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Background: Colorectal cancer (CRC) is the second-leading 
cause of cancer-related deaths in the United States. Rural living 
poses special challenges to CRC screening and management, 
but it is unclear whether rural/urban disparities persist within 
the Veterans Health Administration (VHA).
Methods: This study used VHA data to examine characteristics 
and mortality among veterans with newly diagnosed CRC. 
Urban areas were defined using Rural Urban Commuting Area 
categories 1.0 and 1.1; all other areas were classified as rural. 
Propensity score-matching analysis was used to address 
differences in baseline characteristics and compare mortality 
between rural and urban veterans with CRC. An additional 
propensity score-matching analysis focused on CRC among 
veterans aged ≤ 45 years. 
Results: Of 2,460,727 individuals, there were 19,422 urban 
and 10,797 rural veterans with CRC (fiscal years 2016-2021). In 

rural areas, 83.6% of patients with CRC were White, compared 
to 67.8% in urban areas. Veterans with CRC in rural areas were 
also older, more likely to be obese, but had a lower Charlson 
Comorbidity Index (all P < .05). In the propensity score-
matched cohort, baseline demographics and comorbidities 
were similar between rural and urban CRC patients. Total 
mortality occurred in 3702 urban veterans (34.3%) and 3763 
rural veterans (34.9%) (hazard ratio [HR], 1.01; 95% CI, 0.97-
1.06, P = .53). More patients with CRC were aged ≤ 45 years in 
urban areas (n = 391, 2.0%) than in rural areas (n = 160, 1.5%; 
P = .001), and their mortality was similar in the propensity 
score-matched group (HR, 0.97; 95% CI, 0.57-1.63).
Conclusions: Veterans with CRC in rural or urban areas had 
similar survival outcomes. The study implies that an integrated 
health system may help alleviate disparities between rural and 
urban America.
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Colorectal cancer (CRC) is the second-
leading cause of cancer-related deaths 
in the United States, with an estimated 

52,550 deaths in 2023.1 However, the disease 
burden varies among different segments of the 
population.2 While both CRC incidence and 
mortality have been decreasing due to screening 
and advances in treatment, there are disparities 
in incidence and mortality across the sociode-
mographic spectrum including race, ethnicity, 
education, and income.1-4 While CRC incidence 
is decreasing for older adults, it is increasing 
among those aged < 55 years.5 The incidence 
of CRC in adults aged 40 to 54 years has in-
creased by 0.5% to 1.3% annually since the 
mid-1990s.6 The US Preventive Services Task 
Force now recommends starting CRC screening 
at age 45 years for asymptomatic adults with 
average risk.7

Disparities also exist across geographical 
boundaries and living environment. Rural Amer-
icans faces additional challenges in health and 
lifestyle that can affect CRC outcomes. Com-
pared to their urban counterparts, rural residents 
are more likely to be older, have lower levels of 
education, higher levels of poverty, lack health 
insurance, and less access to health care prac-
titioners (HCPs).8-10 Geographic proximity, de-
fined as travel time or physical distance to a 

health facility, has been recognized as a predic-
tor of inferior outcomes.11 These aspects of rural 
living may pose challenges for accessing care 
for CRC screening and treatment.11-13 National 
and local studies have shown disparities in CRC 
screening rates, incidence, and mortality be-
tween rural and urban populations.14-16

It is unclear whether rural/urban disparities 
persist under the Veterans Health Administration 
(VHA) health care delivery model. This study ex-
amined differences in baseline characteristics 
and mortality between rural and urban veterans 
newly diagnosed with CRC. We also focused on 
a subpopulation aged ≤ 45 years.

METHODS
This study extracted national data from the US 
Department of Veterans Affairs (VA) Corporate 
Data Warehouse (CDW) hosted in the VA Infor-
matics and Computing Infrastructure (VINCI) 
environment. VINCI is an initiative to improve 
access to VA data and facilitate the analysis 
of these data while ensuring veterans’ privacy 
and data security.17 CDW is the VHA business 
intelligence information repository, which ex-
tracts data from clinical and nonclinical sources 
following prescribed and validated protocols. 
Data extracted included demographics, diagno-
sis, and procedure codes for both inpatient and 
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outpatient encounters, vital signs, and vital sta-
tus. This study used data previously extracted 
from a national cohort of veterans that encom-
passed all patients who received a group of 
commonly prescribed medications, such as 
statins, proton pump inhibitors, histamine-2 
blockers, acetaminophen-containing prod-
ucts, and hydrocortisone-containing skin appli-
cations. This cohort encompassed 8,648,754 
veterans, from whom 2,460,727 had encoun-
ters during fiscal years (FY) 2016 to 2021 (study 
period). The cohort was used to ensure that 
subjects were VHA patients, allowing them to 
adequately capture their clinical profiles.

Patients were identified as rural or urban 
based on their residence address at the date 
of their first diagnosis of CRC. The Geospa-
tial Service Support Center (GSSC) aggregates 
and updates veterans’ residence address re-
cords for all enrolled veterans from the National 
Change of Address database. The data con-
tain 1 record per enrollee. GSSC Geocoded 
Enrollee File contains enrollee addresses and 
their rurality indicators, categorized as urban, 
rural, or highly rural.18 Rurality is defined by the 
Rural Urban Commuting Area (RUCA) catego-
ries developed by the Department of Agricul-
ture and the Health Resources and Services 
Administration of the US Department of Health 
and Human Services.19 Urban areas had RUCA 
codes of 1.0 to 1.1, and highly rural areas had 
RUCA scores of 10.0. All other areas were clas-
sified as rural. Since the proportion of veterans 
from highly rural areas was small, we included 
residents from highly rural areas in the rural res-
idents’ group.

Inclusion and Exclusion Criteria
All veterans newly diagnosed with CRC from 
FY 2016 to 2021 were included. We used the 

ninth and tenth clinical modification revisions 
of the International Classification of Diseases 
(ICD-9-CM and ICD-10-CM) to define CRC di-
agnosis (Supplemental materials, available at 
doi:10.12788/fp.0560).4,20 To ensure that patients 
were newly diagnosed with CRC, this study ex-
cluded patients with a previous ICD-9-CM code 
for CRC diagnosis since FY 2003. 

Comorbidities were identified using diag-
nosis and procedure codes from inpatient and 
outpatient encounters, which were used to cal-
culate the Charlson Comorbidity Index (CCI) at 
the time of CRC diagnosis using the weighted 
method described by Schneeweiss et al.21 We 
defined CRC high-risk conditions and CRC 
screening tests, including flexible sigmoidos-
copy and stool tests, as described in previous 
studies (Supplemental materials, available at 
doi:10.12788/fp.0560).20 

The main outcome was total mortality. The 
date of death was extracted from the VHA 
Death Ascertainment File, which contains 
mortality data from the Master Person Index 
file in CDW and the Social Security Adminis-
tration Death Master File. We used the date of 
death from any cause, as cause of death was 
not available.

A propensity score (PS) was created to 
match rural (including highly rural) and urban 
residents at a ratio of 1:1. Using a stan-
dard procedure described in prior publica-
tions, multivariable logistic regression used 
all baseline characteristics to estimate the PS 
and perform nearest-number matching with-
out replacement.22,23 A caliper of 0.01 maxi-
mized the matched cohort size and achieved 
balance (Supplemental materials, available at 
doi:10.12788/fp.0560). We then examined the 
balance of baseline characteristics between 
PS-matched groups. 

TABLE 1. Veterans With Colorectal Cancer by Urban and Rural Status 

Fiscal Year Total, No. (%) (N = 30,219) Urban, No. (%) (n = 19,422) Rural, No. (%) (n = 10,797)

2016 5471 (18.1) 3553 (64.9) 1918 (35.1)

2017 5221 (17.3) 3379 (64.7) 1842 (35.3)

2018 5262 (17.4) 3301 (62.7) 1961 (37.3)

2019 5189 (17.2) 3319 (64.0) 1870 (36.0)

2020 4430 (14.7) 2857 (64.5) 1573 (35.5)

2021 4648 (15.4) 3013 (64.8) 1633 (35.1)
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TABLE 2. Baseline Characteristics of Veterans With Recently Diagnosed CRC
Original cohort (N = 30,219) Propensity score-matched (n = 21,568)

 
Criteria

Urban  
(n = 19,422)

Rural  
(n = 10,797)

P  
value

Urban  
(n = 10,784)

Rural  
(n = 10,784)

P  
value

Age at CRC diagnosis, mean (SD), y 70.8 (11.6) 71.2 (10.8) < .001 71.3 (11.5) 71.2 (10.8) .51

Male sex, No. (%) 18,584 (95.7) 10,443 (96.7) < .001 10,439 (96.8) 10,430 (96.7) .73

Race, No. (%) 
  White 
  African American 
  Other 
  Unknown/missing

 
13,165 (67.8)

4461 (23.0)
452 (2.3)

1344 (6.9)

 
9026 (83.6)

850 (7.9)
184 (1.7)
737 (6.8)

< .001  
8981 (83.3)

849 (7.9)
191 (1.8)
763 (7.1)

 
9013 (83.6)

850 (7.8)
184 (1.7)
737 (6.8)

.64

Ethnicity, No. (%)  
  Hispanic/Latino 
  Non-Hispanic/Latino 
  Unknown/missing

 
959 (4.9)

16,984 (87.5)
1479 (7.6)

 
559 (5.2)

9953 (92.2)
285 (2.6)

< .001  
534 (5.0)

9339 (86.6)
911 (8.5)

 
559 (5.2)

9940 (92.2)
285 (2.6)

< .001

Average body mass index, No. (%) 
  < 25 
  25-30  
  31-35  
  36-40  
  41-45  
  > 45  
  Missing

 
4179 (21.5)
7237 (37.3)
4906 (25.3)
1957 (10.1)

681 (3.5)
293 (1.5)
169 (0.9)

 
2002 (18.5)
3893 (36.1)
2975 (27.6)
1244 (11.5)

414 (3.8)
178 (1.7)

91 (0.8)

< .001  
2012 (18.7)
3848 (35.7)
2998 (27.7)
1255 (11.6)

438 (4.1)
167 (1.6)

76 (0.7)

 
2002 (18.6)
3893 (36.1)
2973 (27.6)
1238 (11.5)

409 (3.8)
178 (1.7)

91 (0.8)

.84

Charlson Comorbidity Index, mean (SD)a 5.90 (3.57) 5.66 (3.43) < .001 5.68 (3.36) 5.65 (3.44) .58

Comorbidities, No. (%) 
  Acute myocardial infarction 
  Congestive heart failure 
  Peripheral visceral diseases 
  Cerebrovascular diseases 
  Dementia 
  COPD/bronchiectasis 
  Rheumatoid diseases 
  Peptic ulcer diseases 
  Diabetes 
  Diabetes with complications 
  Hemiplegia 
  Kidney diseases 
  Mild liver diseases 
  Severe liver diseases 
  Metastatic neoplasm 
  AIDS

 
2024 (10.4) 
3295 (17.0) 
3923 (20.2)
3655 (18.8)
1220 (6.3)

6883 (35.4)
579 (3.0)

1156 (6.0)
7815 (40.2)
5710 (29.4)

395 (2.0)
3487 (18.0)
2526 (13.0)

361 (1.9)
1481 (7.8)
142 (0.7)

 
1188 (11.0)
1721 (15.9)
2108 (19.5)
1970 (18.3)

478 (4.4)
4081 (37.8)

345 (3.2)
614 (5.7)

4355 (40.3)
3249 (30.1)

181 (1.7)
1756 (16.3)

1058 (9.8)
162 (1.5)
680 (6.4)

24 (0.2)

.12 

.02 

.16 

.22 
< .001 
< .001 

. 30 
.35 
.87 
.21 

.030 
< .001 
< .001 

.02 
< .001 
< .001

 
1198 (11.1)
1736 (16.1)
2105 (19.5)
1972 (18.3)

463 (4.3)
4089 (37.9)

339 (3.1)
632 (5.9)

4346 (40.3)
3265 (30.3)

171 (1.6)
1779 (16.5)
1085 (10.1)

161 (1.5)
726 (6.9)

22 (0.2)

 
1183 (11.0)
1721 (16.0)
2105 (19.5)
1966 (18.2)

478 (4.4)
4068 (37.7)

344 (3.2)
611 (5.7)

4347 (40.3)
3237 (30.0)

181 (1.7)
1756 (16.3)

1058 (9.8)
162 (1.5)
680 (6.5)

24 (0.2)

 
.74 
.78 
.99 
.92 
. 62 
.77 
.85 
.54 
.99 
.68 
.59 
.67 
.54 
. 96 
.20 
.77

High risk factors, No. (%) 
  Family CRC historyb 

  Inflammatory bowel diseasec 

  Gastrointestinal symptomsc,d 

  Systemic symptomsc,d

 
1573 (8.1)
820 (4.2)

11,157 (57.5)
8149 (42.0)

 
904 (8.4)
428 (4.0)

5869 (54.4)
4045 (37.5)

 
.41 
.28 

< .001 
< .001

 
891 (8.3)
431 (4.0)

5864 (54.4)
4058 (37.6)

 
898 (8.3)
428 (4.0)

5867 (54.4)
4045 (37.5)

 
.86 
.92 
.86 
.97

Characteristics not included in propensity score-matching 

Prior CRC screening modality, No. (%)e 
  FOBT/FIT  
  Barium enema 

  Colonography

 
11,111 (57.2)

578 (3.0)
143 (0.7)

 
6651 (61.6)

315 (2.9)
48 (0.4)

 
< .001 

.77 
.002

 
6024 (55.9)

288 (2.7)
75 (0.7)

 
6646 (61.6)

315 (2.9)
48 (0.5)

 
< .001 

.27 

.02

CRC characteristics, No. (%) 
  Proximal 
  Transverse colon 
  Distal 
  Metastatic at first diagnosisf 

 
4387 (22.6)
1755 (9.0)

5503 (28.3)
2064 (10.6)

 
2329 (21.6)

994 (9.2)
2901 (26.9)

952 (8.8)

 
.04 
.62 

.006 
< .001

 
2365 (21.9)

978 (9.1)
2966 (27.5)

1019 (9.5)

 
2325 (21.6)

994 (9.2)
2900 (26.9)

951 (8.8)

 
.51 
.71 
.31 
.11

Total mortality during follow-up period 6959 (35.8) 3766 (34.9) .10 3702 (34.3) 3763 (34.9) .38

Abbreviations: COPD, chronic obstructive pulmonary disease; CRC, colorectal cancer; FIT, fecal immunochemical test; FOBT, fecal occult blood test. 
aWeighted Charlson Comorbidity Index was calculated using the method described by Schneeweiss et al.21 
bAnytime throughout the study period. 
cWithin 1 year before date of CRC diagnosis. 
dAnytime before the date of CRC diagnosis. 
eSee supplemental materials (available at doi:10.12788/fp.0560) for definitions. 
fMetastases to liver, bone, lung, or central nervous system.
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Analyses
Cox proportional hazards regression analysis 
estimated the hazard ratio (HR) of death in rural 
residents compared to urban residents in the 
PS-matched cohort. The outcome event was 
the date of death during the study’s follow-up 
period (defined as period from first CRC diag-
nosis to death or study end), with censoring at 
the study’s end date (September 30, 2021). The 
proportional hazards assumption was assessed 
by inspecting the Kaplan-Meier curves. Multiple 
analyses examined the HR of total mortality in 
the PS-matched cohort, stratified by sex, race, 
and ethnicity. We also examined the HR of total 
mortality stratified by duration of follow-up. 

Another PS-matching analysis among vet-
erans aged ≤ 45 years was performed using 
the same techniques described earlier in this 
article. We performed a Cox proportional haz-
ards regression analysis to compare mortality 
in PS-matched urban and rural veterans aged 
≤ 45 years. The HR of death in all veterans 
aged ≤ 45 years (before PS-matching) was es-
timated using Cox proportional hazard regres-
sion analysis, adjusting for PS. 

Dichotomous variables were compared using 
χ2 tests and continuous variables were com-
pared using t tests. Baseline characteristics with 
missing values were converted into categori-
cal variables and the proportion of subjects with 
missing values was equalized between treat-
ment groups after PS-matching. For subgroup 
analysis, we examined the HR of total mortal-
ity in each subgroup using separate Cox propor-
tional hazards regression models similar to the 
primary analysis but adjusted for PS. Due to mul-
tiple comparisons in the subgroup analysis, the 
findings should be considered exploratory. Sta-
tistical tests were 2-tailed, and significance was 
defined as P < .05. Data management and sta-
tistical analyses were conducted from June 2022 
to January 2023 using STATA, Version 17. The VA 
Orlando Healthcare System Institutional Review 
Board approved the study and waived require-
ments for informed consent because only dei-
dentified data were used.

RESULTS
After excluding 49 patients (Supplemental 
materials, available at doi:10.12788/fp.0560), 
we identified 30,219 veterans with newly di-
agnosed CRC between FY 2016 to 2021 
(Table 1). Of these, 19,422 (64.3%) resided 
in urban areas and 10,797 (35.7%) resided in 

rural areas (Table 2). The mean (SD) duration 
from the first CRC diagnosis to death or study 
end was 832 (640) days, and the median (IQR) 
was 723 (246–1330) days. Overall, incident 
CRC diagnoses were numerically highest in 
FY 2016 and lowest in FY 2020 (Figure 1). Pa-
tients with CRC in rural areas vs urban areas 
were significantly older (mean, 71.2 years vs 
70.8 years, respectively; P < .001), more likely 
to be male (96.7% vs 95.7%, respectively; 
P < .001), more likely to be White (83.6% vs 
67.8%, respectively; P < .001) and more likely 
to be non-Hispanic (92.2% vs 87.5%, respec-
tively; P < .001). In terms of general health, 
rural veterans with CRC were more likely 
to be overweight or obese (81.5% rural vs 
78.5% urban; P < .001) but had fewer mean 
comorbidities as measured by CCI (5.66 rural 
vs 5.90 urban; P < .001). A higher proportion 
of rural veterans with CRC had received stool-
based (fecal occult blood test or fecal immu-
nochemical test) CRC screening tests (61.6% 
rural vs 57.2% urban; P < .001). Fewer rural pa-
tients presented with systemic symptoms or 
signs within 1 year of CRC diagnosis (54.4% 
rural vs 57.5% urban, P < .001). Among urban 
patients with CRC, 6959 (35.8%) deaths were 
observed, compared with 3766 (34.9%) among 
rural patients (P = .10).

There were 21,568 PS-matched veterans: 
10,784 in each group. In the PS-matched co-
hort, baseline characteristics were similar be-
tween veterans in urban and rural communities, 
including age, sex, race/ethnicity, body mass 
index, and comorbidities. Among rural patients 

FIGURE 1. Veterans With Newly Diagnosed 
Colorectal Cancer by Rurality 
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with CRC, 3763 deaths (34.9%) were observed 
compared with 3702 (34.3%) among urban vet-
erans. There was no significant difference in the 
HR of mortality between rural and urban CRC 
residents (HR, 1.01; 95% CI, 0.97-1.06; P = .53) 
(Figure 2). 

Among veterans aged ≤ 45 years, 551 were 
diagnosed with CRC (391 urban and 160 rural). 
We PS-matched 142 pairs of urban and rural 
veterans without residual differences in baseline 
characteristics (Table 3). There was no significant 
difference in the HR of mortality between rural 
and urban veterans aged ≤ 45 years (HR, 0.97; 
95% CI, 0.57-1.63; P = .90) (Figure 2). Similarly, 
no difference in mortality was observed adjust-
ing for PS between all rural and urban veterans 
aged ≤ 45 years (HR, 1.03; 95% CI, 0.67-1.59; 
P = .88). 

There was no difference in total mortality 
between rural and urban veterans in any sub-
group except for American Indian or Alaska 
Native veterans (HR, 2.41; 95% CI, 1.29-4.50; 
P = .006) (Table 4).

DISCUSSION
This study examined characteristics of pa-
tients with CRC between urban and rural areas 
among veterans who were VHA patients. Sim-
ilar to other studies, rural veterans with CRC 
were older, more likely to be White, and were 
obese, but exhibited fewer comorbidities (lower 
CCI and lower incidence of congestive heart 
failure, dementia, hemiplegia, kidney diseases, 
liver diseases and AIDS, but higher incidence 
of chronic obstructive lung disease).8,16 The in-
cidence of CRC in this study population was 
lowest in FY 2020, which was reported by the 
Centers for Disease Control and Prevention 
and is attributed to COVID-19 pandemic dis-
ruption of health services.24 The overall mortal-
ity in this study was similar to rates reported in 

other studies from the VA Central Cancer Reg-
istry.4 In the PS-matched cohort, where base-
line characteristics were similar between urban 
and rural patients with CRC, we found no dis-
parities in CRC-specific mortality between vet-
erans in rural and urban areas. Additionally, 
when analysis was restricted to veterans aged 
≤ 45 years, the results remained consistent. 

Subgroup analyses showed no signifi-
cant difference in mortality between rural and 
urban areas by sex, race or ethnicity, except 
rural American Indian or Alaska Native veter-
ans who had double the mortality of their urban 
counterparts (HR, 2.41; 95% CI, 1.29-4.50; P 
= .006). This finding is difficult to interpret due 
to the small number of events and the wide CI. 
While with a Bonferroni correction the adjusted 
P value was .08, which is not statistically sig-
nificant, a previous study found that although 
CRC incidence was lower overall in American 
Indian or Alaska Native populations compared 
to non-Hispanic White populations, CRC inci-
dence was higher among American Indian or 
Alaska Native individuals in some areas such 
as Alaska and the Northern Plains.25,26 Studies 
have noted that rural American Indian/Alaska 
Native populations experience greater poverty, 
less access to broadband internet, and limited 
access to care, contributing to poorer cancer 
outcomes and lower survival.27 Thus, the find-
ing of disparity in mortality between rural and 
urban American Indian or Alaska Native veter-
ans warrants further study.

Other studies have raised concerns that 
CRC disproportionately affects adults in rural 
areas with higher mortality rates.14-16 These dis-
parities arise from sociodemographic factors 
and modifiable risk factors, including physi-
cal activity, dietary patterns, access to can-
cer screening, and gaps in quality treatment 
resources.16,28 These factors operate at mul-
tiple levels: from individual, local health sys-
tem, to community and policy.2,27 For example, 
a South Carolina study (1996–2016) found that 
residents in rural areas were more likely to be 
diagnosed with advanced CRC, possibly in-
dicating lower rates of CRC screening in rural 
areas. They also had higher likelihood of death 
from CRC.15 However, the study did not include 
any clinical parameters, such as comorbidi-
ties or obesity. A statewide, population-based 
study in Utah showed that rural men experi-
enced a lower CRC survival in their unadjusted 
analysis.16 However, the study was small, with 

FIGURE 2. Kaplan-Meier Failure Estimates of Colorectal 
Cancer Death for Propensity Score-Matched Cohorts
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only 3948 urban and 712 rural resi-
dents. Additionally, there was no dif-
ference in total mortality in the whole 
cohort (HR, 0.96; 95% CI, 0.86-1.07) 
or in CRC-specific death (HR, 0.93; 
95% CI, 0.81-1.08). A nationwide 
study also showed that CRC mor-
tality rates were 8% higher in non-
metropolitan or rural areas than in 
the most urbanized areas containing 
large metropolitan counties.29 How-
ever, this study did not include de-
scriptions of clinical confounders, 
such as comorbidities, making it dif-
ficult to ascertain whether the differ-
ence in CRC mortality was due to 
rurality or differences in baseline risk 
characteristics. 

In this study, the lack of CRC-
specific mortality disparities may 
be attributed to the structures and 
practices of VHA health care. Recent 
studies have noted that mortality of 
several chronic medical conditions 
treated at the VHA was lower than 
at non-VHA hospitals.30,31 One study 
that measured the quality of nonmetastatic 
CRC care based on National Comprehensive 
Cancer Network guidelines showed that > 72% 
of VHA patients received guideline-concordant 
care for each diagnostic and therapeutic mea-
sure, except for follow-up colonoscopy tim-
ing, which appear to be similar or superior to 
that of the private sector.30,32,33 Some of the VA 
initiative for CRC screening may bypass the 
urban-rurality divide such as the mailed fecal 
immunochemical test program for CRC. This 
program was implemented at the onset of the 
COVID-19 pandemic to avoid disruptions of 
medical care.34 Rural patients are more likely to 
undergo fecal immunochemical testing when 

compared to urban patients in this data. Be-
yond clinical care, the VHA uses processes to 
tackle social determinants of health such as 
housing, food security, and transportation, pro-
moting equal access to health care, and pro-
moting cultural competency among HCPs.35-37

The results suggest that solutions to CRC 
disparities between rural and urban areas 
need to consider known barriers to rural health 
care, including transportation, diminished rural 
health care workforce, and other social de-
terminants of health.9,10,27,38 VHA makes con-
siderable efforts to provide equitable care to 
all enrolled veterans, including specific pro-
grams for rural veterans, including ongoing 

FIGURE 3. Kaplan-Meier Failure Estimates of Colorectal Cancer Death by Race
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FIGURE 4. Kaplan-Meier Failure Estimates of Colorectal Cancer 
Death Between Rural and Urban Veterans by Sex and Ethnicity

Hispanic Non-Hispanic

Male Female

Urban
Rural or highly rural

Urban
Rural or highly rural

Urban
Rural or highly rural

Urban
Rural or highly rural



S28 •  FEDERAL PRACTITIONER SPECIAL ISSUE   • MAY 2025

Colorectal Cancer

outreach.39 This study demonstrated lack of 
disparity in CRC-specific mortality in veter-
ans receiving VHA care, highlighting the impor-
tance of these efforts. 

Strengths and Limitations
This study used the VHA cohort to compare 
patient characteristics and mortality between 
patients with CRC residing in rural and urban 
areas. The study provides nationwide perspec-
tives on CRC across the geographical spectrum 
and used a longitudinal cohort with prolonged 
follow-up to account for comorbidities. 

However, the study compared a cohort of 
rural and urban veterans enrolled in the VHA; 
hence, the results may not reflect CRC out-
comes in veterans without access to VHA 
care. Rurality has been independently associ-
ated with decreased likelihood of meeting CRC 
screening guidelines among veterans and mili-
tary service members.38 This study lacked suf-
ficient information to compare CRC staging 
or treatment modalities among veterans. Al-
though the data cannot identify CRC stage, the 
proportions of patients with metastatic CRC at 
diagnosis and CRC location were similar be-
tween groups. The study did not have informa-
tion on their care outside of VHA setting. 

This study could not ascertain whether dis-
parities existed in CRC treatment modality 
since rural residence may result in referral to 
community-based CRC care, which did not ap-
pear in the data. To address these limitations, 
we used death from any cause as the primary 
outcome, since death is a hard outcome and 
is not subject to ascertainment bias. The rel-
atively short follow-up time is another limita-
tion, though subgroup analysis by follow-up 
did not show significant differences. Despite 
PS matching, residual unmeasured confound-
ing may exist between urban and rural groups. 
The predominantly White, male VHA popula-
tion with high CCI may limit the generalizability 
of the results.

CONCLUSIONS
Rural VHA enrollees had similar survival rates 
after CRC diagnosis compared to their urban 
counterparts in a PS-matched analysis. The 
VHA models of care—including mailed CRC 
screening tools, several socioeconomic deter-
minants of health (housing, food security, and 
transportation), and promoting equal access 
to health care, as well as cultural competency 

among HCPs—may help alleviate disparities 
across the rural-urban spectrum. The VHA 
should continue efforts to enroll veterans and 
provide comprehensive coordinated care in 
community partnerships.
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TABLE 3. Baseline Characteristics of Propensity Score-
Matched Veterans Aged ≤ 45 Years With Incident CRC22

Characteristic
Urban  

(n = 142)
Rural  

(n = 142)
P 

value

Age at CRC diagnosis, mean (SD), y 39.1 (4.5) 39.1 (4.6)

Male sex, No. (%) 116 (81.7) 118 (83.1) .76

Race, No. (%) 
  White 
  African American 
  Other  
  Unknown/missing

 
114 (80.3) 

14 (9.9) 
2 (1.4) 

12 (8.5)

 
114 (80.3) 

14 (9.9) 
2 (1.4) 

12 (8.5)

 
> .99 
> .99 
> .99 
> .99

Ethnicity, No. (%) 
  Hispanic 
  Non-Hispanic 
  Unknown/missing 

 
2 (1.4) 

115 (81.0) 
25 (17.6)

 
7 (4.9) 

126 (88.7) 
9 (6.3)

 
.004 
.004 
.004

Body mass index, No. (%) 
  < 25  

  25-30  
  31-35
  36-40 

  41-45 

  > 45 

  Missing

 
2 (1.4) 

29 (20.4) 
41 (28.9) 
39 (27.5) 
20 (14.1) 

8 (5.6) 
3 (2.1)

 
1 (0.7) 

25 (17.6) 
47 (33.1) 
40 (28.2) 
21 (14.8) 

7 (4.9) 
1 (0.7)

 
.56 
.55 
.44 
.90 
.87 
.79 
.31

Comorbidities, No. (%) 
  Charlson Comorbidity Indexa 

  Acute myocardial infarction 
  Congestive heart failure 
  Peripheral visceral diseases 
  Cerebrovascular diseases 
  Dementia 
  COPD/bronchiectasis 
  Rheumatoid diseases 
  Peptic ulcer diseases 
  Diabetes 
  Diabetes with complications 
  Hemiplegia 
  Kidney diseases 
  Mild liver diseases 
  Severe liver diseases 
  AIDS

 
 

0 (0.0) 
1 (0.7) 
5 (3.5) 
3 (2.1) 
0 (0.0) 

25 (17.6) 
1 (0.7) 
2 (1.4) 

17 (12.0) 
13 (9.2) 

1 (0.7) 
2 (1.4) 

20 (14.1) 
3 (2.1) 
1 (0.7)

 
 

0 (0.0) 
0 (0.0) 
3 (2.1) 
3 (2.1) 
0 (0.0) 

27 (19.0) 
3 (2.1) 
3 (2.1) 

15 (10.6) 
12 (8.5) 

0 (0.0) 
1 (0.7) 

14 (9.9) 
1 (0.7) 
3 (2.1)

 
 

> .99 
.32 
.47 

> .99 
> .99 

.80 

.31 

.65 

.71 

.83 

.32 

.56 

.27 

.31 

.31

Prior CRC Screening, No. (%) 
  FOBT/FITb 

  Barium enemab 

  Colonographyb   

 
25 (17.6) 

1 (0.7) 
0 (0.0)

 
25 (17.6) 

3 (2.1) 
0 (0.0)

 
> .99 

.31 
> .99

High risk factors, No. (%) 
  Family CRC historyc 

  Inflammatory bowel diseased 

  Gastrointestinal symptomsd,e 

  Systemic symptomsd,e

 
17 (12.0) 

13 (9.2) 
95 (66.9) 
46 (32.4)

 
20 (14.1) 

14 (9.9) 
89 (62.7) 
40 (28.2)

 
.60 
.84 
.46 
.44

CRC characteristics, No. (%) 
  Proximal 
  Transverse colon 
  Distal 
  Metastatic at time of first diagnosisf

 
30 (21.1) 

10 (7.0) 
64 (45.1) 
16 (11.3)

 
24 (16.9) 

12 (8.5) 
56 (39.4) 
16 (11.3)

 
.36 
.66 
.34 

> .99

Total mortality during follow-up period, No. (%) 29 (20.4) 27 (19.0) .77

Abbreviations: COPD, chronic obstructive pulmonary disease; CRC, colorectal cancer; 

FIT, fecal immunochemical test; FOBT, fecal occult blood test.  
aCalculated using the method described by Schneeweiss et al.21  
bAnytime before the date of CRC diagnosis. 
cAnytime throughout the study period. 
d≤ 1 year before date of CRC diagnosis. 
eSee eAppendix for definitions. 
fMetastases to liver, bone, lung, or central nervous system.
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eAPPENDIX. Subgroup Analysis of Total Mortality in Propensity Score-Matched Veterans With CRC 
Subgroup Urban, No. (%) Rural, No. (%) Hazard ratio (95% Cl)a P value

Sexb

  Men
   Total mortality
  Women
    Total mortality

10,439
3629 (34.8)

345
73 (21.2)

10,430
3679 (35.3)

354
84 (23.7)

1.01 (0.97-1.06)

1.16 (0.85-1.59)

.65

.34

Raceb,c

  White
   Total mortality
  Black
   Total mortality
  Otherd

   Total mortality
  American Indian/Alaska Native
   Total mortality
  Asian
   Total mortality
  Native Hawaiian/Pacific Islander
    Total mortality

8981
3105 (34.6)

849
281 (33.1)

191
51 (26.7)

70
13 (18.6)

63
22 (34.9)

64
16 (25.0)

9013
3132 (34.7)

850
300 (35.3)

184
71 (38.6)

108
42 (38.9)

13
3 (23.1)

60
26 (43.3)

1.00 (0.95-2.05)

1.07 (0.91-1.26)

1.61 (1.12-2.31)

2.41 (1.29-4.50)

0.94 (0.27-3.22)

1.59 (0.84-2.98)

.99

.44

.01

.01

.93

.15

Ethnicityb,c 
  Hispanic or Latino
    Total mortality
  Non-Hispanic or Latino
    Total mortality

911
283 (31.1)

9339
3226 (34.5)

285
89 (31.2)

9940
3473 (34.9)

0.97 (0.76-1.23)

1.01 (0.96-1.06)

.81

.70

Duration of follow-up 
  < 4 y
    Total mortality
  ≥ 4 y 
    Total mortality
  > 5 y
    Total mortality

8503
3,529 (41.5)

2281
173 (7.6)

1078
39 (3.6)

8529
3,570 (41.9)

2255
193 (8.6)

1054
48 (4.6)

1.00 (0.95-1.05)

1.14 (0.93-1.40)

1.28 (0.84-1.95)

.92

.20

.26
aAdjusted for propensity score.
bSelf-identified by each veteran.
cDo not total 100% due to missing values, 
see Table 2.
dSelf-identified as neither Black or White.


