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Spatial Equity in Facilities Providing Low- or No-Fee
Screening Mammography in Chicago
Neighborhoods

Shannon N. Zenk, Elizabeth Tarlov, and Jiaming Sun

ABSTRACT Recent research suggests living in an economically disadvantaged neighbor-
hood is associated with decreased likelihood of undergoing mammography and
increased risk of late-stage breast cancer diagnosis. Long distances and travel times
to facilities offering low- or no-fee mammography may be important barriers to
adherence to mammography screening recommendations for women living in
economically disadvantaged urban neighborhoods, in which African–Americans are
disproportionately represented. The purpose of this study was to examine whether the
spatial distribution of facilities providing low- or no-fee screening mammography in
Chicago, Illinois, is equitable on the basis of neighborhood socioeconomic and racial
characteristics. We found that distance and travel times via automobile and public
transportation to facilities generally decrease as neighborhood poverty increases.
However, we also found that the strength of the association between neighborhood
poverty level and two of the spatial accessibility measures—distance and public
transportation travel time—is less strong in African–American neighborhoods. Among
neighborhoods with the greatest need for facilities (i.e., neighborhoods with the highest
proportions of residents in poverty), African–American neighborhoods have longer
travel distances and public transportation travel times than neighborhoods with
proportionately fewer African–American residents. Thus, it appears that the spatial
accessibility of low- and no-fee mammography services is inequitable in Chicago. In
view of persistent social disparities in health such as breast cancer outcomes, these
findings suggest it is important for researchers to examine the spatial distribution of
health resources by both the socioeconomic and racial characteristics of urban
neighborhoods.

KEYWORDS African–American, Geographic information system (GIS), Health care
access, Mammography, Neighborhood, Poverty , Urban health.

INTRODUCTION

Despite recent improvements in U.S. breast cancer survival rates, disparities on the
basis of social and economic factors persist. Poor women and those who are un-
insured have poorer breast cancer survival than their more advantaged counter-
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parts.1–5 Compared to non-Hispanic (NH) White women, most U.S. ethnic
minority populations have lower breast cancer survival, much of which is
attributable to socioeconomic factors.5–11 One of the reasons for these disparities
in breast cancer outcomes is the well-documented tendency toward later stage at
diagnosis among women of lower socioeconomic status (SES) and women of
color.5,8,9,12–14

Differences in mammography utilization are widely believed to contribute to
observed socioeconomic and racial/ethnic variation in prevalence of late-stage
diagnosis. Despite recommendations for routine annual or biannual mammography
for all women age 40 years and older, significant gaps exist in uptake across
population subgroups.15–17 Women with lower income and educational attainment
and those with no health insurance are less likely to undergo breast cancer
screening.18–20 Historically, the prevalence of screening mammography among
women of color in the U.S. has lagged behind that of their NH White counter-
parts.20 Although results of recent surveys suggest the gap in screening rates
between African–American and NH White women may have closed, racial/ ethnic
differences in utilization of screening mammography are likely to have played a
significant role in previously observed disparities in late-stage breast cancer
diagnosis and survival.18,21–23

In this study, we explore one potential contributor to disparities in breast cancer
screening, stage at diagnosis, and survival: inequity in the spatial distribution of
mammography facilities. There is growing evidence that living in a neighborhood
with few economic resources is associated with decreased likelihood of participating
in mammography screening and increased risk of late-stage breast cancer diagnosis.
A national study found that, independent of individual-level characteristics, living in
a socioeconomically disadvantaged neighborhood was associated with a decreased
likelihood of adherence with breast cancer screening recommendations.24 In another
analysis, again controlling for individual social and economic characteristics, the
odds of never having a mammogram among women residing in areas (roughly
corresponding to census block groups) in which the median education was less than
12 years, compared to areas in which the median education was more than 15
years, were increased by 69%.25 A recent study using Surveillance, Epidemiology,
and End Results (SEER) program data from three U.S. metropolitan areas found
that among women diagnosed with breast cancer, those who resided in high-
poverty census tracts (i.e., census tracts with 40% or more of residents with
incomes below poverty) were 39% more likely than those residing in lower-poverty
census tracts (i.e., neighborhoods with less than 20% of residents with incomes
below poverty) to have late-stage disease.26 In a study of women diagnosed with
breast cancer in New York City, the odds of an advanced-stage diagnosis were
increased by 50% for African American women and by 75% for White women who
lived in areas with lower levels of education and income compared to women living
in other areas.27

Information regarding the mechanisms by which neighborhood SES influences
breast cancer screening rates or late-stage diagnosis, as with other health behaviors
and health outcomes, is lacking. The role of neighborhood social context in
influencing stage at breast cancer diagnosis is currently being evaluated in one study
(R.B. Warnecke, Ph.D., University of Illinois at Chicago, oral communication, Nov.
2005). Previously proposed explanations for neighborhood effects on breast cancer
screening rates and late-stage diagnosis address access issues, principally focusing on
supply of health care services.24–26,28 Geographic location of mammography
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facilities—creating neighborhood differences in distance or travel time to mam-
mography services—may be an additional explanation for lower utilization of
mammography and heightened risk of late-stage diagnosis among residents of
economically disadvantaged neighborhoods. Two studies, including one in a major
metropolitan area, have found that people who lived farther away from facilities
were less likely to undergo mammography than those who lived closer to
facilities.29,30 Another found no association between distance or travel time and
compliance with screening mammography recommendations in rural Michigan.31

Most studies of the association between distance and health care utilization have
examined this relationship among residents of rural areas or large regions such as
states that include areas of varying rurality.32–36 Intraurban variation in the spatial
accessibility of mammography and other health care services and its effect on
residents’ utilization is not well understood.37

Facilities providing low- or no-fee screening mammography may be particularly
important resources for midlife women (ages 40–64) residing in economically
disadvantaged neighborhoods. Among women aged 45 to 64 years in Illinois with a
family income below the federal poverty line, 38% are uninsured.38 Despite
financial need and low rates of health insurance, most of these women are
categorically ineligible for Medicaid and Medicare, which cover screening
mammography. Further, among women with few financial resources, health
insurance may not eliminate financial barriers to screening mammography
participation arising from deductibles, co-pays, and other costs.39,40 To address
this need for affordable mammography services, state and federally funded
programs offer screening mammography to financially needy women on a sliding-
fee scale.41 In Chicago, this service is accessed predominantly through the city or
county health department clinics or through one of the Federally Qualified Health
Centers participating in the program. The associated mammography facilities are
located in some city health department sites, at two county-owned hospitals, and in
other area hospitals. These programs and facilities are intended to make routine
mammography financially accessible to all Chicago residents for whom screening is
recommended (i.e., women age 40 years and older). However, it is not known to
what degree these facilities provide equitable spatial access to mammography.

Therefore, in this study, we examined whether the spatial distribution of facilities
providing low- or no-fee screening mammography in Chicago, Illinois, is equitable
based on neighborhood SES and neighborhood racial composition. This study
adheres to the definition of equity as a just spatial distribution of resources in relation
to need.42,43 Our first objective was to determine whether neighborhoods with
higher proportions of residents with incomes below the poverty level, assumed to
have the greatest need for the service, have better spatial access, defined as distance
and travel time, to low- or no-fee mammography facilities. Because they are more
likely to live in high-poverty neighborhoods than other racial/ethnic groups,
African–Americans may be particularly vulnerable to the effects of socioeconomic
inequity in the spatial distribution of resources.44 Further, African–American
neighborhoods have historically been medically underserved. For example, a recent
study of Washington, DC, found that almost all areas with substandard spatial
accessibility of pediatric primary care providers were predominately African–
American.45 Thus, it was also important to investigate whether the relationship
between neighborhood poverty and the spatial accessibility of facilities offering
low- or no-fee mammograms differs by the proportion of African–American
residents in the neighborhood.

SPATIAL EQUITY IN FACILITIES PROVIDING LOW- OR NO-FEE SCREENING MAMMOGRAPHY IN CHICAGO 197



MATERIALS AND METHODS

Setting and Sample
The setting for the study was Chicago, Illinois. Chicago and the surrounding
suburbs is one of the most economically and racially segregated urban areas
in the U.S.44,46,47 The sample for this study was neighborhoods in the city of
Chicago, defined by the Project on Human Development in Chicago Neighbor-
hoods (PHDCN) based on criteria such as demographic similarity, housing density,
major ecological barriers (e.g., main thoroughfares), and local knowledge of
neighborhood borders.48 Each of the 343 neighborhoods is composed of one or
more census tracts. A more detailed description of these neighborhoods is provided
elsewhere.48

Measures

Spatial Accessibility of Mammography Facilities Our interest was in facilities pro-
viding low- (on a sliding fee scale) or no-fee screening mammography services
through publicly funded programs to low-income and uninsured Chicago residents
in 2004. The facilities were identified from information published by the Chicago
Department of Public Health (CDPH) and through interviews with key informants
associated with the Cook County Bureau of Health Services (CCBHS) and the
Breast and Cervical Cancer Early Detection Program (BCCEDP). The facilities were
(a) operated by the CDPH or CCBHS or (b) sites to which Chicago residents were
referred through the BCCEDP. Facilities were address-matched to the U.S. Census
Bureau 2003 TIGER/Line\ File using geographic information system (GIS)
software.49,50

Three measures evaluated the spatial accessibility of the mammography
facilities to the neighborhoods: street network distance to the nearest facility,
public transportation travel time to the nearest facility (based on straight-line
distance), and shortest automobile travel time to a facility. These measures
represent one approach to spatial accessibility measurement.37,51,52 The measures
were calculated based on the neighborhood centroids, or geometric centers, and
reflect the spatial accessibility of facilities for an individual living in the middle of
the neighborhood. The spatial accessibility of facilities will vary for individuals
within the neighborhoods. To control for differences in the geographic size (land
area) of the neighborhoods and thus imprecision in the measurement of
accessibility, the net land area (excluding water) was included as a covariate in
regression analyses.

The distance over the street network between the 343 neighborhood centroids
and each mammography facility was calculated using GIS.37,50,53,54 This procedure
involved moving neighborhood centroids directly onto the closest street segment,
that is, portion of a street generally about the length of a city block.54,55 The
centroids were displaced, on average, 17.8 m with a range of 0.01 to 238.5 m. After
the distances were calculated, we identified the minimum street network distance
from each neighborhood centroid to a facility.

We estimated public transportation travel time from each neighborhood to the
nearest facility using the following procedure. Using GIS, we first determined the
facility nearest to each neighborhood based on straight-line distances between
the neighborhood centroids and the facilities.53,54 Next, we assigned a street
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address to each neighborhood centroid. We selected the midpoint of the range of
addresses for the street segment on which the neighborhood centroid was located.
We then used the Trip Planner of the Chicago Transportation Authority to estimate
the travel time to the nearest facility.56 To obtain the travel time, we used the
following specifications for travel: Tuesday, March 29, 2005; arrival time 11:00
A.M.; maximum walking distance 0.5 mi; and preference for the quickest trip. The
date and time were selected arbitrarily although we consider them appropriate since
women going to a mammography appointment would generally have traveled
during the week and during regular business hours. Because travel times likely vary
to some extent by time of the day and to a lesser extent by day of the week and time
of the year, these travel times are estimates.

The automobile travel time from the 343 neighborhood centroids to each of the
11 facilities was estimated using modeled 2005 travel time data from the Chicago
Area Transportation Study (CATS).57 Automobile travel times used in this analysis
are derived from the last step of the CATS four-step demand model: the network
Btime of day^ assignment process. CATS provided automobile travel times that take
into account traffic congestion between all traffic analysis zones in metropolitan
Chicago for eight time periods over a 24-h day. The traffic analysis zones range in
size from approximately 0.06 mi2 in the central business district to 1 mi2 in the rest
of Chicago and the immediate vicinity.

To obtain the shortest automobile travel time from each neighborhood to a
facility, we used the following procedure. First, using GIS, we identified the traffic
analysis zone in which each neighborhood centroid and facility were located.49

Based on the traffic analysis zones, we obtained the modeled automobile travel time
from every neighborhood to each facility for three times during the day that
corresponded to regular business hours: 9:00–10:00 A.M., 10:00 A.M.–2:00 P.M., and
2:00–4:00 P.M. For those neighborhoods whose centroid was located in the same
traffic analysis zone as the facility, we substituted the mean automobile travel time
between contiguous traffic analysis zones based on a random sample of ten traffic
analysis zones in Chicago. Next, we identified for each neighborhood the minimum
automobile travel time to a facility for each of the three time periods. We then
averaged the three travel times to obtain an estimate of the shortest automobile
travel time to a facility.

Sociodemographics Summary Tape File 3 (STF-3) of the 2000 decennial census pro-
vided measures of neighborhood sociodemographics.58 Data were obtained for
census tracts and were then aggregated to the 343 neighborhoods. In this study,
neighborhood poverty was defined as the percentage of individuals with incomes
below the federal poverty line. Neighborhood racial/ethnic composition was
defined as percentage of individuals in each of four racial/ethnic groups: NH
African–American (i.e., African–American), Latino, NH White (i.e., White), and
other. To account for differences in neighborhood population, we included
population density, the total population per square mile of land in the neighbor-
hood, as a covariate in regression models.

Data Analysis
We first examined means of the three spatial access variables in neighborhoods with
different levels of poverty (G10, 10–20, 920% of residents below poverty). We then
stratified that analysis further by the proportion of African–American residents
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(G20, 20–80, 980%). Next, we used ordinary least squares (OLS) regression to
estimate relationships between neighborhood poverty and the three measures of the
spatial accessibility of facilities providing low- and no-fee screening mammography
(distance to the nearest facility, public transportation travel time to the nearest
facility, shortest automobile travel time to a facility). The natural log of the
accessibility measures was used because distance and travel time are censored
variables that cannot have negative values. In Model 1, we estimated the
relationship between percentage of neighborhood residents in poverty and the
spatial accessibility of facilities, adjusting for percentage African–American
residents in the neighborhood. To test whether the relationship between neighbor-
hood poverty and spatial accessibility depends on proportion of African–American
residents, Model 2 added a multiplicative interaction term between percentage of
neighborhood residents in poverty and percentage African–American residents.
With the exception of population density and land area, the variables were centered
in these analyses.

We expected strong positive spatial autocorrelation due to the use of distance-
based dependent variables. Positive spatial autocorrelation in this study indicates
that the distance or travel time to facilities is more similar in neighborhoods closer
together than in those farther apart and thus, that observations are not
independent.59 Because this can lead to correlated residuals, it violates a key
underlying assumption of OLS regression. Indeed, statistically significant Lagrange
Multiplier tests for spatial lag and spatial error autocorrelation indicate that the
OLS model residuals for Models 1 and 2 exhibit spatial autocorrelation.60,61

Robust Lagrange Multiplier tests suggest that a spatial lag regression model is more
appropriate than a spatial error regression model. Thus, to attempt to account for
spatial autocorrelation, we also estimated the models using spatial endogenous lag
regression with a Brook^ contiguity matrix.

RESULTS

We identified eight facilities in Chicago and three in surrounding suburbs providing
low- or no-fee screening mammography to Chicago residents in 2004. On average,
the nearest facility is located 3.4 mi and 23.2 min by public transportation from the
neighborhoods (Table 1). The shortest automobile travel time from the neighbor-
hoods to a facility averages 13.8 min. The proportion of residents in poverty and in
each of the four racial/ethnic groups in the neighborhoods varies considerably,
reflecting the racial and economic segregation in Chicago.

Table 2 presents mean, median, and inter-quartile range of the spatial access
variables by neighborhood poverty level. Mean distance and travel times decrease
as neighborhood poverty increases such that the mean distance and travel times in
the highest poverty category (920%) are approximately half as long as those in the
lowest poverty category (G10%). However, when neighborhoods were further
stratified by proportion African–American residents, reductions in mean distance
and travel times with increasing poverty are less dramatic in neighborhoods with
the highest proportions of African–American residents than in those with lower
proportions (Table 3). For example, among low African–American neighborhoods
(G20%), the minimum street network distance mean is reduced by 62% in the
highest compared to lowest poverty neighborhoods. In contrast, among high
African–American neighborhoods (980%), moving from the highest to the lowest
poverty neighborhood reduces that distance by only 38%. Table 3 also shows that,
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among the highest poverty neighborhoods, the mean distance to the nearest facility
is 0.5 mi longer and the mean public transportation travel time is 3.6 min longer in
high African–American neighborhoods than in low African–American neighbor-
hoods. Among the highest poverty neighborhoods, the mean automobile travel time
does not differ by the proportion African–American residents in the neighborhood.

Table 4 shows results of the two regression models for minimum street network
distance, estimated using OLS and spatial lag regression. Because relationships are
similar for public transportation travel time and to a lesser extent for automobile
travel time, we do not present those regression results and only point out
similarities and differences in the findings. Columns one and two, respectively,
show the OLS and spatial regression results for Model 1. Controlling for
neighborhood racial/ethnic composition (with percentage White residents as the
reference category), population density, and land area, increasing percentage of
neighborhood residents in poverty is associated with shorter distance to the nearest
facility. Columns three and four show, respectively, the OLS and spatial regression
results for Model 2. The interaction between percentage of residents in poverty and
percentage of African–American residents is positive and statistically significant in
both the OLS and spatial lag regression models, indicating that the (negative) effect

TABLE 1. Descriptive statistics for Chicago neighborhoods (n=343)

Mean Median
Standard
deviation Minimum Maximum

Percentage of residents in poverty 21.8 18.5 14.3 1.3 84.0
Percentage of African–American residents 42.4 19.6 42.8 0 100
Percentage of Latino residents 24.6 11.7 28.6 0 96.6
Percentage of White residents 27.2 14.8 29.7 0 93.7
Percentage of residents of other race/ethnicity 5.8 2.7 8.7 0 86.8
Population density (1,000 s) 18.6 16.2 11.3 0.57 84.87
Net land area minus water (square miles) 0.7 0.5 0.8 0.1 10.9
Street network distance to nearest facility
(miles)

3.4 3.1 2.0 0.1 11.1

Public transportation travel time to nearest
facility (minutes)

23.2 22.0 15.4 1.0 120.0

Shortest automobile travel time to facility
(minutes)

13.8 12.9 6.0 4.8 33.2

TABLE 2. Mean, median, and inter-quartile range for street network distance, public
transportation travel time, and automobile travel time by neighborhood poverty levela

Street network distance
Public transportation

travel time Automobile travel time

Mean Median 25% 75% Mean Median 25% 75% Mean Median 25% 75%

Low poverty 5.4 5.3 3.5 7.2 37.0 34.0 22.0 47.3 20.0 18.7 14.2 26.6
Medium poverty 3.4 3.4 2.2 4.5 23.2 23.0 15.0 31.0 14.0 13.4 10.5 16.6
High poverty 2.5 2.3 1.2 3.5 16.8 18.0 8.2 23.5 10.7 9.8 8.2 13.4

aLow poverty (G10%), medium poverty (10–20%), high poverty (920%).
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of increasing poverty on distance becomes smaller (less negative) as the percentage
of African–American residents in the neighborhood increases.

The OLS Models 1 and 2 account for 29.5 and 37.4% of the variance in
distance to the nearest facility, respectively (Table 2). For both Model 1 and Model
2, relationships are attenuated in the spatial model relative to the OLS model. As
evidenced by the statistically significant likelihood ratio tests for spatial lag
dependence, the residuals of the spatial models still exhibit spatial autocorrelation.
Substantive relationships are similar for public transportation travel time (results
not shown). However, for automobile travel time, the interaction between
neighborhood poverty and African–American is statistically significant in the OLS
model, but not in the spatial model (results not shown).

To depict the nature of the interaction effect between percentage in poverty and
percentage African–American on spatial accessibility, we calculated predicted
values based on the OLS results for distance to the nearest facility in neighborhoods
with different concentrations of African–American residents: G20, 20–80, and
980% African–American. As shown in Figure the poverty slope is steep and nega-
tive for low and medium African–American neighborhoods, but relatively flat for
high African–American neighborhoods.

DISCUSSION

Limitations
This study has limitations which should be considered when interpreting the results.
First, the automobile and public transportation travel times are estimates. According
to the Chicago Area Transportation Study (CATS), the automobile travel times are
most useful for relative comparisons of travel times across locations.57 Estimation of
public transportation travel times required a number of assumptions including time

TABLE 3. Mean, median, and inter-quartile range for street network distance, public
transportation travel time, and automobile travel time by neighborhood poverty levela and
concentration of African–American residentsb

Low African–American Medium African–American High African–American

Mean Median 25% 75% Mean Median 25% 75% Mean Median 25% 75%

Distance
Low poverty 5.5 5.3 3.3 7.3 5.5 5.7 4.7 6.1 4.2 4.5 3.1 4.9
Medium poverty 3.3 3.1 1.8 4.6 3.2 3.3 2.2 4.1 3.7 3.6 2.7 4.4
High poverty 2.1 1.8 0.9 3.3 2.5 2.2 1.1 3.1 2.6 2.4 1.4 3.8

Public transportation
Low poverty 35.8 34.0 22.0 46.0 58.2 50.0 31.0 89.5 30.0 29.0 15.0 46.0
Medium poverty 23.0 23.0 13.0 31.0 23.4 23.0 16.5 31.0 23.5 26.0 18.0 30.0
High poverty 14.5 14.0 4.0 23.0 15.7 13.0 5.0 21.0 18.1 18.5 8.0 26.0

Automobile
Low poverty 20.4 18.6 14.2 28.1 19.7 19.6 18.3 21.1 13.6 12.9 9.3 18.7
Medium poverty 14.6 14.5 10.3 18.9 12.6 12.6 11.4 14.6 13.4 13.4 10.6 15.6
High poverty 10.3 8.7 7.9 12.6 11.0 10.4 8.2 14.4 10.8 10.5 8.2 14.2

aLow poverty (G10%), medium poverty (10–20%), high poverty (920%).
bLow African–American (G20%), medium African–American (20–80%), high African–American (980%).
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and date of travel. Thus, it is possible that the travel times are not generalizable for
all business hours, days of the week, or throughout 2004, which is the year the
facilities included in this study were operational. Public transportation travel times
are based on the closest facility and do not necessarily reflect the minimum public
transportation travel time between neighborhoods and facilities. In addition, the
public transportation travel times are based on transportation schedules and do not
take into account how far and thus, time required for residents to walk to and from
transportation stops or delays resulting from buses or trains running off-schedule,
which may differentially affect neighborhoods. Some evidence suggests, for
example, that on-time performance and reliability are worst for a train line serving
the south and west sides of Chicago, where most economically disadvantaged
African–American neighborhoods are located.62

Successfully taking into account spatial autocorrelation in regression analyses
with distance-based dependent variables is very difficult. By the nature of their
measurement, distance-based variables exhibit strong positive spatial autocorrela-
tion for small areas. Indeed, in this study, the residuals from the OLS and spatial
regression models exhibit positive spatial autocorrelation. As a result, the regression
coefficients may be biased or inefficient, which is a second limitation of the study.
We tested the sensitivity of the spatial regression results to different spatial weights
matrices and found that the Brook^ spatial weights matrix provided the most
conservative parameter estimates. Thus, we consider our spatial regression results
very conservative. Indeed, the magnitude by which the regression coefficients are
reduced in the spatial models relative to the OLS models result in substantively
meaningless relationships. On the other hand, the robustness of relationships is
bolstered by the fact that they remain statistically significant with this relatively
small sample (n=343) and conservative spatial weights matrix in spatial regression
analysis.
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FIGURE. Predicted values1 of distance to the nearest facility (natural log) for neighborhoods with
low, medium, and high proportion of African–American (AA) residents.2

1Predicted values were calculated based on OLS regression results. We used the group-specific
minimum and maximum values of percentage in poverty and the group-specific means of
percentage African–American, percentage Latino, percentage other race/ethnicity, population
density, and land area.

2African–American (AA) residents: low African–American (G20%), medium African–American
(20–80%), high African–American (980%).
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Third, we know of no other facilities that provided low- or no-fee screening
mammography to Chicago residents in 2004, but it is possible that grant-funded
low- or no-fee screening mammography may have been available at other facilities
through community clinic-facility arrangements. That our key informants were
unaware of other low- or no-fee mammography facilities suggests that if any were
present, they likely served a small number of women. The results reflect the spatial
accessibility of facilities with publicly funded programs that aim to provide
screening mammography to low-income or uninsured women in Chicago.

Neighborhood Variation in Spatial Accessibility
of Mammography Facilities
Despite these limitations, which may be addressed in future research, this study
provides insights into the extent to which the spatial accessibility of facilities
offering low- or no-fee screening mammography is equitable on the basis of
socioeconomic and racial/ethnic characteristics of neighborhoods in Chicago. Given
race-based and economic residential segregation in Chicago, it is not surprising that
the accessibility of low- and no-fee mammography facilities differs by neighbor-
hood SES and racial/ethnic composition.63 The finding that the distance and travel
times to facilities providing low- or no-fee mammograms generally decrease as
neighborhood poverty increases (Table 2) suggests that the spatial distribution of
this type of health care service may match the spatial distribution of need. From a
policy standpoint, this is encouraging and suggests spatial equity according to
neighborhood SES. It is important to point out, nevertheless, that 40% of
households in neighborhoods in the highest poverty category do not own a car
according to estimates from 2000.58 Whereas facilities may be closer and
automobile travel times to facilities shorter in economically disadvantaged
neighborhoods, the locational advantage of economically disadvantaged neighbor-
hoods may be Bmore than offset by the low level of auto ownership^(p. 357).64

When considering the likely transportation mode to reach mammography facilities,
women living in economically disadvantaged neighborhoods may have poorer
access to facilities providing low- or no-fee mammograms because a much larger
proportion of residents in these neighborhoods must rely on public transportation
than in the lowest poverty neighborhoods. Our results show that public
transportation travel times, on average, are 10 min longer than automobile travel
times (Table 1).

We also found that reductions in the distance and travel time with increasing
neighborhood poverty are less strong in African–American neighborhoods (Table 3).
In fact, when adjusting for population density, geographic size, and proportion of
residents in other racial/ethnic groups in the neighborhood, increasing neighbor-
hood poverty is not associated with shorter travel distance in African–American
neighborhoods (Figure). Among neighborhoods with the greatest need for facilities
offering low- or no-fee screening mammography (i.e., neighborhoods with the
highest proportions of residents in poverty), African–American neighborhoods have
longer travel distances and public transportation travel times than neighborhoods
with proportionately fewer African–American residents. Thus, it appears that
facilities offering affordable mammography services to low-income and uninsured
women are not optimally spatially distributed in Chicago and that spatial inequity
exists among economically disadvantaged neighborhoods, with African–American
neighborhoods having somewhat poorer spatial access to facilities. Persistent
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socioeconomic and racial/ethnic disparities in breast cancer stage at diagnosis and
survival suggest that an equitable distribution of affordable mammography is a
worthwhile policy goal.

Some prior studies have found that the spatial accessibility of health care
facilities, such as primary care, differs by the SES or racial/ethnic composition of
urban neighborhoods,45,65,66 though the evidence is not consistent.67,68 This study
adds to a growing literature suggesting that the spatial accessibility of some health
resources (e.g., supermarkets) and risks (e.g., liquor stores) varies by both the
socioeconomic and racial/ethnic characteristics of urban neighborhoods.69,70 Unlike
these studies, our study shows that the spatial accessibility of a health resource—-
facilities providing low- and no-fee screening mammography—improves with
increasing poverty in Chicago neighborhoods. However, under closer scrutiny, we
found that improvements in spatial accessibility with increasing neighborhood
poverty are limited to neighborhoods with lower proportions of African–American
residents. These studies suggest that future investigations should consider both
neighborhood socioeconomic characteristics and racial/ethnic composition when
examining the spatial distribution of health resources and risks in urban areas.

One strength of our study is that we examined not only street network distance to
mammography facilities, but also public transportation and automobile travel times.
Nonetheless, our study was restricted to neighborhood variation in the spatial ac-
cessibility of facilities. Researchers may want to incorporate other important dimen-
sions of accessibility at the levels of the facility (e.g., facility capacity, operating
hours, wait time, quality of service, treatment by staff) or neighborhood (e.g., safety
and comfort traveling to facility) in future studies. Our study did not consider, for
example, whether the supply of mammography services, in terms of operating hours
and number of providers or technicians, can accommodate demand. It is possible that
women living in economically disadvantaged neighborhoods may experience
prolonged waiting times for an appointment, despite having relatively good spatial
access to facilities offering low- or no-fee screening mammography.

CONCLUSION

Eliminating racial/ethnic and socioeconomic disparities in breast cancer stage and
survival requires understanding factors that contribute to poorer breast cancer
outcomes among women of lower SES and women of most ethnic minority
populations. Research is needed to examine whether long distances and travel times
to facilities offering screening mammograms are barriers to mammography
utilization. Whereas equity in the spatial distribution of health resources such as
mammography facilities is important, inclusion of non-spatial factors at multiple
levels can provide a more comprehensive understanding of the extent to which the
accessibility of health resources is equitable across urban neighborhoods and
populations and how resource accessibility affects health-related behaviors, health
care utilization, and health status.
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