1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Ann Epidemiol. Author manuscript; available in PMC 2018 January 01.

-, HHS Public Access
«

Published in final edited form as:
Ann Epidemiol. 2017 January ; 27(1): 10-19. doi:10.1016/j.annepidem.2016.11.008.

Using Residential Segregation to Predict Colorectal Cancer
Stage at Diagnosis: Two Different Approaches

Lee R. Mobley, PhD,
School of Public Health and Andrew Young School of Policy Studies, Georgia State University, 1
Park Place, Atlanta, Georgia, 30304, USA, Imobley@gsu.edu, 404-413-2338

Lia Scott, MPH,
School of Public Health, Georgia State University, Atlanta, Georgia, USA

Yamisha Rutherford, MPH, and
School of Public Health, Georgia State University, Atlanta, Georgia, USA

Tzy-Mey Kuo, PhD
Lineberger Cancer Center, University of North Carolina at Chapel Hill, Chapel Hill, North
Carolina, USA

Abstract

Purpose—Studies have found a variety of evidence regarding the association between residential
segregation measures and health outcomes in the US. Some have focused on any individuals living
in residentially segregated places, while others have examined whether persons of specific races or
ethnicities living in places with high segregation of their own race or ethnicity have differential
outcomes. This paper compares and contrasts these two approaches in the study of predictors of
late-stage CRC diagnoses in a cross-national study. We argue that it is very important when
interpreting results from studies like this to carefully consider the geographic scope of the
analysis, which can significantly change the context and meaning of the results.

Methods—We use US Cancer Statistics Registry data from 40 states to identify late-stage
diagnoses among over 500 thousand CRC cases diagnosed during 2004-2009. We pool data over
the states and estimate a multilevel model with person, county, and state levels and a random
intercepts specification to ensure robust effect estimates. The isolation index of residential
segregation is defined for racial and ethnic groups at the county level using Census 2000 data. The
association between isolation indices and late stage CRC diagnosis was measured by 1) anyone
living in minority segregated areas (place-centered approach), and by 2) individuals living in areas
segregated by one’s own racial or ethnic peers (person-centered approach).

Results—Findings from the place-centered approach suggest that living in a highly segregated
African American community is associated with lower likelihood of late-stage CRC diagnosis,
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while the opposite is true for people living in highly segregated Asian communities, and living in
highly segregated Hispanic communities has no significant association. Using the person-centered
approach, we find that living in places segregated by one’s racial or ethnic peers is associated with
lower likelihood of late-stage CRC diagnosis.

Conclusions—In a model that covers a large geographic area across the nation, the place-
centered approach is most likely picking up geographic disparities that may be deepened by
targeted interventions in minority communities. By contrast, the person-centered approach

provides a national average estimate suggesting that residential isolation may confer community
cohesion or support that is associated with better CRC prevention.

Introduction

Literature

Cancer is the second most common cause of death in the US (ACS, 2015; Siegel et al.,
2013), and colorectal cancer (CRC) is second behind lung cancer in the number of people
who died from it in the US in 2015 (ACS, 2015). The incidence rate for CRC is now fourth
highest among all cancer types in the US (ACS, 2015; Jemal et al., 2009). CRC screening
rates are lower than recommended, resulting in higher rates of late-staged cancers and higher
morbidity and mortality rates (ACS, 2015; Henley et al., 2010; Richardson et al., 2011). Of
policy importance, there are disparities across population racial or ethnic subgroups in the
likelihood of cancer being diagnosed at late-stage (Henley et al, 2010).

Using data from the United States Cancer Statistics (USCS) database, which is a population-
based surveillance system of cancer registries with data representing 96% of the U.S.
population (CDC, 2015), we examined all newly diagnosed CRC cases during 2004—-2009.
The overall rates of late-stage diagnoses for CRC vary considerably across the states (Figure
1), where states with proportions above the national average (54.3%) are shaded as the
darkest two colors. The highest proportions are in the West and Pacific Northwest states.

A large literature has examined the role that social forces may play in shaping health
outcomes such as these, where in addition to availability of services and financial means,
personal information and motivation are required to enable timely access to preventive
cancer screenings. We focus here on the role that residential segregation may play in
providing this sort of support for colorectal cancer screening using endoscopy (colonoscopy
and sigmoidoscopy).

on Residential Segregation and Health

Williams and Collins (2001) were some of the first social scientists to argue that residential
segregation caused racial or ethnic disparities in health outcomes, because it helped
determine access to education and employment opportunities that can lead to differences in
socioeconomic status, which is a fundamental cause of health disparities. Subsequently,
many researchers have studied this phenomenon, using various different measures of
residential segregation, citing the seminal work by Massey and Denton (1988) who
rigorously defined several measures as a multidimensional phenomenon. Dimensions varied
along five distinct axes of measurement: evenness, exposure, concentration, centralization,
and clustering. Examples of these dimensions are found in measures such as the Diversity
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Index (evenness), Isolation Index (exposure), Interaction Index (exposure), Index of Spatial
Proximity (clustering), and White's Clustering Measure (clustering).

Kramer and Hogue (2009) reviewed 39 studies of ecological factors and social outcomes to
determine which of Massey and Denton’s segregation measures had been used in research,
and by whom. They found that isolation, clustering, and dissimilarity indices had been used
most often. In this study we chose to use the isolation index to measure residential
segregation.

The isolation index used here is a minority-weighted average across census tracts of each
county, using the formula defined as follows (Massey and Denton, 1988; Iceland et al,
2002):

N @i
Pi=d i t;

where x;is the number of a minority group at tract 7 X is the sum of all members of that
minority group across all tracts; #;is the total number of people of all races or ethnicities in
tract £ N is the number of tracts within each county. The county isolation index defined for a
particular minority group reflects the extent to which the minority group comes into contact
with others of this minority group within the county. The index ranges in value from 0 to 1,
and a higher index value reflects the higher probability of contact among members of the
minority group.

The isolation index has been interpreted as enhancing social cohesion or support (Warner
and Gomez, 2010; Kuo et al., 2011; Haas et al., 2008; Mabley et al., 2006, 2008a, 2008b,
2009, 2010, 2012). However, some studies argue that residential isolation reflects an adverse
environment (Dai, 2010; Williams and Collins, 2001; Schulz et al., 2002, 2005; Landrine
and Corral, 2009; Morello-Frosch and Jesdale, 2006; Hao, et al., 2011). Others argue that
segregation might be positively enhanced by a high degree of clustering into enclaves which
increase political empowerment (Bell et al., 2006; Laveist, 1992, 1993). This political
empowerment interpretation may be valid for the isolation index defined at larger
geopolitical units such as metropolitan areas or states (rather than smaller neighborhoods or
counties), because a higher-valued index at a larger scale indicates a greater degree of spatial
clustering (Bell et al., 2006). It can be argued that the region may reflect broader factors
such as political influence or community solidarity among minorities in the geopolitical
units. Contradictory associations found within the same study contrasting models using
different-sized areal units to define communities demonstrates that findings may be sensitive
the areal unit size over which the isolation index is constructed (Mobley et al., 2008a).

We extend this argument here and posit that the geographic scope of the analysis may also
impact the interpretation of the segregation effects. A study that is examining residential
isolation effects within a metropolitan area or state may reflect something quite different
than a cross-national study that pools data across 40 states, which is what we do in this
paper. To date, there is no consensus in the health outcomes literature regarding whether
residential isolation is a beneficial, or a harmful effect. We argue that the differences in signs

Ann Epidemiol. Author manuscript; available in PMC 2018 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mobley et al.

Page 4

and significance of associations within and across studies is likely due to a variety of factors:
whether the isolation is defined specific to the individual or to the place, differences in size
of areal units used to define neighborhood isolation, and differences in the geographic
location or geographic scope of studies.

In several empirical cancer outcome studies, segregation indices for more than one minority
were included in a regression model by linking the isolation indices to the multiracial/
multiethnic study sample based only on place of residence (Hao et al., 2011; Dai, 2010;
Mobley et al., 2008a, 2009, 2010; Mobley and Kuo, 2015). For example, all people living in
county X were assigned the same isolation index values for each of the separate isolation
indices included in the model. In these studies, the residential isolation indices included in
the model were not explicitly matched to the study population’s race or ethnicity, thus the
estimated isolation effect refers to anyone living in such places for each of the minority
isolation indices included in the model. What this sort of modeling does not do is to capture
the effect of living in a segregated place of one’s own race or ethnicity, which is a different
construct altogether, as it centers the isolation index on the personal context.

In studies that include multiple races or ethnicities in the same empirical specification of the
model, interacting the isolation index - defined for the race or ethnicity of each subject in
their county of residence - with the person’s binary indicator of race or ethnicity is one
method used to center the isolation index on the personal context, and to estimate a separate
effect for each race or ethnicity included among the study subjects (Mabley et al, 2006;
Mobley et al, 2008b). One study explicitly created a single composite person-centered
isolation construct, as we do in this study, which provides an average effect across the races
or ethnicities of the study subjects (Mobley et al., 2012). For example, an African American
person living in county X is assigned the isolation index value for African Americans in that
county, whereas a Hispanic person living in the same county is assigned the isolation index
for Hispanics in that county. Other studies have centered the index on the person by
estimating separate models for each race or ethnicity, and including only the single isolation
index that pertains to the race or ethnicity of the subjects in the model (Warner and Gomez,
2010; Kuo et al., 2011; Haas et al., 2008).

Several studies examining late-stage cancer outcomes or cancer screening behavior have
used the isolation index (Warner and Gomez, 2010; Kuo et al., 2011; Dai, 2010; Haas et al.,
2008; Mobley et al., 2008a, 2008b, 2009, 2010, 2012, 2015). Three of these matched the
person’s race or ethnicity to the isolation index used in the modeling (Haas et al., 2008; Kuo
etal, 2011; Mobley et al, 2012). The first two studies analyzed different racial or ethnic
subgroups in separate models, including only the own-race isolation index. The third study
combined persons of all races and ethnicities together in a single model and included a
composite race-matched isolation construct. All three studies interacted the isolation
measure with higher-level constructs (such as state level insurance mandate or area level
poverty rate), so the independent effect of the isolation measure is less clear. However, the
effect seems beneficial among the SEER Registry subjects (Haas et al., 2008; Mobley et al,
2012) and beneficial for California women who are Hispanic or African American and living
in the poorest communities (Kuo et al, 2011). A fourth study (Warner and Gomez, 2010)
examined the impact of neighborhood racial composition (i.e. percent of African Americans
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in block group) and five different dimensions of segregation indices together — in an attempt
to capture hyper-segregation - on late stage BC diagnosis and survival. Separate models
were estimated for African American and white samples. Although beneficial effects of
neighborhood composition and segregation measures were found for African Americans, the
impact of the isolation index was jointly estimated with racial composition and 4 other
segregation indices, so the independent effect of isolation could not be determined.

Figure 2 maps the isolation indices for the four dominant races or ethnicities, and
demonstrates that highly isolated places exhibit distinct geospatial patterns by race or
ethnicity in the US. Wilkes and Iceland (2004) argue that hyper-segregated places (i.e., the
places that are highly segregated in one or more segregation dimensions) are rather atypical
in the US, and more prevalent for African Americans and Hispanics. This is consistent with
the somewhat regionalized geographic patterns of high isolation for these two groups evident
in Figure 2. The quantiles of the distribution of the segregation index for whites were chosen
as the cutpoints for different colors in the map, and these same cutpoints are consistently
applied across the four maps to enhance comparability of the isolation indices across the
maps.

The contribution of this paper is to compare and contrast models of late-stage CRC
diagnosis outcomes using two different approaches to modeling segregation (isolation) in
large geographic areas across the nation. Both approaches pool together all states and all
races and ethnicities into a single model covering the same geographic footprint over 40
states. The first approach, which we shall call ‘place-centered’, includes isolation indices in
the model defined for the major minority groups (African American, Hispanic, Asian)
matched by county of residence for each person in the CRC population. Thus three place-
centered isolation index measures are matched to each person by county of residence. The
second approach, which we shall call ‘person-centered’, uses the county level isolation index
specific to the person’s race or ethnicity, and includes only this index for each person, in a
composite race-matched isolation construct. Using estimates from the first, place-centered
approach one can examine associations between anyone living in a particular minority
enclave and their health outcome. Using the second, person-centered approach one can
examine whether living in an enclave of one’s own race or ethnicity (whether it be a
minority or majority race) has beneficial effects, suggestive of social support. Because we
focus here on how the geographic scope should be considered when interpreting the
isolation effect estimates, we pool the data so that the same large geographic scope or
footprint is included in both approaches. Pooling across the 40 states, these estimates reflect
national average effects.

Population Data and Methods

We examined CRC cases diagnosed during 2004—2009 from the United States Cancer
Statistics (USCS) database, which is a population-based surveillance system of cancer
registries with data representing 96% of the U.S. population (CDC, 2015). All but three
states (Kansas, Maryland, Minnesota) participate in the USCS registry data system, but four
states do not allow use of county of residence information (lllinois, Michigan, Missouri,
Ohio). We excluded these 7 states and an additional state, Virginia, because data were not
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available until 2007. We also excluded Hawaii and Alaska because of missing contextual
data, leaving a total of 40 states included in the analysis.

The database includes information on demographics (age, gender, race, ethnicity), tumor
characteristics, and geographic location (state, county) at time of diagnosis. We restricted the
sample to all persons having a first CRC diagnosis and excluded records when CRC was not
the primary cancer, records with unknown cancer stage or unstaged cancer, or when
diagnosis was by autopsy or death certificate (< 1% of all cases). These restrictions resulted
in 553,629 individuals with CRC residing in the 40 states studied.

County level data describing contextual characteristics of communities derive from
numerous sources. Data description and brief rationale for inclusion of each covariate are
provided in Table 1. Sample statistics are also provided in Table 1. County statistics are
based on the county level of observation.

To construct the person-centered isolation construct, indices for the following races or
ethnicities were matched to the person’s race or ethnicity: white, African American,
Hispanic, Asian, American Indian, and Pacific Islander. One group of individuals classified
as all ‘others’, representing less than %2 of one percent of the cancer registry population, had
no isolation index defined that could be matched to them and they were widely dispersed
among the 40 states. For this very small number of individuals, we used the average value of
all the existing isolation indices in their county of residence to define an isolation index to
match with them, so that they could be included in the analysis. Results were not sensitive to
whether or not these individuals were dropped from the regressions.

Statistical Methods

We specified a three-level random intercepts logistic regression model for the late-stage
diagnosis with patients nested in counties which were nested in states. We used a multilevel
modeling framework because we wanted to fit the regression to individuals while accounting
statistically for systematic, unexplained variation among counties and states. Omitted state-
level factors include insurance regulations and mandates adopted by the states, who have
autonomy to regulate the insurance practices within their states. Ignoring the county and
state level effects, when they are important, is tantamount to having omitted variables in the
model, which can bias the included coefficients’ estimates (Oakes, 2004). In addition, when
the higher-level covariates (such as the isolation indices) have estimates that are of particular
interest, failing to account for their structural similarity across individuals within their level
(county) can increase their apparent statistical significance (Gelman and Hill, 2007). To
avoid these empirical problems, we estimated the multilevel models using the Generalized
Linear Latent and Mixed Model (GLLAMM) procedure (Rabe-Hesketh et al., 2004; 2008)
in Stata (StataCorp, 2011). We estimated one model including three place-centered isolation
indices (African American, Hispanic, Asian) and another model including the single person-
centered isolation construct. Both of these models are cross-sectional, thus no reliable causal
inferences can be made.
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The results from statistical modeling are presented in Table 2, and only statistically
significant estimates are discussed. Person-level effects are consistent across the two models
of residential isolation. Females are more likely than males to be diagnosed at late-stage for
CRC. African Americans, Hispanics, and Asians are more likely to be diagnosed at late-
stage than whites. The ‘other’ races and ethnicities are less likely than whites to be
diagnosed at late stage. Younger people (less than age 50) are more likely than older people
to be diagnosed at late stage, and this is the largest person-level effect estimate.

Among the county predictors, a higher countywide endoscopic CRC screening rate is
associated with lower likelihood of late-stage diagnosis. (Other covariates including percent
uninsured, percent living in poverty, managed care insurance penetration, and average
distance to closest CRC screening provider are not significant predictors). Rural aspect of
county of residence is a significant predictor in the person-centered isolation model, but is
not significant in the place-centered model.

The county-level isolation measures are the main focus of this study. The place-centered
model reflects the change in likelihood of late stage CRC cancer diagnosis with a one-unit
change in the isolation index for anyone’s living in places with minority racial or ethnic
enclaves. The results showed a lower likelihood of late-stage CRC diagnosis for anyone
living in a higher segregated African American community (odds ratio= 0.90; 95% CI= 0.83
—0.98), while living in a higher segregated Asian community (mainly the bay areas of
California, Figure 2) is associated with higher likelihood of late-stage CRC diagnosis (odds
ratio=1.37; 95% Cl= 1.01 — 1.86). By contrast, the person-centered isolation index reflects
the change in likelihood of late stage CRC cancer with a one-unit change in the isolation
index for someone living in communities among one’s own race or ethnicity. We found that
people living in more residentially isolated communities of their same race or ethnicity have
lower likelihood of late-stage CRC diagnoses (odds ratio= 0.95; 95% CIl= 0.90 — 0.99).

To determine the importance of information available in the random intercept terms, it is
customary to look at the variance components estimated as model parameters. The variances
for the null model, which includes random intercepts but no other predictors, are 0.02393 for
the county level and 0.01067 for the state level (data not shown). The unexplained variance
(null model) is only reduced slightly after including covariates in the models (bottom Table
2). However, as noted in previous statistical studies, the small residual variance components
at the higher levels of the fitted model suggest that the model fit is good. Gumpertz et al.
(2006) used a random intercepts formulation for the multilevel model with person and area-
level covariates to model advanced-stage breast cancer incidence in Los Angeles county. As
described there and in Oakes (2004), a small residual variance estimate for the area-level
random effect indicates that the contextual factors included in the model do a good job
accounting for geographic heterogeneity in the explanatory factors. A more traditional
approach to measuring goodness-of-fit is the Likelihood Ratio Test. The Likelihood Ratio
Test statistics and p-values are shown in Table 2. Both suggest that the explanatory variables
contribute significantly to explaining the variance in person-level late-stage cancer diagnosis
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incidence. The AIC statistics, also presented there, are almost identical for the two models,
suggesting that their fit is approximately equal.

Discussion

CRC screening that detects and removes pre-cancerous lesions, thus preventing late-stage
cancers, is done using endoscopic procedures (colonoscopy, sigmoidoscopy) that are both
expensive and somewhat risky. Out-of-pocket costs during this period included copayments,
deductibles, and facility costs which amounted to hundreds of dollars per procedure. Also,
the preparation is a lengthy ordeal and the procedure itself carries a small but significant risk
of serious complications (perforated bowel) and other risks (dehydration, hyperglycemia,
low blood pressure, adverse reaction to sedatives)(Mobley and Kuo, 2015). Thus,
considerable encouragement or mativation is likely required to convince someone (and some
cultures: Beyer et al, 2011; Stimpson et al. 2012; Rosenwasser et al., 2013) that this sort of
screening is necessary. To undergo the treatment likely requires social cohesion (who is an
expert provider?) and support (help during the three day ordeal). The late-stage CRC
diagnosis outcome is expected to be significantly associated with measures of social
cohesion or support, and should be sensitive to the availability and prevalence of endoscopic
CRC screening.

The main focus of the paper is the comparison of two different approaches to assess the
associations between a measure of social cohesion/support (residential isolation) and health
outcomes (late-stage CRC diagnosis). The place-centered isolation model shows a lower
likelihood of late-stage CRC diagnosis for anyone living in a highly segregated African
American community, while living in a highly segregated Asian community (mainly the bay
areas of California, Figure 2) is associated with higher likelihood of late-stage CRC
diagnosis. By contrast, the person-centered isolation model suggests that people living in
more residentially isolated communities of their same race or ethnicity have lower likelihood
of late-stage CRC diagnoses. We anticipated that this latter approach would reflect some sort
of social cohesion or support that would perhaps motivate appropriate cancer screenings and
result in lower incidence of late-stage CRC diagnoses. This expectation was met, where the
person-centered effect estimate was significant and negative. Thus, the higher the
segregation measured in the person-centered isolation index, the lower the probability of late
stage CRC cancer incidence for people living in the areas.

The place-based isolation modeling approach has less clear-cut interpretation as evidence of
social cohesion or support. The place-centered approach models the effects of anyone living
in a place where certain races or ethnicities are most highly segregated. An immediate
problem with this approach is apparent when one is conducting a cross-national study, as we
do here. As shown in Figure 2, highly residentially isolated places for Asians, African
Americans, and Hispanics exhibit distinct geospatial patterns in the US. Because of these
distinctly clustered patterns of segregation (i.e. Southeast for African Americans, Southwest
for Hispanics), the place-centered isolation index may well reflect geographic disparities
rather than the racial or ethnic disparities imbedded in the residential isolation measures. For
example, highly segregated African American neighborhoods may well reflect different
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conditions in the Southeast relative to the rest of the US, and the isolation index variable
may not well-represent social cohesion or support as intended.

As noted in the geographic disparities literature, several factors confound the problem of
separating racial from geographic disparities: there is considerable variation in health care
utilization and outcomes across regions; minorities may use different providers than whites;
and racial disparities may be higher in some areas (Chandra and Skinner, 2003). These
factors may cause strong statistical interactions between geography and racial or ethnic
identity that may lead researchers to falsely diagnose geographic variations as the
determinant of racial disparities. For example, Coughlin et al. (2002) contrast Southern
counties with other counties in the United States and find that racial disparities in cancer
screening are wider across the two groups of counties than they are within them. Similarly,
Mobley et al (2008b, person-centered, and 2010, place-centered) examine predictors of
breast and colorectal cancer screening across 11 states, estimated in separate models for
each state - and find that the effects of residential isolation indices vary from positive to
negative to statistically insignificant when states are examined separately (assessing effects
of isolation within, rather than across states). Studies of smaller geographic scope (states,
metropolitan areas) are more likely to identify social cohesion or support associations from
residential isolation variables than are larger multi-state or cross-national studies. This fact
alone may explain some of the inconsistencies in racial disparities found in the residential
isolation-health outcomes literature.

Another mitigating factor worth considering is the likely impact of CRC screening
interventions, which have not been uniformly distributed across the US. Cancer control
efforts are largely decentralized to the states, and funded interventions have largely
promoted reducing adverse minority disparities in health outcomes. In a literature review of
PubMed articles, we identified 37 interventions aimed at increasing CRC screening
conducted 1999-2009. Over half were targeted to minorities, low income, or non-English
speaking groups in urban areas. Only two targeted rural communities. Minority enclaves in
urban areas were more likely to receive intervention than other groups, and only 19 states
and Washington DC had any (published) interventions (AZ, CA, CO, CT, GA, Hl, IL, MD,
MA, M1, MN, NH, NY, NC, PA, SC, TX, UT, WA, DC). The states in this list highlighted
in bold had interventions targeted to African Americans (summarized in Table 3).

The finding in this paper that living in a place with highly segregated African Americans is
associated with lower rates of late-stage CRC diagnoses perhaps suggests that cancer control
interventions to increase CRC screening which have targeted highly segregated African
American communities have been quite effective. Between the years 1999-2009, eleven
colorectal screening interventions were identified involving African American populations
in the United States (summarized in Table 3). Several of these studies not only aimed to and
succeeded in increasing CRC screening rates but also in enhancing social support/cohesion
among minority populations. Several interventions were aimed at Hispanics/Latinos, but a
much greater number were targeted to African Americans and some were targeted to both
groups. In a rather stark contrast, no CRC screening interventions were found to specifically
target Asian Americans, which is consistent with the finding that living in a highly
segregated Asian American community is associated with higher rates of late-stage CRC
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diagnoses. Intervention among Asian Americans regarding the importance of CRC screening
launched in the California bay areas may be warranted.

The place-centered isolation measures may reflect but do not specifically measure the
importance (in terms of social cohesion or support) of living among people of one’s own
race or ethnicity. The person-centered isolation measure in this study includes the effects of
all races or ethnicities together and provides an association estimate for the overall average
effect of living in more segregated communities of one’s racial or ethnic peers. This
association is negative (reduces the odds of a late-stage diagnosis), and may reflect the fact
that greater social cohesion or support is needed to promote the use of endoscopic CRC
screening, which is quite invasive, moderately risky, unpleasant, and costly to undergo.

Conclusions

The United States is a very heterogeneous collection of states and counties. How to best
represent factors that capture aspects of social cohesion or support is an ongoing enterprise.
We have presented results which contrast a person-centered measure with a more general
place-centered approach, and demonstrated that the effect estimates have different
interpretations. The place-centered approach may also have different interpretations when
employed across broad geographic regions, versus within specific regions, and must be
carefully interpreted. The modeling approach used here is one that limits bias from omitted
variables in model specifications (Oakes, 2004), and is robust to differences in population
sizes across areas (Gelman and Hill, 2007). The modeling also captures quite well the
heterogeneity in factors across the landscape of the 40 states studied. The correctly
interpreted findings are therefore quite robust, however there are several limitations to this
study and more research is needed to fully understand the implications.

We sought to examine and contrast two approaches for the study of residential isolation as a
predictor of late-stage colorectal cancer diagnoses. We argue that social cohesion or support
is perhaps better captured by the person-centered than the place-centered approach.
However, the study has several limitations and leaves several important directions for future
research. First, by including all racial and ethnic groups in one model that pooled data across
all 40 states, we ensured that both approaches were using the same data from the same
geographic footprint, making the findings more comparable. However, we also forced the
effects of the person-centered isolation index to be the same for all racial and ethnic groups
— providing a national average estimate of the beneficial effects of social cohesion or
support. With a study population that consists of a vast majority of whites, this effect may
reflect the dominant segregation effect of the white population. If this finding does indeed
largely reflect the isolation effect for the white population, this may actually be a
contribution because we have found no studies in the health literature focusing on white
segregation effects. A similar limitation that pertains to the place-centered segregation model
is that by pooling across the states, we forced the effects of the place-based isolation indices
to be the same across all states. Thus these models produce estimates that are national
averages, and do not reflect subsets of the data over geography or race. Another limitation of
this study is that the segregation measures are modeled as a linear relationship with late
stage CRC incidence. It is possible that the association is more complicated than this. Future
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areas of possibly fruitful research include examining the effect of race-specific or place-
specific subsets of the data, or nonlinear specifications of the isolation variable. Fruitful
analyses beyond the scope of the present paper might also include using various different
logistic regression approaches (Merlo at al., 2006).

Barely any research has been done using the rich USCS database, which represents a
collaboration among the US cancer registries and (at present) must be conducted inside
secure Federal Research Data Centers, which are limited to about 15 locations nationwide.
Alternatively, researchers can pay hefty fees to instruct NCHS programmers to conduct the
analyses for them. All analyses must obtain prior approval by the NCHS staff and results of
analyses are carefully scrutinized before release, to prevent invasion of privacy or disclosure
of sensitive information. The NCHS and CDC are presently working together to develop
infrastructure to make these data more broadly available. More work is definitely needed in
controlling CRC, which exhibits high rates of late-stage diagnosis that could perhaps be
reduced with more strategic screening intervention. Our findings will perhaps stimulate
further research in this area.
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Figure 1.

Proportions of CRC cases diagnosed at late-stage in the US, 2004-2009
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Table 1

Multilevel Model Variables: Description, Rationale, and Sample Statistics

Variable (units of

Rationale for Inclusion

measure)
Outcome whether | Late stage diagnosis is indicative of lack of knowledge regarding Proport
cancer patient was | personal cancer risk, or the importance or availability of screening; ion* | sdev
diagnosed at a late | lack of timely or proximate access to services, lack of funds to pay
stage (regional or | for, and cultural or other barriers related to utilization of timely
distant =1, else=0) | cancer screening. 0.543 | 0.498
Person-level predictors (categorical variables coded into binary variables)
female Both male and female are included in the CRC study, with male
designated as the reference group. 0.487 | 0.500
African American | The national statistics cite African Americans as a disadvantaged
group, with higher likelihood of late-stage CRC than whites, the
reference group. 0.112 | 0.315
The national statistics cite Hispanics as a disadvantaged group,
Hispanic with higher likelihood of late-stage CRC than whites, the reference
group. 0.080 | 0.271
The national statistics cite Asians as a disadvantaged group, with
Asian higher likelihood of late-stage CRC than whites, the reference
group. 0.031 | 0.172
White (ref) The reference group 0.765 | 0.424
Race all others This group includes American Indians, Pacific Islanders, and
others not defined above. We grouped them into a single indicator
for the regressions. 0.013 | 0.113
age < 50 CRC screening protocols recommend to start screening at age <50
for higher risk individuals 0.111 | 0.275
age 50-64 CRC screening protocols recommend to start screening at age 50
for average risk individuals; this is the prime age bracket for
screening 0.314 | 0.464
age 65-74 Medicare insurance coverage begins at age 65 for people who are
eligible for Social Security benefits 0.250 | 0.433
age 75+ (ref) Screening is not needed or recommended as often for older
individuals who have had regular screening at younger ages 0.325 | 0.468
County-level predictors (n = 2,471 counties in 40 states) mean | sdev | min | max
Isolation white This index reflects the degree to which whites are proximate 0.825 | 0.17 | 0.02 | 1.00
to other whites in their county of residence
Isolation African This index reflects the degree to which African Americans 0.141 | 0.19 | 0.00 | 0.88
American are proximate to other African Americans in the county
Isolation Hispanic | This index reflects the degree to which Hispanics are proximate to | 0.094 | 0.151 | 0.00 | 0.98
other Hispanics in the county
Isolation Asian This index reflects the degree to which Asians are proximate to 0.016 | 0.031 | 0.00 | 0.43
other Asians in the county
Isolation Native This index reflects the degree to which Native Americans are 0.034 | 0.112 | 0.00 | 0.94
American proximate to other Native Americans in the county (statistics
exclude AK, not included in regressions)
Isolation Pacific This index reflects the degree to which Pacific Islanders are 0.002 | 0.004 | 0.00 | 0.58
Islander proximate to other Pacific Islanders in the county (statistics
exclude HI, not included in regressions)
Person-centered This variable is constructed by retaining, for each individual, the 0.719 | 0.227 | 0.00 0.94
isolation construct | specific isolation index (above) that reflects their race or ethnicity.
This construct reflects the degree to which people are proximate to
others of their same race or ethnicity in their county of residence.
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County-level predictors (n = 2,471 counties in 40 states) mean | sdev | min | max
Managed care Managed care has transformed the way medicine is practiced in 4.83 8.83 | 0.00 | 53.49
penetration (%) highly-penetrated markets, with preventive care services more
prevalent/utilized more intensively (2005).
Distance (miles) Calculated as the average distance (miles) over all ZIP codes with 1210 | 9.74 | 0.00 | 72.45
centroid in the county to closest provider ZIP code. Greater
distance to provider of CRC (endoscopy) screening suggests
impeded access to preventive care services. Based on 100% FFS
Medicare utilization of CRC screening endoscopy services (2006).
Screening rate (%) | Percent of the 100% FFS Medicare population residing in the 10.32 | 1.78 | 1.15 | 18.18
county and alive all year that utilized CRC screening by
endoscopy in 2006.
Percent uninsured | % of the under-age-65 population with no health insurance (2005) 1892 | 6.21 | 7.10 | 46.80
Percent Rural % of county population living in rural area (2005) 59.88 | 30.59 | 0.00 100
Percent Poverty % of county population living in poverty (2005) 15.96 6.71 | 2.50 | 51.00

(* mean of binary variable)
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Table 3

Eleven Interventions to Increase African American Colorectal Cancer Screening

Page 20

CRC screening
Intervention
name

Date and
Place of
intervention

Which
minorities were
targeted?

Was the intervention evaluated/
successful in

increasing minority CRC
screening?

Citation

1.Wellness for
African Americans
through Churches
(WATCH)

2000, five rural
eastern North
Carolina counties

African American
adults

TPV intervention achieved a 15%
increase in fecal occult blood
testing screening. Those who spoke
with a lay health advisor

were significantly more likely to get
a non-invasive screening

test. Among those 50 years and
older who received the
newsletter/video intervention, there
was an increase in

colorectal cancer screening.

Campbell, M.K., James,
A., Hudson MA,& et al.
(2004). Improving
multiple

behaviors for colorectal
cancer prevention

among African American
church

members. Health
Psychol,23(5):492-502

2.Provider Education
Intervention to
Improve Colorectal
Cancer Screening
Rates among African
American Patients

Prior to 2007,
Washington D.C.

Health care providers
and their African
American patients
aged 50 and older

There was no statistical difference in
the rates at which rectal

exams and fecal occult blood tests
were conducted before and

after the intervention. There was a
statistically significant

increase in the performance of
endoscopic assessments
performed from 26.7% pre-
intervention to 59.1% post-
intervention.

Friedman, M., and
Borum, M.L. (2007).
Colorectal cancer
screening of African
Americans by internal
medicine resident
physicians can be
improved with focused
educational efforts. J Nat/
Med Assoc.,
9909):1010-1012.

3.A Tailored
Telephone Outreach
Program to Increase
Screening in Urban
African Americans

2000-2003, New
York City
Metropolitan Area

African Americans
52 years and older

CRC screening was documented in
61 of 226 (27.0%)

intervention participants and in 14
of 230 (6.1%) controls

(prevalence rate difference=20.9%;
95% Cl = 14.34,

27.46). Compared with the control
group, the intervention

group was 4.4 times more likely to
receive CRC screening

within 6 months of randomization.

Basch, C.E., Wolf, R.L.,
Brouse, C.H., et

al. (2006). Telephone
outreach to increase
colorectal cancer
screening in an urban
minority population. Am
J Public Health,
96(12):2246-2253.

4.Continuous Quality
Improvement in
Federally Qualified
Health Centers

January2000—
January2005,
Chicago, IL

Lower income
African-American
and Hispanic patients
over 50 years old

At 1-year follow-up, rates of
screening completion had

increased from 11.5% to 27.9
percent (p< .001), and physician
recommendation had increased from
31.6% t0 92.9% (p< .001).

Khankari, K., Eder, M.,
Osborn, C.Y., &

et al. (2007). Improving
colorectal cancer
screening among the
medically

underserved: a pilot study
within a

federally qualified health
center. J Gen

Intern Med,2210):1410-
1414.

5.Increasing
Colorectal Cancer
Screening in an
Urban Public
Hospital by Reducing
Health System
Barriers

May-June 2003,
Bronx borough of
New York City

African-American
and Hispanic adults
aged 50 and older

The likelihood of keeping the
screening appointment after the
patient navigators were hired
increased by nearly three-fold and
the amount of broken appointments
decreased dramatically

(67% to 3%). The proportion of
uninsured persons and
Medicaid-insured persons who
received a screening increased
significantly. The proportion of
screenings that had a patient
navigator associated with them
increased significantly.

Nash, D., Azeez, S.,
Vlahov, D., & Schori,
M. (2006). Evaluation of
an intervention to
increase screening
colonoscopy in an

urban public hospital
setting. J Urban

Health, 832):231-243

6.Increasing

Colorectal Cancer

Prior to 2004, a
rural southeastern

African American
women aged 50 and

Experimental Full Intervention(s)
Group 61% (n = 33)
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Page 21

CRC screening Date and Which Was the intervention evaluated/ Citation
Intervention Place of minorities were successful in
name intervention targeted? increasing minority CRC
screening?
Screening in Rural state older participated in FOBT. Modified (2004). An intervention

African American
Women

Intervention(s) Group 46% (n =
15) participated in FOBT Control
Group 15% (n=5) participated

in FOBT at 1 year follow up.
Participants in the Cultural and
Self-Empowerment Group and those
with greater knowledge of
colorectal cancer were more likely
to participate in fecal occult

blood testing at the end of the 12-
month period.

study to increase
colorectal cancer
knowledge and screening
among community
elders. Public Health
Nurs,21(5):435-442.

7. Offering Colorectal
Cancer Screening and
Education to

Uninsured Minorities

July 2001-June 30
2003, Montgomery
County, Maryland

Lower income and
uninsured African
American, Hispanic
and Asian adults,
aged 50 and older

Over half of the participants who
were eligible for invasive
screening scheduled appointments.
Over half of the total

registrants completed some type
colorectal cancer screening,

and of those, ninety percent were
minorities.

Sarfaty, M., and Feng, S.
(2006). Choice

of screening modality in
a colorectal

cancer education and
screening program

for the uninsured. J
Cancer
Educ,21(1):43-49.

8.Colorectal Cancer
Screening
Intervention Trial
(CCsIT)

January 2003-April
2005.
Atlanta GA

African Americans

Among completers, there were
significant increases in

knowledge in both educational
cohorts. By the 6 month follow-
up, 17.7% (11/62) of control group
members reported having
undergone screening, as compared
to 33.9% (22/65) of the

group education cohort (p = 0.039).

Blumenthal, D., Smith,
S., & Alema-

Mensah, E. (2010). A
Trial of Three
Interventions to Promote
Colorectal

Cancer Screening in
African Americans.
Cancer,116(4): 922-929.

9.Training African
American PCP to
perform colonoscopy

October 1999-July
2006, South
Carolina

African American
patients of trained
African American
PCPs (study group)
vs. untrained PCPs
(comparison group)

African American patients in the
study group showed a >5-fold
increase (8.9% pre training vs
52.8% post-training), with no
change among whites (18.2% vs
25.0%).

Xirasagar, S., Thomas
G., Burch, J., & et

al. (2011). Colonoscopy
screening rates

among patients of
colonoscopy-trained
African American
primary care physicians.

Cancer,11/22): 5151—
5160.

10.A Randomized
Controlled Trial of the
Impact of

Targeted and Tailored
Interventions on
Colorectal Cancer
Screening

2001-2002,
Philadelphia PA

Male and female
patients of the
Jefferson Family
Medicine Associates,
Serving a substantial
African American
population (58%)

Screening rates in study groups
were 33% in the control group,
46% in the SI group, 44% in the TI
group, and 48% in the TIP

group. Screening was found to be
significantly higher in all 3
intervention groups compared with
the control group (odds ratio

[OR] of 1.7 [95% confidence
interval (95% Cl), 1.3-2.5], OR of
1.6 [95% Cl, 1.2-2.1], and OR of
1.9 [95% ClI, 1.4-2.6],
respectively)

Myers, R., Sifri, R.,
Hyslop, T., & et al.
(2007). A randomized
controlled trial of

the impact of targeted
and tailored
interventions on
colorectal cancer
screening. Carncer,
110:2083-2091.

11.Prostate, Lung,
and Colorectal
Cancer Screening
Trial

1999-2002,
Detroit, Michigan

African American
men < 55 years

No statistically significant
differences in adherence rates for
flexible sigmoidoscopy screening
for colorectal cancer.

Ford, M., Havstad, S.,
\Vernon, S., & et al.
(2006). Enhancing
adherence among older
African American men
enrolledina
longitudinal cancer
screening trial.
Gerontologist,46.545—
550.
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