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Abstract

Background: The U.S. Preventive Services Task Force recom-
mends routine screening for colorectal cancer for adults ages 50 to
75 years. We generated small-area estimates for being current with
colorectal cancer screening to examine sociogeographic differences
among states and counties. To our knowledge, nationwide county-
level estimates for colorectal cancer screening are rarely presented.

Methods: We used county data from the 2014 Behavioral Risk
Factor Surveillance System (BRFSS; n = 251,360 adults), linked it
to the American Community Survey poverty data, and fitted
multilevel logistic regression models. We post-stratified the data
with the U.S. Census population data to run Monte Carlo simula-
tions. We generated county-level screening prevalence estimates
nationally and by race/ethnicity, mapped the estimates, and aggre-
gated them into state and national estimates. We evaluated internal
consistency of our modeled state-specific estimates with BRFSS
direct state estimates using Spearman correlation coefficients.

Introduction

Routine testing for colorectal cancer, starting at age 50 years,
saves lives through early detection and removal of precancerous
polyps and early-stage cancers. The Centers for Disease Control
and Prevention (CDC) reported that in 2014, there were
139,992 new cases of and 51,651 deaths from colorectal cancer
(1). A large proportion of premature deaths from colorectal
cancer in the United States resulted from racial/ethnic, educa-
tional attainment, and geographical inequalities (2). The
National Institutes of Health projected in 2010 that medical
costs for colorectal cancer are expected to increase with the
aging of the U.S. population (3). Nevertheless, in 2012 only
65.1% of adults ages 50 to 75 were current with colorectal
cancer screening (4). To reduce the burden of colorectal cancer,
the National Colorectal Cancer Roundtable, with the support of
the American Cancer Society (ACS) and the CDC, proposed in
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Results: Correlation coefficients were >0.95, indicating high
internal consistency. We observed substantial variations in
current colorectal cancer screening estimates among the states
and counties within states. State mean estimates ranged from
58.92% in Wyoming to 75.03% in Massachusetts. County
mean estimates ranged from 40.11% in Alaska to 79.76%
in Florida. Larger county variations were observed in various
race/ethnicity groups.

Conclusions: State estimates mask county variations. Howev-
er, both state and county estimates indicate that the country is far
behind the "80% by 2018" target.

Impact: County-modeled estimates help identify variation
in colorectal cancer screening prevalence in the United States
and guide education and enhanced screening efforts in areas
of need, including areas without BRFSS direct-estimates.
Cancer Epidemiol Biomarkers Prev; 27(3); 245-53. ©2018 AACR.

2014 a goal of reaching 80% of persons 50 years and older
being screened for colorectal cancer by 2018 ("80% by 2018
initiative"; ref. 5). This initiative is now supported by more than
1,000 organizations, including public, private, and voluntary
organizations (6).

National health surveys provide reliable estimates of colo-
rectal cancer screening prevalence for the entire United States or
for the states (7-9). State-level screening prevalence is often
estimated using data from the Behavioral Risk Factor Surveil-
lance System (BRFSS), administered by the CDC (10). The 2012
BRFSS survey revealed large variations among the states in
adults ages 50 years and older who were current with screening,
with a low of 55.7% in Arkansas and a high of 76.3% in
Massachusetts (4). However, a recent study found substantial
variation within the state of Missouri, where location (urban
versus rural) had a large effect on colorectal cancer screening
uptake (11). In addition to geographical location, local com-
munities may show substantial variation in colorectal cancer
screening from diversity in social and economic status and
demographic and healthcare characteristics, which can be
masked when data is aggregated at the state level.

Our goal was to model BRFSS data to provide prevalence
estimates of being current with colorectal cancer screening
at the county-level nationally and by race/ethnicity, which to
our knowledge, are rarely presented. These estimates can
potentially help with decisions about local prevention and
control plans, and resource allocation. To achieve this goal, we
used a model-based small-area estimation (12) that generates
county estimates. This method was internally and externally
validated (13).
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Materials and Methods

The BRFSS is an annual, state-based, random-digit-dial sur-
vey of noninstitutionalized adults aged 18 years or older
administered by CDC in collaboration with health depart-
ments in the 50 states, District of Columbia, and three terri-
tories. Our analysis included only data from the 50 states and
the District of Columbia. Trained interviewers in each state
collect demographic and health-related information to gener-
ate reliable direct estimates of health-risk behaviors, preventive
health practices, and access to care through landline or cell
phone interviews. The 2014 survey combined landline and
cell phone response rates, which ranged from 25.1% in Cali-
fornia to 60.1% in South Dakota, with a median rate of 47%.
Detailed information about the response rate can be found on
the BRFSS website (10). We poststratified the sampled popu-
lation of the 2014 BRFSS data with the U.S. Census 2010
population counts at the county level (14) to improve the
information about the sampled population. The U.S. Census
provides detailed information about each county's 2014 pop-
ulation, by age (5-year age groups from ages 50 to 74), sex,
race/ethnicity [8 non-Hispanic (NH) and Hispanic or Latino
origin groups: NH white, NH black, NH American Indian or
Alaska Native, NH Asian, NH Native Hawaiian or other Pacific
Islander, NH other single race, NH 2 or more races; or
Hispanic]. This information about adults age 75 years was
obtained from the National Center for Health Statistics (15).
County-level poverty rates (<150% of the federal poverty rate),
which are associated with colorectal cancer (16, 17), were
extracted from the American Community Survey (ACS)
2010-2014 (18). Additional information included respondent
county (n = 3,142 counties) and state (n = 51; 50 states and
the District of Columbia) identifiers.

Colorectal cancer screening test use

Because the latest BRFSS data available for analysis
in our study was from 2014, we followed the 2008 USPSTF
colorectal cancer screening guideline recommendations in
effect at that time to routinely screen average risk adults ages
50-75 years, with one of three options: (i) fecal occult blood
testing (FOBT) within 1 year, or (ii) sigmoidoscopy within
5 years with FOBT within 3 years, or (iii) colonoscopy within
10 years (19).

Respondents ages 50 years and older were asked 5 questions
to assess colorectal cancer test use including blood stool
test, sigmoidoscopy, and colonoscopy. Each of the tests was
described to help the respondent identify the test. The BRFSS
questions did not include details about the indication for
the test (i.e., for screening or for diagnosis/treatment pur-
poses). As a result, the BRFSS questions are best considered
a general measure of test use rather than a specific measure of
screening.

The BRFSS described blood stool test (fecal occult blood
test, or FOBT) as a test that may use a special kit at home
to determine whether the stool contains blood. Sigmoidoscopy
and colonoscopy were described as exams in which a tube
is inserted in the rectum to view the colon for signs of cancer
or other health problems. Respondents were asked whether
they had had any of the three tests. Those who answered
"yes" were further asked how long it had been since their most
recent test.
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Following the USPSTF recommendations, we defined colorec-
tal cancer screening status for any colorectal cancer screening test
for adults ages 50 to 75 years as follows:

Current: Respondents tested for at least one of the three test
types according to recommendations.

Not current: Respondents who had at least one of the tests, but
no test was within the recommended time interval, or those who
had never had any of the three tests.

The outcome of being current with any colorectal cancer
test type is used as a measure for comparing adherence with
the 80% by 2018 goal. Additional analyses for colonoscopy
and FOBT are to assess what is being practiced in reality and
how the reported use of each test type is distributed at the
county level.

Statistical analysis

We used the 2014 BRFSS individual-level county data (sam-
ple size = 251,360 adults) and linked it with the ACS to
construct and fit three multilevel logistic regression mixed
models that estimated the expected probability of an individual
being "current" with any colorectal cancer test use; with colo-
noscopy; and with FOBT, in each county in the United States.
Each model included individual-level fixed effects (age,
sex, race/ethnicity), county-level poverty, and county- and
state-level random effects. The results from each of the three
models included parameters for each of the fixed and random
variables.

Because some BRFSS counties had no direct estimates and no
random effects, we defined a county-level random effect s’
for any county-level i with a missing random effect, by spatially
smoothing its adjacent counties' random effects /. (j # i)
and averaging them. We then linked the newly created random
effects back to the county random effects list. We post-stratified
the BRFSS data with U.S. Census county population counts
and used them with the updated random effect list and the esti-
mated parameters from each model in newly constructed Monte
Carlo simulation programs. Each simulation included 1,000
randomly drawn samples for each of the parameters and their
standard errors, to predict the individual-level expected probabil-
ity of being current with the respective colorectal cancer screening
type. Our choice of a flexible spatial smoothing method was
driven by caution about over-smoothing health behavior out-
come variations in adjacent counties and by BRFSS data, where
direct estimate calculations for some counties were limited
(20, 21). We did not present county estimates for the option of
sigmoidoscopy every 5 years with FOBT every 3 years because of
small percentages.

Additional analysis included county-level models to generate
estimates by race/ethnicity for being current with any colorectal
cancer test type.

Our multilevel logistic regression models followed the gener-
alized linear mixed models general formula (12):

Pijkcs()/ijkcs = 1) = logit71 (Ol,' + ,8}‘ + Vet x,cn + e+ V5)7

Vijkes 18 the self-reported screening status (1 = current, 0 = not
current or never been screened) for an individual in age group i,
i=1to 6, sexgroupj, j =1 to 2, and race/ethnicity group k, k =
1 to 8, from county c in state s, and their respective regression
coefficients. x. is a vector of county-level covariates and 7 is a
vector of their respective regression coefficients. The prediction
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model included a product of the county-level poverty status
x'c and its respective regression coefficient 1. p. and v are the
county- and state-level random effects, which were assumed to
be independent and normally distributed.

We used the results from the generated respective samples of
1000 SAEs to summarize the prevalence estimates for each of
the three screening types by county, by state, and for the entire
United States and generated predicted mean values, their stan-
dard errors, and 95% confidence intervals (Cls). The prevalence
estimates calculations are described below:

For example, P' is the county-level estimated prevalence of
being current with any test use in county ¢ within state s, Pjj. is the
individual probability of being in age group i, sex group j, and
race/ethnicity group k, in county c¢ and state s, Popy,, is the
respective population count, and Pop, is the total population
count in county ¢ within state s,

thenPICS = [ZZZ(PijkCS X Popiikcs):| /ZZZ(POpijm)
i j ok i j ok

_ [Zzz(pﬁm x Popijkﬁ)} / Pop.

j ok

Similarly, let P’ = the county-level prevalence of not being
current with colorectal cancer screening or never been screened
for colorectal cancer in county ¢ within state s,

thenpzcs = {ZZZ((l - PijkCS) X Popijkcs):| /Popcs'
i j ok

The above prevalence calculations utilize the county popula-
tion counts from the Census as weights.

We calculated summary statistics for the model-based county
distributions (total and by race/ethnicity) with the univariate
procedure. We also calculated direct estimates (means and
95% Cls) by race/ethnicity with the BRFSS data. For race/ethnicity
analysis, we combined NH Native Hawaiian or other Pacific
Islander with NH other single race and NH 2 or more races.
Summary statistics for state estimates for both the 2014 BRFSS
direct estimates and our model-based SAE estimates were calcu-
lated with the MEANS procedure.

We validated internal consistency between the BRFSS and the
model-based state estimates and estimates of counties with
500 or more respondents with the Spearman correlation coef-
ficients and mean absolute differences between the estimates.
In addition, we used ArcGIS (Esri) to separately map the model-
based county estimates for each of the estimated percentages
of being current with any colorectal cancer screening test,
with colonoscopy, and with FOBT. Summary statistics by
race/ethnicity were only compared with reliable BRFSS
direct-estimates such as means and medians. We used the SAS
GLIMMIX procedure (SAS Institute Inc.) to fit the BRESS mul-
tilevel logistic models with unweighted data, based on a val-
idation study showing that an unweighted model generated
more accurate small area estimates (13). The multilevel simu-
lation models were fitted with SAS Version 9.3. BRESS states
summary estimates calculations for internal consistency were
performed with SAS-callable SUDAAN (Research Triangle Insti-
tute, Research Triangle Park, NC).

www.aacrjournals.org
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Results

Our 2014 BRFSS analytic file included information from
a sample of 251,360 adults 50 to 75 years old. Our post-
stratification included current U.S. Census 2010 population
data from all 3,142 U.S. counties. The national 2014 model-
based SAE prevalence estimate for being current with colorec-
tal cancer screening was 67.28%, 95% CI, (66.83-67.71%)
whereas the direct 2014 BRFSS estimate was 66.24%, 95%
CI (65.83-66.65%; Table 1). Mean national estimates for
the race/ethnicity groups ranged from 69.16% for NH white
to 56.81% for Hispanic, with county estimates being lower
by 1% to 5% except for NH AIAN, where the national and
county means were similar. The overall ranges of county
estimates were between 34.45% for NH white and 47.76%
among NH Asians, indicating a large variability. BRFSS mean
estimates were very similar to the model-based means
with 66.24% for the national estimate, 68.33% for NH white,
67.79% for NH black, and somewhat lower (50.82%) for
Hispanic.

Our national model-based SAE prevalence estimate for colo-
noscopy within the past 10 years was 63.69%, and was 9.67% for
FOBT within the past year. BRFSS estimates were 62.48% and
9.86%, respectively (Table 1).

The Spearman correlation coefficients (CC) between our
state-level model-based SAE estimates and BRFSS direct esti-
mates was 0.95 for being current with any colorectal cancer test
type, 0.96 for colonoscopy, and 0.97 for FOBT (Table 2).
Spearman CC for county estimates with >500 respondents was
0.86 for being current with any colorectal cancer test type
(Pearson CC was 0.9).

Except for NH white, state model-based summary statistics for
the remaining race/ethnicity groups show a much larger spread for
the BRFSS estimates with interquartile estimates ranging from
10.96% to 18.85%. In contrast, the model-based estimates range
from 5.68% to 8.51%.

Table 3 presents the model-based estimated prevalence for
being current with any colorectal cancer test type by state
in ranked order and for FOBT, and county estimates (%)
summarized by state. Figure 1 presents county estimated prev-
alence (%) for being current with colorectal cancer screening by
any colorectal cancer test, colonoscopy and FOBT.

Being current with any colorectal cancer test type

Model-based states estimated prevalence ranged from 58.92%
in Wyoming to 75.03% in Massachusetts with a mean
of 67.11% and a median of 67.47% (Tables 2 and 3). States
with the highest prevalence (>70%) were in the Northeast (Mas-
sachusetts, Maine, Rhode Island, Connecticut, New Hampshire,
and Vermont), Midwest (Michigan, Minnesota, Wisconsin),
South (Delaware, Maryland, District of Columbia, North Caro-
lina), and West (Washington; Table 3). States with the lowest
prevalence (<62%) included Wyoming, Oklahoma, New Mexico,
Alaska, Idaho, and Arkansas (Table 3). The overall range
(minimum to maximum) of the county estimates within
the states was lowest in Connecticut (3.60%), indicating low
variability among these counties, and highest in South Dakota
(28.61%). with Texas, Alaska, North Dakota, and New Mexico,
each having a range >20%, indicating a high variability.

SAE county prevalence estimates ranged from 40.11% in
Alaska to 79.76% in Florida with a median of 65.53% (Tables 1
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Table 1. Model-based SAE summary statistics (%) for being current with colorectal cancer screening overall, by county, and by race/ethnicity and comparison

with the mean (%) and 95% CI for BRFSS select race/ethnicity groups

No. of Lower Upper Interquartile Overall BRFSS mean
Test counties  Mean (95% CI) Min quartile  Median _ quartile  Max range range (95% CI)
Any colorectal cancer test type
Overall
us. 67.28 (66.83-67.71) 66.24 (65.83-66.65)
Counties 3142 65.23 40.11 62.04 65.53 68.88 79.76  6.84 39.65
NH white
us. 69.16 (68.77-69.55) 68.33 (67.92-68.73)
Counties 3142 66.29 4596  63.17 66.41 69.72 80.41 6.54 34.45
NH black
us. 67.69 (67.17-68.17) 67.79 (66.42-69.12)
Counties 3065 64.07 33.09 60.64 64.87 68.32 80.79 7.68 47.70
NH AIAN?®
Us. 57.81 (57.19-58.41)
Counties 3110 58.24 30.01 54.28 58.55 62.60 75.36 8.32 45.35
NH Asian
us. 61.99(60.88-63.00)
Counties 3075 56.90 2867 5243 56.89 61.03 75.43  8.60 47.76
NH other®
Us. 63.12 (62.44-63.76)
Counties 3127 60.27 3429 57.02 60.71 64.08 75.22 7.06 40.96
Hispanic
Us. 56.81 (55.82-57.71) 50.82 (48.79-52.85)
Counties 3134 53.34 25.05  49.76 53.53 57.22 71.00 7.45 45.95
Colonoscopy
Overall
us. 63.69 (63.20-64.16) 62.48 (62.06-62.90)
Counties 3142 62.01 3536 5865 62.23 65.76 76.73 7.1 41.36
FOBT
Overall
us. 9.67 (9.43-9.90) 9.86 (9.59-10.14)
Counties 3142 8.47 3.28 7.29 819 9.34 2054  2.05 17.26

NOTE: SAE, small area estimates.

Any colorectal cancer test type = home FOBT within the past year; sigmoidoscopy within 5 years with FOBT within 3 years; or colonoscopy within 10 years. We used
a modified Monte Carlo simulation method for estimating the model-based predicted standard errors.

@AIAN = American Indian/Alaska Native.
PNH other = Pacific Islander (PI), other one race, and 2 or more races.

An additional analysis comparing mean estimates of counties with >500 respondents shows that the mean abs difference between the model-based estimates and
the BRFSS direct estimates for being current with any colorectal cancer test type is 2.3, SE = 0.127 and interquartile range = 2.43.

and 3; Fig. 1a). The lowest ranking counties (<49.50%) were in
Alaska, South Dakota, North Dakota, Texas, Idaho, Montana,
and Arizona. Counties with estimated prevalence of 75%
or more (n = 31) were in the Northeast (Rhode Island,
Massachusetts, Maine, and Connecticut), Midwest (Michigan,
Wisconsin), South (Florida, Virginia, Maryland, and Delaware),
and the West (California, Washington; Table 3; Fig. 1A). Addi-
tional details about the 20 counties with the highest and lowest
percentages and the predicted standard errors of county esti-
mates for being current with any colorectal cancer test type are
presented in the supplementary data in Supplementary Table
S1 and Supplementary Fig. S1.

Being current with colonoscopy

Model-based state-estimated prevalence ranged from
56.16% in Oklahoma to 72.02% in Maine with a mean of
64.00% and a median of 64.26% (Table 2). States with the
highest prevalence (>70%) were in the Northeast (Maine,
Rhode Island, Massachusetts, Connecticut, and New Hamp-
shire) and Delaware. States with the lowest ranking percentages
(£60%) included Oklahoma, Wyoming, New Mexico, Hawaii,
Nevada, Alaska, Arkansas, Idaho, Texas, Nebraska, Mississippi,
and California.
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County prevalence estimates ranged from 35.36% in Alaska
to 76.73% in Rhode Island with a mean of 62.01% and a
median of 62.23% (Table 1; Fig. 1b). The 20 lowest ranking
counties (<44.61) were in Alaska, South Dakota, North Dako-
ta, New Mexico, Texas, Idaho, Arizona, Montana, and
Nebraska, Counties with the highest prevalence (>73%, n =
20) were in the Northeast (Rhode Island, Maine, Massachu-
setts, and Connecticut), Midwest (Michigan, Wisconsin, and
Minnesota), and South (Florida and Virginia).

Being current with FOBT

Model-based state estimated prevalence ranged from 3.73% in
Utah to 16.83% in California with a mean of 8.49% and a median
of 8.21% (Table 2). States with the highest prevalence (>11%)
included California, Hawaii, Florida, and Nevada. The lowest
ranking states (<6%) included Utah, Wyoming, Alaska, and
Minnesota (Table 3).

County prevalence estimates ranged from 3.28% in Utah to
20.54% in California (Table 3; Fig. 1C), with a mean of 8.47% and
a median of 8.19% (Table 1). Most counties with the lowest
prevalence (<5.19%, n = 34) were in Utah, Wyoming, and Alaska.
Counties with the highest prevalence (>16%, n = 30) were in
California and Hawaii.

Cancer Epidemiology, Biomarkers & Prevention
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Table 2. State (n = 51) summary statistics (%) for being current with colorectal cancer screening by screening type and race/ethnicity—model-based

SAE versus 2014 BRFSS

Test p? Mean Min Lower quartile Median Upper quartile Max Interquartile range
Any colorectal cancer test type
All

Model-based 0.95 67.11 58.92 63.00 67.47 70.38 75.03 7.38

BRFSS 66.24 56.52 61.81 66.35 69.95 76.37 815
NH white

Model-based 68.56 59.87 60.64 64.87 71.76 76.13 6.24

BRFSS 67.82 56.99 64.63 67.58 71.87 78.03 7.24
NH black

Model-based 67.08 58.51 64.54 66.81 70.23 74.58 5.68

BRFSSP 64.71 34.37 60.29 65.61 71.25 86.83 10.96
NH AIAN®

Model-based 59.50 47.23 55.23 59.80 63.75 69.04 8.51

BRFSS 57.70 30.77 49.84 57.67 64.38 79.25 14.54
NH Asian

Model-based 59.70 50.19 56.76 59.77 63.41 67.87 6.66

BRFSS¢ 54.88 14.59 45.90 56.39 64.30 89.76 18.40
NH other®

Model-based 62.05 53.41 58.65 61.59 65.30 70.20 6.61

BRFSS 61.29 3213 54.76 62.78 68.62 80.52 13.86
Hispanic

Model-based 55.76 46.96 52.18 55.75 59.48 65.02 7.30

BRFSS 52.47 26.63 43.66 52.26 62.51 82.35 18.85
Colonoscopy

Model-based 0.96 64.00 56.16 60.15 64.26 67.73 72.02 7.58

BRFSS 62.94 53.81 58.57 62.50 67.11 73.06 854
FOBT

Model-based 0.97 8.49 3.73 7.06 8.21 9.97 16.83 2.91

BRFSS 853 2.86 6.62 7.93 10.13 20.54 3.52

NOTE: NH, non-Hispanic.

Any colorectal cancer test type = home FOBT within the past year; sigmoidoscopy within 5 years with FOBT within 3 years; or colonoscopy within 10 years; SAE,
small area estimates; BRFSS, behavioral risk factor surveillance system.

p° = The Spearman correlation coefficients. The correlation coefficient test was performed for the overall national estimates only. Because the BRFSS is a state-based
survey and did not include data for all counties, the race groups were not assessed with correlation coefficients. The similarity between the SAE and BRFSS
distributions was assessed by comparing the means and the medians.

The mean abs difference between the model-based state-estimates and the BRFSS direct state-estimates for each colorectal cancer screening type is as follows: (i)

Any colorectal cancer test type: mean = 1.36%, SE = 0.14; (ii) colonoscopy: mean = 1.5%, SE = 0.161; and (iii) FOBT: Mean = 0.608%, SE = 0.088.

PWe excluded one state with a minimum estimate = 0.0.

CAIAN = American Indian/Alaska Native.

9We excluded one state with a maximum estimate = 100.0.

®NH other = Pacific Islander (PI), other one race, and 2 or more races.

Discussion

We present results from a small area estimation model, which
generated 3,142 county estimates nationally for being current
with any colorectal cancer test type, with colonoscopy, and with
FOBT. In addition, we presented model-based county estimates
for being current with any colorectal cancer test type by race/
ethnicity groups and by mean estimates of counties with >500
respondents. Our nationwide, race/ethnicity-specific modeled
estimates were consistent with BRFSS direct estimates. These
estimates can potentially provide useful information at the local
and state levels and can inform decisions about resource allo-
cation to geographically targeted prevention and control plans
to increase colorectal cancer screening. Our study shows, that in
2014, most states and counties in the United States were still far
from the "80% by 2018 initiative" target.

We found substantial geographic variation in the estimated
prevalence of current colorectal cancer screening across states
and among counties within states. Consistent with a previous
study (4), the highest ranking state estimates of being current
with any colorectal cancer test type were in the Northeast.

www.aacrjournals.org

The lowest ranking state estimates were in various regions
of the West, South, and Alaska, some of which were also
observed previously for their low estimated percentages (4).
Estimated percentages for FOBT were much lower, and varied
among states.

Differences in estimated percentages between the highest
and lowest ranking counties were approximately 40% for any
colorectal cancer test type or for colonoscopy. The highest-
ranking counties were most often in the Northeast with 70%
or more of their counties being current with colorectal cancer
screening. The lowest ranking counties were in the rural areas
of Alaska, North Dakota, South Dakota, New Mexico, and
Montana, where a large proportion of their populations
were American Indians (22), had income below the poverty
rate or had low education attainment. Other low-ranking
counties were in Texas, some of which had a large Hispanic
or Latino population (23), had low income or low education.
The aforementioned states had the largest county variations
in current colorectal cancer screening, which might indicate
disparities in access to care between rural and metropolitan

Cancer Epidemiol Biomarkers Prev; 27(3) March 2018
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Table 3. Model-based SAE state estimated mean (%) and county statistics summarized by state for being current with any colorectal cancer test type and with FOBT

screening

Any colorectal cancer test type FOBT

County summary statistic County summary statistic

State State mean®  Min Q1 Mean Median Q3 Max Range State mean Min Q1 Mean Median Q3 Max Range
Massachusetts 75.03 7235 7385 7492 7492 7590 77.79 5.44 10.02 9.04 935 932 968 10.35 1243 3.38
Maine 74.34 69.61 7238 7368 7388 7513 7695 734 7.03 584 701 737 737 785 885 3.01
Rhode Island 748 7147 76.47 7629 77.18 77.40 7892 7.44 8.22 795 805 832 814 860 885 0.90
Connecticut 731 7194 7278 7383 74.00 7480 7555 3.60 8.54 763 792 835 82 880 9.31 1.68
Delaware 72.81 7142 7142 7330 7327 7522 7522 380 6.40 570 770 669 6.94 7.4 741 171
New Hampshire 72.40 6714 71.08 7172 7159 7358 7397 6.83 6.49 599 627 672 664 6.87 826 228
Maryland 72.25 66.19 70.07 7141 7160 73.24 75.22 9.03 10.62 767 9.44 10.16 10.07 N.04 1242 476
Washington, DC 7217 7217 10.67 10.67
Michigan 71.83 6756 7119 7239 7237 73.68 76.78 9.22 8.63 729 839 864 857 890 1094 365
Minnesota 71.38 6323 7013 7110 7156 7219 7463 1.39 5.80 523 579 596 592 6.06 751 228
North Carolina 70.60 62.47 6861 7019 70.33 7146 7483 12.36 10.55 896 10.29 10.76 10.68 123 1248 352
Vermont 70.47 64.82 68.60 69.96 69.81 7157 73.41 8.60 6.79 552 648 7.8 7.06 780 929 377
Wisconsin 70.38 5911 69.54 7041 70.64 7158 75.64 16.53 6.40 581 639 663 656 6.79 9.89 4.09
Washington 70.19 58.46 67.86 69.19 69.40 7127 75.07 16.61 10.26 888 9.78 10.28 10.16 10.74 1235 348
Florida 69.63 59.83 67.80 69.62 70.02 7133 79.76  19.94 13.17 10.69 1236 12.84 12.69 1323 1560 4.91
Virginia 69.57 58.78 66.69 68.68 69.18 70.80 75.61 16.83 7.39 636 724 751 746 775 879 243
Utah 69.27 53.35 65.78 66.79 66.94 68.96 7284 19.50 3.73 328 394 412 41 4.29 533 204
Oregon 68.92 61.78 66.53 68.07 6812 69.70 72.04 10.26 10.01 872 943 970 9.65 996 113 242
South Carolina 68.85 6144 6540 6719 67.21 69.39 7437 1293 7.80 6.84 757 797 8.06 836 914 23
Kentucky 68.40 5726 64.64 66.74 66.95 69.04 7378 16.52 9.56 859 933 964 956 0.86 1223 365
Georgia 68.06 5825 64.84 6692 66.86 6865 7431 16.07 9.97 883 9.64 10.00 10.00 1034 M40 257
lowa 67.71 6226 66.56 67.47 6738 6853 71.08 8.82 7.27 6.45 710 729 725 746 851 206
California 67.68 5810 67.39 69.33 69.95 7217 7555 17.45 16.83 14.46 15.81 16.49 16.25 16.76 20.54 6.08
New York 67.61 6091 6822 6922 6945 7055 7383 1293 8.30 744 806 820 819 8.31 9.04 160
South Dakota 67.58 4380 64.93 6584 68.21 69.32 7241 28.61 8.21 6.47 790 855 814 856 1272 6.25
Pennsylvania 67.47 6450 66.42 67.51 6748 68.59 7163 714 7.45 659 722 749 753 774 834 175
Alabama 67.09 5823 6382 6529 6533 66.80 70.80 1257 8.28 758 801 851 853 888 998 240
Tennessee 67.01 60.20 64.43 6581 6559 67.01 71,76 11.56 9.22 828 894 915 910 9.32 1089 261
Hawaii 66.78 61.23 64.40 64.60 64.42 6496 68.00 6.75 15.33 1.67 14.80 1587 15.05 18.69 19.2 7.44
Colorado 66.62 5328 6155 6357 6389 6652 70.38 17.10 8.32 692 788 813 8.09 838 10.43 3.51
Kansas 66.43 5433 6268 6425 6470 6615 7181 17.48 810 6.53 821 839 838 8.61 940 288
West Virginia 66.20 5780 6398 6520 6541 66.46 70.18 12.38 9.55 862 929 962 957 996 1066 2.04
Louisiana 65.73 54.02 63.03 6435 6430 6599 6911 15.09 9.45 826 9.06 942 947 9.78 1M.00 274
Arizona 65.57 49.44 56.89 60.43 60.34 6632 6855 19.1 10.72 835 892 1035 978 1.68 1416 581
Ohio 65.17 5875 63.06 6417 6432 6538 70.09 1.34 7.75 6.88 731 756 751 772 9.08 220
New Jersey 65.15 56.36 6311 6518 66.54 6722 6897 1261 7.7 667 731 769 773 8.1 882 215
Missouri 63.96 55.83 59.58 61.61 6147 63.32 68.62 12.79 71 632 723 736 7.36 7.53 8.18 1.85
Mississippi 63.37 5284 60.46 6192 6232 6386 69.09 16.25 10.63 9.45 10.35 10.82 10.74 N34 1215 270
North Dakota 63.00 4373 5995 60.98 62.07 6313 6819 24.46 7.06 569 7.05 738 723 754 1042 473
Texas 62.93 4514 6127 6287 63.90 65.79 7180 26.66 8.56 716 842 863 864 8.81 10.51 3.34
Montana 62.86 4885 59.48 6110 61.81 63.43 66.38 17.53 6.53 575 648 6.77 6.66 6.84 957 382
Indiana 62.84 5265 6116 6295 6267 6454 69.68 17.03 7.90 701 762 780 776 793 946 245
Nevada 62.62 5464 6030 61.07 6166 6254 6582 1118 1.01 764 845 9.09 879 9.30 1220 456
Nebraska 62.42 49.57 5790 59.45 59.20 6118 65.38 15.80 7.7 564 690 723 720 744 968 4.03
lllinois 62.12 5178 60.97 6211 6229 6326 66.71 14.93 6.36 560 624 634 633 6.44 7.07 147
Arkansas 61.74 50.96 5857 60.04 60.1 61.73 69.16 18.20 718 6.67 707 737 737 758 827 1.60
Idaho 61.43 46.46 57.47 5913 59.32 6123 66.01 19.55 6.31 555 623 645 642 6.58 773 218
Alaska 60.75 4011 5214 56.60 59.12 60.98 6629 26.17 5.50 483 546 628 583 7.06 856 373
New Mexico 60.71 4596 54.85 57.63 57.18 6120 69.80 23.85 7.53 624 722 747 740 7.65 1059 435
Oklahoma 59.27 5013 5550 57.45 5762 59.09 6361 13.49 8.22 694 758 801 7.92 837 10.09 315
Wyoming 58.92 52.03 56.38 5833 58.02 60.64 6384 18] 5.35 435 529 554 559 576 673 238
NOTE: Q1, lower quartile; Q3, upper quartile.
Any colorectal cancer test type = FOBT within the past year; sigmoidoscopy within 5 years with FOBT within 3 years; or colonoscopy within

10 years.
@Percentages are in decreasing order of state prevalence of being current with any colorectal cancer test option. Percentages for FOBT match by state.
Ranges with percentages >15% are highlighted.

areas. Moreover, our model-based county estimates by race/
ethnicity suggest even larger disparities among non-Hispanic
blacks, Asians, American Indians or Alaska Natives, and His-
panics, for whom culturally appropriate interventions are
needed. We were not able to compare estimates for these
subpopulation groups with BRFSS estimates because BRFSS
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is a state-level survey and is not designed to assess county
reliability for these populations solely. Comparing county-
level data with BRFSS can be potentially biased because
of oversampling or having counties without BRFSS direct-
estimates. Nevertheless, the mean and median estimates were
consistent.
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Figure 1.

Model-based county estimated prevalence (%) maps for being current with three colorectal cancer test types. The maps show estimated prevalence for
(A) any colorectal cancer test type, (B) colonoscopy within 10 years, and (C) FOBT within the past year. Any colorectal cancer test type (A) includes
FOBT within the past year; sigmoidoscopy within 5 years with FOBT within 3 years; or colonoscopy within 10 years. The County prevalence shown on the right
of each map describes the prevalence by quintiles, each associated with a different color scale.
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Despite colorectal cancer screening recommendations pub-
lished in 2008 and 2016 by the USPSTF emphasizing that
no one strategy is advantageous over the other (19, 24), a
survey of primary care providers found that most recom-
mended colonoscopy to their patients (25), consistent with
our findings. The 2016 recommendations extended the choices
in screening tests to align more closely with a patient's pre-
ferences, with the goal to maximize the total number of people
screened (24). The Community Preventive Services Task
Force encourages providers to use reminder systems, small
media, such as brochures, videos, or newsletters, to increase
awareness about the different tests available, and engage their
patients in decision making about a strategy of their choice
and availability of services to increase completion rates and
follow-up over time (26).

Using small area estimates analysis can potentially highlight
barriers to colorectal cancer screening due to geographic acces-
sibility such as travel time and distance to health care facilities,
and identify specific geographic locations with these barriers.
Several investigators have highlighted the importance of dis-
tance to colorectal cancer screening facilities as a barrier to
health care (27, 28). Lack of access to health care in rural areas
has been well documented and these areas may have higher
rates of poverty along with fewer physicians (29). These
studies suggest that increasing access to transportation services
for populations such as American Indians, or other rural
populations living in areas with little or no access to health
care facilities, may be an approach to help increase colorectal
cancer screening.

Disparities in colorectal cancer screening can result from lan-
guage or cultural barriers. A national study comparing Latinos and
non-Latino whites revealed that Latinos were less likely to have
received colorectal cancer screening than were non-Latino whites.
Moreover, Latinos responding in Spanish had lower odds of
receiving colorectal cancer screening than Latinos responding in
English (30, 31). A prospective study from six U.S. states and 2
metropolitan areas found associations between self-reported
education and colorectal cancer incidence at the Census tract
level (17). This study also observed higher prevalence of adverse
health behaviors, such as poor diet, smoking, physical inactivity
and unhealthy weight in this population. It is possible that other
barriers to screening, such as widespread beliefs and lack of
knowledge among county population may contribute to low
screening. A literature review of cancer screening interventions
in nonclinical community settings was used to derive lessons-
learned about effective interventions including cost-sharing elim-
ination for colorectal cancer screening, person-to person outreach,
one-on-one or small groups' education, and mass media inter-
ventions (32).

To increase the availability of data about chronic disease in
small geographical areas, the CDC Foundation, in collabora-
tion with the Robert Wood Johnson Foundation, launched in
2015 the 500 Cities Project. The project identifies and analyzes
city and Census tract-level data using small-area estimation
methods for 27 chronic disease measures, five unhealthy beha-
viors, and nine prevention practices including colorectal cancer
testing. The information characterizes the health conditions of
these areas' population and helps public health practitioners
develop effective and targeted public health interventions for
vulnerable populations.

252 Cancer Epidemiol Biomarkers Prev; 27(3) March 2018

The potential to increase screening rates exists if health-care
providers consistently offer multiple screening options and
help patients identify the tests they are willing to complete
(24). Kaiser has reported being able to achieve screening rates
close to or above 80% with an organized approach to screening,
starting with FOBT (33, 34). Additionally, states with no high-
quality county estimates can use our multilevel small area
estimation method to do their own county-level analysis by
only including county random effects but no state random
effect. All counties in the state can be represented after post-
stratification with the Census population data, including coun-
ties in BRFSS with no direct estimates. County estimates can
help with decisions about resource allocation for interventions
on the local level.

Limitations and strengths

Our study has some limitations. First, the results of our study
are based on self-reported information, which might be subject
to bias. Second, our predicted percentages of being current
with colorectal cancer screening might be more appropriate for
program planning than for program evaluation. Our model-based
estimates might have over-estimated sparsely-populated areas
and under-estimated densely-populated areas. Third, we were
not able to assess the model's external validity because no other
comparable national survey, such as the National Health Inter-
view Survey, had information on colorectal cancer screening
in 2014.

Using the large BRFSS data set in multilevel small area
estimation models with post- stratification that included geo-
graphic and demographic characteristics, and county-level pov-
erty data, is a strength of our study. Our method allows
integration with other data sources at the county level, such
as Census county data and the American Community Survey,
and provides estimates for all the counties. Lastly, our analysis
generated consistent estimates when aggregated to the levels of
reliable direct BRFSS estimates.

Conclusions

Our analysis highlights the value of having nationwide large
surveys, such as BRFSS with linkage to Census county data, to
provide information that can be used at the local and state
levels and identify patterns of adherence to screening recom-
mendations. We found that state-level information about colo-
rectal cancer screening masks substantial within-state variabil-
ity. Our study shows that most states and counties in the United
States are still far from the "80% by 2018" goal. Our estimates
may provide opportunities for municipal, state and federal
public agencies to better identify areas in need of coordinated
and targeted health promotion efforts, including areas with
limited direct BRFSS estimates.
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