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Abstract

An increasing body of public health literature links patterns of racial/ethnic residential segregation
to health status and health disparities. Despite substantial new empirical work, meaningful
understanding of the pathways through which segregation operates to influence health remains
elusive. The literature on segregation and health was appraised with an emphasis on select
conceptual, methodological and analytical issues. Recommendations for advancing the next
generation of racial/ethnic residential segregation and health research will require closer attention
to sharpening the methodology of measuring segregation, testing mediating pathways and effect
modification, incorporating stronger test of causality, exploring factors of resilience in segregated
areas, applying a life-course perspective, broadening the scope of the investigation of segregation
to include nativity status in blacks and other racial/ethnic groups, and linkage with biological data.
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Introduction

The persistence of racial/ethnic disparities, particularly black health disparities, across
multiple measures of mortality and morbidity outcomes are widely documented (Keppel,
2007; Kramer and Hogue, 2009; Wong et al., 2002). While, the debate regarding the source
of disparities continues to largely emphasize individual-level factors such as genetics,
socioeconomic status, health behaviors, psychosocial factors, and access to care, a growing
body of evidence suggests that these factors do not fully account for observed disparities
(Finkelstein et al., 2004; Gorman and Sivaganesan, 2007; Kramer et al., 2004). Recently,
neighborhood context has emerged as an important determinant that shapes the conditions
that put individuals “at risk of risk” (Diez-Roux, 2003; Kawachi and Berkman, 2003).
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However, discussions of neighborhood context often lack a framework couched in broader
spatial and social inequities, namely racial/ethnic residential segregation. Considered a
spatial manifestation of institutionalized discrimination, racial/ethnic residential segregation
(hereafter segregation) refers to the degree to which two or more groups live separately from
one another in a geographic area (Massey and Denton, 1988). Although, the policies that
created segregation are now illegal, the distinct historical, political, and social circumstances
of segregation, particularly among blacks has profoundly shaped individual and community
well-being and health (Massey and Denton, 1993).

Patterns of segregation among blacks in the U.S. remain the highest of all racial/ethnic
groups and higher than levels of economic segregation (Massey et al., 2009). Recent
national trends suggest that patterns of black/white segregation have declined between 1980
and 2000 (Iceland et al., 2002; Massey et al., 2009). However, the declines in segregation
occurred in areas with small black populations, such as Portland, Oregon; whereas levels of
high segregation in Northeastern and Midwestern metropolitan areas like New York City
and Milwaukee have not abated over time. In fact, the level of segregation in some U.S.
metropolitan areas for blacks parallel the levels of segregation in South Africa during the
apartheid era (Massey and Denton, 1993). These high levels of segregation are typically
viewed as a cornerstone of racial and urban inequality. For example, some of the
consequences of segregation entail the concentration of poverty and the solidification of
racial disparities in economic and educational opportunities (Williams and Collins, 2001).
Thus, considered a marker of inequality, it is possible that patterns of segregation may
provide additional insight into the greater burden of disease among blacks in the U.S.

The mechanisms through which segregation may influence health have been aptly described
in prior work (Kramer and Hogue, 2009; Lee and Ferraro, 2007; Polednak, 1996a; Schulz et
al., 2002; Williams and Collins, 2001). Briefly, it is postulated that segregation affects
health by creating vastly different economic, physical, and social neighborhood
environments and shaping health behaviors (Kramer and Hogue, 2009; Williams and
Collins, 2001). Segregation can affect neighborhood environment as a result of the
differential exposure to: 1) disadvantaged neighborhood physical environment and lower
housing quality (Kramer and Hogue, 2009; Williams and Collins, 2001); 2) the
concentration of poverty and (Kramer and Hogue, 2009; Schulz et al., 2002; Williams and
Collins, 2001); 3) lack of access to economic and educational opportunity structures (Mays
et al., 2007; Schulz et al., 2005; Schulz et al., 2002; Williams and Collins, 2001). The
differential exposure to neighborhood stressors can in turn shape health behaviors. For
example, neighborhoods where there is a shortage in the availability and affordability of
healthy foods and the targeted advertisement of tobacco may very well influence poor
dietary habits and smoking. Segregation has been coined a fundamental cause of racial/
ethnic health disparities because of its role in shaping myriad factors important for
promoting health and avoiding disease (Williams and Collins, 2001).

Research implicating segregation as a cause of health disparities has proliferated (Kramer
and Hogue, 2009), creating a pressing need to take stock of the direction and progress in the
field. Acevedo-Garcia and colleagues review of the literature highlighted the importance of
a theoretical rationale linking segregation measures to health outcomes and the utility of
incorporating a multilevel framework (Acevedo-Garcia et al., 2003). A recent systematic
review discussed census tracts as proxies for neighborhoods, underscored potential
pathways linking segregation to health, emphasized the utility of longitudinal data sources,
and argued for housing policies to remedy segregation (Kramer and Hogue, 2009). Landrine
and Corral’s theoretical evaluation of the literature focused on the role of neighborhood
disparities in healthcare quality, environmental exposures, and the built environment as
central mediators between segregation and health disparities (Landrine and Corral, 2009).
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This article differs from and extends the work of the aforementioned reviews by highlighting
several important topics related to the investigation of segregation and health. Concerns
related to consistency in the conceptualization of segregation (i.e. formal versus proxy
measure) and methodological considerations such as specification of the macro-area scale to
operationalize segregation have not been thoroughly discussed. Moreover, few studies have
empirically tested mediating pathways linking segregation and health (Hutchinson et al.,
2009; Yuan, 2008). Furthermore, studies exploring effect modification by perceived racial
discrimination or neighborhood-level factors (i.e. poverty or social capital) have been
limited. Improvements to study design and enhanced analytical methods, particularly in
relation to stronger test of causality are needed. In light of these issues, the present review
seeks to distinctly contribute to the discourse on segregation and health by focusing on
select conceptual (operationalizing segregation as a formal versus proxy measure);
methodological (macro-area unit of analysis used to measure segregation); and analytical
(i.e. testing mediating pathways, effect modification, test of causality) concerns in empirical
segregation and health research. Additionally, the review discusses future considerations for
studies exploring segregation and health, specifically, analyzing the beneficial effects of
segregation, integrating life-course theories, broadening the scope of segregation research to
explore its impact by nativity status for blacks and other racial/ethnic groups, and linking
with biological data.

Several databases, specifically the Web of Science, PsychINFO, and PubMed, were

searched using the following keywords “racial/ethnic residential segregation”, “residential
segregation”, “neighborhood racial concentration”, “racial concentration”, “neighborhood
racial composition”, and “racial composition”. The search was restricted to studies
conducted in the United States between 1950 and 2009, focused on the segregation patterns
of blacks, investigated segregation as the primary exposure of interest, and examined a
health outcome. The bibliographies of articles and reviews were additionally screened. We
considered studies that examined the relation between segregation and 1) the magnitude of
black/white or black/non-black health disparities and 2) variations of health status by degree
of segregation. Studies that defined segregation using either a formal measure, with indices
reflecting either exposure, evenness, concentration, centralization, or clustering (Massey and
Denton, 1988) or proxy measure, defined as neighborhood racial composition, were
considered. Additionally, only statistically significant associations were reported. Out of
1,121 articles, a total of 45 individual papers met the inclusion criteria. However, because
papers could meet more than one inclusion criteria or may include more than one analysis, a
paper may be counted more than once yielding a sample of 56 analyses considered.

Table 1 summarizes published studies by macro-area unit of analysis and measure of
segregation. Among the studies, there was considerable variation with respect to the macro-
area unit of analysis and operationalization of segregation. Of the 56 analyses appraised in
the 45 papers, 48% (27 out of 56) used metropolitan statistical area (MSA), 11% (6 out of
56) state, 25% (14 out of 56) city, and 9% (5 out of 56) used county as the macro unit of
analysis. The table also shows the heterogeneity in the types of measures of segregation
used. In general, formal measures of segregation predominated among larger macro-area
units of analysis, namely MSA. For only one study, where MSA was the macro-unit of
analysis, investigators used hypersegregation as a measure of segregation (Osypuk and
Acevedo-Garcia, 2008). Among smaller macro-areas such as county and zip code, studies
tended to use the proxy measure. Studies that employed formal measures were more likely
to find a positive association between segregation and poorer health in comparison to proxy
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measures when MSA, state, or city were used as the macro unit of analysis. For example, of
the 9 studies that used city as the macro-unit of analysis and a formal measure of
segregation, 8 studies consistently found a positive association between segregation and
poorer health; while only 2 of 5 studies that used a proxy measure found a positive
association.

Health outcomes and the direction of association (positive, negative, none) for segregation
studies are presented in Table 2. A range of health outcomes have been examined; however,
most of the evidence is derived from mortality outcomes (Bird, 1995;Collins and Williams,
1999;Cooper et al., 2001;Fang et al., 1998;Hart et al., 1998;Jackson et al., 2000; Laveist,
1989 1993 2003:peterson and Krivo, 1999; Polednak, 19911993 1996h:Rodriguez et al.,
2007;Shihadeh and Flynn, 1996;Yankauer, 1950). The strongest links between segregation
and poor health are documented among adult all-cause and infant mortality studies (Bird,
1995;Collins and Williams, 1999;Cooper et al., 2001;Guest et al., 1998;Hart et al.,
1998;Jackson et al., 2000; Laveist, 1989 1993 2003:| eClere et al., 1997; Polednak,
1991,1993,1996b; Yankauer, 1950). However, four studies reported a protective relationship
between segregation and mortality among blacks (Blanchard et al., 2004;Fang et al.,
1998;Hutchinson et al., 2009;Inagami et al., 2006). It is possible that the differences in the
associations may reflect variations in the operationalization of segregation or macro-unit of
analysis employed. The four studies that reported a protective association employed a proxy
measure to operationalize segregation and 3 out of the 4 studies used city as the macro-unit
of analysis (Fang et al., 1998;Hutchinson et al., 2009;Inagami et al., 2006).

A range of morbidity outcomes was studied, where infant outcomes (i.e. low birthweight,
preterm birth, fetal growth restriction) were the most common (Baker and Hellerstedt, 2006;
Bell et al., 2006; Ellen, 2000; Grady, 2006; Grady and McLafferty, 2007; Grady and
Ramirez, 2008; Osypuk and Acevedo-Garcia, 2008). The direction of the association
between segregation and infant outcomes varied, where 7 out of 14 studies reported positive
associations, 2 out of 14 studies reported a negative association, and 4 out of 14 studies
reported no association. The majority of the studies adjusted for individual-level risk factors.
The variation in findings may be partly attributable to the measure of segregation chosen
and the macro-unit of analysis. Although few studies investigated the relationship between
segregation and adult chronic diseases, the evidence suggest that residence in highly
segregated neighborhoods is associated with poorer health outcomes (Acevedo-Garcia,
2001; Fabio et al., 2004; Haas et al., 2008; Morello-Frosch and Jesdale, 2006). The findings
for self-reported health are mixed. Two out of 4 studies demonstrated a positive association
between segregation and poorer self-rated health (Subramanian et al., 2005; White and
Borrell, 2006); whereas three studies did not find an association (Mellor and Milyo, 2004;
Robert and Ruel, 2006; Subramanian et al., 2005). Results from one study suggest that the
measure of segregation may be important, where segregation operationalized as the isolation
index was associated with poorer health and the index of dissimilarity did not have an
association with health (Subramanian et al., 2005). Moreover, the inconsistency in results
may reflect several factors including the point that different measures of segregation may
conceptualize distinct pathways and causes of health, the choice of macro-unit of analysis,
or differences in the individual-level risk factors adjusted for in the analyses.

A limited number of studies investigated the relation between segregation and health
behaviors (Bell et al., 2007; Chang, 2006; Cooper et al., 2005; Landrine and Klonoff, 2000;
Lopez, 2006). Two of these studies focused on smoking, specifically smoking behaviors and
smoking during pregnancy, and both demonstrated a positive association between
segregation and smoking. A study that assessed the association between segregation and
physical activity found a differential effect by measure of segregation where increased
physical activity was associated with higher values of the isolation index and but not with
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values of the index of dissimilarity (Lopez, 2006). The study that examined segregation and
injection drug use also showed that the association varied by measure of segregation
(Cooper et al., 2005). Two studies focused on emotional well-being and both suggest a
beneficial effect of residence in segregated neighborhoods (Postmes and Branscombe, 2002;
Yuan, 2008).

Discussion

The majority of the reported findings to date identifies an association between residence in
highly segregated areas and deleterious health outcomes, and to a lesser extent suggests a
protective effect of segregation. The literature is fairly limited with regards to examining
adult chronic diseases and health behaviors. Despite the relative consistency of a positive,
independent effect of segregation, over and above individual sociodemographic factors,
across various health outcomes and heterogeneity of segregation measures employed,
substantive conceptual, methodological, and analytic gaps in the published literature
remain.

Conceptualization of residential segregation

The review of the empirical evidence demonstrates that there have been two ways in which
studies have conceptualized segregation: use of a formal measure of geographical
segregation among racial groups or use of the proxy measure, black racial composition.
Prior assessments of segregation and health have deemed the conflation of these two
measures as a conceptual problem (Acevedo-Garcia and Lochner, 2003). The purpose of this
section is to compare the two measures and discuss the implications of their use.

Formal measures

The formal measures of segregation are conceptualized using one of 5 geographic patterns
and processes (Massey and Denton, 1988). A brief summary of each dimension is described
below. Evenness, the most frequently used dimension of segregation, refers to the degree to
which members of racial/ethnic groups are overrepresented or underrepresented across
neighborhoods. Concentration refers to the relative amount of physical space occupied by a
group. Clustering is the extent to which minority groups live disproportionately in
contiguous areas (Iceland et al., 2002). Centralization indicates the degree to which a group
is located near the center of an urban area (Iceland et al., 2002). Exposure (also referred to
as isolation) measures the degree of potential contact between groups and reflects the degree
to which groups share a common residential area. Although the five dimensions are
correlated, they do not overlap completely and each represents a distinct geographic
residential pattern (Bell et al., 2006). Further, hypersegregation is used to describe high
levels of segregation on 4 of the segregation dimensions for one single residential area
(Massey and Denton, 1989).

Proxy measure

Residential segregation has also been operationalized using a proxy measure, black racial
composition, hereafter referred to as racial composition. Alternatively referred to as racial
concentration, percent black, or racial/ethnic density, racial composition reflects the
proportion of black individuals for a given geographic area. Racial composition has been
interpreted as a measure of neighborhood racial context (White and Borrell, 2006; Zenk et
al., 2005) and higher values are postulated to be related to lower exposure to
discrimination, enhanced social cohesion, mutual social support, and a sense of community
(Becares et al., 2009; Halpern, 1993; Hunt et al., 2007).
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Formal versus proxy measure

Formal and proxy measures of segregation are related and often times used
interchangeably. Many formal measures are in fact calculated by aggregating racial
composition statistics for small geographic areas. However, the two types of segregation
measures differ, affecting health in different ways, through different processes (Acevedo-
Garcia and Lochner, 2003). For example, four studies operationalizing segregation as black
racial composition within a local area (either a central city or county) documented a lower
risk of mortality among blacks (Blanchard et al., 2004; Fang et al., 1998; Hutchinson et al.,
2009; Inagami et al., 2006). In contrast, four other studies employing a formal segregation
measure, with MSA as the macro-unit of analysis, documented higher mortality risk among
blacks (Collins and Williams, 1999; Cooper et al., 2001; Hart et al., 1998; Polednak, 1993).

Future studies should attempt to examine the differences between formal versus proxy
measures in relation to health outcomes for several reasons. First, formal measures of
segregation reflect the uneven geographic distribution of a particular group within a larger
geographic area. The proxy measure only partially represents segregation because it
measures the racial population composition of an area, not the relative locations of racial
groups within the area. Therefore, it may not provide a true reflection of metropolitan-area
or neighborhood segregation (Acevedo-Garcia and Lochner, 2003; Morello-Frosch and
Lopez, 2006). For example, based on data from the 2000 Census and measuring
segregation by the index of dissimilarity, the New York City MSA has a segregation value
of 0.85 and the proportion of blacks is 26.6%; whereas, the Clarksville-Hopkinston,
Tennessee MSA has a segregation value of 0.40 and the proportion of blacks is 23.2%
(Williams and Collins, 2004). In New York City, the black population is highly concentrated
geographically, whereas in Clarksville-Hopkinston the population is more evenly dispersed.
This exemplifies that levels of segregation and the proportion of black residents in an area
can be very different. Furthermore, prior studies reporting a correlation coefficient between
formal and proxy measures of segregation show that the correlation is low, ranging from
0.062 to 0.28 (Mellor and Milyo, 2004).

Second, formal measures reflect the social processes and dynamics of racial inequality in
education, housing, and labor markets (Schulz et al., 2002). Racial composition does not
capture these complex processes of racial inequality (Acevedo-Garcia and Lochner, 2003;
Morello-Frosch and Lopez, 2006; Wong, 2002). Third, formal measures of segregation, in
theory, represent potential geographic and spatial interaction patterns between racial/ethnic
groups. The use of neighborhood racial composition may not give a complete indication of
the degree to which groups interact with one another. Further, unlike a formal measure of
segregation, the use of a proxy measure does not recognize the degree to which
neighborhood processes are affected by interconnections across boundaries. This is of
particular import for health disparities research because the connections between
segregation and inequalities in health are a function of the concentration of economic and
social disadvantage, disinvestment of businesses from communities, and the absence of an
infrastructure that promotes opportunity (Williams and Mohammed, 2009). And lastly, in
regards to analytic considerations, several studies examining MSA-level segregation
adjusted for racial composition of black residents and still reported robust associations
between segregation and various health outcomes (Bell et al., 2006; Bell et al., 2007; Cooper
et al., 2007; Osypuk and Acevedo-Garcia, 2008). This adjustment accounts for the fact that
the proportion of black residents in an area has a tendency to increase as segregation
increases. Further, the inclusion of both measures is not interpreted as an overspecification
of the model. Future studies that operationalize segregation using the MSA as the macro-
area and employ a formal measure of segregation should adjust for racial composition. In
essence, the lack of differentiation between a formal and a proxy measure of segregation
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could possibly underestimate associations as well as overlook potential policy opportunities
for targeting health disparities.

Measurement

Spatial scale for measuring segregation—The calculation of a formal measure of
segregation entails describing the distribution of individuals across micro-units within a
larger macro area. Census tracts are typically used as the micro-unit in segregation and
health research, although their use as proxies for neighborhoods has come under scrutiny
(Diez-Roux, 2007; Kramer and Hogue, 2009; Krieger et al., 2003). Equally important is the
choice of the macro-unit of analysis, which may have broader implications for describing
and addressing health disparities, although, it has not received sufficient attention.
Segregation can occur at a variety of geographic levels, for example, state, MSA, county, or
city (Massey et al., 2009). However, there remains a considerable amount of heterogeneity
in the macro-unit of analysis employed in segregation and health studies. It is possible that
the effects of segregation may differ by geographical context. Most studies have used either
the MSA or central city, and thus will be the focus of the following discussion.

Metropolitan Statistical Areas—The most common geographic macro-unit chosen to
examine segregation and health is the MSA. Studies that have used MSA tend to focus on
intercity comparisons of the effect of segregation. Defined by the Office of Management and
Budget, MSA are comprised of at least one urbanized area with a population of 50,000 or
more and adjacent communities that share a high degree of economic and social integration.
MSA reflect housing and labor markets that are responsible for creating patterns of
segregation (Bell et al., 2006; Morello-Frosch and Lopez, 2006; Osypuk and Galea, 2007).
This feature makes MSA very attractive as a level of aggregation for modeling racial health
disparities (Osypuk and Acevedo-Garcia, 2008). For example, transportation planning and
industrial clusters determined at the metropolitan-level are important contextual factors
driving environmental health disparities (Morello-Frosch and Lopez, 2006). Another
advantage of using MSA is the minimization of selection bias. The forces operating to sort
people into neighborhoods are less prominent between metropolitan areas as compared to
within metropolitan areas (Osypuk and Galea, 2007). More specifically, people are less
likely to move across MSA than they are to move within MSA. However, one of the
limitations to using MSA is that cross-metropolitan analyses have the potential to obfuscate
important patterns of within-MSA and local-level heterogeneity (Guest et al., 1998;
O’Sullivan and Wong, 2007). For example, the size of census tracts in dense metropolitan
area such as NYC can be as small as 0.25 square miles in comparison to 5 square miles of
some census tracts in southern MSA (Mason et al., 2009). Secondly, datasets that sample
populations based on MSA are not designed to take representative samples from
neighborhoods within the MSA (Robert and Ruel, 2006). Further, it is possible that the
processes necessary to understand the underlying spatial patterning by race/ethnicity may
differ across metropolitan areas and operate through more proximal neighborhood-level
factors.

Central city—A growing body of research explores the patterns of segregation within a
specific local area, by limiting analyses to a single central city within an MSA. Cities have
many advantages for analyzing the associations between segregation and health. It is
possible that similar mechanisms (i.e. concentrated poverty, economic disinvestment,
neighborhood conditions) that operate at the metropolitan level to influence health may very
well operate at the city level. The use of city as the macro-unit of analysis may facilitate the
ability to draw upon precise knowledge of neighborhood social, physical, political and
historical attributes, providing a holistic understanding of the mechanisms underlying
segregation and health disparities. For instance, studies can incorporate the influences of
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specific provisions of municipal services, health regulations, or parameters for urban
development (Osypuk and Galea, 2007). One of the major advantages of using this level of
aggregation is that it captures the within-city variation and truer immediacy of social context
that is lost in cross-metropolitan analyses (Guest et al., 1998). Moreover, the availability of
data on the social and physical context of neighborhoods, which is not reflected in census-
derived socioeconomic measures, may provide a detailed characterization of neighborhood
context. Additionally, cities have a political structure of governance, unlike metropolitan
statistical areas, where there is no corresponding political boundary (Osypuk and Galea,
2007). It is possible that the processes influencing spatial patterning by race/ethnicity may
differ across metropolitan areas. For example, a census tract with a 10% minority population
within a highly segregated metropolitan area may represent a very different neighborhood
context from a similar census tract within a city that is not as segregated (Inagami et al.,
2006).

The use of local formal measures of segregation have been developed (Chung and Brown,
2007; Reardon and O’Sullivan, 2004; Wong, 2002a) as a result of the growing concern that
measures at the regional level may obscure spatial patterns within regions and central cities
(Wong et al., 2007). Wong’s local spatial index, based on the exposure dimension, models
the potential for interaction between groups and takes into account that groups interact
across contiguous neighborhood boundaries (Wong, 2002a). This local measure of
segregation is the only alternative formal measure that has been used to examine segregation
and health outcomes (Grady, 2006; Grady and McLafferty, 2007; Grady and Ramirez,
2008).

One key limitation, however, is the potential for introducing selection bias when using city,
which does not account for the divide between the central city and the surrounding area
(Acevedo-Garcia and Osypuk, 2008; Hearst et al., 2008; Osypuk and Acevedo-Garcia,
2010). For example, there may be key differences between people who are more likely to
live in cities in comparison to those who are more likely to live in the suburbs. The criteria
for choosing macro-level units should be primarily driven by the theoretical model guiding
the research hypothesis (Acevedo-Garcia and Osypuk, 2008; Diez-Roux, 2007).

Implications of choice of unit of analysis (MSA versus central city)—
Segregation studies have not yet determined whether the magnitude of health disparities
could be sensitive to different macro-area levels of geography. Testing the sensitivity of
results to different spatial scales which may have implications for various social mechanistic
pathways and different health outcomes has been suggested (Diez-Roux, 2007). Some of the
evidence regarding the direction of association begs the question of whether the size of the
geographic area has an impact on the magnitude and direction of residential segregation. For
example, three studies that operationalized segregation using black racial composition
within single central cities (i.e. two in New York City and one in Philadelphia) documented
a lower risk of mortality among blacks (Fang et al., 1998; Hutchinson et al., 2009; Inagami
et al., 2006). However, two studies that used black racial composition at the MSA-level
observed a positive association between segregation mortality among blacks (Jackson et al.,
2000; LeClere et al., 1997).

An issue underlying this question is the modifiable areal unit problem (MAUP), which
refers to sensitivity of analytical results based on the definition of areal units and the level
of aggregation of the data collected (Fotheringham and Wong, 1991; Openshaw, 1983). The
MAUP is described in two components, the scale effect and the zoning effect. The scale
effect refers to the level of aggregation of the areal units and the zoning effect results from
the configuration of area (zone) boundaries (Fotheringham and Wong, 1991; O’Sullivan
and Wong, 2007). The relationship between segregation measures and MAUP has been
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previously discussed in the geography and sociology literature (Lee et al., 2008; O’Sullivan
and Wong, 2007; Reardon and O’Sullivan, 2004; Wong, 2003, 2004). These issues of scale
and boundary effects have implications for measuring segregation and interpreting
results about the health consequences of segregation. For example, levels of segregation for
a given metropolitan area and its central city may vary in regards to the size of the area and
the racial diversity of the population (Reardon et al., 2008). This can lead to either the
underestimation or the overestimation of health disparities in a particular area. Therefore, it
is imperative to investigate the specific processes and scales through which residential
segregation may influence health or contribute to disparities. The comparison of health
disparities on different macro-geographic scales could be central for deciding the most
effective level to intervene. This is important since there is a growing movement to develop
neighborhood-level policies to improve population health. Thus, the reliability of
segregation measures is critical for understanding the patterns and health consequences of
segregation (Reardon and O’Sullivan 2004). Future studies to describe the effects of
segregation at different levels of geography and to understand the influence of MAUP on
segregation estimates should be a priority. Inconsistencies related to the choice in
segregation measure (formal versus proxy) or the macro-unit of analysis (MSA versus city)
used to operationalize segregation should be clarified to foster a more complete
understanding and further elucidate the pathways and mechanisms by which segregation
influences health.

Testing mediating pathways—Distal causes of health, such as segregation, are
mediated through individual-level and proximal causes (Osypuk and Galea, 2007).
Therefore, enhancing the understanding of the pathways and mechanisms linking
segregation to health requires empirically testing mediating pathways. Prior reviews have
described the mechanisms through which segregation is postulated to influence health
(Kramer and Hogue, 2009; Williams and Collins, 2001). However, few studies have
empirically investigated the potential individual-level behavioral, psychosocial, or
neighborhood-level medical, physical, environmental and social resources mediating
segregation and health (Grady and Ramirez, 2008; Hutchinson et al., 2009; Yuan, 2008).
Grady et al (2008) examined medical conditions hypothesized to mediate the relationship
between segregation and low birth weight. Yuan (2008) tested individual-level social
support and neighborhood-level social ties as potential mediators of the association between
segregation and emotional well-being.

Testing for neighborhood-level mediation may be of importance because of the disparities in
overall neighborhood and health care quality, built environment, and environmental
exposures (Landrine and Corral, 2009). Several studies have examined the distribution and
quality of nursing homes (Smith et al., 2007), fast food restaurant density (Kwate et al.,
2009), and supermarkets (Moore and Diez Roux, 2006) in segregated areas. The presence or
absence of such neighborhood characteristics can foster the development of health behaviors
and influence the management of disease. Precise measurement and mapping of the
accessibility of neighborhood resources by magnitude of segregation would be a
complement to the segregation and health disparities discourse. For example, the application
of geographic information system (GIS) mapping techniques could explicitly highlight the
unequal distribution of neighborhood services and amenities, and can estimate an
individual’s access to or distance from neighborhood resources, which would in turn
improve the understanding of how segregation impacts access to health resources.
Researchers have used GIS to map the spatial distributions of social groups and
neighborhood resources and hazards in metropolitan areas (Downey, 2003). These data
have the promise to be very useful for testing specific intermediary mechanisms linking

Health Place. Author manuscript; available in PMC 2012 March 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

White and Borrell

Page 10

segregation and health. Future studies investigating the role of residential segregation and its
contribution to health risk and health disparities should test specific intermediary pathways
at both the individual- and neighborhood-levels to improve understanding of the multiple
pathways segregation operates to influence health and contribute to the allocation of
resources.

Examining effect modification—Testing effect modification, where a measure of effect
and/or association changes over the values of some other variable, in the segregation and
health literature has been limited. Examining effect modification at the individual- or
neighborhood-level can provide valuable insight into the complex relationships between
segregation and health. For example, studies that have examined effect modification by race/
ethnicity have uncovered mixed results where some studies show that whites, for instance,
are harmed by segregation (Rodriguez et al., 2007; White and Borrell, 2006) and other
studies demonstrate that white residents are not impacted (Bird, 1995; Chang, 2006; Hart et
al., 1998). Far fewer analyses, however, have stratified on or tested for effect modification
by individual-level characteristics such as age, gender, income or education.

Exploring the interaction between perceived discrimination and segregation may further
elucidate the causes of racial/ethnic health disparities. Given the individual- and
neighborhood-level pathways through which discrimination may influence health outcomes,
there is however a paucity of studies examining the joint effect of perceived discrimination
and segregation. A hypothesized mechanism is that for blacks, the lesser experience of
racism in highly segregated or more concentrated neighborhoods may confer a protective
effect given the social support and diminished exposure to discrimination. To our
knowledge, only one study to date has looked at this issue. Becares et al. examined ethnic
density and perceptions of discrimination among Africans, Caribbean Blacks, Pakastani, and
Bangladeshi people in the UK (Becares et al., 2009). Although the interaction terms in this
particular study were not statistically significant, the interaction between segregation and
discrimination should be tested in the U.S. context.

Testing effect modification should not only be limited to individual-level characteristics, but
also to neighborhood-level factors such as disadvantage and social capital. There is limited
evidence of effect modification by neighborhood-level disadvantage (Mason et al., 2009;
Pickett et al., 2005; Vinikoor et al., 2008). Segregation and neighborhood-level poverty are
highly correlated (Williams and Collins, 2001) and most studies tend to treat it as a
confounder. Of the studies that adjusted for area-level poverty, 63% (20 out of 32 studies)
found a positive association between segregation and the health outcome of interest.
However, it is possible that adjusting for poverty could lead to the underestimation of the
effect of segregation since poverty may be on the causal pathway. Furthermore, it has been
argued that segregation is an important factor in maintaining and perpetuating racial
differences in socioeconomic status (Williams and Collins, 2001). Moreover, it is possible
that other neighborhood-level factors such as social capital may be important. For example,
the effect of neighborhood racial composition varied according to level of social capital,
where neighborhoods that were predominantly black and had high social capital had lower
black mortality (Hutchinson et al., 2009). Uncovering the differential effect of segregation
by neighborhood characteristics should be a high priority in future studies.

Test of causality—High quality data and analytical techniques are needed to improve the
estimation of the effect of segregation on health outcomes. Common to the neighborhood
effects literature (Diez-Roux, 2007), studies in this review were mostly cross-sectional. The
reliance upon cross-sectional studies makes it difficult to establish temporality and avoid
bias related to endogeneity and reverse causation, and masks the dynamic nature of
neighborhoods. It is possible that longitudinal studies could disentangle the relation between
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frequency and duration of residence in segregated neighborhoods and the lag time between
the exposure and onset of disease (Collins and Williams, 1999; Grady and McLafferty,
2007). In addition, longitudinal designs hold promise of illuminating the cumulative impact
of segregation on health.

Analytic techniques, chiefly, multilevel or hierarchical analyses, have been used in more
recent studies of segregation and health and more generally to identify causal effects of
neighborhood environment on health. The motivation for using hierarchical statistical
models is congruent with the hypothesized multilevel mechanisms between segregation and
health. However, this analytical approach has drawn criticism related to the selection and the
estimation of an independent causal effect of neighborhood context and structural
confounding (Messer et al., 2008; Oakes, 2004). In light of these criticisms, propensity
score matching has been used to account for some of the self-selection factors. One study
examining the effect of segregation on preterm birth utilized propensity score methods
(Hearst et al., 2008). However, this highlighted other methodological considerations related
to selection bias and the estimation of causal effects given the non-overlapping distribution
of neighborhood environments, (Acevedo-Garcia and Osypuk, 2008; Osypuk and Acevedo-
Garcia, 2010). Because of segregation, there is limited overlap in the distribution of
neighborhoods between blacks and whites where these groups tend to live in separate
neighborhoods (Acevedo-Garcia and Osypuk, 2008). Secondly, this may constrain the
identification of exchangeable groups and result in off-support inferences based on sparse
data cells (Messer et al., 2010; Osypuk and Acevedo-Garcia, 2010). These two issues are
important for causal inference and may in fact lead to the instability of estimates of disease
occurrence and imprecision in the magnitude of disparities.

Instrumental variable (1) analyses may alternatively be considered as an analytic approach
to estimate the causal effect of segregation. IV analyses can be used to reduce or eliminate
bias related to selection and unmeasured confounding for a given exposure by choosing a
variable or instrument that is associated with the exposure but not associated with the
outcome except through its association with the exposure (Angrist et al., 1996; Greenland,
2000). In the economics literature, IV analyses have been used to examine the effects of
segregation on employment and earnings outcomes for blacks (Cutler and Glaeser, 1997;
Weinberg, 2000). However, the validity of using IV analyses rests in finding the most
appropriate instrument or variable. Methods to improve the estimation of segregation and
health should broadly encompass a variety of research methods including qualitative and
quantitative approaches, and spatial analytic techniques to foster the identification of
temporal trends between segregation, health status, and health disparities.

Future research considerations

Beneficial health effects of segregation—Although most health and segregation
studies document poorer health outcomes in highly segregated areas, some studies
observed protective effects. Only a few studies have been able to capitalize on better
understanding these mechanisms by empirically examining a full pathway between
segregation and health outcomes (Hutchinson et al., 2009; Yuan, 2008). Studies exploring
experiences of discrimination, social capital, and social support are needed. For example,
numerous reports have provided persuasive evidence demonstrating an association between
experiences of discrimination and poorer health outcomes (Schulz et al., 2006; Taylor et al.,
2007; Wise et al., 2007). Further, findings from a recent study suggest that residents of
highly segregated neighborhoods were more likely to be protected from experiences of
discrimination (Hunt et al., 2007). Although high segregation often connotes poor access to
resources, some evidence points to resilient features of segregated neighborhoods. For
instance, black mortality was lower among residents of predominantly black neighborhoods
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in Philadelphia with high neighborhood social capital in comparison to their counterparts
living in predominantly white neighborhoods (Hutchinson et al., 2009). Moreover, there is
some formative research which considers the role of neighborhood institutions such as
churches as resource brokers — organizations that have ties to businesses, nonprofits, and
government agencies that are rich in resources (Small, 2006). These resource brokers may
provide information and services that buffer individuals against material disadvantage.
Subjective perceptions of one’s neighborhood environment may also be important for
understanding the beneficial effects of neighborhoods. Qualitative work has demonstrated
that people in black neighborhoods identify positive aspects of the neighborhoods such as
cultural resources and faith institutions (Mullings and Waith, 2001). It is important that
future studies determine the health outcomes and behaviors and factors associated with
resilience that may buffer against and compensate for material deprivation of segregated
communities.

Integrating a life-course framework—Among the most prominent concerns of
neighborhood effects and segregation research are issues related to length of residence and
exposure to the environment and the relationship to a relevant disease etiologic period. Due
to limitations in the availability of data, it is challenging for studies to determine either the
date or length of time an individual has lived in a particular area. As a consequence,
relatively little attention has been paid to the time frame necessary for neighborhood
conditions to affect health (Diez-Roux, 2007). More specifically, studies are unable to
differentiate between individuals who have been exposed to segregation for long periods of
time versus those with a relatively brief exposure. Hence, it has yet to be established
whether the effects of segregation are cumulative or cross-sectional. The integration of a
lifecourse framework, for example, the cumulative pathways perspective, may prove most
promising for attempting to address these issues. Cumulative pathways approach posits that
chronic stress can cause wear and tear on the body, leading to declines in health and function
over time (Glymour and Manly, 2008). Relatedly, the weathering hypothesis underscores the
role of early differential risk and cumulative social and environmental disadvantage on
racial/ethnic disparities in health (Geronimus, 1992). Understanding how the reproduction
of social and economic inequalities in neighborhood persists across generations (Sharkey,
2008) and across one’s lifecourse is an important topic for segregation and health research.

A handful of studies have investigated lagged health effects of segregation over the
lifecourse. Researchers have examined whether the racial composition of one’s environment
during childhood and adolescence affect later health outcomes (Landrine and Klonoff, 2000;
LaVeist, 2003; Postmes and Branscombe, 2002). Another study has looked at the effect of
segregation among the elderly (Robert and Ruel, 2006). Studies have largely examined
infant and adult outcomes. Although these studies provide an important start, a more
systematic approach is needed. It is not clear whether particular lifecourse stages may be
more sensitive to the influence of segregation on health. Documenting the relationship
between segregation and health at varying stages of the lifecourse would be a significant
methodological contribution.

Black nativity status and other racial/ethnic groups—The U.S. continues to
become an increasingly multiracial and multiethnic nation with individuals immigrating
from other countries. Although, the historical development and patterns of segregation
among foreign-born blacks, Hispanics and Asians are qualitatively different from U.S. born-
blacks, the investigation of segregation may provide important clues about patterns of health
status. The U.S. black population represents a heterogeneous group where the numbers of
foreign-born blacks from the Caribbean and the continent of Africa have nearly doubled
over the past 20 years and represent one-fourth of the black population in major
metropolitan areas (Kent, 2007). Though the data on the health of foreign-born blacks
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residing in the U.S. is limited, research findings in general report that they have better health
outcomes than their U.S. born counterparts (Singh and Siahpush, 2002). However, there is
evidence which suggest that the health profiles of foreign-born blacks diminish as the length
of residence in the U.S. increases (Borrell et al., 2008). If this is true, it is possible that for
foreign-born blacks, neighborhood context in the U.S. may influence health outcomes
and lead to the deterioration of health over time. Despite the high levels of segregation
among foreign-born blacks in the U.S. (Scopilliti and Iceland, 2008), only a few studies
have explored the role of nativity status in the segregation and health literature (Baker and
Hellerstedt, 2006; Grady and McLafferty, 2007). The comparison of the effect of
segregation by nativity status could illuminate processes regarding timing between exposure
and the occurrence of disease. Investigating the influence of segregation by black nativity
status should be another priority for segregation and health research.

Hispanics are among the fastest growing subgroup of the population and the second-most
segregated group in the U.S. (Iceland et al., 2002). Although a prior review of the
segregation literature recommended studies to further examine segregation among Hispanics
(Acevedo-Garcia et al., 2003), studies among Hispanics are still limited. The few studies to
date have investigated health outcomes ranging from self-rated health (Patel et al., 2003),
physical health symptoms (Lee and Ferraro, 2007), body mass index (Park et al., 2008),
cancer tumor stage and size (Reyes-Ortiz et al., 2008), mortality (Inagami et al., 2006), and
mental health (Lee, 2009; Ostir et al., 2003; Sheffield and Peek, 2009). These studies have
largely operationalized segregation using the proxy measure. Overall, the findings from
these studies are mixed and do not provide conclusive evidence on the impact of segregation
on Hispanic health. Moreover, the evidence suggests heterogeneity of the patterns and effect
of segregation within this population (Lee and Ferraro, 2007; Lee, 2009). For example,
neighborhood segregation is significantly associated with poorer mental health among
Mexican Americans, but the association between segregation and mental health was not
observed among Puerto Ricans (Lee, 2009). Also, there is data suggesting that segregation
may vary by generational status (Lee and Ferraro, 2007). Future studies should examine how
health status may be shaped by segregation among Hispanics.

Though patterns of segregation are believed to play a lesser role in explaining health
disparities among Asians, the studies examining segregation have documented an
association with health problems. One study found that segregation among Asian Americans
was associated with an increased risk of exposure to carcinogenic agents (Morello-Frosch
and Jesdale, 2006), whereas segregation was only marginally associated with lower
psychological symptom scores (Gee, 2002). Additional studies examining the contribution
of institutionalized discrimination to the health risk of Asian Americans should be explored.

Linkage with biological data—There is a dearth of studies linking segregation to
biological and physiological pathways. The majority of studies of segregation and health
have primarily relied upon death and birth certificates as well as self-reported data.
Although, we recognize the significance of this type of data, there are major gaps in
understanding the relationship of segregation with the earlier onset of illness, more severe
disease, and disease management. For example, research exploring the relationship between
segregation and inflammatory biomarkers such as C-reactive protein may provide additional
clues to the biological embodiment of discrimination. Moreover, there are a dearth of studies
examining segregation and a range of chronic disease health outcomes such as hypertension
and diabetes. The challenge of developing datasets with precise measurements of the
neighborhood environment and incorporating biological data, including epigenetic or gene
expression data, are crucial to furthering the mechanisms by which segregation influences
health outcomes and the management of disease.
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Conclusion

In summary, patterns of segregation shape health risk among blacks and racial/ethnic health
disparities. Although there are studies that demonstrate a protective effect of living in
segregated areas, the magnitude and persistence of black disparities across various disease
and health outcomes warrants continued interest and further investigation. A singular focus
on individual-level strategies to improve health and ameliorate health disparities has been
ineffective. Moreover, recent evidence suggests that the incorporation of neighborhood or
placed-based effects can significantly attenuate health disparities (Do et al., 2008).
Therefore, elucidating the effect of segregation can have substantial implications for disease
prevention and identifying key points of intervention. At the core, residential segregation
reflects neighborhood differences in access to economic, medical, environmental, and
political resources that may constrain the ability to improve health (Schulz et al., 2002);
although there is some evidence suggesting that there are social resources within segregated
neighborhoods that may mitigate against the material disadvantage. Strong theoretical
frameworks have provided a rationale for why segregation is a fundamental cause of health
disparities; however, there is a paucity of studies empirically testing the complex ways in
which segregation influences health. This discussion highlighted key conceptual,
methodological, and analytical issues while offering future directions such as exploring
factors of resilience, applying a lifecourse perspective, broadening the scope of segregation
to encompass black nativity and other racial/ethnic groups, and linkage with biological data.
These investigations will further our understanding of the diverse impacts of residential
segregation on health risk and health disparities.

References

Acevedo-Garcia D. Zip code-level risk factors for tuberculosis: neighborhood environment and
residential segregation in New Jersey, 1985-1992. Am J Public Health 2001;91:734-741. [PubMed:
11344881]

Acevedo-Garcia, D.; Lochner, KA. Residential Segregation and Health. In: Kawachi, I.; Berkman, LF.,
editors. Neighborhoods and Health. 2003.

Acevedo-Garcia D, Lochner KA, Osypuk TL, Subramanian SV. Future directions in residential
segregation and health research: a multilevel approach. Am J Public Health 2003;93:215-221.
[PubMed: 12554572]

Acevedo-Garcia D, Osypuk TL. Invited Commentary: Residential Segregation and Health-The
Complexity of Modeling Separate Social Contexts. American Journal of Epidemiology
2008;168:1255-1258. [PubMed: 18974060]

Angrist JD, Imbens GW, Rubin DB. Identification of causal effects using instrumental variables.
Journal of the American Statistical Association 1996;91:444-455.

Baker AN, Hellerstedt WL. Residential racial concentration and birth outcomes by nativity: Do
neighbors matter? Journal of the National Medical Association 2006;98:172-180. [PubMed:
16708503]

Becares L, Nazroo J, Stafford M. The buffering effects of ethnic density on experienced racism and
health. Health & Place 2009;15:670-678. [PubMed: 19117792]

Bell JF, Zimmerman FJ, Almgren GR, Mayer JD, Huebner CE. Birth outcomes among urban African-
American women: a multilevel analysis of the role of racial residential segregation. Soc Sci Med
2006;63:3030-3045. [PubMed: 16997438]

Bell JF, Zimmerman FJ, Mayer JD, Almgren GR, Huebner CE. Associations between residential
segregation and smoking during pregnancy among urban African-American women. Journal of
Urban Health-Bulletin of the New York Academy of Medicine 2007;84:372-388. [PubMed:
17226080]

Bird ST. Separate black and white infant mortality models: differences in the importance of structural

variables. Soc Sci Med 1995;41:1507-1512. [PubMed: 8607041]

Health Place. Author manuscript; available in PMC 2012 March 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

White and Borrell

Page 15

Blanchard TC, Cossman JS, Levin ML. Multiple meanings of minority concentration: incorporating
contextual explanations into the analysis of individual-level U.S. black mortality outcomes.
Population Research and Policy Review 2004;23:309-326.

Borrell LN, Crawford ND, Barrington DS, Maglo KN. Black/White disparity in self-reported
hypertension: the role of nativity status. Journal of Health Care for the Poor and Underserved
2008;19:1148-1162. [PubMed: 19029742]

Chang VW. Racial residential segregation and weight status among US adults. Soc Sci Med
2006;63:1289-1303. [PubMed: 16707199]

Collins CA, Williams DR. Segregation and mortality: The deadly effects of racism? Sociological
Forum 1999;14:495-523.

Cooper H, Friedman SR, Tempalski B, Friedman R, Keem M. Racial/ethnic disparities in injection
drug use in large US metropolitan areas. Annals of Epidemiology 2005;15:326-334. [PubMed:
15840545]

Cooper HL, Friedman SR, Tempalski B, Friedman R. Residential Segregation and Injection Drug Use
Prevalence Among Black Adults in US Metropolitan Areas. Am J Public Health. 2007

Cooper RS, Kennelly JF, Durazo-Arvizu R, Oh HJ, Kaplan G, Lynch J. Relationship between
premature mortality and socioeconomic factors in black and white populations of US metropolitan
areas. Public Health Rep 2001;116:464-473. [PubMed: 12042610]

Cutler DM, Glaeser EL. Are ghettos good or bad? Quarterly Journal of Economics 1997;112:827-872.

Diez-Roux AV. Residential environments and cardiovascular risk. Journal of Urban Health-Bulletin of
the New York Academy of Medicine 2003;80:569-589. [PubMed: 14709706]

Diez-Roux AV. Neighborhoods and health: where are we and where do we go from here? Revue D
Epidemiologie Et De Sante Publique 2007;55:13-21. [PubMed: 17320330]

Do DP, Finch BK, Basurto-Davila R, Bird C, Escarce J, Lurie N. Does place explain racial health
disparities? Quantifying the contribution of residential context to the Black/white health gap in the
United States. Social Science & Medicine 2008;67:1258-1268. [PubMed: 18649984]

Downey L. Spatial measurement, geography, and urban racial inequality. Social Forces 2003;81:937-
952.

Ellen, IG. Is segregation bad for your health? The case of low bithweight. In: Gale, WG.; Pack, JR.,
editors. Papers on urban affairs. Brookings Institute Press; Washington, DC: 2000. p. 203-239.

Fabio A, Li W, Strotmeyer S, Branas CC. Racial segregation and county level intentional injury in
Pennsylvania: analysis of hospital discharge data for 1997-1999. Journal of Epidemiology and
Community Health 2004;58:346-351. [PubMed: 15026453]

Fang J, Madhavan S, Bosworth W, Alderman MH. Residential segregation and mortality in New York
City. Soc Sci Med 1998;47:469-476. [PubMed: 9680230]

Finkelstein EA, Khavjou OA, Mobley LR, Haney DM, Will JC. Racial/ethnic disparities in coronary
heart disease risk factors among WISEWOMAN enrollees. Journal of Womens Health
2004;13:503-518.

Fotheringham AS, Wong DWS. The modifiable areal unit problem in multivariate statistical analysis.
Environment and Planning A 1991;23:1025-1044.

Gee GC. A multilevel analysis of the relationship between institutional and individual racial
discrimination and health status. American Journal of Public Health 2002;92:615-623. [PubMed:
11919062]

Geronimus AT. The weathering hypothesis and the health of African-American women and infants:
evidence and speculations. Ethnicity & Disease 1992;2:207-221. [PubMed: 1467758]

Glymour MM, Manly JJ. Lifecourse Social Conditions and Racial and Ethnic Patterns of Cognitive
Aging. Neuropsychology Review 2008;18:223-254. [PubMed: 18815889]

Gorman BK, Sivaganesan A. The role of social support and integration for understanding
socioeconomic disparities in self-rated health and hypertension. Social Science & Medicine
2007;65:958-975. [PubMed: 17524538]

Grady SC. Racial disparities in low birthweight and the contribution of residential segregation: a
multilevel analysis. Soc Sci Med 2006;63:3013-3029. [PubMed: 16996670]

Health Place. Author manuscript; available in PMC 2012 March 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

White and Borrell

Page 16

Grady SC, McLafferty S. Segregation, nativity, and health: Reproductive health inequalities for
immigrant and native-born black women in new york city. Urban Geography 2007;28:377-397.

Grady SC, Ramirez 1J. Mediating medical risk factors in the residential segregation and low
birthweight relationship by race in New York City. Health and Place 2008;14:661-667. [PubMed:
18036867]

Greenland S. An introduction to instrumental variables for epidemiologists. International Journal of
Epidemiology 2000;29:722-729. [PubMed: 10922351]

Guest AM, Almgren G, Hussey JM. The ecology of race and socioeconomic distress: Infant and
working age mortality in Chicago. Demography 1998;35:23-34. [PubMed: 9512907]

Haas JS, Earle CC, Orav JE, Brawarsky P, Neville BA, Williams DR. Racial segregation and
disparities in cancer stage for seniors. Journal of General Internal Medicine 2008;23:699-705.
[PubMed: 18338215]

Halpern D. Minorities and mental-health Social Science and Medicine 1993;36:597-607.

Hart KD, Kunitz SJ, Sell RR, Mukamel DB. Metropolitan governance, residential segregation, and
mortality among African Americans. American Journal of Public Health 1998;88:434-438.
[PubMed: 9518976]

Hearst MO, Oakes JM, Johnson PJ. The Effect of Racial Residential Segregation on Black Infant
Mortality. American Journal of Epidemiology 2008;168:1247-1254. [PubMed: 18974059]

Hunt MO, Wise LR, Jipguep MC, Cozier YC, Rosenberg L. Neighborhood racial composition and
perceptions of racial discrimination: Evidence from the black women’s health study. Social
Psychology Quarterly 2007;70:272—289.

Hutchinson RN, Putt MA, Dean LT, Long JA, Montagnet CA, Armstrong K. Neighborhood racial
composition, social capital and black all-cause mortality in Philadelphia. Social Science and
Medicine 2009;68:1859-1865. [PubMed: 19324485]

Iceland, J.; Weinberg, DH.; Steinmetz, E. U.S. Census Bureau, S., CENSR-3. , editor. Racial and
Ethnic Residential Segregation in the United States: 1980 - 2000. Washington, DC: U.S.
Government Printing Office; 2002.

Inagami S, Borrell LN, Wong MD, Fang J, Shapiro MF, Asch SM. Residential segregation and Latino,
black and white mortality in New York City. J Urban Health 2006;83:406—-420. [PubMed:
16739044]

Jackson SA, Anderson RT, Johnson NJ, Sorlie PD. The relation of residential segregation to all-cause
mortality: a study in black and white. Am J Public Health 2000;90:615-617. [PubMed: 10754978]

Kawachi, I.; Berkman, LF. Neighborhoods and Health. Oxford University Press; Oxford: 2003.

Kent, MM. Immigration and America’s Black Population, Population Bulletin. Population Reference
Bureau; Washington, DC: 2007.

Keppel KG. Ten largest racial and ethnic health disparities in the United States based on healthy
people 2010 objectives. American Journal of Epidemiology 2007;166:97-103. [PubMed:
17463050]

Kramer H, Han C, Post W, Goff D, Diez-Roux A, Cooper R, Jinagouda S, Shea S. Racial/ethnic
differences in hypertension and hypertension treatment and control in the multi-ethnic study of
atherosclerosis (MESA). American Journal of Hypertension 2004;17:963-970. [PubMed:
15485761]

Kramer MR, Hogue CR. Is segregation bad for your health? Epidemiologic Reviews. 2009

Krieger N, Chen JT, Waterman PD, Rehkopf DH, Subramanian SV. Race/ethnicity, gender, and
monitoring socioeconomic gradients in health: A comparison of area-based socioeconomic
measures - The public health disparities geocoding project. American Journal of Public Health
2003;93:1655-1671. [PubMed: 14534218]

Kwate NOA, Yau CY, Loh JM, Williams D. Inequality in obesigenic environments: Fast food density
in New York City. Health & Place 2009;15:364-373. [PubMed: 18722151]

Landrine H, Corral I. Separate and unequal: residential segregation and black health disparities.
Ethnicity and Disease 2009;19:179-184. [PubMed: 19537230]

Landrine H, Klonoff EA. Racial segregation and cigarette smoking among Blacks: findings at the
individual level. Journal of Health Psychology 2000;5:211-219.

Health Place. Author manuscript; available in PMC 2012 March 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

White and Borrell

Page 17

Laveist TA. Linking Residential Segregation to the Infant-Mortality Race Disparity in United-States
Cities. Sociology and Social Research 1989;73:90-94.

Laveist TA. Segregation, poverty, and empowerment: health consequences for African Americans.
Milbank Q 1993;71:41-64. [PubMed: 8450822]

LaVeist TA. Racial segregation and longevity among African Americans: An individual-level analysis.
Health Services Research 2003;38:1719-1733. [PubMed: 14727794]

LeClere FB, Rogers RG, Peters KD. Ethnicity and mortality in the United States: Individual and
community correlates. Social Forces 1997;76:169-198.

Lee BA, Reardon SF, Firebaugh G, Farrell CR, Matthews SA, O’Sullivan D. Beyond the Census
Tract: Patterns and Determinants of Racial Segregation at Multiple Geographic Scales. American
Sociological Review 2008;73:766—-791.

Lee M, Ferraro KF. Neighborhood residential segregation and physical health among hispanic
americans: good, bad, or benign? Journal of Health and Social Behavior 2007;48:131-148.
[PubMed: 17583270]

Lee MA. Neighborhood residential segregation and mental health: A multilevel analysis on Hispanic
Americans in Chicago. Social Science and Medicine 2009;68:1975-1984. [PubMed: 19359082]

Lopez R. Black-White residential segregation and physical activity. Ethnicity & Disease 2006;16:495—
502. [PubMed: 17682254]

Mason SM, Messer LC, Laraia BA, Mendola P. Segregation and preterm birth: The effects of
neighborhood racial composition in North Carolina. Health & Place 2009;15:1-9. [PubMed:
18359264]

Massey DS, Denton NA. The Dimensions of Residential Segregation. Social Forces 1988;67:281-315.

Massey DS, Denton NA. Hypersegregation in U.S. metropolitan areas: black and Hispanic segregation
along five dimensions. Demography 1989;26:373-391. [PubMed: 2792476]

Massey, DS.; Denton, NA. American Apartheid: Segregation and the Making of the Underclass.
Harvard University Press; Cambridge, MA: 1993.

Massey DS, Rothwell J, Domina T. The Changing Bases of Segregation in the United States. Annals
of the American Academy of Political and Social Science 2009;626:74-90.

Mays VM, Cochran SD, Barnes NW. Race, race-based discrimination, and health outcomes among
African Americans. Annual Review of Psychology 2007;58:201-225.

Mellor JM, Milyo JD. Individual health status and racial minority concentration in US states and
counties. American Journal of Public Health 2004;94:1043-1048. [PubMed: 15249313]

Messer LC, Oakes JM, Mason S. Disentangling racial and economic segregation: The limits to causal
interpretation posed by structural confounding. American Journal of Epidemiology 2008;167:S48—
S48.

Messer LC, Oakes JM, Mason S. Effects of Socioeconomic and Racial Residential Segregation on
Preterm Birth: A Cautionary Tale of Structural Confounding. American Journal of Epidemiology
2010;171:664-673. [PubMed: 20139129]

Moore LV, Roux A.V. Diez. Associations of neighborhood characteristics with the location and type
of food stores. Am J Public Health 2006;96:325-331. [PubMed: 16380567]

Morello-Frosch R, Jesdale BM. Separate and unequal: residential segregation and estimated cancer
risks associated with ambient air toxics in U.S. metropolitan areas. Environ Health Perspect
2006;114:386-393. [PubMed: 16507462]

Morello-Frosch R, Lopez R. The riskscape and the color line: Examining the role of segregation in
environmental health disparities. Environmental Research 2006;102:181-196. [PubMed:
16828737]

Mullings, L.; Waith, A. Stress and resilience: the social context of reproduction in central Harlem.
Kluwer Academic / Plenum Publishers; New York: 2001.

O’Sullivan D, Wong DWS. A surface-based approach to measuring spatial segregation. Geographical
Analysis 2007;39:147-168.

Oakes JM. The (mis)estimation of neighborhood effects: causal inference for a practicable social
epidemiology. Social Science and Medicine 2004;58:1929-1952. [PubMed: 15020009]

Openshaw, S. The Modifiable Areal Unit Problem. Geo Books; Norwich, UK: 1983.

Health Place. Author manuscript; available in PMC 2012 March 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

White and Borrell

Page 18

Ostir GV, Eschbach K, Markides KS, Goodwin JS. Neighbourhood composition and depressive
symptoms among older Mexican Americans. Journal of Epidemiology and Community Health
2003;57:987-992. [PubMed: 14652267]

Osypuk TL, Acevedo-Garcia D. Are racial disparities in preterm birth larger in hypersegregated areas?
American Journal of Epidemiology. 2008

Osypuk TL, Acevedo-Garcia D. Beyond individual neighborhoods: A geography of opportunity
perspective for understanding racial/ethnic health disparities. Health & Place 2010;16:1113-1123.
[PubMed: 20705500]

Osypuk, TL.; Galea, S. What level macro? Choosing appropriate levels to assess how place influences
population health. In: Galea, S., editor. Macrosocial determinatns of population health. Springer;
2007.

Park Y, Neckerman KM, Quinn J, Weiss C, Rundle A. Place of birth, duration of residence,
neighborhood immigrant composition and body mass index in New York City. International
Journal of Behavioral Nutrition and Physical Activity 2008;5:11. [PubMed: 18302741]

Patel KV, Eschbach K, Rudkin LL, Peek MK, Markides KS. Neighborhood context and self-rated
health in older Mexican Americans. Annals of Epidemiology 2003;13:620-628. [PubMed:
14732301]

Peterson RD, Krivo LJ. Racial segregation, the concentration of disadvantage, and black and white
homicide victimization. Sociological Forum 1999;14:465-493.

Pickett KE, Collins JW, Masi CM, Wilkinson RG. The effects of racial density and income
incongruity on pregnancy outcomes. Social Science & Medicine 2005;60:2229-2238. [PubMed:
15748671]

Polednak AP. Black-white differences in infant mortality in 38 standard metropolitan statistical areas.
Am J Public Health 1991;81:1480-1482. [PubMed: 1951808]

Polednak AP. Poverty, residential segregation, and black/white mortality ratios in urban areas. J Health
Care Poor Underserved 1993;4:363-373. [PubMed: 8260570]

Polednak AP. Segregation, discrimination and mortality in U.S. blacks. Ethn Dis 1996a;6:99-108.
[PubMed: 8882839]

Polednak AP. Trends in US urban black infant mortality, by degree of residential segregation. Am J
Public Health 1996b;86:723-726. [PubMed: 8629726]

Postmes T, Branscombe NR. Influence of long-term racial environmental composition on subjective
well-being in African Americans. Journal of Personality and Social Psychology 2002;83:735-751.
[PubMed: 12219866]

Reardon SF, Matthews SA, O’Sullivan D, Lee BA, Firebaugh G, Farrell CR, Bischoff K. The
geographic scale of metropolitan racial segregation. Demography 2008;45:489-514. [PubMed:
18939658]

Reardon SF, O’Sullivan DO. Measures of spatial segregation. Sociological Methodology
2004;34:121-162.

Reyes-Ortiz CA, Eschbach K, Zhang DD, Goodwin JS. Neighborhood Composition and Cancer
among Hispanics: Tumor Stage and Size at Time of Diagnosis. Cancer Epidemiology Biomarkers
& Prevention 2008;17:2931-2936.

Robert SA, Ruel E. Racial segregation and health disparities between Black and White older adults.
Journals of Gerontology Series B-Psychological Sciences and Social Sciences 2006;61:5203—
S211.

Rodriguez RA, Sen S, Mehta K, Moody-Ayers S, Bacchetti P, O’Hare AM. Geography matters:
Relationships among urban residential segregation, dialysis facilities, and patient outcomes.
Annals of Internal Medicine 2007;146:493-501. [PubMed: 17404351]

Schulz AJ, Gravlee CC, Williams DR, Israel BA, Mentz G, Rowe Z. Discrimination, symptoms of
depression, and self-rated health among African American women in Detroit: Results from a
longitudinal analysis. American Journal of Public Health 2006;96:1265-1270. [PubMed:
16735638]

Schulz AJ, Kannan S, Dvonch JT, Israel BA, Allen A 3rd, James SA, House JS, Lepkowski J. Social
and physical environments and disparities in risk for cardiovascular disease: the healthy

Health Place. Author manuscript; available in PMC 2012 March 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

White and Borrell

Page 19

environments partnership conceptual model. Environ Health Perspect 2005;113:1817-1825.
[PubMed: 16330371]

Schulz AJ, Williams DR, Israel BA, Lempert LB. Racial and spatial relations as fundamental
determinants of health in Detroit. Milbank Q 2002;80:677-707. iv. [PubMed: 12532644]

Scopilliti M, Iceland J. Residential patterns of black immigrants and native-born blacks in the United
States. Social Science Quarterly 2008;89:551-572.

Sharkey P. The intergenerational transmission of context. American Journal of Sociology
2008;113:931-969.

Sheffield KM, Peek MK. Neighborhood Context and Cognitive Decline in Older Mexican Americans:
Results From the Hispanic Established Populations for Epidemiologic Studies of the Elderly.
American Journal of Epidemiology 2009;169:1092-1101. [PubMed: 19270047]

Shihadeh ES, Flynn N. Segregation and crime: The effect of black social isolation on the rates of black
urban violence. Social Forces 1996;74:1325-1352.

Singh GK, Siahpush M. Ethnic-immigrant differentials in health behaviors, morbidity, and cause-
specific mortality in the United States: An analysis of two national data bases. Human Biology
2002;74:83-109.

Small ML. Neighborhood institutions as resource brokers: Childcare centers, interorganizational ties,
and resource access among the poor. Social Problems 2006;53:274-292.

Smith DB, Feng ZL, Fennel ML, Zinn JS, Mor V. Separate and unequal: Racial segregation and
disparities in quality across US nursing homes. Health Affairs 2007;26:1448-1458. [PubMed:
17848457]

Subramanian SV, Acevedo-Garcia D, Osypuk TL. Racial residential segregation and geographic
heterogeneity in black/white disparity in poor self-rated health in the US: a multilevel statistical
analysis. Soc Sci Med 2005;60:1667-1679. [PubMed: 15686800]

Taylor TR, Williams CD, Makambi KH, Mouton C, Harrell JP, Cozier Y, Palmer JR, Rosenberg L,
Adams-Campbell LL. Racial discrimination and breast cancer incidence in US black women -
The Black Women’s Health Study. American Journal of Epidemiology 2007;166:46-54.
[PubMed: 17400570]

Vinikoor LC, Kaufman JS, MacLehose RF, Laraia BA. Effects of racial density and income
incongruity on pregnancy outcomes in less segregated communities. Social Science & Medicine
2008;66:255-259. [PubMed: 17920176]

Weinberg BA. Black residential centralization and the spatial mismatch hypothesis. Journal of Urban
Economics 2000;48:110-134.

White K, Borrell L. Racial / ethnic neighborhood concentration and self-reported health in New York
City. Ethnicity & Disease 2006;16:900-908. [PubMed: 17061744]

Williams DR, Collins C. Racial residential segregation: a fundamental cause of racial disparities in
health. Public Health Rep 2001;116:404-416. [PubMed: 12042604]

Williams DR, Collins C. Reparations - A viable strategy to address the enigma of African American
health. American Behavioral Scientist 2004;47:977-1000.

Williams DR, Mohammed SA. Discrimination and racial disparities in health: evidence and needed
research. Journal of Behavioral Medicine 2009;32:20-47. [PubMed: 19030981]

Wise LA, Palmer JR, Cozier YC, Hunt MO, Stewart EA, Rosenberg L. Perceived racial discrimination
and risk of uterine leiomyomata. Epidemiology 2007;18:747-757. [PubMed: 17917606]

Wong DW. Spatial measures of segregation and GIS. Urban Geography 2002;23:85-92.

Wong DW. Spatial decomposition of segregation indices: A framework toward measuring segregation
at multiple levels. Geographical Analysis 2003;35:179-194.

Wong DW. Comparing traditional and spatial segregation measures: A spatial scale perspective. Urban
Geography 2004;25:66-82.

Wong MD, Shapiro MF, Boscardin WJ, Ettner SL. Contribution of major diseases to disparities in
mortality. New England Journal of Medicine 2002;347:1585-1592. [PubMed: 12432046]

Yankauer A. The relationship of fetal and infant mortality to residential segregation: an inquiry into
social epidemiology. American Sociological Review 1950;15:644-648.

Health Place. Author manuscript; available in PMC 2012 March 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

White and Borrell Page 20

Yuan ASV. Racial composition of neighborhood and emotional well-being. Sociological Spectrum
2008;28:105-129.

Zenk SN, Schulz AJ, Israel BA, James SA, Bao S, Wilson ML. Neighborhood racial composition,
neighborhood poverty, and the spatial accessibility of supermarkets in metropolitan Detroit. Am J
Public Health 2005;95:660-667. [PubMed: 15798127]

Health Place. Author manuscript; available in PMC 2012 March 1.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

White and Borrell Page 21

Table 1

Summary of the macro-area unit? of analysis and type of segregation measured used in the published research,
1950-2009

Macro unit of analysis ~ Segregation # of # (%) of positive
dimension publications  association
MSA Formal:
Evenness 13
Exposure/isolation 6
Concentration 1
Clustering 2
Centralization 1
Hypersegregation 1
Total 24 21 (87.5%)
Proxy:
Racial composition 3
Total 3 1 (50%)
State Formal:
Evenness 1
Exposure/isolation 1
Concentration 1
Total 3 3(100%)
Proxy:
Racial composition 3
Total 3 1 (33%)
City Formal:
Evenness 2
Exposure / Isolation 4
Wong’s local index 3
Total 9 8 (88.8%)
Proxy:
Racial composition 5
Total 5 2 (40%)
County Formal
Evenness 2
Exposure/isolation 1
Total 3 1 (33.3%)
Proxy:
Racial composition 2
Total 2 1 (50%)
Census tract Proxy:
Racial composition 1
Total 1 1 (100%)

Individual® Proxy:
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Macro unit of analysis  Segregation # of # (%) of positive
dimension publications  association

Racial composition 3
Total 3 2 (66.6%)

Note: A single study may examine multiple segregation measures for a specific health outcome or multiple health outcomes for a specific measure
of segregation. Therefore, some studies may be listed more than once or have two different associations for a single outcome.

Abbreviations: Metropolitan Statistical Area (MSA)

a . . . . . Lo . . .
Some studies that used racial composition as a measure of segregation were not included in this table since a macro-area unit of analysis is not
specified.

Creation of measure based on assessing racial/ethnic composition across various context over lifecourse.
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Table 2

Summary of the directionality of association in published studies? on residential segregation and health
disparities, 1950-2009

Positive Negative No
association?  associationC  association

MORTALITY
Adult all-cause 7 4
CVD / heart disease 1
Homicide 3
Cancer 1
End-stage renal disease 1
Infant mortality 6 1
MORBIDITY
Infant health
Low birth weight 5 1
Preterm birth 2 1 2
Fetal growth restriction 1 1 1
Chronic disease in adults
Tuberculosis 1
Cancer
Stage diagnosis 1
Riskd 2 1
Intentional injury 1
Self-reported health 2 2
HEALTH BEHAVIOR
Injection drug use 1 1
Physical activity 1
Smoking 2 1
Weight status 1
OTHER HEALTH STATUS
Emotional well-being 2
Adolescent child-bearing 1

a . . . o - .
Some studies may be listed more than once or have two different associations for a specified health outcome because multiple measures of
segregation or multiple measures of health were accessed.

bDefined as residence in highly segregated area/neighborhood associated with higher levels of poorer health

Defined as residence in highly segregated area/neighborhood associated with lower levels of poorer health and may also include conditional
associations (only under some condition).

d . . .
Includes exposure to ambient air toxic
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