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Abstract

Introduction—Rural residence is associated with later stage of breast cancer diagnosis in some
but not all prior studies. The lack of a standardized definition of rural residence may contribute to
these mixed findings. We characterize and compare multiple definitions of rural vs. non-rural
residence to provide guidance regarding choice of measures and to further elucidate rural
disparities in breast cancer stage at diagnosis.

Methods—We used Texas Cancer Registry data of 120,738 female breast cancer patients =50
years old diagnosed between 1995-2009. We defined rural vs. non-rural residence using 7
different measures and examined their agreement using Kappa statistics. Measures were defined at
various geographic levels: county, ZIP code, census tract, and census block group. Late-stage was
defined as regional or distant disease. For each measure, we tested the association of rural
residence and late-stage cancer with unadjusted and adjusted logistic regression. Covariates
included: age; patient race/ethnicity; diagnosis year; census block group-level mammography
capacity; and census tract-level percent poverty, percent Hispanic, and percent Black.

Results—We found moderate to high levels of agreement between measures of rural vs. non-
rural residence. For 72.9% of all patients, all 7 definitions agreed as to rural vs. non-rural
residence. Overall, 6 of 7 definitions demonstrated an adverse association between rural residence
and late-stage disease in unadjusted and adjusted models (Adjusted OR Range = 1.09-1.14).

Discussion—Our results document a clear rural disadvantage in late-stage breast cancer. We
contribute to the heterogeneous literature by comparing varied measures of rural residence. We
recommend use of the census tract-level Rural Urban Commuting Area Codes in future cancer
outcomes research where small area data are available.
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INTRODUCTION

Among U.S. women, breast cancer is the leading cause of cancer and the second leading
cause of cancer deaths " Stage at diagnosis is the most significant prognostic factor for
survival. Five-year relative survival is 98% for localized disease but falls to only 24% for
distant disease .

Living in a rural area has been associated with later stage of breast cancer diagnosis in some
but not all prior studies 28 1t is not known whether the mixed findings to date result from
varying definitions of urban vs. rural or from other aspects of study design (e.g. different
populations, covariates, or model specifications). A recent literature review examining rural
residence and cancer outcomes found wide heterogeneity in the use of definitions of rural vs.
non-rural residence and describes the literature as “nascent and methodologically
inconsistent.” (p. 1657) 2. Another recent study compared breast cancer stage at diagnosis
between women living in urban vs. rural areas. This systematic review and meta-analysis of
21 studies, despite documenting mixed findings in the extant literature, concluded that
patients living in rural areas were more likely to be diagnosed with late-stage breast cancer 3.
This review also noted wide variation in definitions of “rural,"3 as have previous reviews 4.

In the cancer literature, researchers typically rely upon methods developed by government
agencies for defining “rural” residence ~. These methods are relatively simple to calculate
and use publicly available data. But to date, there are no methodologic studies available that
compare and contrast available methods. Our study aims to fill these gaps in the literature. In
this study, we characterize and compare multiple definitions of rural vs. non-rural residence
in a study of breast cancer patients in Texas to 1) provide guidance to cancer outcomes
researchers regarding choice of measures and to 2) further elucidate rural-urban disparities
in breast cancer stage at diagnosis.

METHODS

Data and Sample

Data were obtained from the Texas Cancer Registry (TCR), a North American Association
of Central Cancer Registries (NAACCR) gold-certified population-based cancer registry.
Female adult (=50 years old) breast cancer patients diagnosed between 1995-2009 were
eligible for inclusion. Data were limited to women aged 50 and older because breast cancer
screening, a primary determinant of late-stage cancer diagnosis, is recommended for women
aged 50 years and older by the U.S. Preventive Services Task Force 5. Data were limited to
patients with a first primary breast cancer and patients with known cancer stage. Data were
geocoded by TCR. To ensure accuracy, we limited inclusion to patients with addresses
geocoded at the street address level, representing the highest degree of geocoding certainty.
Using latitude and longitude of patient residence at diagnosis, we spatially joined the
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patients in the sample to their respective counties, ZIP codes, census tracts, and block
groups. Then, we merged in 2000 U.S. Census data as provided by Geolytics Inc. (Census
2000, Long Form [SF3], GeoLytics, Inc., East Brunswick, NJ, 2012.) including population
values at the county, ZIP code, census tract, and block group levels. We obtained data on
location and number of mammography machines in the year 2000 obtained from a Freedom
of Information Act request to the Food and Drug Administration (requested July 2008,
received March 2009). This study was approved by UT Southwestern Medical Center, Texas
Cancer Registry, and the Texas Department of Health and Social Services Institutional
Review Boards.

Urban-Rural Classification Methods

We compared seven different urban/rural measures, defined at block group, census tract, ZIP
code, and county levels. Attributes of each measure are provided in Table 1 and described
briefly below. All measures were developed by governmental agencies based on one of
multiple taxonomies. The underlying taxonomies incorporate factors such as population
size, density, urbanization, and commuting patterns. Measures were downloaded from
governmental agency websites (see references in Table 1) in pre-specified formats.
Therefore, as succinctly described in a recent review 2, many of these measures were
developed by transforming underlying, granular block-level classifications (the smallest
geospatial unit in Census data) to larger units. Thus, for example, an urban census tract may
actually include some rural blocks. Some degree of this problem, known as overbounding or
underbounding is inherent to any definition of rurality 6. All measures except the block
group measure were already classified at their representative geospatial unit (e.g. census
tract). We classified block groups using the location of the block group centroid. Thus, for
example, all block groups with a centroid within an urbanized area (according to U.S.
Census classification, UA/UC shapefile) were considered as such. Also of note, ZIP Code
configurations change frequently, do not represent Census area spatial boundaries, and do
not necessarily represent polygons . Thus, to convert ZIP codes to spatial units, both ZIP
code measures (FAR and zip-RUCA) applied different source mapping data and methods, as
described elsewhere %, Comprehensive reviews of the intricacies of measurement (e.g.
definitions underlying each method, the difference between non-metropolitan vs. rural) are
available elsewhere 2%

For each measure, we applied multiple categorizations of urban-rural residence identified
from measure documentation 10111520 and previous literature 2 Table 1 denotes the
binary (rural vs. non-rural) categorization for each measure and any alternative
categorizations (e.g. large metropolitan, small metropolitan). Alternative categorizations are
further described in Appendix 1.

Outcome and Covariates

The outcome was late-stage cancer defined using the Surveillance Epidemiology and End
Result (SEER) summary stage variable as: late (regional or distant) vs. early (in situ or
localized).
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We included several covariates in our adjusted models in order to control for confounding
factors found to be associated with urban/rural residence and/or stage at diagnosis in

. . 32223 _ . . . . . .
previous studies . Patient-level covariates included: race (non-Hispanic white, non-
Hispanic black, Hispanic, other, and unknown); age (50-59, 60-69, 70-79, =80); and
diagnosis year (1995-97, 1998-00, 2001-03, 2004-06, 2007-09). Neighborhood-level
covariates included: census tract-level percent poverty, percent black, and percent Hispanic;
and block group-level mammography capacity.

We measured mammography capacity using the two-step floating catchment area (2SFCA)
method as first described by Luo et al. 24 and later applied to mammography by Eberth et
al. ® I essence, this measure accounts for both the supply (i.e., number of available
mammaography machines) and demand (i.e., number of women = 50 years based on 2000
U.S. census data) for mammography services at the block group level. Step 1 of the 2SFCA
is a facility specific machine-to-population ratio and step 2 is a block group specific ratio
that sums over all the facilities that fall within 60 minutes from the population-weighted
block group centroid. The resulting spatial accessibility score is then categorized into 3
levels of capacity (poor, adequate, and excess) based on the expected number of machines
needed to meet the biennial screening goal of 81% set by HealthyPeople 2020 %

We first describe characteristics of breast cancer patients in our sample. We compared the
distribution of covariates by rural vs. non-rural residence using the county-based definitions
using chi-square and t-test statistics. We describe covariates using the county-based
definitions rather than comparing covariates across all 7 measures to simplify our
presentation of data.

We next compared the 7 measures of rural residence. Using descriptive statistics and maps,
we examined the classification of Texas geographies and total population defined as rural or
non-rural using each measure. We generated four maps, one each for: county-level measures
(n=3), ZIP-code measures (n=2), and census tract (n=1) and block group (n=1) measures.
For each urban/rural measure, we compared the distribution of late vs. early stage cancers by
rural vs. non-rural residence using chi-square statistics.

Among breast cancer cases, we assessed agreement between each binary urban/rural
measure using percent agreement, kappa, and prevalence- and bias-adjusted kappa
(PABAK). Kappa adjusts for the amount of agreement expected to occur by chance alone 27
To correct for the tendency of kappa to be highly dependent on the prevalence of the
condition in the population, we also report PABAK 8 PABAK assumes fifty percent
prevalence of the condition and absence of any bias, thereby reflecting an ideal situation and
ignoring the prevalence and bias present in the “real world”. We judge the adequacy of
kappa and PABAK following guidelines suggested by Landis and Koch: poor: 0-0.20; fair:
0.21—02.30; moderate: 0.41-0.60; substantial: 0.61-0.80; and nearly perfect agreement: 0.81
t01.0 .

Finally, to measure the association of rural residence and late-stage disease, we fitted a series
of unadjusted and adjusted logistic regression models. Adjusted models controlled for all
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covariates described above. We fitted binary measures of rural vs. non-rural residence and
categorical measures as described in Table 1. For the categorical analyses of each measure
we set the most urban category as the referent. In sensitivity analyses, to adjust for the non-
independence of observations within each “level” (e.g. census tract, county), we added
random intercepts to each model defined at the block group, census tract, ZIP code, and
county-level, as appropriate. For example, for the ZIP-code FAR measure, models included a
random intercept at the ZIP code level. All analyses were conducted in STATA Version 13.0
(StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorp
LP). Maps were created in ArcGIS Version 10.1 (ESRI 2011. ArcGIS Desktop: Release 10.1
Redlands, CA: Environmental Systems Research Institute).

In all, there were 120,738 breast cancer patients included in this study. Comparison of
patients by rural vs. non-rural residence (as defined by county-based methods of Ul, NCHS,
and RUCC) are provided in Table 2. Distribution of all covariates differed significantly
between rural and non-rural patients. Notably, rural patients were more likely to be white,
live in areas of poor mammaography capacity and resided in neighborhoods where a greater
percent of the population lived in poverty. In additional analyses [not shown], we compared
covariates across all 7 measures and the results of this analysis were comparable.

We examined the classification of Texas geographies and total population of Texas using
each of the 7 rural vs. non-rural definitions (Appendix 2). For all definitions, a greater
percent of total area in miles was considered rural (ranging from 53.5-97.3%, depending on
definition). However a greater percent of the population lived in non-rural areas (ranging
from 81.6-94.5% in non-rural and 5.5-18.4% in rural areas depending on definition).

Of all breast cancer patients, 88% (n=106,706) were diagnosed with early stage disease
whereas 11.6% (n=14,032) were diagnosed with late disease (Appendix 2). The number of
patients defined as residing in a rural area varied considerably by definition. For example,
the percent residing in rural areas ranged from 3.9% (zip code FAR) to 16.6% (tract RUCA).
With the exception of the block group (UA/UC) definition, for all other definitions, rural
residence (vs. non-rural) was significantly associated with a greater number of late- (vs.
early) stage breast cancer cases (p<.05).

Figure 1 illustrates rural vs. non-rural areas as defined by measure. All 3 county-based
definitions of rural vs. non-rural status agreed (1a). The two zip code definitions varied
considerably, with a greater number of zip codes defined as urban when using the FAR vs.
the zip-code RUCA approach (1b). There was only 1 census tract-based definition (1c). For
block groups, those classified as within an urbanized area or urban cluster are considered
non-rural in the binary comparison; but for comparison purposes, we differentiate these
categories in the map (1d).

Overall, we found moderate to high levels of agreement between varying definitions of rural
vs. non-rural residence among breast cancer cases (Table 3). As previously noted, all county-
based definitions demonstrated perfect agreement. In all, for 72.9% of all patients, all 7
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definitions agreed as to rural vs. non-rural residence. Percent agreement between all other
comparisons ranged from 78.2-95.7%. PABAKS indicate nearly perfect agreement for 4 of
the comparisons, substantial agreement for 5 comparisons, and moderate agreement for one
comparison: tract-RUCA vs. block group.

Lastly, we examined the association of rural residence and late-stage disease using
unadjusted and adjusted logistic regression. Overall, binary measures (rural vs. non-rural)
indicate a generally consistent and moderate association between rural residence and late-
stage breast cancer diagnosis (Table 4, Method 1). For all definitions with the exception of
block group, unadjusted odds ratios of rural vs. non-rural residence were significant and
ranged from 1.18 (tract-RUCA) to 1.21 (county definitions). In fully adjusted models, this
adverse association is modestly attenuated but odds ratios remain significantly associated
with late-stage diagnosis and range from 1.09 (tract-RUCA) to 1.14 (County definitions).
Notably, rural residence as defined by the binary block group definition was not associated
with late-stage diagnosis in either unadjusted or adjusted models.

Associations using various categorizations of urban/rural status are provided in Table 4
(Methods 2 and 3). Overall, findings suggest that compared to those in the most urban areas,
those living in more rural areas are more likely to be diagnosed at late stage. However,
associations were not always linear across categorizations; and not all categories were
significant. Notably, when examining a secondary classification of block group residence,
differences in odds of late-stage disease emerged. Specifically, compared to patients living in
an urbanized area (the most urban), those living urban clusters were more likely to be
diagnosed at late stage in adjusted models (aOR: 1.14; 95% CI: 1.08-1.21). However,
residence in a rural area was not significantly associated with late-stage disease.

In sensitivity analyses, we fitted all models with a random intercept (i.e. we fitted 2-level
hierarchical models) at the relevant geographic level (county, zip-code, census tract, or block
group) to adjust for hierarchical clustering. Random intercept models are presented in
Appendix 3. We observed no changes in the direction of effects and only very minor changes
in the magnitude and significance of effect sizes displayed in Table 4, likely reflecting the
impact of underestimated standard errors in the original analysis. These changes do not
substantively alter the study conclusions.

DISCUSSION

Comparisons of Urban/Rural Measures

Overall, our study found moderate to high levels of agreement between measures of rural vs.
non-rural residence. For 72.9% of our breast cancer cases, all 7 definitions agreed as to rural
vs. non-rural residence. In general, comparisons among larger units (e.g. county-zip)
demonstrated higher agreement. Comparisons using block group measures demonstrated the
lowest agreement. The tract and ZIP versions of RUCA also demonstrated high agreement.

Overall, 6 of 7 definitions demonstrated a positive and adverse association between rural
residence and late-stage disease in unadjusted and adjusted models.While contradicting
some prior U.S. studies, 3031 our results confirm a multiple other U.S. studies documenting
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. . 2332 34 . .
rural disadvantage in late-stage breast cancer “+~ "~ . Indeed, our observed point estimates

for a rural disadvantage in regional or late stage disease (adjusted OR ranged from 1.09-
1.14) are very closely aligned to those observed in a recent meta-analysis. In a random
effects model of 21 high-quality studies, rural (vs. urban) breast cancer patients had 1.19
higher odds (95% CI: 1.12-1.27) of late-stage and a 1.07 higher odds (95% CI: 1.04-1.10)
of regional or late-stage breast cancer, respectively 3

Few of the categorical measures demonstrated significant linear tests of trend across
categories. While the majority of existing research has used binary measures of rural vs.
non-rural, several previous studies have noted the lack of linear relationships across
categories 338 However, unlike a handful of prior studies from Illinois, we found no
evidence of a “rural reversal.”llv1237 One of these studies found an “urban disadvantage”
such that percent late-stage breast cancer was highest among Chicago residents, lower
among those in Chicago suburbs, other metro areas, and large towns, but rates were also
somewhat elevated among those living in small rural and isolated rural zip codes * In this
study, Chicago was compared to the remainder of Illinois, and findings to some degree may
reflect the vulnerable and economically disadvantaged populations in inner-city Chicago.
Regardless, such findings do raise some unanswered questions about the use of binary
categories of urban vs. rural when studying geographic disparities in cancer outcomes.

Notably, only one binary measure of rural status was not associated with late-stage disease.
The block group-based comparison demonstrated no difference in disease stage between
rural vs. non-rural women. However, differences between block-group-based categories
emerged when this measure was examined separately by urbanized area, urban cluster, and
rural area. In this comparison, compared to urbanized areas (the most urban), those living in
urban clusters, but not those in rural areas, were more likely to be diagnosed with late-stage
disease (aOR: 1.14 95% CI: 1.08-1.21). The reasons for this are not clear. Compared to the
other measures, the block group (BG) “rural” measure encompasses the largest amount of
area and among the largest population (Appendix 2, Figure 1). This could result in more
heterogeneity in this “rural” classification, resulting in the lack of an observed rural
disparity. Just 12.6% of women with breast cancer in this study live in “urbanized clusters”
(Appendix 2); many of whom (59%) are classified as “rural” using a county-based definition
[data not shown]. While both are considered urban in our binary classification per standard
practice, areas and clusters differ significantly in population density which ranges from
>50,000 (urbanized areas) to 2,500-49,999 (urban clusters) residents per square mile B
When considering urban clusters as rural, rural (vs urban) women were more likely to be
diagnosed with late-stage disease, consistent with findings using other measures.

The mechanisms driving rural disparity in breast cancer diagnosis stage are still uncertain.
Possible hypothesized mechanisms include lack of insurance, poor spatial access to health
care, including mammography access, lack of knowledge about screening guidelines, and
3339_43 . . . .
lower use of mammography . It will be important for future studies to examine the
mechanisms and pathways (i.e., mediation models) that explain the effects of rurality on
stage at breast cancer diagnosis, and ultimately, to develop interventions that target the “root
cause(s)” of rural disparities in breast cancer stage.
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Recommendations and Future Research

The lack of consensus on how best to measure rural residence and the resulting diversity of
methodologies was noted in both recent reviews of the cancer literature 2,3. Our study,
together with the meta-analysis by Nguyen-Pham et al. 3, provides some assurances in this
regard. Namely, our results suggest that the use of different urban/rural measures is unlikely
to be responsible for the mixed literature, at least in the limited case of breast cancer stage at
diagnosis. It seems more likely that mixed findings result from different populations,
geographies, settings, time periods, designs, and analytic methods applied in prior studies.
However, the recent meta-analysis noted no clear patterns in findings across study
differences such as sample size, year, patient age, cancer staging method, or control for
covariates 3 Clearer patterns may emerge as the evidence-base grows and we gain more
insight from national samples/administrative databases, which will be greatly facilitated if
studies are directly comparable.

Consistent use of a standardized measure of rural residence would facilitate comparisons
across studies. Recently, Meilleur et al. 2 recommended use of the Rural Urban Commuting
Area (RUCA) measure. This recommendation was based on conceptual considerations as
well as a comprehensive and thoughtful review of the cancer outcomes literature. Our
methodologic study builds from this review and extends the nascent evidence base regarding
measurement of rural residence in the cancer literature. Given our findings—relatively high
agreement and the largely consistent rural disparity in late-stage disease across measures—
we support Meilleur et al.’s 2 recommendation of the RUCA. The RUCA measure
incorporates both population density and travel distance, can be classified in multiple ways
(i.e. with 2, 3, or 4 categories, including others not analyzed here) 20, and lends itself easily
to multilevel regression analyses 2 Given the known spatial and temporal biases introduced
by use of ZIP codes 7'8'44, and the ongoing convention of measuring neighborhood factors
(e.g. percent poverty) using census tracts 440 e suggest researchers opt for census-tract
RUCA if data permit.

While we compared some of the most frequently used measures, there are alternative ways
to measure urban/rural status. Alternative approaches could alter findings in unknown ways.
For example, it has been shown that traditional analysis using geopolitical boundaries may
. Y

mask or attenuate differences between urban and rural populations ~ . Some researchers
develop their own measures. For example, Robert et al. classified areas as 100% rural, mixed
urban/rural, or 100% urban using percent of census tract or ZIP code residents living in

. 4
census-defined urban areas and places 8

Limitations and strengths

Our study faces several limitations. First, our results may not be generalizable to breast
cancer patients living outside of Texas who may differ in unknown ways such as those
facing different exposures to rural or urban environments. As one example, Texas has a large
rural land mass compared to other states. Thus, individuals from other states living in rural
areas may face much shorter travel times to reach an urban area and the healthcare facilities
therein. Second, we faced data limitations. Data on multiple factors that might confound the
association of rural residence and late-stage diagnosis were not available. Such factors might
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include primary care utilization, insurance status, or mammography use. Third, we included
multiple variables in the adjusted models which may be on the causal pathway (e.g.
mammography capacity). In doing so, we may have underestimated the association between
rural residence and late-stage breast cancer. Finally, our study examines rural disparities in a
single outcome—nbreast cancer stage at diagnosis; and we should not assume that results will
hold across other cancer outcomes.

Our results document a clear rural disadvantage in late-stage diagnosis of breast cancer.
Thoughtful and consistent use of RUCA codes to measure rural residence will facilitate
comparisons across the currently heterogeneous cancer outcomes literature. In turn, these
comparisons will help to elucidate the impact of rural residence on cancer outcomes across
the cancer continuum. Continued research will be needed to elucidate the potential
mechanisms such as healthcare access that underlie observed rural disparities.
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Appendix 1

Alternative categorizations of urban/rural measures

Urban/Rural measures by
geographic unit and
measure source
documentation

Alternative categorizations for urban/rural
measures

Number of breast cancer
patients in each category

County N (%)
UI: Urban Influence Code™® Four categories: 77,946 (64.6)
1. “Large metro” (code 1) 28,760 (23.8)
2. “Small metro” (code 2) 7,592 (6.3)
3. “Non-metro adjacent to metro” (codes 3-5) 6,440 (5.3)
4. “Noncore/non-adjacent areas” (codes 6-12)
NCHS: National Center for Six categories: 55,940 (46.3)
Health Statistics UrbangliéJral 1. “Large central metropolitan” (code 1) 22,006 (18.2)
Classification Scheme™ 2. “Large fringe metro” (code 2) 14,660 (12.1)
3. “Medium metro” (code 3) 14,100 (11.7)
4. “Small metro” (code 4) 7,857 (6.5)
5. “Micropolitan” (code 5) 6,175 (5.1)
6. “Noncore” counties (code 6)
RUCC: Rural UrBan Five categorie521: 77,946 (64.6)
Continuum Code™', also 1. “Large metropolitan” (code 1) 13,021 (10.8)
known as Beale’s codes 2. “Medium metropolitan” (code 2) 15,739 (13.0)
3. “Small metropolitan” (code 3) 13,369 (11.1)
4. “Urban nonmetropolitan” (codes 4-7) 663 (0.6)
5. “Rural nonmetropolitan” (codes 8-9)
ZIP Code
FAR: Fron{&er and Remote Five categories: 11,6073 (96.1)
Area Code 1. No FAR categorization (non-rural category) 1,731 (1.4)
2. “Level 17 1,010 (0.8)
3. “Level 27 1,386 (1.2)
4. “Level 3” 538 (0.5)
5. “Level 47
zZRUCA: ZIP-Code Rur% Four categories /”Categorization A” : ZIP Tract
Urban Commuting Area 1. “Urban focused” (codes 1.0, 1.1, 2.0, 2.1, 103,286 (85.6) | 100,708 (83.4)
3.0,41,5.1,7.1,8.1,10.1) 9,930 (8.2) 12,553 (10.4)
2. “Large Rural City/Town” (Micropolitan) 5,141 (4.3) 1,509 (1.3)
focused (codes 4.0, 4.2, 5.0, 5.2, 6.0, 6.1) 2,381 (2.0) 5,968 (4.9)
3. “Small rural town focused” (codes 7.0, 7.2, 103,286 (85.6) | 100,708 (83.4)
7.3,7.4,80,82,83,84,90,9.1,9.2) 9,930 (8.2) | 12,553 (10.4)
4. “Isolated small rural town focused” (codes 7,522 (6.2) 7,477 (6.2)
10.0, 10.2, 10.3, 10.4, 10.5, 10.6)
Three categories/”Categorization B”:
1. “Urban” (1.0,1.1,2.0,2.1,3.0,4.1,5.1, 7.1,
8.1,10.1)
2. “Large rural city/town” (4.0, 4.2, 5.0, 5.2,
6.0, 6.1);
3. “Small and isolated small rural town” (7.0,
7.2,73,7.4,8.0,82,83,84,9.09.1,9.2,10.0,
10.2, 10.3, 10.4, 10.5, 10.6)
Census Tract
tRUCA: Tract R%al Urban Same as z-RUCA, above See above
Commuting Area
Block Group
UA/UC4;9Urban Area/Urban Three categories: 86,884 (72.2)
Cluster 1. “Urbanized area” 15,212 (12.6)

1. “Urban Cluster”
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Urban/Rural measures by
geographic unit and Alternative categorizations for urban/rural Number of breast cancer
measure source measures patients in each category
documentation

County N (%)
2. All other areas are designated as rural.

RUCA Binary categorization is known as “Categorization C”

Appendix 2

Urban/Rural Classification of Texas Geography, Population, and Breast Cancer Cases using
Multiple Classification Methods

Texas Geography and Population Texas Breast Cancer Cases
Number of  Area Population Total Early Late p
Geographies % % (n=120,738) (n=110,168)  (n=10,570)
n n (%) n (%) n (%)

Binary Classifications

County?

Urban 77 268 86.1 106,706 (88.4)  97565(91.4)  9141(8.6)
Rural 177 733 139 14,032 (116) 12603 (89.8) 1429 (10.2)
ZIP Code

Frontier and Remote
Area Code (FAR)

HAA

Urban 1308 46,5 945 116,073 (96.1) 106010 (91.3) 10063 (8.7)
Rural 587 535 55 4,665(3.9)  4158(89.1) 507 (10.9)
Rural Urban

Commuting Area

(ZRUCA)

Urban 985 185 81.6 103,286 (85.6) 94,457 (91.5) 8829(8.6)
Rural 910 815 184 17,452 (145) 15711(90.0) 1741 (10.0)
Census Tract

Rural Urban

Commuting Area

(tRUCA)

Urban 3524 235 83.6 100,708 (83.4) 92117 (91.5) 8591 (8.5)
Rural 864 765 164 20,030 (16.6) 18051 (90.1) 1979 (9.9)

Block/Block Group

Urbanized Area/
Urban Cluster

(UAJUC)
Urban 107980 27 825 102,096 (85.6) 93097 (91.2) 8999 (8.8)
Rural 3684 97.3 175 18,642 (15.4)  17071(91.6) 1571 (8.4)

Secondary Classification

Block/Block Group
Urban
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Texas Geography and Population Texas Breast Cancer Cases
Number of  Area Population Total Early Late p
Geographies % % (n=120,738) (n=110,168)  (n=10,570)
n n (%) n (%) n (%)
UA 0427 21 710 86884 (72.0) 79411 (91.4) 7473(86)
uc 1371 0.6 115 15212 (12.6) ~ 13686 (90.0) 1526 (10.0)
Rural 3684 97.3 175 18,642 (15.4) 17071 (91.6) 1571 (8.4)
*
p<.01
Hok
p<.001
AAA
p<.0001
aAII three county-based methods agree: Rural Urban Continuum Code (RUCC), Urban Influence Code (UlI), and National
Center for Health Statistics Urban-Rural Classification Scheme for Counties (NCHS).
bTexas geographies, areas, and population are calculated using block groups by assigning the block centroid to nearest
block group.
Appendix 3

appropriate).
Crude Odds Ratio (OR) and 95% ClI Adjusted Odds Ratio (aOR) and 95% ClI
Method 1 Method 1
@inay on | Method 2 Method 3 Binary o | Method2 Method 3
rural) rural)
County
Ul 1 (most 1 1 - 1 1 -
urban)
2 1.21(1.10-1.34) | 1.15(1.02-1.31) - 1.14 (1.03-1.26) | 1.06 (0.94-1.20) -
3 - 1.28 (1.11-1.46) - - 1.18 (1.03-1.35) -

4 (most rural)

133 (1.17-152) 7

1.18 (1.03-1.35) "

RUCC 1 (most
urban)

1

1

1

1

2 1.21 (1.10-1.34) | 1.31 (1.10-1.54) - 1.14 (1.03-1.26) | 1.11(0.94-1.32) -
3 - 1.08 (0.94-1.24) - - 1.03 (0.90-1.19) -
4 - 1.30 (1.16-1.46) - - 1.17 (1.04-1.32) -

5 (most rural)

1.38 (1.05-1.81) ©

1.33 (1.01-1.76) ©

NCHS 1 (most 1 1 1 1

urban)
2 1.21(1.10-1.34) | 1.05(0.85-1.29) - 1.14 (1.03-1.26) | 1.16 (0.94-1.42) -
3 - 1.33 (1.06-1.67) - - 1.24 (0.99-1.55) -
4 - 1.11 (0.90-1.38) - - 1.15 (0.93-1.42) -
5 - 1.41 (1.14-1.73) - - 1.36 (1.10-1.68) -

6 (most rural)

1.30 (1.06-1.60)

1.28 (1.04-1.58) ©

*

ZIP-Code
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Crude Odds Ratio (OR) and 95% ClI

Adjusted Odds Ratio (aOR) and 95% ClI

Method 1 Method 1
(Binary (Binary
Rural Vs. non- Method 2 Method 3 Rural vs. non- Method 2 Method 3
rural) rural)
z-RUCA 1 1 1 1 1 1 1
(most urban)
2 1.19 (1.11-1.28) | 1.24(1.13-1.37) 1.24 (1.13-1.37) 1.14 (1.06-1.23) | 1.18 (1.08-1.30) 1.18 (1.08-1.29)
3 - 1.16 (1.03-1.30) 115 (1.05-1.27) 77 | - 1.08 (0.97-1.21) 1.10 (1.00-1.21)

4 (most rural)

1.15 (0.98-1.34)

1.14 (0.97-1.34)

FAR 1 (most
urban)

1

1

2

1.27 (1.13-1.43)

1.26 (1.02-1.55)

1.18 (1.05-1.32)

1.15 (0.95-1.38)

3

1.40 (1.09-1.78)

1.29 (1.03-1.62)

4

1.30 (1.06-1.58)

1.21 (1.00-1.46)

5 (most rural)

1.06 (0.78-1.45)

1.02 (0.76-1.39)

Tract

t-RUCA 1
(most urban)

2

1.18 (1.11-1.25)

1.17 (1.09-1.26)

1.17 (1.09-1.26)

1.09 (1.02-1.16)

1.08 (1.01-1.16)

1.08 (1.01-1.16)

3

1.28 (1.06-1.55)

118 (1.08-1.29)

1.19 (1.00-1.43)

112 (1.02-1.22)°

4 (most rural)

*A
1.16 (1.05-1.28)

1.09 (0.99-1.21)

Block/Block Group

UA/UC 1 (most
urban)

1

2

0.96 (0.90-1.01)

1.20 (1.13-1.27)

1.02 (0.95-1.08)

1.16 (1.08-1.24)

3 (most rural)

0.99 (0.93-1.05)

1.06 (0.99-1.14)

Adjusted models include the following covariates: race/ethnicity, age, year of diagnosis, census tract percent living in
poverty, census tract percent black, and census tract percent Hispanic, and mammography access. Bold text indicates

statistical significance of OR at p<.05.

Hok:

Aok

*
linear test of trend p<.001

linear test of trend p<.01

*
linear test of trend p<.05
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ZIP Codes

Counties

- Urban
' Rural

I zRuch urban
I FA4R Urban

! Rural

Block Groups

- Urbanized Area
- Urban Cluster

Rural

| Urban Counties

Fig. 1.
Urban vs. Rural Classifications by County (NCHS, RUCC, Ul), ZIP Code (ZIP-RUCA,

FAR), Census Tract (RUCA), and Block/Block Group (UA/UC) Classification Methods
NCHS= National Center for Health Statistics; RUCC=Rural-Urban Commuting Code;
Ul=Urban Influence Codes FAR= Frontier and Remote Area Codes; RUCA=Rural Urban
Commuting Area; ZIP-RUCA= ZIP-code RUCA; UA/UC=Urbanized area/Urban cluster
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Table 1

Characteristics of Seven Classification Methods of Urban/Rural Status

Page 17

Urban/Rural measures by
geographic unit and measure
source documentation

Urban/ Rural categorizations

How characterized and
(number of categories)

County

UI: Urban Influence Code™®

Binary
Non-rural: 1-2
Rural: 3-12

Four categories: 1 (1) [most urban], 2 (2), 3 (3-5), 4 (6—
12) [most rural]

Population size, proximity
(measured with adjacency and
percentage of persons
commuting) to metropolitan
areas (12)

NCHS: National Center
for Health Statistics Urban-Rural

I 1519
Classification Scheme ™

Binary
Non-rural: 1-4
Rural: 5-6

Six categories: 1 (most urban) - 6 (most rural)

Population size, proximity to
metropolitan areas (6)

RUCC: Rural Urban

. 17
Continuum Code ™', also known
as Beale’s codes

Binary
Non-rural: 1-3
Rural: 4-9

Five categories: 1([most urban]; 1); 2(2); 3(3); 4(4-7);
5([most rural]; 8-9)

Population size, proximity to an
urbanized area and adjacency to
metropolitan areas (9)

ZIP Code

FAR: Frontier and Remote
Area Code™®

Binary
Non-rural: No FAR Indicators
Rural: Any of 4 FAR Indicators

Five categories: 0 (most urban/no FAR indicators); 1; 2;
3; 4 (most rural/remote)

Degree of geographic
remoteness characterized by
population size and car travel
time to nearby urban areas

(59

zRUCA: ZIP-Code Rural
Urban Commuting

11
Area

Binary
Non-rural: 1, 1.1, 2,2.1, 3,4.1,5.1,7.1,8.1,10.1

Rural: (4.0,4.2,5.0,5.2, 6.0, 6.1, 7.0, 7.2, 7.3, 7.4, 8.0,
8.2,8.3,8.4,9.0,9.1,9.2, 10,0, 10.2, 10.3, 10.4, 10.5,
10.6)

Four categories: 1 ([most urban];1.0, 1.1, 2.0, 2.1, 3.0,
4.1,51,7.1,8.1,10.1); 2 (4.0,4.2,5.0,5.2, 6.0, 6.1); 3
(7.0,7.2,7.3,7.4,8.0,8.2,8.3,8.4,9.0,9.1, 9.2); 4 ([most
rural];10.0, 10.2, 10.3, 10.4, 10.5, 10.6)

Three categories: 1 ([most urban]; 1.0, 1.1, 2.0, 2.1, 3.0,
41,51,7.1,8.1,10.1); 2 (4.0,4.2,5.0,5.2, 6.0, 6.1); 3
([most rural]; 7.0, 7.2,7.3,7.4,8.0,8.2,8.3,8.4,9.0,9.1,
9.2,10.0,10.2, 10.3, 10.4, 10.5, 10.6)

Population density, proximity to
an Urban Area, daily commuting
patterns (33)

Census Tract

tRUCA: Tract Rural Urban
Commuting Area’®

Same as z-RUCA, above

Population density, urbanization,
daily commuting patterns (33)

Block Group

UAJ/UC: Urbanized Area/Urban

49
Cluster

Binary

Non-rural: Urbanized Area or Urban Cluster
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Urban/Rural measures by
geographic unit and measure
source documentation

Urban/ Rural categorizations

How characterized and
(number of categories)

Rural: Neither Urbanized Area or Cluster

Three categories: 1 ([most urban]; Urbanized Area); 2
(Urban Cluster); 3 ([most rural]; Rural/Neither Cluster nor
Area)

aThe 5 FAR categories are comprised of the 4 FAR indicators as well as the lack of an indicator (non-rural ZIP codes)
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Table 2

Sample Characteristics of Breast Cancer Patients by Rural or non-Rural? Residence (n=120,738)

Non-rural Rural@ p
(n=106,706) (n:14’032)

N (%) N (%) (chi®

Diagnosis Year

1995-1997 16,567 (15.5) 2,158 (15.4)  .001

1998-2000 20,233 (19.0) 2,704 (19.3)

20012003 22,090 (20.7) 2,999 (21.4)

2004-2006 22,585 (21.2) 3,064 (21.8)

2007-2009 25231(23.7) 3,107 (22.1)
Age

50-59 38,402 (36.0) 3,699 (26.4) <.001

60-69 32,212 (30.2) 4,342 (30.9)

70-79 24,404 (22.9) 3,850 (27.4)

>80 11,688 (11.0) 2,141 (15.3)
Race/ethnicity

White 77,625 (72.8) 11,412 (81.3) <.001

Black 10,883 (10.2) 918 (6.5)

Hispanic 15,490 (14.5) 1,622 (11.6)

Other 2,188 (2.1) 56 (0.4)

Unknown 520 (0.5) 24 (0.2)
Neighborhood poverty

<10% 57,489 (53.9) 1,994 (14.2)  <.001

10-19.9% 27,789 (26.0) 8,019 (57.2)

>20% 21,428 (20.1) 4,019 (28.6)
Mammography capacity

Poor 8,766 (8.2) 5179(36.9) <.001

Adequate 584 (0.6) 2,374 (16.9)

Excess capacity 97,356 (91.2) 6,479 (46.2)

Mean (SD) Mean (SD)  (t-test)

Neighborhood Composition
Perblack 11.7 (19.2) 8.7(11.7) <.001
Perhispanic 26.5 (25.6) 23.1(23.2) <.001

aRuraI vs. non-rural residence defined using County-based methods (Ul, NCHS, RUCC)

Tex Public Health J. Author manuscript; available in PMC 2016 May 05.
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Percent Agreement, Kappa, and Prevalence- and Bias-Adjusted Kappa (PABAK) between Seven Binary
Urban-Rural Measures defined at the County, ZIP Code, Census Tract, and Block Group Levels

Table 3

Comparisons by Geography and Measure % Agreement Kappa PABAK
County-County

UI-RUCC 100

UI-NCHS 100

RUCC-NCHS 100
County-ZIP

County-FAR 922 46.3 84.3

County-zZRUCA 95.7 81.1 91.6
County-Tract

County-tRUCA 91.9 66.7 83.8
County-Block Group

County-BG 81.8 19.1 63.6
ZIP-ZIP

FAR-zZRUCA 89.4 38.3 78.8
ZIP-Tract

FAR-tRUCA 86.9 317 73.8

zZRUCA-tRUCA 93.0 73.1 85.9
ZIP-Block Group

FAR-BG 83.5 8.7 66.9

zRUCA- BG 80.5 23.3 61.0
Tract-Block Group

tRUCA- BG 78.2 19.0 56.4
All 7 Definitions agree 72.9 54.3 -

Note: all Kappa and PABAK values are p<.0001

Tex Public Health J. Author manuscript; available in PMC 2016 May 05.

Page 20



Page 21

Pruitt et al.

(€€ T-L670) ET'T

(0£'T-90T) LT'T

(87'1-60'T) 22T

(Tr'1-271) 82T

4

T

T

T

T

(uequn isow) T ¥vd

(0£'1-G6°0) OT'T

(0£'1-86'0) €T'T

(reant 1sow) ¢

(8T'1-66°0) 80'T

(8T'1-96°0) L0'T

o (PTT-90T) ST'T

(LzT-50T) 9T'T

€

(2 T-L0T)ST'T

(2 T-L0T)ST'T

(021-50T) 2T'T

(0£'T-€TT) 12T

(0£T-€TT) 12T

(S2T-2TT)6TT

4

T T T T T T | (uequnisow) T vony-z
8p00-dIZ
| e L2 THOT) STT ; < | 4rr 62T-80T) STT - (feans 1s0w) 9
- (9eT-€TT) ¥TT - - (8e'T-8TT) 82T - S
- (TT'1-26'0) ¥0'T - - (80'1T-¥6'0) TO'T - 14
- (0zT-50T) ET'T - - (Te1-6T1) €TT - €
- (eT'1-66'0) 90'T | (22 T-90T) ¥T'T - (001-68'0) ¥6'0 | (82T-¥T'T) 12T Z
T 1 1 T (uegin 3sow) T SHON
- L(89T-20T) TET - - L@LT-50T) SET - (1eana 3sow) §
- (Sz'1-80T) 9T'T - - (eeT-8TT)ST'T - 4
- (0T'1-96'0) €0'T - - (0T'1-26'0) £0'T - €
- (8T1T-€0T) TTT | (22 T-90T) ¥T'T - (se1-6TT) 22T | (82T-VTT)TTT 14
- T T - T T (uequn 3sow) T OONY
| 2120 LTT - | srn BETBTT) 8T - (fean1 1s0w) ¥
- (82'1-90'T) LT'T - - (eeT-vTT) €T - €
- (er1-101) 90T | (22 T-90T) ¥T'T - (6TT-60T) V1T | (82T-¥TT) TTT 14
- T T - 1 T (uegunisow) T 1N
Auno)
(reana (jeana
€ POy N Z POYIBIN -uou _mp_wnﬁmw € POLYIsIN ¢ POYIBIN -uou .m»h_wmwmw
T POYIRIN T POUBIN

1D %56 Pue (HO®) o1rey sppo paisnipy

1D %56 pue (HO) oney sppo 8pnid

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

(882'02T=U) SPOYIBL LOILIILISSL|O / SSOJJ. Jaourd 1sealq afels-a)e| pue snyels [eni/uegin Jo uoneoosse pasnipe pue paisnipeun

Author Manuscript

Tex Public Health J. Author manuscript; available in PMC 2016 May 05.



Page 22

Pruitt et al.

'G0o'>d Jo adue

G0'>d puauy Jo 158} Jeaul|
¥
T0>d puai Jo 159} Jeaul|
KK

T00'>d puas J0 1s81 Jeaul|
KKK

Bis [eansiels sajealpul 1xa) pjog ssaade Aydesfowwew
pue ‘oluedsiH jusdlad 19811 SNSU3D pue ‘oe|q Juadiad 10} Snsuad ‘Alanod ui Bulall Juadlad 10e1) Snsuad ‘sisoubelp Jo Jeak ‘abe ‘AJIo1uyIa/aae. (SaleLIeA0d BuImo]|o) ayl apnjoul S|apow palsnipy

(TT'1-66°0) SO'T

(¥0'1-26°0) 86°0

(reant 1sow) g

(T2 T-80T) ¥T'T

(80'1T-56'0) TO'T

(92121 T)8T'T

(T0'1-06°0) 56°0

4

T

T

T

T

(uequnisow) T ON/VN

dnou9 >oigpioolg

,(027-66°0) 60°T

e LZT-90T) 9T'T

(reant 1sow) ¢

L(12T-20T) TTT

(2r'1-10T) 02°T

*-

¥¥

(82'1-60T) 8T'T

(za1-60T) 62T

€

(ST'T-T0T)80°T

(ST'T-T0T)80°T

(9T'1T-€0'T) 60T

(Sz1-0TT) LT'T

(Sz1-0TT) LT'T

(r21-21T)8T'T

4

T T T T T T | (ueqinisow) T vony-}
j0ea |
- (2£'1-920) 20T - - (57'1-18'0) 80'T - (reani1sow) g
- (wr'1-20T) 22T - - (95 T-TTT) 2T - 4
- (rS'1-v0'T) 92T - - (89'T-v1'T) 8E'T - €
(reans (jeana
€ POUIBIN zpopeny | O _m»h_w%mw € POUIBIN zpogay | UM R h_w%mw
T poyseiN T PoyleIN

1D %56 Pue (HO®) o1rey sppo paisnipy

1D %56 pue (4O) oney sppo apnid

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Tex Public Health J. Author manuscript; available in PMC 2016 May 05.



	Abstract
	INTRODUCTION
	METHODS
	Data and Sample
	Urban-Rural Classification Methods
	Outcome and Covariates
	Analysis

	RESULTS
	DISCUSSION
	Comparisons of Urban/Rural Measures
	Recommendations and Future Research
	Limitations and strengths
	Conclusions

	References
	Appendix 1
	Table T5
	Appendix 2
	Table T6
	Appendix 3
	Table T7
	Fig. 1
	Table 1
	Table 2
	Table 3
	Table 4

