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Abstract
Background & Aims—Little is known about the effects of geographic factors, such as rural vs
urban residence and travel time to colonoscopy providers, on risk-appropriate use of colorectal
cancer (CRC) screening in the general population. We evaluated the effects of geographic factors
on adherence to CRC screening and differences in screening use among familial risk groups.

Methods—We analyzed data from the 2010 Utah Behavior Risk Factor Surveillance System,
which included state-added questions on familial CRC. Using multiple logistic regression models,
we assessed the effects of rural vs urban residence, travel time to the nearest colonoscopy
provider, and spatial accessibility of providers on adherence to risk-appropriate screening
guidelines. Study participants (n=4260) were respondents 50–75 years old.

Results—Sixty-six percent of the sample adhered to risk-appropriate CRC screening guidelines,
with significant differences between urban and rural residents (68% vs 57%, respectively; P<.001)
across all familial risk groups. Rural residents were less likely than urban dwellers to be up-to-date
with screening guidelines (multivariate odds ratio=0.65; 95% confidence interval [CI], 0.53–0.79).
In the unadjusted analysis, rural vs urban residence (P<.001), travel time to the nearest
colonoscopy provider (P=.003), and spatial accessibility of providers (P=.012) were significantly
associated with adherence to screening guidelines. However, rural vs urban residence (P<.001)
was the only geographic variable independently associated with screening adherence in the
adjusted analyses.

Conclusion—There are marked disparities in use of risk-appropriate CRC screening between
rural and urban residents in Utah. Differences in travel time to the nearest colonoscopy provider
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and spatial accessibility of providers did not account for the geographic variations observed in
screening adherence.
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Introduction
Colorectal cancer (CRC), the third most frequently diagnosed cancer and second leading
cause of cancer-related mortality in the United States,1 is highly preventable through
appropriate use of screening tests, like colonoscopy.2 Overall CRC screening rates in the
United States increased from 52% in 2002 to 64% in 2010; but despite recent increases in
screening uptake, only one-third of CRCs are diagnosed at early stages (stages I–II).3

Previous studies identified differences in CRC screening utilization among sub-populations
in the United States, like age, race, and income groups;4, 5 but, fewer studies examined CRC
screening utilization in rural populations and none have examined geographic correlates by
familial risk groups. Geographic factors, including travel time and spatial accessibility to
CRC screening providers, may influence adherence to risk-appropriate screening.6 For
example, lengthy or costly travel to screening services or long wait times due to service
shortages may discourage patients from receiving the recommended cancer screenings.7

Rural populations are particularly vulnerable to access barriers, resulting in possible
geographic disparities in health services utilization.

Available evidence indicates that rural residents are less likely than urban residents to
receive CRC screening and to be up-to-date with CRC screening guidelines.8, 9 Geographic
proximity to cancer screening providers may explain differences in screening utilization
between rural and urban groups. Studies of mammography use in rural Kansas and the
United Kingdom found women with shorter travel distances to screening centers were more
likely to receive a mammogram than those with longer travel distances.10, 11 Yet,
comparable studies in California and Colorado revealed no association between
mammography use and travel distance.12, 13 To our knowledge, no studies in the United
States have explored the relationship between travel distance to the nearest CRC screening
facility and screening utilization. Understanding the geographic mechanisms behind risk-
appropriate CRC screening will help inform interventions targeted at both urban and rural
residents.

Consensus-approved risk-appropriate CRC screening guidelines stratify patients by a
familial history of the disease recommending earlier and more frequent testing for those with
a positive family history of CRC;14, 15 specifically, individuals with a first-degree relative
(FDR) diagnosed with CRC less than 60 years of age should begin screening at age 40
receiving a colonoscopy every five years.14 Individuals with a positive family history of
CRC are significantly more likely to receive screening, but not necessarily consistent with
risk-appropriate screening guidelines.16, 17 Existing studies only assessed screening
practices among familial risk groups, not adherence to risk-appropriate guidelines which are
more aggressive than recommendations for the general population.

This is the first study to address risk-appropriate CRC screening uptake among urban and
rural populations by examining the influence of geographic proximity to CRC screening
providers on utilization of risk-appropriate screening, differences in screening adherence
among familial risk groups, and geographic patterns of risk-appropriate screening uptake.
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Methods
Study Sample

The Behavioral Risk Factor Surveillance System (BRFSS), coordinated by the Centers for
Disease Control and Prevention in conjunction with state health departments, is a set of
cross-sectional telephone surveys of the non-institutionalized population 18 years and older
in the United States.18 Questions about CRC screening history are routinely asked on
BRFSS questionnaires, but not information on familial CRC history. We collaborated with
the Utah Department of Health to add the following three questions about familial CRC
history to the 2010 BRFSS:

1. “Have any of your nearest blood relatives, that is parents, siblings, or children, ever
been told by a doctor or other health professional that he or she had colon or rectal
cancer?”

2. “How many or your nearest blood relatives, that is parents, siblings, or children,
have been diagnosed with colon or rectal cancer?”

3. “Were any of your nearest blood relatives that is parents, siblings, or children, less
than 60 years of age when they were diagnosed with colon or rectal cancer?”

The BRFSS uses a disproportionate stratified sampling design to select household telephone
numbers from Utah’s 12 health districts and samples rural health districts at a higher rate.19

The sample size for the 2010 questionnaire was 10,173 with a 64.61% response rate. For the
purposes of this study, we only included respondents from 50 to 75 years who answered the
state-added familial CRC questions, reported on CRC screening history, and provided a
current Zip code resulting in a final study sample size of 4,260 men and women.

Analytic Variables
Respondents were classified into three familial risk groups average, increased, and high risk
—based on their self-reported familial CRC history and American Cancer Society
guidelines.20 Those reporting no family history of the disease were classified as average
risk. Respondents with any FDR diagnosed with CRC at age 60 or older were classified as
increased risk. Those with CRC in any FDR diagnosed before age 60 or in two or more
FDRs at any age were classified as high risk. We then determined respondents’ adherence to
risk-appropriate CRC screening using American Cancer Society guidelines. Both average
and increased risk respondents from 50 to 75 years of age were considered adherent to
screening recommendations if they received a blood stool test using a home kit within the
past year, a sigmoidoscopy in the previous five years, or a colonoscopy in the previous 10
years. Those classified as high risk were considered adherent if they reported having a
colonoscopy in the previous five years.

Geographic proximity to CRC screening facilities was defined as the population-weighted
median travel time to the nearest colonoscopy provider from respondents’ Zip codes. To
calculate geographic proximity by Zip code, we first created a one mile grid for the state of
Utah and for each grid cell populated with individuals 50 or older we calculated the actual
travel time to nearest colonoscopy provider (Figure 1). Populations were based on 2010
Census block tabulations. Using all of the travel times within a Zip code we calculated a
population-weighted median travel time by Zip code (Figure 2). Travel times were
calculated using the North American Association of Central Cancer Registries Shortest Path
Tool20 and grouped into three categories: less than 10 minutes, 10 to 20 minutes, and more
than 20 minutes. Colonoscopy providers were identified using comprehensive Internet
searches and current lists of gastroenterologists provided by the American Medical
Association and National Provider Identifier file.21, 22 We contacted each facility to verify
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colonoscopy providers practicing from 2000–2010 to account for changes in providers over
time.

Travel time measures geographic proximity to CRC screening sites, but does not account for
spatial accessibility, or the ratio of providers to the population in need of services. We used
the two-step floating catchment area (2SFCA) method to measure accessibility to
colonoscopy providers which calculates the ratio of providers to the population within a
specified service catchment area, in this case 30 minute driving time.23 Since the majority of
providers divided their practice between multiple locations, we summed the full-time
equivalent of providers for each health facility. Methodology for the 2SFCA is documented
elsewhere.23 We collapsed spatial accessibility into quintiles. Rural/urban residence was
based on Rural-Urban Computing Area (RUCA) codes at the Zip code level. RUCA codes
were developed using standard U.S. Bureau of Census urbanized area and urban cluster
definitions classified by Census tracts and later by Zip code. The 33 RUCA categories were
aggregated into urban and rural as recommended by the Washington, Wyoming, Alaska,
Montana, and Idaho Rural Health Research Center.24 Additional measures included gender,
age, self-reported income, marital status, education, race/ethnicity, health insurance status,
and access to a personal healthcare provider.

Statistical Analyses
Descriptive analysis examined the demographic characteristics of the sample. Bivariate
analysis estimated the proportion of respondents who were up-to-date with risk-appropriate
screening guidelines by each independent variable. Differences were tested using Wald chi-
square tests. Crude odds ratios (OR) and 95% confidence intervals (CI) were also calculated
to measure each variable’s association with screening adherence.

Multiple logistic regression models were calculated to identify factors associated with risk-
appropriate CRC screening utilization. The full model included all independent variables
mentioned above while the restricted models included only those variables found to be
significantly associated with screening adherence in the full model. We used three restricted
models, the first with rural/urban residence, the second with travel time, and the third with
spatial accessibility to account for collinearity between geographical measures. Data were
weighted to compensate for the disproportionate stratified sampling design used in the
survey. All analyses were conducted using SAS 9.2 (SAS Institute Inc., Carry, NC, 2001).

Results
Characteristics of the sample are presented in Table 1. Respondents were generally non-
Hispanic white (91.8%), married (81.0%), urban residents (85.3%), covered by health
insurance (91.7%), and had a personal healthcare provider (89.0%). A large majority of
participants (90.1%) were at average risk for CRC with no family history of the disease.
Rural residents (14.7%) were more likely to report lower household incomes, be less
educated, travel more than 10 minutes to the nearest colonoscopy provider, and live in Zip
codes with less spatial accessibility to providers. Over 66% of the sample was adherent to
risk-appropriate CRC screening guidelines with significant differences in adherence between
urban (68.3%) and rural (56.8%) populations. Screening adherence differed significantly by
familial risk group with 65.9% of average risk, 78.6 % of increased risk, and 65.5% of high
risk participants being up-to-date with screening guidelines. The percentage of respondents
that were adherent to screening guidelines by rural/urban residence is presented in Table 2.
We identified a significant inverse relationship between travel time and adherence to risk-
appropriate screening guidelines with higher percentages of adherence seen in individuals
living closer to screening providers.
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Crude and adjusted odds ratios for adherence to risk-appropriate CRC screening are
presented in Table 3. In the crude analyses, rural residents were less likely than urban
dwellers to be up-to-date with screening guidelines (OR=0.61, 95% CI 0.51–0.73).
Similarly, those traveling more than 20 minutes to the nearest colonoscopy provider were
significantly less likely to be adherent with CRC screening than those traveling less than 10
minutes (OR=0.57, 95% CI 0.40–0.80). Compared with respondents at average risk for
CRC, those with an increased familial risk for the disease were more likely to report
adherence to CRC screening (OR=1.89, 95% CI 1.31–2.75), while those at high risk were
not more likely to be up-to-date with screening guidelines. Respondents with the lowest
spatial accessibility to colonoscopy providers were less likely to be adherent with screening
guidelines than those with the greatest spatial accessibility (OR=0.37, 95% CI 0.19–0.72).

Multiple logistic regression analyses were used to assess whether rural/urban residence,
travel time, and spatial accessibility were independently associated with CRC screening
adherence. In the full model, median travel time (P=.779) and spatial accessibility (P=.634)
did not remain significantly associated with screening adherence; however, the lower odds
of screening adherence for rural residents persisted (OR=0.67, 94% CI 0.53–0.82). Because
rural/urban residence, median travel time, and spatial accessibility may measure similar
constructs (rural residents likely travel longer distances to colonoscopy providers), we ran
three restricted models separating the geographic variables. In Model 1, rural residents
remained significantly less likely to be adherent with screening guidelines than urban
dwellers (OR=0.65, 95% CI 0.53–0.79). Only respondents with an increased familial risk
had significantly higher odds of screening adherence compared with those at average risk
(OR=1.88, 95% CI 1.27–2.78). In Model 2, travel time did not remain significantly
associated with CRC screening adherence (P=.086); however, respondents traveling more
than 20 minutes to the nearest colonoscopy provider had significantly lower odds of
adherence to CRC screening guidelines compared to those living less than 10 minutes from
a provider (OR=0.64, 95% CI 0.43–0.97). We also collapsed travel time into two groups of
more or less than 30 minutes. The results showed that residents living farther than 30
minutes from the nearest provider had lower odds of screening adherence than those living
closer than 30 minutes (OR=0.68, 95% CI 0.34–1.37). These results were not significant
likely due to small numbers (only 72 of 4260 respondents lived more than 30 minutes from
the nearest provider). Spatial accessibility was not independently associated with screening
adherence in Model 3 (P=.191).

Age group, education, income, marriage, health insurance, access to a personal healthcare
provider, and familial risk were significant indicators of screening adherence in all three
restricted models. We tested for potential interactions between each geographic variable and
having a personal healthcare provider. No meaningful interactions were identified. A
subgroup analysis revealed that rural residents with a personal health care provider remained
less likely (OR=0.61, 95% CI 0.50–0.75) to be up-to-date with risk-appropriate screening
guidelines than urban dwellers with a healthcare provider. No significant differences existed
between rural and urban residents without a healthcare provider.

Discussion
This is the first study to demonstrate geographic disparities in risk-appropriate CRC
screening according to rural/urban residence. Rural residents were less likely to be adherent
with screening guidelines than urban dwellers, consistent with previous research on CRC
screening behaviors in average-risk populations.8, 9 Travel time and spatial accessibility did
not further elucidate differences in screening utilization between rural and urban
populations. Only rural/urban residence remained independently associated with screening
adherence in the multivariable analyses. Although median travel time did not significantly
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contribute to the adjusted model, residents living more than 20 minutes from the nearest
colonoscopy provider were significantly less likely to be up-to-date with risk-appropriate
screening than those living less than 10 minutes from the nearest provider. One might expect
to see a reduction in utilization of CRC screening as the distance from colonoscopy
providers increases because of the added costs, time, and effort needed to travel longer
distances, a concept known as “distance decay”. 23 The effects of longer travel times
coupled with limited public transportation in rural communities, may contribute to the lower
likelihood of CRC screening adherence seen in this group.

Access to a personal healthcare provider and provider recommendation are powerful
predictors of CRC screening in the general population.4, 9 We did not observe any
meaningful geographic differences in access to personal healthcare providers albeit rural
communities commonly experience primary care shortages.25 In a subgroup analysis, rural
residents with a personal health care provider were still less likely to be up-to-date with risk-
appropriate screening than urban dwellers with a healthcare provider. Thus, differential
access to personal providers does not explain the observed geographic disparities. However,
patterns of physician recommendation may vary across rural/urban groups. One study
suggests that inadequate patient-provider communication about CRC risk is the primary
barrier to screening in rural regions; sixty-one percent of patients reported insufficient time
to discuss CRC screening with their physicians or no discussion at all.26 Also, providers
may not incorporate familial risk assessment and risk-appropriate screening guidelines into
patient-provider discussions resulting in sub-optimal risk communication and lower levels of
screening adherence in high risk patients.27 Subsequent research should consider patterns in
provider recommendations as plausible reasons for geographical disparities in CRC
screening adherence across risk groups.

Provisions in the Affordable Care Act aim to improve rural health outcomes, including
cancer screenings, by increasing rural primary care providers, expanding tele-healthcare
services for specialty care, and ensuring coverage for preventive services.28 Expansion of
health care coverage and services presents a prime opportunity to address risk-appropriate
CRC cancer screening in rural populations; however, the Affordable Care Act alone may not
increase screening rates. Comprehensive coverage for preventive services will increase
demand. In turn, rural health care systems will need to respond with an increase in supply.
Spatial accessibility was not independently associated with CRC screening adherence
suggesting that colonoscopy services are well-distributed over both urban and rural Utah.
However, this may change in 2014 when health care coverage is expanded to 42 million
Americans. Rural communities often rely on specialty care physicians who travel from
urban medical practices a few times a month, further reducing accessibility. Training non-
physician providers in endoscopy may present a feasible, cost-effective strategy to
enhancing CRC screening services in underserved populations. The Alaska Tribal Health
System launched a three-tiered CRC screening program that expanded endoscopy services
by training midlevel healthcare providers, contacted first-degree relatives of CRC patients,
and hired patient navigators to guide average-risk patients through the screening process.
Screening uptake significantly increased by 14% during the study period.29 Multifaceted
interventions, like those in Alaska, targeting personal, behavioral, social, and environmental
barriers to CRC screening in rural populations will complement provisions in the Affordable
Care Act. Screening interventions should also capitalize on additional rural health care
services by encouraging primary care providers to collect family health histories, training
providers in health behavior counseling, and advocating provider recommendation of risk-
appropriate screening.

Limitations of this study warrant discussion. Behavioral Risk Factor Surveillance System
data is collected through telephone surveys, excluding households without telephones.
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Household telephone coverage differs by sub-population with lower coverage in young,
poor, and minority groups.30 The Utah BRFSS used post-stratification methods to adjust for
noncoverage and nonresponse and ensure the total number of respondents is equal to the
population estimates for each geographic region. Ideally, post-stratification methods and the
large sample size should reduce sampling error. Participants with missing information on
familial CRC history, screening history, and residential Zip code were excluded from our
analysis introducing possible bias. Respondents to the above questions may be inherently
different from nonrespondents. Self-reported family health histories in the BRFSS are
subject to recall bias and misreporting by survey respondents; self-reported cancer screening
histories may disagree with hospital or clinic records with over-reporting of screening tests
and under-reporting of time lapse since last screening.31

The BRFSS only collects data on residential Zip codes, restricting our travel time analysis to
the Zip code level. Without residential addresses, we could only calculate a population-
weighted median travel time to the nearest colonoscopy provider. This allowed us to exclude
unpopulated areas in each Zip code from our calculations for a more accurate measure of
respondents’ travel time. However, a population-weighted median travel time is still less
precise than actual travel time. Changes in colonoscopy providers over time, especially in
rural Zip codes, may also bias our travel time and spatial accessibility estimates. We
contacted each health care facility for information on providers practicing from 2000–2010
to account for temporal changes. Not all facilities offered data on providers over the 10-year
period causing some discrepancy in our analysis.

Finally, the 2010 BRFSS only asked respondents about their personal cancer history on one
of three waves of questionnaires. Without data on all participants, we could not exclude
prior cancer cases from our analysis. Respondents with a previous cancer diagnosis are more
likely to be up-to-date with risk-appropriate cancer screening guidelines.32 However, we
assume a relatively small percentage of previous CRC cases were in the sample.33

Conclusion
Significant disparities in risk-appropriate CRC screening uptake were identified between
urban and rural populations in Utah. Differences in travel time to the nearest colonoscopy
provider and spatial accessibility of providers did not explain geographical variation in
screening adherence. Such differences in rural/urban screening utilization underscore the
need for interventions targeted at rural residents in all familial risk groups.
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CRC colorectal cancer
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RUCA Rural-Urban Commuting Area

2SFCA Two-Step Floating Catchment Area
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Figure 1.
Actual travel time to the nearest colonoscopy provider for each populated one mile grid cell
in Utah
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Figure 2.
Population-weighted median travel time to the nearest colonoscopy provider for each Utah
Zip code
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Table 2

Percentage of respondents adherent to risk-appropriate colorectal cancer screening by rural/urban residence for
selected factors

Count Urban Adherent % Urban Adherent Count Rural Adherent % Rural Adherent

Total observations 2151 68.34 693 56.84**

Race

 Non-Hispanic White 2003 69.15 655 57.54**

 Hispanic 70 58.78 17 47.16**

 Other 64 56.92 15 45.55**

 Missing/unknown 14 79.91 6 58.06

Sex

 Male 925 69.44 308 58.76**

 Female 1226 67.28 385 54.83**

Age group

 50–54 372 52.70 107 41.94**

 55–59 496 69.55 172 59.66**

 60–64 475 75.53 148 62.29**

 65–69 408 78.48 146 69.73**

 70–75 400 78.92 120 61.23**

Education

 Less than high school 55 46.72 30 43.98*

 High school graduate 502 64.51 189 49.57**

 Some college 666 64.01 229 58.77**

 College graduate 926 76.05 245 65.01**

Income

 Less than $25,000 303 57.52 110 49.78**

 $25,000 to $50,000 511 69.12 182 53.42**

 $50,000 to $75,000 340 67.90 121 57.71**

 More than $75,000 771 72.78 208 66.01**

 Missing/unknown 226 65.04 72 55.49**

Marital status

 Married 1577 70.42 536 59.40**

 Not married 555 60.25 154 47.04**

Health insurance

 Yes 2051 70.39 665 60.14**

 No 99 45.27 26 23.23**

Personal provider

 Yes 2012 71.48 633 59.22**
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Count Urban Adherent % Urban Adherent Count Rural Adherent % Rural Adherent

 No 135 41.72 59 40.76

Median travel time

 <10 minutes 1810 68.83 489 58.96**

 10 - <20 minutes 313 66.21 124 54.12**

 ≥20 28 60.09 80 51.52**

Risk

 Average risk 1923 67.61 612 56.07**

 Slightly increased risk 151 79.34 45 73.36**

 High risk 77 68.31 36 53.56**

All percentage are values weighted to reflect 2010 Utah population

*
p<.05

**
p<.001
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