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ABSTRACT

Introduction. Not all Americans may benefit equally from
current improvements in breast and colorectal cancer
screening and mortality rates.

Methods. We performed a cross-sectional retrospective
review of county-level screening, incidence, and mortality
rates for breast and colon cancer utilizing three publicly
available data sources from the Centers for Disease Control
and Prevention (CDC), and their association with the
Distressed Communities Index (DCI), a measure of local
economic prosperity across communities.

Results. After controlling for other factors, DCI was
associated with county-level screening, incidence, and
death rates per 100,000 for breast and colorectal cancer.
There was an absolute increase of 0.77 (95% confidence
interval [CI] 0.67-0.85, p < 0.001) in the proportion of
women aged 40 years or older who had a screening
mammogram for every 10-point decrease in DCI, which in
turn correlated with an increase in the age-adjusted inci-
dence by 1.68 per 100,000 (95% CI 1.37-2.00, p < 0.001).
While the age-adjusted death rate for breast cancer was
highest in the most distressed communities, the overall
incidence of age-adjusted death decreased by 0.28 per
100,000 (95% CI —0.37 to —0.19, p < 0.001) with every
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10-point decrease in DCI. For colorectal cancer, every
10-point decrease in DCI was similarly associated with an
absolute 0.60 (95% CI 0.52-0.69, p < 0.001) increase in
the proportion of individuals who had screening endo-
scopy. Increased colorectal screening in low-DCI counties
was associated with a lower age-adjusted incidence rate
(—0.80 per 100,000; 95% CI —0.94 to —0.65) and age-
adjusted death rate (—0.55 per 100,000; 95% CI —0.62 to
—0.49) of colorectal cancer per every 10-point decrease in
DCI (p < 0.001).

Conclusion. The association of county-level socioeco-
nomic and healthcare factors with breast and colorectal
cancer outcomes was notable, with level of community
distress impacting cancer screening, incidence, and mor-
tality rates.

Cancer is the second leading cause of mortality in the
US, being responsible for more than one in five deaths in
2019." In particular, breast and colorectal cancer rank
among the four most deadly cancers affecting 42,000
women and 52,547 Americans, respectively, on an annual
basis.”> Of note, mortality from breast cancer is on the
decline, with a 1% annual decrease from 2013 to 2018,
whereas mortality from colorectal cancer has declined by
almost 2% per year from 2014 to 2018.% As case mortality
decreases, screening rates for both breast and colorectal
cancer are increasing, with a 1.6% increase between 2015
and 2018 and a 1.4% increase between 2016 and 2018,
respectively.*” Despite these general improvements in
screening and mortality, progress has not been universally
realized by all Americans. Specifically, persistent
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disparities in cancer screening, as well as cancer-related
mortality, exist relative to race and ethnicity.® In particular,
screening for breast and colorectal cancers may be lower
among Black, Hispanic, Asian, and American Indian/
Alaska Native patients relative to White patients.” In
addition, Black/African American patients have higher
death rates than all other racial/ethnic groups for many
cancer types.® While racial and ethnic disparities have been
reported, potential underlying mechanisms that drive these
disparities have not been well-defined.’'”

Disparities in cancer screening and mortality may be
related to underlying economic trends given the strong
association between cancer screening, incidence, and
mortality with community economic indicators such as
employment and income.''™'> Regional economic
improvement may manifest in increased employment
opportunities, which, in turn, may afford residents higher
income and increased ability to obtain health insurance,
thereby improving access to healthcare including cancer
screening. Given persistent economic inequality across the
US, understanding how economic trends influence cancer
screening, incidence, and mortality may be important to
devise strategies to target these factors. To date, whether
changes in regional economic prosperity may be associated
with trends in screening, incidence, and mortality among
patients with breast and colon cancer has not been
investigated.

Therefore, the purpose of the current study was to
characterize the relative impact of economic prosperity and
distress on outcomes of patients with breast and colon
cancer. To this end, we utilized the Economic Innovation
Group (EIG) Distressed Communities Index (DCI), a
composite metric that combines seven zip code-level eco-
nomic variables to characterize the spatial distribution of
US economic well-being.'* The DCI is designed to provide
a single, holistic, and comparative measure of economic
well-being across communities throughout the US. By
combining these seven complementary economic indica-
tors into a single summary statistic, the DCI can convey
each community’s economic standing relative to other
communities. We hypothesized that DCI was associated
with county-level incidence, mortality, and screening rates
for breast and colon cancer.

METHODS

Cancer Screening, Incidence, and Mortality Data
County-level data on incidence and mortality among

patients with breast and colon cancer were obtained from

the State Cancer Profiles made available through the NIH
National Cancer Institute and Centers for Disease Control

and Prevention (CDC).'® Screening for breast cancer was
defined as having had a mammogram in the past 2 years
among women aged 40 years and older,'” while screening
for colorectal cancer was defined as having had a colorectal
endoscopy (i.e., sigmoidoscopy or colonoscopy) in adults
aged 50 years and older.'” Screening estimates were
reported as the proportion of eligible individuals who met
the screening criteria within any given county. The most
recent available estimates were based on 2008-2010 data
derived from a statistical model that combined information
from the Behavioral Risk Factor Surveillance System and
the National Health Interview Survey to correct for non-
response and undercoverage bias; the model also enhanced
data from small areas by borrowing information from
similar areas across the nation.'®'?

The incidence of breast and colorectal cancer was
reported by county for all stages (excluding in situ lesions)
among patients of all ages; for breast cancer, only female
individuals were included in the framing sample. Estimates
were reported for 2013-2017, which was the latest 5-year
average available. Estimates were age-adjusted incidence
rates reported as cases per 100,000 individuals in the
population.”>*! The 5-year trend in the incidence of cancer
was reported for both breast and colorectal cancer. Breast
and colorectal cancer mortality were similarly reported by
county, using estimates from 2013 to 2017. Estimates were
age-adjusted death rates reported as deaths per 100,000
individuals.*** Additionally, a 5-year trend in the death
rate was determined for patients with breast or colorectal
cancer.

Economic Prosperity and County Demographic Data

Economic prosperity was based on the DCI, which is
composed of seven markers of economic activity drawn
from the US Census Bureau’s American Community Sur-
vey (ACS) 5-Year Estimates and Business Patterns data
sets; the data are available for all counties with more than
500 residents.”* The seven components of the index
include (1) No High School Diploma; (2) Housing Vacancy
Rate; (3) Adults Not Working; (4) Poverty Rate; (5)
Median Income Ratio; (6) Percentage Change in Employ-
ment (i.e., percentage change in number of jobs from 2014
to 2018); and (7) Percentage Change in Establishments
(i.e., percentage change in the number of business estab-
lishments from 2014 to 2018). Each community is ranked
on each measure, after which each community’s rankings
are averaged and weighted equally to create a preliminary
score. This preliminary score is then normalized into a final
score that ranges from approaching 0 (most prosperous) to
100 (most distressed).”* By combining these seven com-
plementary economic indicators into a single summary
statistic, the DCI is able to convey each community’s
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economic standing relative to other communities. For the
purposes of the current study, the 2020 edition of the DCI
was utilized, which was derived from US Census Bureau’s
ACS 5-Year Estimates covering the years 2014-2018 and
the Census Bureau’s Business Patterns datasets for the
same years.

County-level demographic data, including total popula-
tion, total population aged 40-64 years, percentage of
female and male residents, and proportion of individuals of
different races/ethnicities, were obtained from the US
Census Bureau.”> County-level data for the number of
primary care providers and hospital beds were obtained
from the Health Resources and Services Administration
Area Health Resource File.?

Outcomes and Analysis

The primary outcome was county-level estimates of
breast and colorectal cancer screening relative to DCI,
while secondary outcomes included county-level estimates
of age-adjusted incidence and mortality rates of breast and
colorectal cancer, relative to DCI. Secondary outcomes
also included the 5-year trends in age-adjusted incidence
and mortality rates of breast and colorectal cancer between
2013 and 2017.

Counties were divided into tertiles based on the DCI and
outcomes were estimated across the DCI tertiles using
generalized linear mixed models, which allowed for anal-
ysis of hierarchical data with non-normal distributions. The
models included the DCI score as a continuous variable, as
well the proportion of individuals who were female, Black,
or Hispanic, proportion of patients with health insurance,
as well as the number of primary care providers per
100,000 and hospitals per 100,000. Random effects for
states were included to account for clustering of counties
within states.

All analyses were performed in Stata 16 (StataCorp
LLC, College Station, TX, USA). All tests were two-sided
and significance was determined using a p-value <0.05.
The study was deemed exempt by both the University of
Michigan Institutional Review Board and The Ohio State
University Review Board guidelines because it used pub-
licly available data routinely collected for public health
purposes.

RESULTS

County Characteristics Relative to the Distressed
Communities Index (DCI)

Among 3100 counties included in the analysis, median
DCI was 16.7 (interquartile range [IQR] 8.3-25.0) for

counties in the lowest tertile versus 50.1 (IQR 41.7-58.3)
for intermediate counties and 83.4 (IQR 75.0-91.7) for
counties in the highest tertile (Fig. 1). Across county ter-
tiles, there was a stepwise decrease in median county
population (lowest DCI 55,462.5 [IQR 19,146-176,954]
vs. intermediate DCI 24,925 [IQR 10,025-57,325] vs.
highest DCI 18,464 [IQR 9664.5-32,610]; p < 0.001);
median age was similar across county DCIs (lowest DCI
39.8 years vs. intermediate DCI 41.3 years vs. highest DCI
40.1 years), as was the proportion of females (lowest DCI
50.6% vs. intermediate DCI 50.5% vs. highest DCI 51.1%;
both p < 0.001) (Table 1). The proportion of non-Hispanic
White individuals was lowest within counties in the highest
DCI tertile (69.7%) versus counties in the lowest (86.5%)
or intermediate (87.0%) tertiles (p < 0.001); the proportion
of Hispanic/Latino individuals also decreased from the
lowest to highest DCI counties (lowest DCI 4.8% vs.
intermediate DCI 3.9% vs. highest DCI 3.3%; p < 0.001).
In contrast, the proportion of Black/African American
individuals was markedly higher within counties in the
highest DCI tertile (5.0%) versus counties in the lowest
(1.7%) or intermediate (1.5%) DCI tertiles (p < 0.001).

Socioeconomic and healthcare-related factors worsened
in a stepwise fashion across DCI tertiles (Table 1).
Specifically, while median income was highest in counties
within the lowest DCI tertile ($58,392), median income
was much lower among individuals who lived in interme-
diate ($47,633) or highest ($39,061) DCI counties
(p < 0.001). In turn, the proportion of individuals in pov-
erty increased relative to DCI (lowest DCI 10.3% vs.
intermediate DCI 10.6% vs. highest DCI 14.6%;
p < 0.001). Similarly, the percentage of adults not work-
ing, as well as the percentage of adults without a high
school degree was related to county DCI (lowest DCI: not
working, 18.5%/without high school diploma, 10.3% vs.
intermediate DCI: not working, 23.6%/without high school
diploma, 11.7% vs. highest DCI: not working, 32.3%/
without high school diploma, 18.5%; p < 0.001). The
percentage change in employment and business establish-
ments also worsened across DCI tertiles. Specifically,
while individuals living in the lowest DCI tertile county
had a 7.8% increase in employment and a 4.4% increase in
business establishments, individuals residing in the highest
DCI counties had a 1.9% decrease in employment and a
2.2% decrease in business establishments (p < 0.001).

Of note, the proportion of adults aged 40-64 years
without health insurance was also related to county DCI
(lowest DCI 7.7% vs. intermediate DCI 10.0% vs. highest
DCI 13.3%; p < 0.001). The number of primary care
providers per 100,000 (lowest DCI 60.8 vs. intermediate
DCI 47.3 vs. highest DCI 37.2; p < 0.001), as well as
hospital beds per 100,000 (lowest DCI 167.2 wvs.
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(a) Distressed Community Index, 2014-2018

[] Lowest DCI Tertile
[ Intermediate DCI Tertile
[ Highest DCI Tertile

(b) Breast Cancer Screening County Estimates

[ Lowest Screening Tertile, <66%
. Intermediate Screening Tertile, 66%-71%

[ ] Highest Screening Tertile, >72%

(c) Colorectal Cancer Screening County Estimates

B Lowest Screening Tertile, <54%
. Intermediate Screening Tertile, 54%-60%
D Highest Screening Tertile, >61%
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«4FIG. 1 Geographic distribution of counties by tertiles of DCI and
breast and colorectal screening rates. Source: Maps are based on the
authors’ analysis of DCI and CDC cancer statistics data for breast and
colorectal cancer. a US county DCI by tertiles. b US county breast
cancer screening estimates by tertiles. ¢ US county colorectal cancer
screening estimates by tertiles. DCI Distressed Communities Index,
CDC Centers for Disease Control and Prevention

intermediate DCI 209.7 vs. highest DCI 195.2) also varied
relative to DCI (both p < 0.001).

Impact of DCI on Cancer Screening and Outcomes
Breast and colorectal cancer screening, incidence, and

death rates varied relative to county DCI (Table 2).
Specifically, the percentage of women aged 40 years or

older who had a mammogram in the past 2 years was
lowest among individuals who lived in the most distressed
communities (lowest DCI 71.5% vs. intermediate DCI
68.2% vs. highest DCI 64.6%; p < 0.001). Similarly, the
proportion of adults aged 50 years or older who had ever
had a colorectal endoscopy was lowest among individuals
from highly distressed communities (lowest DCI 60.2% vs.
intermediate DCI 56.8% vs. high DCI 52.6%; p < 0.001).
Of note, the relationship between age-adjusted incidence
per 100,000 and economic prosperity was different for
breast and colorectal cancer. Specifically, the age-adjusted
incidence of breast cancer per 100,000 was 128.4 within
counties in the lowest DCI tertile versus 120.7 and 113.2 in
intermediate and high tertile DCI communities, respec-
tively (p < 0.001). Conversely, the age-adjusted incidence
of colorectal cancer per 100,000 increased stepwise with

TABLE 1 Demographics, socioeconomic, and healthcare factors across counties, by Distressed Communities Index

Total [N = 3100]

County distressed communities index p-

Lowest [n = 1034]

- value
Intermediate

[n =1033]

Highest [n = 1033]

Demographics

County population, total

County population, individuals aged
40-64 years

Median age

Females aged 40-64 years, %
Males aged 40-64 years, %
Non-Hispanic White, %
Black/African, %

Asian, %

Hispanic/Latino, %
Socioeconomic factors

Median household income

Adults not in work, %
Persons in poverty, %

Adults without a high school degree,
%

Housing vacancy rate, %
Distressed Communities Index

Change in employment, 2014-2018,
%

Change in establishments, 2014-2018,
%

Healthcare factors

Without health insurance,
40-64 years, %

Primary care providers per 100K
Hospital beds per 100K

26,219
(11,391-68,669)

8307
(3594-21,900)

40.3 (37.4-43.3)
50.7 (49.8-51.6)
49.3 (48.4-50.2)
84.1 (65.0-92.7)
2.2 (0.6-9.9)
0.6 (0.3-1.4)
4.1 (2.1-9.5)

$48,016
(41,126-55,638)

24.0 (18.9-30.5)
14.8 (11.0-19.1)
12.1 (8.8-17.2)

10.6 (7.5-14.2)
50.0 (25.0-75.0)
3.0 (3.3 to —9.3)

1.1 (=2.8 to 4.8)

10.2 (6.8-14.2)

46.7 (29.2-69.5)
188.5 (74.0-360.9)

55,462.5 (19,146-176,954) 24,925 18,464 <0.001
(10,025-57,325)  (9664.5-32,610)

18,525 (6472-58,315) 7965 5711 <0.001

(3111-18,470) (2987-10,243)

39.8 (36.8-42.9) 413 (38.2-44.5)  40.1 (37.6-42.7)  <0.001

50.6 (49.7-51.4) 50.5 (49.6-51.3)  51.1(50.3-52.1)  <0.001

49.4 (48.6-50.3) 49.5 (48.7-50.4) 489 (47.9-49.7)  <0.001

86.5 (74.8-92.9) 87.0 (72.5-93.5)  69.7 (52.7-90.3)  <0.001

1.5 (0.6-6.1) 1.7 (0.6-6.2) 5.0 (1.0-28.2) <0.001

1.1 (0.5-2.6) 0.6 (0.3-1.2) 0.4 (0.2-0.8) <0.001

4.8 (2.6-.096) 3.9 (2.2-9.0) 3.3 (1.7-10.1) <0.001

$58,392 (52,855-66,080)  $47,633 $39,061 <0.001
(44,010-51,700)  (35,096-43,041)

18.5 (15.3-21.3) 23.6 (20.1-27.5)  32.3 (28.2-38.3)  <0.001

10.3 (8.4-12.5) 14.8 (12.6-16.9)  20.7 (17.4-24.4)  <0.001

8.3 (6.6-10.7) 11.7 (9.4-14.9) 18.5 (14.7-21.8)  <0.001

6.9 (5.4-8.8) 10.6 (8.6-12.9) 14.6 (123-17.1)  <0.001

16.7 (8.3-25.0) 50.1 (41.7-58.3)  83.4 (75.0-91.7)  <0.001

7.8 (3.0-12.6) 24(=30t08.1) —1.9(—-82to4.1) <0.001

4.4 (14-8.2) 0.5 (=28 t034) —22(=5.6t01.3) <0.001

7.7 (5.6-11.1) 10 (6.8-13.5) 13.3 (9.7-17.2) <0.001

60.8 (40.3-85.5) 473 (29.2-68.6) 372 (22.4-53.1)  <0.001

167.2 (75.6-301.2)  209.7 (84.4-387.3) 195.2 (30.7-397.4) <0.001
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TABLE 2 Cancer screening, incidence, and death rates across counties, by Distressed Communities Index

Total [N = 3100] County distressed communities Index p-
Lowest [n = 1034] Intermediate Highest [n = 1033] value
[n = 1033]

Colon

Had cancer screening [% (IQR)]* 56.5 (52.0-60.7) 60.2 (56.4-64) 56.8 (53.3-60.2) 52.6 (47.9-56.2) <0.001

Age-adjusted incidence rate per 100,000 41.7 (36.8-48.0) 37.9 (34.3-42.6) 42.0 (37.9-47.3) 46.0 (40.0-52.7) <0.001

(IQR)

Age-adjusted death rate per 100,000 (IQR) 15.1 (13.0-18.0) 13.3 (11.8-14.9) 15.5 (13.6-17.6) 18.1 (15.5-21.3) <0.001

5-year incidence rate trend® —2.0 (=3.0to —24 (=33 to —2.1(-3.0to —1.0) —14(=2.6to <0.001
—0.8) —1.5) —0.2)

5-year death rate trend® —2.0 (2.6 to —2.4 (=3.0to —-20(-26to —1.3) —12(—19to <0.001
—1.2) —1.8) —-0.5)

Breast

Had cancer screening [% (IQR)]b 68.2 (63.9-72.4) 71.5 (67.7-75.8) 68.2 (64.2-71.9) 64.6 (60.1-69) <0.001

Age-adjusted incidence rate per 100,000 121.3 128.4 120.7 (108.2-130.5) 113.2 (100-126.4) <0.001
(107.6-133.0) (118.4-137.9)

Age-adjusted death rate per 100,000 20.8 (18.3-23.9) 19.9 (17.7-22.1) 21.2 (18.4-24.1) 22.9 (19.5-27.1) <0.001

5-year incidence rate trend® 0.1 (—-0.8 to 1.0) 0.1 (—=0.5t0 0.8) 0.1 (—=0.8 to 1.0) 0.1 (—1.0to 1.3) 0.71

5-year death rate trend® —1.7 (=23 to —1.9 (2.4 to —1.6 (—2.1to —1.0) —14(-2to —0.7) <0.001
—1.0) —1.4)

IQR interquartile range

#Ever had colorectal endoscopy (sigmoidoscopy or colonoscopy)—all races (includes Hispanic), both sexes, aged 50+ years

"Had a mammogram in the past 2 years—all races (includes Hispanic), female, aged 40+ years

“5-year incidence and death rate trends represent trends in cancer incidence and mortality between 2013 and 2017

increasing economic distress (lowest DCI 19.9 vs. inter-
mediate DCI 21.2 vs. high DCI 22.9; p < 0.001).

Among women with breast cancer, the age-adjusted
death rate per 100,000 incrementally increased with higher
distress in the community in which the patient lived (low
DCI 19.9 vs. intermediate DCI 21.2 vs. high DCI 22.0;
p < 0.001). Similarly, the 5-year trend in breast cancer
mortality per 100,000 was worse as community distress
increased (low DCI —1.9 vs. intermediate DCI —1.6 vs.
high DCI —1.4: p < 0.001). The age-adjusted mortality per
100,000 among patients with colorectal cancer was highest
among individuals residing in very distressed communities
(low DCI 13.3 vs. intermediate DCI 15.5 vs. high DCI
18.1; p < 0.001); 5-year trends in colorectal cancer mor-
tality per 100,000 were similarly incrementally worse in
highly distressed communities (5-year trend: low DCI —1.2
vs. intermediate DCI —2.0 vs. high DCI —2.4; p < 0.001).

After risk adjustment, DCI remained associated with
county screening, incidence, and death rates per 100,000
among individuals with breast or colorectal cancer
(Fig. 2a—c). In particular, there was an absolute increase of
0.77 (95% confidence interval [CI] 0.67-0.85; p < 0.001)
in the proportion of women aged 40 years or older who had
a screening mammogram for every 10-point decrease in

DCI, which in turn correlated with an increase in the age-
adjusted incidence by 1.68 per 100,000 (95% CI 1.37-2.00;
p < 0.001). Notably, age-adjusted death rates decreased by
0.28 per 100,000 (95% CI —0.37 to —0.19; p < 0.001)
with every 10-point decrease in DCI. For colorectal cancer,
every 10-point decrease in DCI was similarly associated
with an absolute 0.60 (95% CI 0.52-0.69; p < 0.001)
increase in the proportion of individuals who had screening
endoscopy. However, unlike breast cancer, increased col-
orectal screening in low DCI counties was associated with
a lower age-adjusted incidence rate (0.80 per 100,000; 95%
CI —0.94 to —0.65) and age-adjusted death rate (0.55 per
100,000; 95% CI —0.62 to —0.49) of colorectal cancer per
every 10-point decrease in DCI (p < 0.001).

Overall, 5-year trends in the incidence rate of breast
cancer did not change relative to DCI (0.009; 95% CI
—0.04 to 0.06; p = 0.716); however, the overall death rate
trend did decrease by 0.05 (95% CI —0.10 to —0.002;
p = 0.041) for every 10-point decrease in the DCI. In
examining colorectal cancer, 5-year trends in incidence
rate and death rate decreased by 0.05 (95% CI —0.10 to
—0.005; p = 0.031) and 0.14 (95% CI —0.18 to —0.11;
p < 0.001), respectively, for every 10-point decrease in
DCI.
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«FIG. 2 Risk-adjusted breast and colorectal screening a, incidence b,
and death rates ¢, by DCI. Source: Figures are based on the authors’
analysis of DCI and CDC cancer statistics data for breast and
colorectal cancer. a County-level estimates of the percentage of
individuals who had breast and colorectal screening across the DCI.
b County-level estimates of the breast and colorectal incidence rate
across the DCI. ¢ County-level estimates of breast and colorectal
death rates across the DCI. Models are adjusted for percentage of
females, percentage of Black subjects, percentage of Hispanic
subjects, percentage of individuals without health insurance,
primary care provider per 100K, and hospital beds per 100K.
Random effects for states were included to account for clustering of
counties within states. DCI Distressed Communities Index, CDC
Centers for Disease Control and Prevention

In subset analyses that compared the least versus most
distressed counties, the effect of DCI was even more pro-
nounced. Specifically, individuals residing in the least
distressed counties had a 4.44% (95% CI 3.77-5.11) higher
likelihood of having had a screening mammogram in the
last 2 years; similarly, individuals aged 50 years or older in
these counties had a 3.44% (95% CI 2.85-4.02) higher
likelihood of having had colorectal endoscopy (both
p < 0.001) (Table 3). Furthermore, the most distressed
counties had 1.51 more deaths per 100,000 (95% CI +0.88
to +2.14) for breast cancer and 3.2 more deaths per
100,000 (95% CI +2.74 to +3.65) for colorectal cancer.
Interestingly, while the incidence of breast cancer was
10.29 (95% CI 8.14-12.44) cases greater per 100,000, the
incidence of colorectal cancer was 4.7 (95% CI —5.371 to
—3.71) cases fewer per 100,000 among the least distressed
counties. Although there was no difference in trends of
breast cancer age-adjusted death rates among the least
versus most distressed counties, the trend in age-adjusted
colorectal cancer death rate declined much more (—0.84,
95% CI —1.10 to —0.57) among individuals residing in the
least distressed counties.

DISCUSSION

Not all communities have benefitted equally from the
long period of economic expansion that followed the
2008-2009 recession in the US.*’ In fact, the gap in eco-
nomic well-being between prosperous and impoverished
areas in the US has only grown larger over the last dec-
ade.”®° The consequences of geographic economic
inequality on health may be particularly relevant for breast
and colorectal cancer patients. Established screening pro-
grams exist for both breast and colorectal cancer, leading to
earlier diagnosis and lower mortality for these two condi-
tions.”'*? Specifically, guidelines recommend that most
adults start screening for breast and colon cancer at 40 and
50 years of age, respectively—a period of time in which
most Americans obtain their health insurance through their
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TABLE 3 Risk-adjusted rates across the Distressed Communities Index and between the most and least distressed counties

Change in outcome with a 10-point decrease in the

Distressed Communities Index (95% CI)

Absolute change in outcome between the most and
least distressed counties (95% CI)

Colon

Had cancer screening [%
IQR)I*

Age-adjusted incidence
rate per 100,000

Age-adjusted death rate
per 100,000

Trend in age-adjusted
incidence rate®

0.60 (0.52-0.69)

—0.80 (—0.94 to —0.65)
—0.55 (—0.62 to —0.49)
—0.05 (—0.10 to —0.005)

Trend in age-adjusted
death rate®

—0.14 (—=0.18 to —=0.11)

Breast

Had cancer screening [%
(IQR)”

Age-adjusted incidence
rate per 100,000

Age-adjusted death rate
per 100,000

Trend in age-adjusted
incidence rate®

0.77 (0.67-0.87)

1.68 (1.37-2.0)

—0.28 (—0.37 to —0.19)
0.009 (—0.04 to 0.06)

Trend in age-adjusted
death rate®

—0.05 (=0.10 to —0.002)

3.44 (2.85-4.02)

—4.70 (=5.68 to —3.71)

—3.20 (—3.65 to —2.74)

—0.31 (=0.65 to 0.03)

—0.84 (—1.10 to —0.57)

4.44 (3.77-5.11)

10.29 (8.14-12.44)

—1.51 (=2.14 to —0.88)

0.08 (—0.25 to 0.40)

—0.30 (—0.64 to 0.04)

Total population aged >40 years: 157,591,834
Females aged >40 years: 82,872,081

CI confidence interval, /QR interquartile range

#Ever had colorectal endoscopy (sigmoidoscopy or colonoscopy)—all races (includes Hispanic), both sexes, aged 50+ years

"Had a mammogram in the past 2 years—all races (includes Hispanic), female, aged 40+ years

€5-year incidence and death rate trends represent trends in cancer incidence and mortality between 2013 and 2017

employer.*>** As such, unfavorable community-level
economic circumstances may offer residents fewer
employment opportunities, limiting their ability to obtain
health insurance and, in turn, to participate in cancer
screening programs. The current study was important
because we characterized the impact of county-level eco-
nomic prosperity, as measured by DCI, on rates of breast
and colorectal cancer screening, incidence, and mortality.
Of note, more distressed counties had almost twice as many
adult residents without health insurance as more prosperous
counties, as well as fewer primary care providers per
capita. Additionally, counties with high DCI scores had
decidedly lower screening rates, as well as higher mortality
for breast and colorectal cancer compared with counties
with low DCI scores. Specifically, the least distressed
counties had an estimated 6293 fewer annual deaths from
breast (1251) and colorectal (5042) cancer versus individ-
uals who lived in the most distressed counties.
Collectively, these data suggest that geographic economic
inequality resulted in an uneven application of screening

programs for breast and colorectal cancer across the
country, which may have contributed to the higher mor-
tality for breast and colorectal cancer among residents of
distressed communities.

Levels of health insurance coverage and access to pri-
mary care vary widely across different US counties.>°
Notably, individuals with health insurance are more likely
to have access to a usual source of care, preventative
screenings, and early diagnosis of chronic conditions.?” In
the current study, counties with the highest DCI scores had
almost twice as many adult residents without health
insurance as counties with the lowest DCI scores (13.3%
vs. 7.7%; p < 0.001) [Table 1]. These data were in line
with previous reports that demonstrated economic vari-
ables such as household income, unemployment and
education level were associated with insurance status.>® In
turn, insurance status has been associated with stage at
diagnosis and outcomes among patients with breast and
colorectal cancer.®**” Insurance status may mediate the
impact of county-level economic prosperity on breast and
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colorectal cancer screening, incidence, and mortality.
Additionally, counties in the highest tertile of DCI had
decidedly fewer primary care providers per 100,000 people
compared with counties in the lowest tertile of DCI (me-
dian 37.2 vs. 60.8; p < 0.001) (Table 1). Of note, increased
availability of primary care providers has been linked to a
diagnosis of cancer at an earlier stage and lower mortality
for both breast and colorectal cancer patients.4143 As such,
availability of coordinated primary care networks may
represent an additional mechanism mediating the effects of
county-level economic well-being on breast and colorectal
cancer screening rates, incidence, and mortality.

Screening is effective at reducing colorectal cancer
incidence and mortality through the removal of precan-
cerous polyps and detection of early-stage colorectal
cancer.**™® Despite this, approximately one-third of US
adults who are eligible for screening have not been
screened.”’” As a result, 46—-63% of deaths due to colorectal
cancer are attributable to lack of screening.*® In the current
study, 56.5% of the total population had colorectal cancer
screening. In contrast, the 2010 Behavioral Risk Factor
Surveillance System (BRFSS) questionnaire reported that
66.4% of responders aged 50 years or older had ever had
sigmoidoscopy or endoscopy in their life.*’ This difference
may be explained by the dissimilar composition of BRFSS
responders versus the overall US population.”® Of note, the
proportion of county residents aged 50 years or older who
had ever had colorectal endoscopy decreased with
increasing values of county-level DCI (Figs. 1 and 2a).
Specifically, counties in the high DCI tertile had 7.5%
fewer residents who had undergone colorectal cancer
screening than individuals who resided in low DCI tertile
counties (Table 2). The association of colorectal cancer
screening uptake with socioeconomic status and neigh-
borhood-level social determinants of health is well
established.' % Additionally, stark regional differences in
colorectal cancer screening rates have been described.” To
our knowledge, the current study is the first to report an
association between county-level economic prosperity and
colorectal cancer screening rates among residents. Since
colorectal endoscopy is able to prevent colorectal cancer
through the removal of adenomatous polyps, as well as
diagnose cancer at an earlier stage, lower county-level
economic prosperity and higher DCI also led to higher
colorectal cancer incidence and mortality (Figs. 2b,c).*>>°
Collectively, these findings can help identify communities
in which an increase in colorectal screening rates would
have the largest impact.”’ Additionally, they suggest that
interventions aimed at improving the economic conditions
of distressed counties would have beneficial repercussions
on residents at risk of or affected by colorectal cancer.

Regular breast cancer screening in eligible adults has
also been demonstrated to reduce mortality, increase life
expectancy, and reduce costs associated with treat-
ment. 37! However, according to 2018 CDC data, breast
cancer screening rates in the US are still suboptimal.
Additionally, notable disparities in breast cancer screening
uptake exist among population subgroups.®® In the current
study, 68.2% of women aged 40 years or older had breast
cancer screening within the past 2 years (Table 2). This is
slightly above the 2018 US rate of 66.7%.* Of note,
screening rates differed relative to county DCI tertile
(median, low 71.5% vs. intermediate 68.2% vs. high
64.6%; p < 0.001), with the screening rate being below the
national average for those individuals residing in counties
with the highest DCI tertile. These results are consistent
with data reported by other investigators.'>>*%% For
example, a recent study by Kurani et al. noted that indi-
viduals living in areas of greater deprivation in the
Midwest had 49% lower odds of completing recommended
breast cancer screening.54 Furthermore, other studies have
reported an association between breast cancer screening
rates and regional disparities in breast cancer incidence and
mortality.'33*046¢ Specifically, Harding et al. analyzed
data from 547 Surveillance, Epidemiology, and End
Results (SEER) counties and noted that higher rates of
breast cancer screening were associated with increased
incidence of breast cancer in the same area.®> However,
increased screening rates mostly resulted from the diag-
nosis of additional small, early-stage cancers, without a
concomitant increase in the diagnosis of large, late-stage
cancers. As a result, no benefit in terms of decreased breast
cancer mortality was noted.®> In contrast, prior ecological
studies conducted at the larger state level had demonstrated
that breast cancer mortality decreased with increasing
screening rates.®”~%° Regardless, caution is recommended
when drawing conclusions from the reported association
between DCI and county-level breast cancer screening
rates and mortality. In fact, the results of the current study
demonstrated that breast cancer incidence increased in
relation to screening rates and DCI tertile (Figs. 2a, b). In
addition, a strong association was noted between DCI ter-
tile and breast cancer mortality per 100,000 people
(median, low 19.9 vs. intermediate 21.2 vs. high 22.9;
p < 0.001) (Table 2). Taken together, these data suggest
that area-level differences in economic prosperity impact
screening rates, which, in turn, affect breast cancer inci-
dence and mortality. However, the increased breast cancer
mortality in more distressed communities could also be
attributable to differences in access to surgical care or
treatment patterns. Nonetheless, our findings provide novel
and valuable insight on potential barriers to equitable care.
By shedding light on community-level distress patterns in
relation to breast and colon cancer outcomes, the data can
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inform the creation and implementation of strategies, as
well as direct allocation of funding and resources to help
alleviate geographical disparities among breast and colon
cancer populations.

Several limitations should be considered when inter-
preting the results of the current study. For example,
potential unmeasured confounding was likely, although
several important demographic and healthcare-related
variables were accounted for that have a plausible associ-
ation with cancer screening, incidence, and mortality. In
addition, data on screening estimates were from
2008-2010. While a decade old, these data were the most
recent estimates available at the county level. Estimates
were based on a statistical model that combined informa-
tion from the Behavioral Risk Factor Surveillance System
and the National Health Interview Survey to correct for
nonresponse and undercoverage bias, and were enhanced in
small areas by borrowing information from similar areas
across the nation. Data on staging or tumor subtype were
also not available, which impacted the ability to examine
changes in DCI relative to disease characteristics. Because
the data were aggregated at the county level, inferences at
the individual level could not be made. Additionally, the
findings may have been subject to residual heterogeneity
within counties. For example, large, diverse counties may
have residents and neighborhoods with a wide variation of
distressed community indices. Despite these limitations,
differences observed at the county level between the lowest
and highest distressed counties were notable and should
compel further research to mitigate disparities.

CONCLUSION

Disparities in breast and colorectal cancer outcomes are
multifaceted. The association of area-level socioeconomic
and healthcare factors with breast and colorectal cancer
outcomes was notable, with level of community distress
impacting cancer screening, incidence, and mortality rates.
Future studies should focus on individual-level access to
and utilization of preventive services to understand primary
drivers of such disparities. Additionally, further examina-
tion of the longitudinal interplay between access to care,
preventive services, and outcomes of breast and colon
cancer are needed. DCI proved to be a valuable tool that
can aid researchers in understanding socioeconomic barri-
ers to accessing healthcare. As such, continued work in this
area has the potential to support strategies and policies
aimed at increasing health equity.
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