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ABSTRACT
Introduction: Conflicting data exists regarding the influence of population density on colorectal cancer (CRC) outcomes; to
better understand this, the present study evaluated outcomes along an urban–rural continuum.
Methods: Colorectal patients aged ≥40 years from 1992 to 2002 were identified in the SEER (Surveillance, Epidemiology, and
End Results) Registries of the National Cancer Institute in the USA.
Results: A total of 176 011 patients were identified, with median age 71; most lived in populous counties and were white (90%).
Patients from large metropolitan counties were more often African-American, and those in rural counties were more likely to be
white and have low socioeconomic status (SES). Patients from large metropolitan (>1 million) and rural counties were more likely
to have metastatic disease and decreased survival compared to smaller metropolitan counties (<1 million). Late stage of presentation
and diminished survival were also associated with African-American race, male sex and lower SES.
Conclusions: Metropolitan counties with populations <1 million had superior CRC outcomes, in part secondary to race and SES.
Key words: colon cancer, inequality, race, socioeconomic status, survival.
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Introduction

Methods

Inequalities in healthcare outcomes exist and have been
associated with race, socioeconomic status (SES), age,
education, insurance and geography1-4. Patients living in rural
areas have decreased access to health care and poorer health
status
when
compared
to
their
urban
5
counterparts . Geographic location, in particular rural
residence, negatively affects healthcare outcomes for those
with diabetes, dementia, cardiovascular disease and
psychiatric disease5-10. These inequalities are most profound
for rural African-Americans5,11.

Data extraction

Rural healthcare inequalities in cancer are less clear. Rural
regions have diminished access to and use of cancer
screening; this may be related to the distance to screening
facilities12-14. Rural patients also have decreased access to
cancer centers, academic medical centers, medical
oncologists and other cancer-related services7,11,15-17. While
some research indicates rural residents are more likely to
present with advanced disease, other studies indicate the
contrary to be true17-24.
The effects of population density on outcomes, such as
incidence, stage and survival for colorectal cancer (CRC)
outcomes, is also unclear. Although some have found
distances from primary care provider and rural residence to
be associated with a later stage of presentation for CRC,
others have found urban patients more likely to present with
metastatic disease14,20,24,25. Investigators also have
demonstrated higher mortality rates in urban patients18,22,26.
These studies are limited by factors such as dichotomous
definition of population density (ie urban vs non-urban, rural
vs urban), omission of socioeconomic data, no multivariate
analysis, or lack of patient diversity. Given the discrepancies
in CRC stage at presentation and survival in relationship to
population density along with the limitation in the present
literature, the present study sought to better define these
relationships in a large, national tumor registry.

Data were extracted from the National Cancer Institute
Surveillance, Epidemiology and End Results (SEER)
Registries, which collects data from 17 population-based
cancer registries representing approximately 26% of the US
population. The dataset was assembled with the Case Listing
function in SEER*Stat software v6.6.2 (Surveillance Research
Program, National Cancer Institute; http://seer.cancer.gov/
seerstat). Incident cases were enrolled if they met the
following criteria: age at diagnosis ≥40 years, diagnosis from
1992 to 2002, and site of cancer colon or rectum. Data were
assembled up to 2002 to allow sufficient follow-up time to
establish long-term outcomes. Cases were excluded if not
malignant or age was unknown. The following variables were
included: age at diagnosis, race, sex, year of diagnosis, stage,
primary site of disease, survival in months, and vital status
(alive or dead). Additional county level variables were
obtained from SEER*Stat County Attributes 2000s function
and included percentage of patients with less than a high
school education, median family income, percentage of
families below the poverty line, percentage of persons
unemployed, and percentage ‘white collar’. The definition of
‘white collar’, according to Webster’s Dictionary (10th edn), is
‘of, relating to, or having the kind of jobs that are done in an
office instead of a factory, warehouse, etc.’.

Outcome variables
SEER*Stat v6.6.2 provides a year 2000 county urban–rural
continuum. Counties are defined in SEER as metropolitan
(1: >1 000 000; 2: >250 000 and <1 000 000; 3:
<250 000), urban (1: >20 000 adjacent to metropolitan area;
2: >20 000 not adjacent to metropolitan area; 3: 2500–
19 999 adjacent to metropolitan; 4: 2500–19 999 not
adjacent to a metropolitan area) or rural (1: <2500 adjacent
to a metropolitan area; 2: <2500 not adjacent to a
metropolitan area).
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Data analysis

Demographics

In order to simplify the urban–rural continuum schema,
county population categories were condensed into the
following categories: large metropolitan (>1 000 000),
metropolitan (250 000–1 000 000), urban (20 000–
250 000), small urban (2500–20 000) and rural (<2500).
Socioeconomic status was defined using a modification of an
index originally reported by Robert et al.; this index has been
used to estimate county level SES in other large data sets27,28.
The SES index was constructed with variables available in the
SEER Registries. Three domains were defined with countylevel data: education (percentage of high school graduates),
income (median income and percentage below the poverty
line) and employment (percentage unemployed and
percentage white collar). Each factor was divided into
quintiles, with 1 reflecting the lowest SES quintile. The
overall SES index was derived by summing scores from the
aforementioned data points and again subdividing into
quintiles to derive a score from 1 to 5.

The median age of presentation was 71 years (mean
age 69.2 years). As shown in Table 1, a majority of patients
were classified as white with non-metastatic disease, and
gender was evenly distributed. A large percentage of
patients (63.2%) were from counties classified as large
metropolitan.

Statistical analysis was performed with the Statistical Package
for the Social Sciences (SPSS; http://www.spss.com);
bivariate comparisons were made with χ2 and student’s t-test,
median overall survival was calculated by log–rank method,
and multivariate analysis performed with logistic and Cox
regression. Statistical significance was defined as p<0.05.

Results
The final study population consisted of 176 011 patients, with
36.4% from the California SEER Registry. Cancers were
distributed in all parts of the colon and rectum including
sigmoid colon (22%), cecum (18%), rectum (19%),
ascending colon (12%), rectosigmoid junction (9%),
transverse colon (7%), descending colon (4%), hepatic
flexure (4%), splenic flexure (4%), and ‘not otherwise
specified’ (2%). At the time of analysis, 36% of patients were
alive, 38% died of CRC and 26% were recorded as dying
from other causes.

Table 2 outlines patient demographics along the urban–rural
continuum. Urban and rural counties have slightly more
patients >70 years old. Patients in large metropolitan
counties had a greater number of African-Americans, and the
number of African-Americans decreased almost linearly as
county population decreased. Counties with smaller
population had higher proportions of individuals in the lowest
SES quintiles.

Stage and survival analysis
Stage IV: Presentation with metastatic disease is outlined in
Table 3. Patients from metropolitan counties with a
population <1 million presented less frequently with
metastatic disease. African-Americans had higher rates of
metastatic disease than their white counterparts: 26.2% and
20.8%, respectively. Patients in the groups reflecting the
extremes of age (<50 years and >80 years) had slightly
higher rates of stage IV disease, as did men and patients
residing in counties in the lowest SES quintiles.

Survival analysis
U- or J-shaped survival associated with county
population: Overall median survival was 84 months.
Those residing in metropolitan counties with <1 million
people had a statistically and clinically significant survival
advantage relative to all other counties, 11 months greater
than those in rural counties (Fig1a). There was a non-linear
relationship between median survival and county population
(Fig2).
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Table 1: Demographics and county level data for patients diagnosed with colorectal cancer, SEER 17 Registries,
1992–2002
Characteristic
Age (years)
<50
50–59
60–69
70–79
>80
Sex
Male
Female
Racial background
White
Black
Population density
Large metro
Metro
Urban
Small urban
Rural
Stage IV?
No
Yes
SES index
1
2
3
4
5
Total

Number

%

11 618
26 822
44 019
56 694
36 858

6.6
15.2
25.0
32.2
20.9

88 132
87 879

50.1
49.9

158 089
17 922

89.8
10.2

111 318
43 140
8007
11 093
2453

63.2
24.5
4.5
6.3
1.4

138 483
37 528

78.7
21.3

35 329
46 162
31 487
33 663
29 370
176 011

20.1
26.2
17.9
19.1
16.7
100

SES, socioeconomic status

Other factors associated with survival: AfricanAmericans had a significant survival disadvantage when
compared to whites: 65 versus 86 months (Fig1c). Nearly
linear decrease in survival was noted with lower county-level
SES, with a 13-month survival disadvantage when the highest
and lowest SES counties were contrasted (Fig1b). Men and
women had similar survival: 83 versus 85 months (p=0.176).
Multivariate analysis
Stage: Table 4 shows the results of a multivariate logistic
regression analysis of stage at presentation. Data presented
are adjusted odds ratio estimates (adjusted for the other

factors in the model) along with confidence intervals and p
values. For each factor in the model, a referent was selected
and odds ratio estimates are presented in terms of the
increase (or decrease) in odds versus the referent. The lowest
county SES was associated with an increased odds of stage IV
disease and African-Americans had higher odds of presenting
with metastatic disease, odds ratio (OR) 1.327 (p<0.0001).
Using metropolitan counties with population <1 million as
referent, patients in larger metropolitan counties had slightly
higher odds of presenting with metastatic disease (adjusted
OR 1.067 and p<0.0001). No other significant relationships
were evident between county population and stage.
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Table 2: Demographic characteristics along an urban–rural continuum for patients (%) diagnosed with
colorectal cancer, SEER 17 Registries, 1992–2002
Characteristic
Age (years)
<50
50–59
60–69
70–79
>80
Sex
Male
Female
Racial background
White
Black
SES index
1
2
3
4
5

Number (%)
Urban

Large metro

Metro

7658 (6.9)
17 419 (15.6)
27 769 (24.9)
35 661 (32.0)
22 811 (20.5)

2839 (6.6)
6 497 (15.1)
10 764 (25.0)
13 878 (32.2)
9162 (21.2)

55 618 (50)
55 700 (50)

p value
Small urban

Rural

407 (5.1)
1145 (14.3)
2058 (25.7)
2670 (33.3)
1727 (21.8)

589 (5.3)
1455 (13.1)
2806 (25.3)
3634 (32.8)
2609 (23.5)

125 (5.1)
306 (12.5)
622 (25.4)
851 (34.7)
549 (22.4)

<0.0001

21 769 (50.5)
21 371 (49.5)

4053 (50.6)
3954 (49.4)

5496 (49.5)
5597 (50.5)

1196 (48.8)
1257 (51.2)

0.176

96 351 (86.6)
14 967 (13.4)

40 935 (94.9)
2205 (5.1)

7751 (96.8)
256 (3.2)

10 645 (96)
448 (4)

2407 (98.1)
46 (1.9)

<0.0001

16 731 (15)
33 277 (29.9)
15 208 (13.7)
22 208 (20.0)
23 894 (21.5)

8428 (19.5)
8203 (19.0)
10 964 (25.4)
11 144 (25.8)
4401 (10.2)

4386 (54.8)
1210 (15.1)
1402 (17.5)
0
1009 (12.6)

5090 (45.9)
2658 (24.0)
3061 (27.6)
218 (2.0)
66 (0.6)

694 (23.3)
814 (33.2)
852 (34.7)
93 (3.8)
0

<0.0001

SES, socioeconomic status

Table 3: Univarate analysis of likelihood to present with stage IV colorectal cancer, SEER 17 Registries, 1992–2002
Characteristic
Age (years)
<50
50–59
60–69
70–79
>80
Sex
Male
Female
Racial background
White
Black
County population
Large metro
Metro
Urban
Small urban
Rural
SES index
1
2
3
4
5

Stage IV (%)

p value

2779 (23.9)
5788 (21.6)
9137 (20.8)
11 424 (20.2)
8400 (22.8)

<0.0001

19 154 (21.7)
18 374 (20.9)

<0.0001

32 840 (20.8)
4688 (26.2)

<0.0001

24 211 (21.7)
8748 (20.3)
1707 (21.3)
2326 (21.0)
536 (21.9)

<0.0001

7823 (22.1)
10 030 (21.9)
6611 (21.0)
6899 (20.5)
6165 (21.0)

<0.0001

SES, socioeconomic status

© TL Fitzgerald, CS Lea, J Brinkley, EE Zervos, 2014. A licence to publish this material has been given to James Cook University, http://www.rrh.org.au
5

A

B

C

Figure 1: Kaplan–Meier survival curves (log–rank) for patients with colorectal cancer by (A) county population,
(B) socioeconomic status Index and (C) race, SEER 17 Registries, 2002–2007.
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Survival: Patients residing in large metropolitan and rural
counties had diminished survival when compared to those residing
in metropolitan counties with populations <1 million (Table 5).
These differences are modest, but do persist when controlling for
age, sex, race and SES index. African-Americans had a significant
survival disadvantage compared to whites, with a hazard ratio of
1.304 (p<0.0001). Survival time is diminished for those residing
in the lowest SES index counties.

Discussion
These data demonstrate that outcome inequalities exist for patients
with colorectal cancer. Using data from the SEER Registries, a
complex interaction between county population and CRC stage of
presentation and survival was found. Patients residing in
metropolitan counties with a population <1 000 000 had lower
rates of advanced disease and longer median survival when
compared to their counterparts in large metropolitan
(>1 000 000) and less-populated counties. This was true for both
unadjusted and multivariate analyses. A significant disadvantage for
African-Americans compared with white patients was also
revealed. Additionally, men had a slight disadvantage, as did
patients residing in counties of lower SES.
Studies reporting the influence of population density on CRC
outcomes have been inconsistent. Colon cancer patients in the
rural south-east have been noted to present at a later stage and
have a decreased survival23,24. In contrast, using SEER data
investigators have found patients in urban regions with lung cancer
and CRCs to be more likely to present with metastatic disease20.
Such studies often report populations on a dichotomous scale22,26.
Such a dichotomous division may mask more subtle urban and
rural inequalities17,21,29. For example, suburban patients are much
more likely to receive chemotherapy than are their urban or rural
counterparts11. There may also be variations across regions and
ethnic/racial groups, like those in the predominantly black rural
south compared to the predominantly white rural north-east/midwest.
The relationship between stage at diagnosis and population is
more complex than a simple dichotomous division could

explain. In this study it was found that patients in
metropolitan counties with a population <1 000 000 tended
to present with earlier stage disease than those from counties
with larger or smaller populations. Multivariate analysis that
controlled for age, sex, race, gender, and SES revealed that
this relationship, although diminished, persisted.
Others have found a similar relationship between population
and stage at presentation. McLafferty and Wang examined
data from Illinois on stage of presentation of breast, lung,
prostate and CRC reporting a J-shaped relationship between
population density and stage at presentation21. Patients from
Chicago and rural areas (less than 10 000 people per county)
fared worse than those in suburbs, other metropolitan areas
and large towns. Similarly, in a study of patients in Nebraska,
those residing in micropolitan counties (non-metropolitan
regions with populations of 10 000–49 999) were less likely
to present with metastatic disease when compared to
metropolitan and rural patients17.
A similar, but more robust, non-liner relationship exists between
survival and county population (Fig2). These data demonstrate
median survival was greatest for patients residing in metropolitan
counties with populations <1 million while rural patients had a
shorter survival than all other counties (Fig2). Other authors have
reported a similar relationship between survival and population.
Hawley et al. reported a U-shaped curve describing the
relationship between incidence and mortality for patients with
colorectal cancer in Texas, with worse outcomes in very rural and
very urban populations29. Interestingly, when they viewed the data
on a dichotomous scale, urban patients fared worse than their nonurban counterparts, and the influence of rurality was in effect
obscured. They concluded, as the present authors have, that a
dichotomous definition of urban versus rural is inadequate for
understanding the influences of population on cancer outcomes. In
a study constructed similarly to the present study’s data but
limited to the Georgia SEER Registry, Hines and Markossian
found rural residents were not more likely to present with distant
disease but had an increased risk of death compared to urban
patients30. However, they did not include regions of intermediate
population density.
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Table 4: Multivariate analysis: Likelihood of presenting with stage IV colorectal cancer (binary regression), SEER
17 Registries, 1992–2002
Characteristic
Age (years)
<50
50–59
60–69
70–79
>80
Sex
Female
Male
Racial background
White
Black
County population
Large metro
Metro
Urban
Small urban
Rural
County SES index
1
2
3
4
5

Adjusted odds
ratio

p value

95% confidence
interval

1 (referent)
0.878
0.842
0.823
0.976

<0.0001
<0.0001
<0.0001
0.332

0.833–0.924
0.803–0.884
0.785–0.863
0.929–1.026

1 (referent)
1.067

<0.0001

1.043–1.092

1(referent)
1.33

<0.0001

1.28–1.377

1.067
1 (referent)
1.052
1.026
1.098

<0.0001

1.037–1.097

0.097
0.339
0.063

0.991–1.112
0.973–1.081
0.995–1.213

1.054
1.026
1.019
0.980
1 (referent)

0.010
0.170
0.368
0.305

1.013–1.096
0.989–1.063
0.979–1.060
0.942–1.019

SES, socioeconomic status

Table 5: Multivariate analysis: Survival analysis (Cox regression) of colorectal cancer patients, SEER 17
Registries, 1992–2002
Characteristic
Sex
Female
Male
Racial background
White
Black
County population
Large metro
Metro
Urban
Small urban
Rural
SES index
1
2
3
4
5

Hazard ratio

p value

95% CI

1 (referent)
1.067

<0.0001

1.043–1092

1 (referent)
1.304

<0.0001

1.278–1.331

1.036
1 (referent)
1.028
1.017
1.079

<0.0001

1.020–1.052

0.097
0.245
0.005

0.995–1.061
0.989–1.046
1.023–1.138

1.116
1.048
1.038
1.017
1 (referent)

<0.0001
<0.0001
0.001
0.115

1.092–1.140
1.028–1.069
1.016–1.061
0.996–1.039

SES, socioeconomic status
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Survival (months)

Figure 2: Median survival (months) by county population for patients with colorectal cancer, SEER 17 Registries,
1992–2002.

African-Americans have poorer outcomes for colorectal
cancer; there is also a clear survival disadvantage for AfricanAmerican patients for almost all cancers31,32. The present
study found that African-Americans with CRC had higher
rates of metastatic disease (26.6 vs 20.8%, OR 1.33) and
lower survival (65 vs 86 months, OR 1.32; Fig1c) compared
to their white counterparts. Inadequate access to and delivery
of care to racial and ethnic minorities have been cited as the
primary factors resulting in cancer inequalities33-38. However,
differences in tumor biology may also account for some racial
inequalities37,38. There is a clear association reported between
SES and outcomes for patients with colorectal cancer.
Regions with area-level socioeconomic depravation have a
greater risk for advanced stage and death from CRC1,34,39-41.
The present analysis corroborates these findings. One must
be mindful that race information is often based on medical
records and can be biased by factors such as admission staff,
patient surname, birthplace, maiden name, local population,
or other factors42.
The variable effect of rurality on cancer outcomes may be, in
part, secondary to heterogeneity between regions. These data
demonstrate that outcome inequalities are driven by county
population, race, gender, age, and SES, with race being the
strongest predictor of poor outcome. The study found that
rural patients in this SEER dataset were of low SES but more

likely to be white than patients in large metropolitan
counties. Much of the rural healthcare disparity previously
reported described predominately poor African-American
populations5. Given that race is such a strong predictor of
outcome in CRC, it would be expected that rural patients in
datasets such as the SEER Registries (primarily white) would
differ from those for other rural populations, such as the
south-east (with a higher proportion of African-Americans).
This study has several limitations. First and foremost, this is a
retrospective cohort study using a large administrative data
set with the inherent limitations of such research.
Additionally, census data is used to derive not only
population but also socioeconomic factors. As such, these
data may not accurately reflect the status of individual
patients27. Given this, an individual patient or groups of
patients may have a lower or higher SES than the county-level
data. Unfortunately, SEER does not provide patient-level SES
data. Although the SEER Registries represents 26% of the US
population, it is not entirely representative, ie more than a
third of the patients in the SEER Registries are from
California. Finally, large data sets allow small statistically
significant relationships to be defined that may not have
clinical relevance.
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Conclusions

6. Paquette IM, Zuckerman R, Finlayson SR. Perforated

A non-linear relationship exists between county population
and CRC outcomes. Patients in rural and large metropolitan
counties are more likely to present with advanced CRC and
have a diminished survival. While the etiology of these
differences is still unclear, it may be related to factors such as
access to care, differing models of healthcare delivery or
other less well defined social/economic barriers. In addition
to population, race and SES drive health outcome inequalities
in CRC patients. As the SEER Registries report only countylevel SES factors, additional studies with patient-specific SES
data would more clearly define this relationship. AfricanAmerican race is the strongest predictor of a poor outcome.
It is likely that in order to rectify health inequalities,
strategies that take into account both geographic and other
population variables will be required.
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