% stage 0 or 1)
compared to those living in lowest-income areas. When controlling for demographic factors,
disease stage, treatment facility type, and comorbidities, patients in high-income neigh-
borhoods initiated treatment significantly earlier than those in low-income neighborhoods
(coefficient —1.847, p = 0.015; Table 2). There was no difference in time from diagnosis to
surgery (coefficient —1.390, p = 0.299). The adjusted 30-day postoperative mortality was sim-
ilar in patients living in high-income areas vs. those living in low-income areas (OR 0.793,
p = 0.163), as was the 90-day mortality (OR 0.863, p = 0.211). Improved overall survival was
associated with patients from high-income zip codes, both when unadjusted and when
controlled for demographic factors (adjusted HR 0.810, p < 0.001; Figure 1a). Factors asso-
ciated with worse overall survival included non-Hispanic ethnicity (HR 1.435, p < 0.001),
White race (HR 1.063, p = 0.037 compared to Black patients; HR 1.305, p < 0.001 compared
to Asian patients), older age (HR 1.014, p < 0.001), male sex (HR 1.133, p < 0.001), and higher
disease stage (HR 8.017, p < 0.001 for stage 4 vs. stage 0).
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Table 1. Univariable analysis for variables by income. Baseline comparison between Medicaid
patients diagnosed with colorectal cancer living in zip codes with the highest-quartile median income
vs. those in living in the zip codes with the lowest-quartile median income. Values in parentheses
represent percentages or standard deviation (*).

Low Income High Income p-Value
15,730 (54.7%) 13,046 (45.3%)
Age at Diagnosis ' 55.615 (11.974) 57.660 (14.012) <0.001
Sex
Male 7873 (50.1%) 6428 (49.3%) 0.188
Female 7857 (49.9%) 6618 (50.7%)
Race
White 8046 (51.2%) 8884 (68.1%) <0.001
Black 6607 (42.0%) 1940 (14.9%)
Asian 422 (2.7%) 1508 (11.6%)
Other 655 (4.2%) 714 (5.5%)
Ethnicity
Non-Hispanic 12,716 (83.7%) 11,031 (87.4%) <0.001
Hispanic 2485 (16.3%) 1584 (12.6%)
Charlson-Deyo Score 0.454 (0.800) 0.363 (0.725) <0.001
Facility Type
Community Cancer Program 1262 (8.8%) 1155 (9.8%) <0.001
Comprehensive Community Cancer Program 4403 (30.8%) 4010 (34.0%)
Academic/Research Program 6292 (44.0%) 4321 (36.6%)
Integrated Network Cancer Program 2343 (16.4%) 2315 (19.6%)
Clinical Stage
0 653 (8.7%) 502 (8.2%) 0.001
1 1224 (16.2%) 1139 (18.7%)
2 1003 (13.3%) 836 (13.7%)
3 808 (10.7%) 675 (11.1%)
4 3851 (51.1%) 2948 (48.3%)
Received Chemotherapy
No 7992 (50.8%) 6838 (52.4%) 0.023
Yes 7199 (45.8%) 5764 (44.2%)
Unknown 539 (3.4%) 444 (3.4%)
Received Immunotherapy
No 14,589 (92.8%) 12,277 (94.1%) <0.001
Yes 1016 (6.5%) 664 (5.1%)
Unknown 124 (0.8%) 105 (0.8%)
Received Surgery
No 3019 (19.3%) 2304 (17.7%) <0.001
Yes 12,661 (80.7%) 10,715 (82.3%)
Table 2. Adjusted outcomes for income. Comparison between Medicaid patients diagnosed with
colorectal cancer living in zip codes with the highest-quartile median income vs. those in living in
the zip codes with the lowest-quartile median income.
Estimate (Ref: Low-Income) 95% Confidence Interval p-Value
Time to treatment initiation * —1.847 —3.342, —0.353 0.015
Time to surgery ' —1.390 —4.014,1.233 0.299

30-day postoperative mortality ¥ 0.730 0.573,1.098 0.163
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Table 2. Cont.
Estimate (Ref: Low-Income) 95% Confidence Interval p-Value
90-day postoperative mortality ¥ 0.863 0.684, 1.088 0.211
Overall survival § 0.810 0.768, 0.855 <0.001

All outcomes adjusted for age, sex, race, ethnicity, Charlson-Deyo score, facility type, and disease stage. Postopera-
tive mortality additionally adjusted for presence/absence of chemotherapy and immunotherapy. Overall survival
additionally adjusted for presence/absence of chemotherapy, immunotherapy, and surgery. ¥ Multivariable linear
regression; estimate represents beta coefficient. ¥ Multivariable logistic regression; estimate represents odds ratio.
§ Multivariable Cox regression; estimate represents hazard ratio.
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Figure 1. Unadjusted Kaplan—-Meier curves for overall survival for NCDB patients with colorectal
cancer diagnoses between 2004 and 2020. All curves truncated when n < 10 patients in any group.
(a) Overall survival of Medicaid patients with colorectal cancer from low-income (solid line) and high-
income (dotted line) zip codes. (b) Overall survival of Medicaid patients with colorectal cancer from
low-education (solid line) and high-education (dotted line) zip codes. (c) Overall survival of Medicaid
patients with colorectal cancer from low-income/low-education (black line), low-income/high-
education (dotted line), high-income /low-education (green line), and high-income /high-education
(yellow line) zip codes. (d) Overall survival of non-Medicaid patients with colorectal cancer (black
line) compared to Medicaid patients living in the highest-income (dotted line) zip codes. (e) Overall
survival of non-Medicaid patients with colorectal cancer (black line) compared to Medicaid patients
living in the highest-income (dotted line) zip codes.
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3.2. Education Analysis

A total of 19,073 patients lived in the lowest-education quartile, and 8,375 lived in
the highest-education quartile areas (Table 3). Once again, those living in the highest-
education quartile areas were more likely to be older (57.5 years vs. 55.6 years), White
(73.7% vs. 55.5%) or Asian (8.6% vs. 6.7%), non-Hispanic (93.1% vs. 74.0%), have a lower
Charlson-Deyo score (0.367 vs. 0.761), and be diagnosed with CRC at a lower stage (25.9%
vs. 24.8% stage 0 or 1) than those in the lowest-education quartile areas. Patients in
the highest-education zip codes had a significantly shorter time from CRC diagnosis to
treatment initiation (coefficient —3.926, p < 0.001), but there was no difference in time from
diagnosis to surgery (coefficient —2.500, p = 0.097; Table 4). There was no difference in
30-day postoperative mortality (OR 1.047, p = 0.799) or 90-day mortality (OR 0.950, p = 0.694).
There was no difference in overall survival when unadjusted; however, living in a high-
education area was significantly associated with improved overall survival when adjusted
for demographic characteristics (HR 0.897, p < 0.001; Figure 1b). Similar to the prior analysis,
factors associated with decreased overall survival included older age (HR 1.011, p < 0.001),
male sex (HR 1.133, p < 0.001), White race (HR 1.468, p < 0.001 compared to Asian patients),
non-Hispanic ethnicity (HR 1.541, p < 0.001), and higher disease stage (HR 8.173, p < 0.001
for stage 4 vs. stage 0).

Table 3. Univariable analysis for variables by education. Baseline comparison between Medicaid
patients diagnosed with colorectal cancer living in zip codes with the highest-quartile high school
graduation rate vs. those in living in the zip codes with the lowest-quartile high school graduation
rate. Values in parentheses represent percentages or standard deviation (*).

Less Education More Education p-Value
19,073 (69.5%) 8375 (30.5%)
Age at Diagnosis 55.613 (12.517) 57.500 (13.976) <0.001
Sex
Male 9510 (49.9%) 4156 (49.6%) 0.717
Female 9563 (50.1%) 4219 (50.4%)
Race
White 10,577 (55.5%) 6173 (73.7%) <0.001
Black 6234 (32.7%) 1115 (13.3%)
Asian 1270 (6.7%) 718 (8.6%)
Other 992 (5.2%) 369 (4.4%)
Ethnicity
Non-Hispanic 13,730 (74.0%) 7466 (93.1%) <0.001
Hispanic 4831 (26.0%) 552 (6.9%)
Charlson-Deyo Score 0.404 (0.761) 0.367 (0.728) <0.001
Facility Type
Community Cancer Program 1737 (10.1%) 646 (8.5%) <0.001
Comprehensive Community Cancer Program 5203 (30.2%) 2711 (35.8%)
Academic/Research Program 7801 (45.3%) 2455 (32.4%)
Integrated Network Cancer Program 2485 (14.4%) 1758 (23.2%)
Clinical Stage
0 767 (8.5%) 285 (7.3%) 0.002
1 1466 (16.3%) 724 (18.6%)
2 1253 (13.9%) 553 (14.2%)
3 958 (10.6%) 440 (11.3%)
4 4559 (50.6%) 1893 (48.6%)
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Table 3. Cont.
Less Education More Education p-Value
Received Chemotherapy
No 9697 (50.8%) 4315 (51.5%) 0.009
Yes 8669 (45.5%) 3811 (45.5%)
Unknown 707 (3.7%) 249 (3.0%)
Received Immunotherapy
No 17,793 (93.3%) 7900 (94.3%) 0.005
Yes 1103 (5.8%) 411 (4.9%)
Unknown 176 (0.9%) 64 (0.8%)
Received Surgery
No 3607 (19.0%) 1442 (17.3%) <0.001
Yes 15,415 (81.0%) 6914 (82.7%)
Table 4. Adjusted outcomes for education. Comparison between Medicaid patients diagnosed with
colorectal cancer living in zip codes with the highest-quartile high school graduation rate vs. those in
living in the zip codes with the lowest-quartile high school graduation rate.
Estimate (Ref: Low-Education) 95% Confidence Interval p-Value
Time to treatment initiation * —3.926 —5.643, —2.210 <0.001
Time to surgery ' —2.500 —5.456, 0.457 0.097
30-day postoperative mortality ¥ 1.047 0.734,1.494 0.799
90-day postoperative mortality ¥ 0.950 0.737,1.225 0.694
Overall survival § 0.897 0.845, 0.951 <0.001
All outcomes adjusted for age, sex, race, ethnicity, Charlson-Deyo score, facility type, and disease stage. Postopera-
tive mortality additionally adjusted for presence/absence of chemotherapy and immunotherapy. Overall survival
additionally adjusted for presence/absence of chemotherapy, immunotherapy, and surgery. ¥ Multivariable linear
regression; estimate represents beta coefficient. ¥ Multivariable logistic regression; estimate represents odds ratio.
§ Multivariable Cox regression; estimate represents hazard ratio.
3.3. Combined Variable Analysis
A total of 16,558 patients met criteria for the combined analysis (Table 5). Of these,
10,817 patients lived in zip codes that were lowest-quartile in both income and education
(LI/LE); 4345 lived in zip codes that were highest-quartile in both income and education
(HI/HE); 79 lived in zip codes that were lowest-quartile in income and highest-quartile in
education (LI/HE); and 1317 lived in zip codes that were highest-quartile in income and
lowest-quartile in education (HI/LE). Consistent with the prior analyses, the HI/HE group
initiated treatment earlier than the LI/LE after adjustment (coefficient —4.419, p < 0.001);
there were no other differences in treatment initiation between groups. Additionally,
there was no difference between any of the groups in timing to surgery or postoperative
mortality. However, the LI/LE group had worse overall survival than both the HI/HE
group (HR 0.827, p < 0.001) and the HI/LE group (HR 0.800, p < 0.022); this difference did
not carry over when comparing LI/LE with LI/HE (HR 0.958, p = 0.768; Figure 1c).
Table 5. Adjusted outcomes for combination income/education analysis.
Comparison Group Estimate (Ref: LI/LE) 95% Confidence Interval p-Value
T LI/HE —7.642 —16.218,0.933 0.081
ime Ft‘? eatment HI/LE —1.465 —6.376, 3.446 0.559
tihation HI/HE —4.419 —6.485, —2.353 <0.001
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Table 5. Cont.

Comparison Group Estimate (Ref: LI/LE) 95% Confidence Interval p-Value

LI/HE ~4.816 ~19.990, 10.359 0.534

Time to surgery ' HI/LE ~7.458 ~16.543,1.626 0.108

HI/HE ~3.613 ~7.449,0.224 0.065

30-dav bostonerative LI/HE 0.905 0.196, 4.183 0.898

Y postope HI/LE 0.963 0.277,3.344 0.953
mortality

HI/HE 1.057 0.677, 1.651 0.807

90-dav bostonerative LI/HE 0.772 0.244, 2.437 0.659

Y PostoPe HI/LE 0.753 0.307,1.848 0.307
mortality

HI/HE 1.039 0.760, 1.422 0.809

LI/HE 0.958 0.717,1.278 0.768

Overall survival § HI/LE 0.800 0.661,0.968 0.022

HI/HE 0.827 0.768, 0.890 <0.001

LI/LE: low-income, low-education; LI/HE: low-income, high-education; HI/LE: high-income, low-education;
HI/HE: high-income, high-education. All outcomes adjusted for age, sex, race, ethnicity, Charlson-Deyo score, fa-
cility type, and disease stage. Postoperative mortality additionally adjusted for presence/absence of chemotherapy
and immunotherapy. Overall survival additionally adjusted for presence/absence of chemotherapy, immunother-
apy, and surgery.  Multivariable linear re%ression; estimate represents beta coefficient. ¥ Multivariable logistic
regression; estimate represents odds ratio. 3 Multivariable Cox regression; estimate represents hazard ratio.

3.4. Medicaid vs. Non-Medicaid Analysis

Given the positive association between survival and living in a high-SES environment,
we sought to evaluate whether outcomes in low-SES individuals living in high-SES areas
were comparable to the level of the general population, or whether disparities based on
individual SES persisted. We compared overall survival between Medicaid patients living
in the highest-income zip codes and the general population (Table 6), represented by the
total population of non-Medicaid CRC patients (n = 1,117,466). We opted to include all
non-Medicaid CRC patients rather than excluding uninsured patients to more closely
approximate the general US population. When adjusted for demographic factors, stage
of disease, treatment regimen, and treatment facility, the general population had better
overall survival than Medicaid patients from either the highest-income (HR 1.130, p < 0.001;
Figure 1d) or highest-education (HR 1.209, p < 0.001; Figure 1e) neighborhoods.

Table 6. Adjusted overall survival for high-SES Medicaid vs. non-Medicaid comparison.

Comparison Group Hazard Ratio (Ref: Non-Medicaid)  95% Confidence Interval p-Value
High-income Medicaid 1.130 1.088,1.173 <0.001
High-education Medicaid 1.209 1.155, 1.265 <0.001

Multivariable Cox regression. Outcomes adjusted for age, sex, race, ethnicity, Charlson-Deyo score, facility type,
and disease stage, and presence/absence of chemotherapy, immunotherapy, and surgery.

4. Discussion

The association between socioeconomic inequality and worse patient outcomes is well
established and significant but not well understood. Further investigation into multifac-
torial predictors may reveal interactions that surpass their individual effects on patient
experience and thereby offer insight into how these inequalities can be mitigated. To better
evaluate this in patients with CRC, we used the NCDB to stratify low-SES patients by the
median income and median educational level of their zip codes of residence. This was the
first study to evaluate the influence of neighborhood on patients with low individual SES
in CRC.



Cancers 2025, 17,1399

10 of 13

We found that the time from diagnosis to initiation of any treatment was significantly
shorter in patients from higher-income or higher-education neighborhoods compared to
their peers from low-income or low-education areas. This can be explained for a variety
of reasons. Previous research showed that patients living in higher-income areas were
more likely to be referred to cancer specialists who worked as part of a multi-disciplinary
team [38]. Patients benefit from increased guideline-concordant care and the comprehensive
services offered at large academic centers. These centers often have established systems
in place to coordinate care and streamline the process for patients, enhancing the overall
treatment experience and improving efficiency. The environmental impact on time to
initiation of treatment could also be secondary to improved health literacy in the patient’s
community. The patient’s support network may prompt them to seek care at major medical
centers rather than smaller community hospitals or encourage patients to more readily
participate in preventative health (e.g., annual appointments, screening).

The literature has shown that screening tests, like colonoscopies, are less often uti-
lized by individuals with low individual SES and neighborhood SES given competing
financial demands on the patients’ time, less access to health care, and high cost of
colonoscopy [39-41]. However, living in a more affluent neighborhood may provide eas-
ier access to these screening tests, whether that be via improved transportation options,
greater work flexibility, or other factors. In line with this, we found that patients in high-
income or high-education neighborhoods were diagnosed at earlier stages than patients in
low-income or low-education neighborhoods. Finally, lifestyle factors, like diet, exercise,
tobacco, and/or alcohol use impact our overall health and risk of CRC [42—45]. Socioeco-
nomic inequality plays a role in these exposures through access to healthy food, exercise
options, and health education. For individuals with low SES, living in a community that
enables healthy choices may impact these modifiable risk factors.

It is well established that patients with CRC living in lower-income areas experience
worse outcomes [16,17,28-33]. Our study took this one step further by evaluating a group
of patients with low individual SES to distinguish the role of the environment from the
individual’s SES. We found that living in a higher-income or higher-education area was
associated with improved overall survival. This also held true when comparing survival
in the HI/HE and LI/LE cohorts. The improvement in survival may be attributed to a
shorter time between diagnosis and treatment, improved lifestyle choices, or increased
access to screening and earlier stage at diagnosis. However, when comparing Medicaid
patients in the high-income or high-education areas to the general population, Medicaid
patients still had worse overall survival. This suggests that while environmental factors
can be leveraged to improve outcomes, a patient’s individual low SES cannot be entirely
mitigated by their surroundings.

Our study is inherently limited by its retrospective nature. We chose the NCDB as
our primary data source because it captures 75% of the newly diagnosed cancer cases in
the United States and had the patient demographics, tumor characteristics, and treatment
details necessary for this study. However, future studies could incorporate additional
data sources (e.g., census data) for more granular socioeconomic data. For example, this
study uses Medicaid as a proxy for low-SES, rather than individualized patient data.
Although Medicaid status has been used in this way before [36], it has its limitations since
some patients with increased medical needs qualify for Medicaid without meeting the
income-based threshold (e.g., end-stage renal disease on dialysis). This can potentially
confound some of the results that we observed. Additionally, Medicaid eligibility varies
geographically, so this population is not necessarily uniform in its SES, especially when
compared to non-Medicaid patients. Finally, the NCDB only provides primary payor
information, so we were unable to separate Medicaid recipients from dually Medicaid-
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/Medicare-insured patients. Future investigation into this question would ideally use
individual-level income and education data to avoid this limitation.

Additionally, this study was not able to control for individual education level. Low-
income patients may individually have high levels of education and derive direct benefit
from such, rather than getting an indirect benefit through their surroundings. The time
from diagnosis to surgery variable is limited in its interpretation due to evolving practice
changes over the past two decades in CRC and the different treatment pathways for colon
versus rectal cancer. Finally, our combined variable analysis was limited given the small
number of patients living in the lowest-income/highest-education zip codes (n = 79) and
highest-income /lowest-education zip codes (n = 1317). Given these low numbers, we
were unable to draw robust conclusions from this analysis on the interaction between the
two variables.

5. Conclusions

In conclusion, Medicaid patients derive an environmental benefit from their surround-
ings when they live in more affluent neighborhoods. This association is likely driven by
faster treatment initiation in higher-SES neighborhoods. However, despite the improve-
ment in survival, these patients still lag behind their non-Medicaid counterparts. Future
studies should focus on understanding the mechanisms by which neighborhood SES relates
to cancer outcomes to inform targeted interventions and help close the survival gap related
to socioeconomic inequality.
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