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Abstract  Spatial social polarization (SSP) refers to 
the uneven spatial distribution and subsequent con-
centration of polarized social and/or economic groups 
in a specified geographic area. However, there is het-
erogeneity in how SSP is measured and operational-
ized in research. To this end, we conducted a scop-
ing review to characterize the use of SSP measures 
in public health research, providing a foundation for 
those seeking to navigate this complex literature, 
select measurement options, and identify oppor-
tunities for methodological development. Using a 
structured search strategy, we searched PubMed for 
any primary research, published since 2007, that 
examined the relationship between SSP and health 

outcomes. Across 117 included studies, we found a 
body of evidence that was primarily set in the United 
States (n = 104), published between 2020 and 2022 
(n = 52), and focused on non-communicable diseases 
(n = 40). We found that defining SSP in the context 
of privilege, deprivation, and segregation returns a 
variety of measures. Among measures, we catego-
rized 18 of them as SSP measures, with the Index of 
Concentration at the Extremes (n = 43) being the most 
common, and 5 of them as composite indices based 
on numerous underlying variables spanning several 
domains like education and race/ethnicity. While 
most employed a single SSP measure (n = 64), some 
included up to 5 measures to examine the robustness 
of findings or to identify how a multidimensional 
approach to SSP affected associations. Our findings 
fill a critical literature gap by summarizing options Supplementary Information  The online version 
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for operationalizing SSP measures and document-
ing their respective methodologies. Future research 
should consider using multiple SSP measures to cap-
ture the multidimensionality of SSP, widen the scope 
of health outcomes, and clearly explain the choice 
of measure(s) and methods used to derive them. Our 
findings can inform future research questions and 
help guide researchers in the selection and utilization 
of the various SSP measures.

Keywords  Spatial social polarization · 
Public health · Scoping review · Health equity · 
Methodology · Social epidemiology · Spatial 
epidemiology

Introduction

Background

Across the globe, the COVID-19 pandemic catalyzed 
increased attention to health disparities research [1], 
this attention added urgency to calls to understand 
the spatial and social drivers of health disparities 
for other leading causes of death across populations. 
Recent research suggests that spatial social inequity, 
which includes economic and racial/ethnic polariza-
tion, operates at multiple levels [2] to affect popula-
tion health outcomes [3]. Despite such efforts, there 
remain challenges in how spatial social polarization 
(SSP) is measured and operationalized in public 
health research.

Following decades of racial/ethnic and economic 
segregation in the United States (USA) [4–7], SSP 
measures have been increasingly used in US pub-
lic health research to operationalize segregation 
as an exposure impacting population health [8]. 

Importantly, while SSP is not a US-only issue [9, 
10], the vast majority of research on SSP has been 
US-based [11], and therefore much of our discus-
sion focuses on US issues. Though it is increasingly 
common to employ SSP measures in public health 
research, particularly in the USA, the concept and 
terminology surrounding SSP, and its measurement 
have evolved over time. Conceptually, SSP is rooted 
in theories in the social sciences [12–14], that aim to 
explain the relational mechanisms by which spatial 
and social polarization co-occur. While the term SSP 
may not have a singular universally recognized orig-
inator, SSP terminology has been used in the fields 
of public health [15], geography [16], and sociology 
[17]. The evolution of the concepts and terminology 
related to SSP was concurrently marked by advances 
in SSP measurement.

Defining Spatial Social Polarization

In order to define SSP, we must first define social 
polarization. Social polarization describes the divi-
sion of a population into different groups with distinct 
social and/or economic characteristics which include 
or can be arrayed as between extremes of privilege 
and deprivation. Spatial social polarization refers to 
the uneven spatial distribution and subsequent con-
centration of polarized social and/or economic groups 
within a specified geographic area. However, there is 
little evidence available to guide the selection, utiliza-
tion, and application of SSP measures.

Development of Measures

The earliest attempt to categorize SSP measures was 
undertaken by American sociologists, Douglas Mas-
sey and Nancy Denton in 1988, with special focus 

Table 1   Dimensions of 
residential segregation for 
SSP measure classification

* Note: As defined by Massey DS and Denton NA. The dimensions of residential segregation. 
Social forces. 1988;67(2):281–315

Dimension Definition*

Concentration The relative physical space occupied by different groups
Evenness The spatial distribution of different group members within a unit
Exposure The degree of contact between members of different groups within a unit
Clustering The degree to which members of different groups cluster in space
Centralization The location of different groups relative to the center of an urban area or 

other geographic unit
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on residential segregation [18]. Massey and Denton 
recognized that residential segregation was not a uni-
dimensional construct and aimed to unpack its dis-
tinct dimensions (Table  1): concentration, evenness, 
exposure, clustering, and centralization. Concentra-
tion describes the relative physical space that is occu-
pied by different groups [18], and evenness describes 
the spatial distribution of different group members 
in a given geography [18]. Exposure describes the 
degree of contact between members of different 
groups within a specified geography [18], and clus-
tering describes the degree to which members of dif-
ferent groups cluster in space [18]. Last, centraliza-
tion describes the location of different groups relative 
to the center of a geographic unit [18]. While these 
dimensions were developed in the context of resi-
dential segregation, we adapt them here to categorize 
measures of SSP more broadly.

Implications for Public Health Research

While Massey and Denton provided a foundation 
for SSP measurement [18], their investigation is 
limited to residential segregation [19], which may 
not capture the interrelated dynamics of SSP. In 
order to examine how different social groups are 
spatially polarized, we must also consider relevant 
social systems and resources such as income, edu-
cation, employment, and housing which are all 
spatially distributed [20]. This highlights a dis-
tinction between measures of residential segre-
gation (which could refer to spatial separation of 
groups that are equivalent in access to social sys-
tems and resources) and measures of SSP. Mov-
ing beyond segregation measures, Feldman et  al. 
[8] and Krieger et  al. [3] were among the first to 
employ SSP measures in public health research 
and extended the measurement of SSP to several 
domains, including income and a combination of 
race/ethnicity and income.

This scoping review aims to characterize the 
use of SSP measures in recent public health lit-
erature, according to the dimensions described by 
Massey and Denton [18], providing a foundation 
for those seeking to navigate this complex litera-
ture, to select among measurement options, or to 
identify opportunities for further methodological 
development.

Methods

Information Sources and Eligibility Criteria

We conducted a scoping review of existing evidence 
to classify and characterize the measurement of SSP 
in public health research. We searched the National 
Center for Biotechnology Information database, Pub-
Med, for primary research that employed any meas-
ure of SSP as an independent variable in a study of 
health outcomes among individuals or small area 
populations. Studies were eligible for inclusion if 
they met the following criteria: (1) written in English, 
(2) published between 2007 and 2022, (3) original 
research that included adjustments for individual-
level characteristics, (4) characterized geographic 
areas smaller than cities or counties (e.g., areal units: 
neighborhoods, postal codes, and census tracts) with 
respect to polarization (e.g., to measure effects along 
a relative scale from deprivation to privilege) or seg-
regation, (5) outcome was related to individual-level 
health and wellbeing, and (6) outcome was assessed 
concurrently with the characterization of the geo-
graphic area(s).

Search Strategy

To identify relevant studies, we developed a struc-
tured search strategy based on search terms from the 
content of research articles by Feldman et  al. 2015 
[8], and Krieger et al. 2018 [3]. The structured search 
strategy was executed on January 2023, as follows: 
(“state” OR “county” OR “census tract” OR “geo-
graphic level”) AND (“spatial social polarization” OR 
“index of concentration at the extremes” OR “privi-
lege” OR “deprivation” OR “dissimilarity” OR “seg-
regation”). The search terms employed in this scoping 
review aimed to capture any measure of SSP among 
geographies smaller than cities or counties, regardless 
of the health outcome under study.

Study Selection

After executing the search, references were compiled 
in EndNote, automatically screened for duplicates, 
and imported into Covidence, a web-based col-
laboration platform [21], for evidence screening and 
synthesis. References were subjected to independent 
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abstract screening by two members of the research 
team (i.e., EMM and DM) based on the eligibility cri-
teria, with disputes resolved via consensus by a third 
member (i.e., HSAM) of the research team. Follow-
ing the abstract screening, we accessed the full-text 
versions of eligible references and proceeded with the 
data abstraction process.

Data Abstraction Process and Data Items

Eligible references were abstracted to assem-
ble information on publication year, study design, 
study setting, study population, sample size, health 
outcome(s), and characteristics of SSP measures 
including SSP measure name, SSP measure formula 
(if available), and related domain(s). Information col-
lected during the data abstraction process was inde-
pendently documented and verified by another mem-
ber of the research team.

Methods of Analysis and Synthesis of Results

Following screening, selection, and data abstrac-
tion, results were synthesized based on relevant study 
attributes and SSP measure characteristics. First, 
studies were grouped according to the data items 
described above. Health outcomes were classified, 
using the methods described by Henson et  al. 2020 
[22], as either: non-communicable diseases, commu-
nicable diseases, mortality, general physical health, 
maternal and perinatal health, injuries, general men-
tal health, or quality of life. Then, we systematically 
characterized each SSP measure according to the 
dimensions described by Massey and Denton [18] 
(Table  1), and compiled a list of unique SSP meas-
ures employed across the body of literature. A sum-
marized description of each measure included the 
following: the measure formula, applicable domains 
(e.g., race/ethnicity, income, education), and accom-
panying references. Finally, we tabulated results 
for presentation as guided by the Preferred Report-
ing Items for Systematic Review and Meta-Analysis 
Extension for Scoping Reviews (PRISMA ScR) [23, 
24] and provided a narrative synthesis. In this scoping 
review, we adopted a flexible approach to synthesis 
using scoping review methodology [25] rather than 
adhering to a predefined study protocol.

Results

Search and Study Selection

Our primary search initially identified 465 articles 
(Fig.  1). We excluded 310 articles based on title/
abstract review. We retrieved 155 full-text articles 
for eligibility assessment, leading to the exclusion 

Fig. 1   PRISMA flowchart
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of 38 articles. Reasons for exclusion included geo-
graphic measurement scale (i.e., no geographic 
units considered smaller than cities or counties), no 
individual-level health outcome, no measurement 
of polarization or segregation, and not original 
research. Post-eligibility assessment, we included 
117 articles in the review.

Overview of Studies

The characteristics of included articles (n = 117) 
are presented in Table 2. We identified a wide body 
of literature published between 2007 and 2022 that 
indicates a clear trend by publication year; 34.2% 
(n = 40) was published between 2015 and 2019, and 
nearly 45% was published (n = 52) from 2020 to 
2022. A majority of the studies were set in the USA 
(n = 104), followed by Canada (n = 10). Among 
included articles, the median sample size was 21,403 
with an interquartile range of 144,673 (Q1: 2678, Q3: 
147,351). Across included articles, nearly 46% of the 
evidence employed a cohort design (n = 54), and 42% 
employed a cross-sectional design (n = 49). The num-
ber of SSP measures used in each study varied, 54.7% 
(n = 64) utilized 1 SSP measure, 36.8% (n = 43) uti-
lized between 2 and 3 different SSP measures, and 
8.5% (n = 10) utilized 4 to 5 different SSP meas-
ures. As for health outcomes, most studies focused 
on non-communicable diseases (n = 40) followed by 
mortality (n = 27), general physical health (n = 16), 
maternal/perinatal health (n = 15), injuries (n = 7), 
communicable diseases (n = 6), general mental health 
(n = 3), and quality of life (n = 3).

Measurement Classification

Of the 23 measures identified by our review, 18 were 
SSP measures and 5 were composite indices. SSP 
measures that were clearly defined were classified 
according to the dimensions of residential segregation 
described by Massey and Denton [18], and are pre-
sented in Table 3; which describes each of the 18 SSP 
measures, and provides a brief background, the meas-
ure formula, formula details, annotated strengths and 
limitations, plus relevant domains. While some meas-
ures are exclusively used for SSP research (e.g., Index 
of Concentration at the Extremes [ICE]), others are 
measures that are not specific to SSP research, though 

are utilized in this context in the research presented 
here (e.g., Getis-Ord G* and relative ratios).

The 5 composite indices identified by our 
review, cannot be classified according to Massey 
and Denton’s Dimensions of Residential Segre-
gation [18], as they are based on several underly-
ing factors, and encompass subjectively labeled 
domains, such as socioeconomic status. Moreo-
ver, the basis of comparison differs between 
SSP measures and composite indices; SSP meas-
ures compare polarization among privileged and 

Table 2   Characteristics of included studies

Total (n, n%) 117 100%

Publication year (n, n%)
2007 to 2009 9 7.7%
2010 to 2014 16 13.7%
2015 to 2019 40 34.2%
2020 to 2022 52 44.4%
Country (n, n%)
United States 104 88.8%
Canada 10 8.5%
Italy 1 0.9%
France 1 0.9%
India 1 0.9%
Study design (n, n%)
Cohort 54 46.2%
Cross-sectional 49 41.9%
Other 10 8.5%
Case–control 2 1.7%
RCT​ 2 1.7%
Health outcomes (n, n%)
Non-communicable diseases 40 34.2%
Mortality 27 23.1%
General physical health 16 13.6%
Maternal and perinatal health 15 12.8%
Injuries 7 6.0%
Communicable diseases 6 5.1%
General mental health 3 2.6%
Quality of life 3 2.6%
Sample size (mean, SD)

3,997,718 30,477,369
Number of SSP measures employed (n, n%)
1 exposure measure 64 54.7%
2–3 exposure measures 43 36.8%
4–5 exposure measures 10 8.5%
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deprived social or economic groups (e.g., both 
tails of a distribution), while composite indices 
compare social or economic position relative to 
privilege or deprivation (e.g., only one tail of a 
distribution). Considering these differences, SSP 
measures were examined separately from compos-
ite indices, with findings pertaining to the former 
displayed in Table 3, and the latter in the Supple-
mentary Materials.

SSP Measures

Our search yielded 18 distinct SSP measures (Table 3) 
across 7 domains: race, income, race/income, edu-
cation, language, nativity, and home ownership. A 
majority of SSP measures focused on race, followed 
by income, and combined income/race. The domains 
of education, language, nativity, and home ownership 
were less frequently utilized.

The most commonly employed SSP measure was 
the Index of Concentration at the Extremes (ICE), 
which was used in 37% (n = 43) of included articles 
and applied to all of the above domains. The sec-
ond most commonly employed SSP measure was 
the Index of Dissimilarity, followed by the Isolation 
Index, both of which were respectively featured in 
18% (n = 21) and 17% (n = 20) of the evidence. Addi-
tional SSP measures include relative ratios (n = 9), 
the Local Getis Ord G* Statistic (n = 6), and the 
Gini Coefficient (n = 4). SSP measures such as the 
Location Quotient (n = 3), Redlining Index (n = 2), 
Entropy Index (n = 2), Delta Index (n = 2), and the 
Spatial Proximity Index (n = 2) were employed by 
only a handful of studies. Other SSP measures were 
less commonly employed, including the Exposure/
Interaction Index (n = 1), Kernel Density Estimation 
(n = 1), the Atkinson Index (n = 1), the Krivo Local 
Isolation Index (n = 1), the Absolute Centralization 
Index (n = 1), the Correlation Index (n = 1), and the 
Local Spatial Segregation Index (n = 1).

SSP Measures of Concentration

The Index of Concentration at the Extremes (ICE) 
was the most frequently employed SSP measure in 
the body of evidence identified by our review, used 
in 43 studies. ICE was developed by Massey et  al. 
[19] in 2001 to provide a single summary meas-
ure of economic polarization. ICE simultaneously 

captures SSP in both deprived and privileged social 
groups, and ranges from − 1 to 1, where negative 
values indicate greater deprivation, and positive 
values indicate greater privilege. More recently, 
Krieger et  al. [26] extended ICE to capture both 
racial and economic polarization. Since then, ICE 
has emerged as a leading SSP measure in public 
health research [120]. Included studies have asso-
ciated ICE with health outcomes including infant 
mortality [15, 27–32, 56], cancer [33–39], cardio-
vascular disease [8, 40, 55], injuries [41, 42, 57], 
premature mortality [3, 32, 43], and COVID-19 out-
comes [58].

The Location Quotient measures the relative 
concentration of minority groups by compar-
ing the proportion of minority group members 
in a smaller geographic unit (e.g., neighborhood) 
to the proportion of minority group members in 
a larger geographic unit (e.g., city). The Loca-
tion Quotient can take on all non-negative real 
numbers, with higher values indicating a greater 
proportion of minority group members in the 
neighborhood compared to the entire city, and 
vice-versa. The Location Quotient was used to 
study breast cancer [109, 110], and colorectal can-
cer [111].

The Delta Index is another relative measure of 
concentration. The Delta Index ranges from 0 to 
1 and represents the proportion of minority group 
members in a given geographic unit, that would 
have to move in order to achieve a uniform density 
across units. Note that this is similar to the evenness 
dimension, however, given the requisite of informa-
tion on the land area occupied by each unit, and its 
explicit focus on density, the Delta Index captures 
spatial concentration instead of mere evenness. The 
Delta Index was used in 2 studies on sexually trans-
mitted infections (STIs) during pregnancy [78] and 
self-rated health [79].

Additional SSP measures of concentration 
included Relative Ratios; a ratio comparing the fre-
quency, probability, or odds of an event between 
a deprived (i.e., comparison) group and a privi-
leged (i.e., referent) group. Relative Ratios include 
measures of association common to public health 
research like the risk ratio, rate ratio, and odds ratio. 
Relative Ratios range from − ∞ to ∞, and inter-
pretation depends on the choice of comparison and 
referent group; however, Relative Ratios equal to 
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1 represent no difference between groups. Relative 
Ratios were used in 11 studies with various out-
comes including non-communicable diseases [92, 
93], general physical health [94, 95], and quality of 
life [44, 96]. The Redlining Index is similar to Rela-
tive Ratios; however, it measures the odds of mort-
gage loan denial and follows the interpretation of a 
pooled odds ratio. The Redlining Index was used in 
2 studies on breast cancer survival [112] and pre-
term birth [64].

SSP Measures of Evenness

The Index of Dissimilarity was the second most fre-
quently employed SSP measure, used in 22 studies. 
The Index of Dissimilarity is a popular measure of 
SSP, especially within the domain of racial residen-
tial segregation; it ranges from 0 to 1 and represents 
the proportion of a social group that would need to 
move across spatial units to achieve a uniform dis-
tribution. A Dissimilarity Index with a value of 0 
indicates a uniform distribution (i.e., complete inte-
gration), and a value of 1 indicates complete seg-
regation [65]. Since its development in 1955 [62], 
the Index of Dissimilarity has been clearly defined 
[121], and used in research on cancer [66, 67, 80], 
cardiovascular disease [68, 69, 81], STIs [70, 78], 
and obesity [65, 71].

The Gini Coefficient is a well-established measure 
of relative income inequality [122]. The Gini Coef-
ficient indicates how the Lorenz curve, a cumulative 
frequency distribution, for a specific variable (e.g., 
income, race) deviates from its uniform distribution 
[123]. A coefficient of 0 represents perfect equality 
(i.e., all income is equally shared), and a coefficient 
of 1 represents perfect inequality (i.e., all income is 
earned by a single individual) [122]. The Gini Coef-
ficient was used in 4 studies on outcomes including 
cancer [99], metabolic syndrome [45], and asthma 
[72], plus STIs [78]. The Gini Coefficient typically 
provides a summary statistic for a single variable but 
can be extended to accommodate two variables [98].

The Atkinson Index and the Entropy Index were 
less frequently used SSP measures of evenness. The 
Atkinson Index is similar to the above measures of 
evenness, as it was designed to evaluate SSP in terms 
of relative income inequality. Index values closer to 
0 indicate an even income distribution (i.e., integra-
tion) and index values closer to 1 indicate an uneven 

income distribution (i.e., segregation). The Atkinson 
Index was recently used in 1 study to examine dis-
parities in colorectal cancer [80]. The Entropy Index 
describes how the racial/ethnic diversity of spatial 
units within a city differs relative to the diversity (i.e., 
entropy) of the entire city. A value of 0 represents 
that all units have the same racial composition as the 
city, and a value of 1 represents that all units are com-
posed of only 1 group. The Entropy Index was used in 
studies of self-rated health [79] and body mass index 
[65]. Both of the above measures include a sensitivity 
parameter that allows for differential weighting at dif-
ferent points along the distribution.

SSP Measures of Exposure

The Isolation Index was designed to measure the 
degree to which members of a minority group are 
exposed to other members of the minority group, 
based on the probability that minority group members 
share a geographic unit. An index of 0 indicates that 
a minority group member does not share a unit with 
another member of the same group, and an index of 
1 indicates that the minority group member shares 
a unit with another member of the same minority 
group. The Isolation Index was used in 11 studies on 
cancer [82–84], cardiovascular disease [69, 81, 85, 
86], mortality [64, 87], and COVID-19 [88].

The Exposure/Interaction Index is another meas-
ure of exposure. However, unlike the Isolation Index, 
the Exposure/Interaction Index describes the prob-
ability that a member of the minority group shares a 
geographic unit with a member of the majority group. 
This index ranges from 0 to 1, with lower values indi-
cating greater segregation among groups and higher 
values indicating less segregation between groups. 
This measure was used in only 1 study which exam-
ined the association between the Exposure/Interaction 
Index and pre-term birth among pregnant women in 
Philadelphia, PA [64].

The Krivo Local Isolation Index encompasses both 
of the previously described SSP measures for the 
exposure dimension. The Krivo Local Isolation Index 
measures the probability of exposure between indi-
viduals belonging to 2 social groups compared with 
what would be expected for the entire city [100]. This 
index is not bounded between 0 and 1 and can include 
negative numbers; greater values of the Krivo Local 
Isolation Index indicate greater separation (i.e., less 
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exposure/interaction) between the 2 social groups and 
vice-versa. The Krivo Local Isolation Index was used 
in 1 study which examined its association with low 
birth weight among singleton births [101].

The Correlation Index and the Local Spatial Seg-
regation Index were less commonly employed; how-
ever, both offer information that is otherwise not 
captured using the above SSP measures for expo-
sure. Similar to the Exposure/Interaction Index, the 
Correlation Index measures the relative exposure 
between minority and majority group members but 
provides an adjustment for the asymmetry inherent 
to the Exposure/Interaction Index that arises from 
relative differences in the size(s) of the groups being 
compared. The Correlation Index ranges from 0 to 1 
with greater values indicating a greater probability of 
exposure between group members. The Local Spatial 
Segregation Index provides a snapshot of local seg-
regation and can facilitate the comparison of more 
than 2 social groups. An index of 0 or 1 corresponds 
to the probability that members of the minority group 
are not exposed to/interacting with members of the 
majority group. Both indices were used in 1 study on 
food environments, racial segregation, and body mass 
index [65].

SSP Measures of Clustering

The Local Getis-Ord G* Statistic is a hot spot analy-
sis method used to determine how the racial compo-
sition of a geographic unit (e.g., census tract) differs 
from that of neighboring units (e.g., adjacent census 
tracts) as compared to the mean racial composition 
for a larger geographic unit (e.g., city) [102]. The 
resulting z-scores and p-values guide interpretation 
with larger z-scores suggesting greater spatial cluster-
ing of higher values, and smaller z-scores suggesting 
greater spatial clustering of lower values. Statistical 
significance indicates that a unit with higher values is 
more likely to be adjacent to other units with simi-
larly higher values than would be expected by chance. 
The Local Getis-Ord G* Statistic was employed in 
6 studies on non-communicable diseases [103–106] 
and general physical health [107, 108].

The Spatial Proximity Index is an index designed 
to measure the spatial clustering of social groups 
[17]. The index represents the average intra-proxim-
ity between a minority group and a majority group, 
weighted by the proportion of social group members 

in the population. Spatial Proximity Index values 
greater than 1 indicate that minority group members 
reside closer to other minority group members than 
majority group members (i.e., greater clustering), 
and values less than 1 indicate that members of both 
the minority and majority group reside closer to each 
other, instead of residing near members of the same 
group. The Spatial Proximity Index was used in 2 
studies on self-rated health [73, 79].

Kernel Density Estimation (KDE) is a method for 
identifying and mapping hot spots (i.e., clusters) that 
can be utilized to capture SSP. KDE identifies clus-
tering by continuously applying a probability den-
sity function to spatial data and summing results to 
give a single KDE estimate which can then be used 
to determine the percent of group members at each 
population-weighted centroid, effectively providing 
a measure of clustering for a specified social group 
[117]. KDE was used in only 1 study on birth out-
comes [118].

SSP Measures of Centralization

The Absolute Centralization Index was designed to 
measure how minority group members are distrib-
uted around the center of a given city. The Absolute 
Centralization Index ranges from − 1 to 1, with posi-
tive values suggesting greater centralization among 
minority group members, and negative values sug-
gesting lesser centralization (e.g., living further from 
the city center) among minority group members. The 
Absolute Centralization Index can be extended to the 
Relative Centralization Index [18], which represents 
the relative proportion of minority group members 
that would have to move in order to achieve equiv-
alent centralization with the majority group. The 
Absolute Centralization Index was used in 1 study on 
self-rated health [79].

Discussion

In this scoping review, we reviewed evidence on 
the measurement of SSP and characterized the use 
of SSP measures in recent public health literature. 
Results from this review highlight 4 primary find-
ings. First, we found that defining SSP in the context 
of privilege, deprivation, dissimilarity, and segrega-
tion returns a variety of distinct measures, each with 
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its own interpretation. Second, we found a growing 
body of evidence that spanned various time periods, 
geographic settings, and health outcomes. Third, 
we demonstrated that a majority of SSP measures 
included in this review can be classified according 
to Massey and Denton’s Dimensions of Residential 
Segregation, which may ease the interpretability of 
this literature [18]. Fourth, we found articles with 
simultaneous attention to multiple SSP measures, as 
well as those focused on a single SSP measure. Last, 
we discuss considerations for the application of SSP 
measures in future public health research, highlight-
ing the strengths, limitations, and contributions of our 
review.

Our search identified 23 measures overall, 18 of 
which were distinct measures of SSP, which we clas-
sified according to Massey and Denton’s dimensions, 
and 5 of which were composite indices, which are 
described in the Supplementary Materials. While SSP 
measures and composite indices are related, these 
measures differ on the basis of comparison—SSP 
measures capture both deprivation and privilege, 
while composite indices capture either deprivation 
or privilege, not both. This differentiation is a key 
element in developing a definition of SSP, which is 
a critical first step for investigations aiming to exam-
ine the impact of SSP on population health outcomes. 
Here, we propose such a definition of SSP, which 
requires capturing the relative distribution of the pop-
ulation on both ends of a polarized variable.

The majority of included studies were recent and 
set in the USA, with 44% published between 2020 
and 2022 and 88% set in the USA. The most common 
study designs were cohort studies and cross-sectional 
studies. Studies included a variety of health outcomes, 
notably non-communicable diseases, cause-specific 
and all-cause mortality, general physical health, and 
maternal and perinatal health. There is a dearth of 
evidence on SSP and communicable diseases, which 
is surprising given the emergence of SARS-CoV-2 in 
early 2020 and the subsequent widening of health dis-
parities across the US [124, 125]. Of the included evi-
dence, only a handful of studies examined COVID-19 
outcomes [58, 88, 126], including COVID-19 cases 
[58, 88], COVID-19 test positivity [58], and COVID-
19 mortality [58, 126]. Considering how the COVID-
19 pandemic impacted health and health equity [127], 
investigations featuring SSP may be instrumental in 

identifying and addressing the drivers of disparities in 
COVID-19 outcomes in various geographic units.

Classifying SSP measures according to Massey 
and Denton’s Dimensions of Residential Segrega-
tion revealed that concentration and evenness were 
the most frequently targeted dimensions, followed 
by exposure, clustering, and centralization. These 
dimensions were originally posited in Massey and 
Denton’s foundational 1988 manuscript [18], and the 
identifiability of each dimension was empirically re-
confirmed by Massey, White, and Phua in 1996 [128], 
both of which were most recently discussed by Mas-
sey in 2012 [129]. Despite the ability to classify SSP 
measures using Massey and Denton’s Dimensions of 
Residential Segregation, we acknowledge that SSP 
is multidimensional in nature. Therefore, in agree-
ment with Massey et  al. [128, 129], we recommend 
that discussions surrounding SSP measurement move 
beyond those of selecting the “best” or “correct” SSP 
measure, and instead focus on a multidimensional 
approach based on several SSP measures.

In terms of the number of SSP measures employed 
by each study, we found that most studies included a 
single SSP measure (54.7%), several studies included 
2 to 3 SSP measures (36.8%), and only 8.5% of stud-
ies included greater than 3 SSP measures. Of the 
studies that used more than 1 SSP measure, some 
examined the impact of using several distinct SSP 
measures, while others employed the same SSP meas-
ure across different domains.

Guidance for Researchers

Selecting an SSP Measure

Selecting the appropriate SSP measure for a health 
study must be informed by the research question. 
As a multidimensional construct, researchers should 
identify which relevant dimensions (e.g., Massey 
and Denton’s) and domains (e.g., race, income) of 
SSP are of interest, to refine measures. Spatial scale 
matters; for small scales (e.g., census block), meas-
ures comparing unit demographics with broader 
segregation patterns (e.g., Location Quotient) may 
be preferable to within-unit measures (e.g., ICE). 
Researchers should also assess whether spatial auto-
correlation is relevant, opting for measures leverag-
ing it if needed (e.g., Krivo Local Isolation Index). 
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Finally, researchers must ensure measures are inter-
pretable for their intended audience.

SSP and Health Research Agenda

First, to move the SSP and health research agenda 
forward, we argue that a common definition of SSP 
is needed. Absent this, researchers should explicitly 
define the SSP motivating their work, using their own 
or our team’s conceptualization. Second, we identi-
fied mostly US-based studies, highlighting the need 
for non-US research to assess the applicability of 
these measures globally. Third, while we use Mas-
sey and Denton’s classifications (Table 1) to organize 
research, a health-focused taxonomy of SSP measures 
could guide future public health researchers in select-
ing appropriate measures. Fourth, SSP’s multidimen-
sionality spans various domains and dimensions, sup-
porting the use of multiple measures or one measure 
across domains [130]. Finally, future research should 
compare results across measures or domains and eval-
uate how measure selection affects findings [131].

Strengths/Limitations

This scoping review has several limitations and 
strengths. Regarding limitations, the lack of an estab-
lished SSP definition made the creation of an effec-
tive search strategy difficult. Although we reached a 
consensus on a definition for SSP while the review 
was in process, elaboration of a definition in advance 
may have informed additional terms to include in the 
search strategy. For example, the inclusion of an inde-
pendent term for “polarization” may have been use-
ful in identifying studies that employed the coefficient 
of polarization [132], an existing SSP measure not 
captured by our review. Additionally, though we did 
not restrict our search to the USA, our search strat-
egy used US-based terms (tract, county, etc.), using 
more inclusive geographic terminology could have 
broadened our search strategy to capture more non-
US studies. Regarding the strengths of this study, our 
scoping review provided a novel characterization of 
SSP measures and their application(s) in recent pub-
lic health literature. We reviewed each SSP meas-
ure, compared measures in terms of their strengths 
and limitations, and provided tabulated results; all 
of which can help researchers navigate options for 

measuring SSP, and guide the selection of SSP meas-
ures for use in public health research.

Conclusion

We conducted this scoping review to guide in the 
selection and application of SSP measures in public 
health research. We identified several unique SSP 
measures, their respective methods, and domains, and 
summarized their use in recent public health litera-
ture since 2007, filling a critical gap in the literature. 
Our findings draw attention to the benefits and pitfalls 
of each SSP measure and explore methodological 
options for measuring SSP in public health research. 
We also provide what we understand to be the first, 
provisional definition of SSP in the context of public 
health and highlight the importance of such a defini-
tion. Finally, aside from the resources offered in this 
review, the author team has developed the Spatial 
Social Polarization Database [133], an online appli-
cation and interactive mapping tool, that can be used 
to examine select SSP measures, like ICE, at various 
geographies (https://​drexel-​uhc.​shiny​apps.​io/​SSP_​
Maps/), with a public repository [134]. We encour-
age researchers to leverage our findings and resources 
to better understand the role of SSP measurement in 
public health research, especially in the modern pres-
ence of both new and re-emerging health disparities.

Acknowledgements  We would like to acknowledge the 
contributions that made this research possible. EMM, DM, 
and GL conceptualized the study. EMM and DM executed 
the search and screening of studies. EMM, DM, LF, SJ, and 
HSAM reviewed all eligible studies. EMM drafted the first ver-
sion of the manuscript. All authors contributed to the synthe-
sis of results and the editing of the final version of the manu-
script. This work was supported by the National Institute of 
Aging, Drexel University Dornsife School of Public Health, the 
National Institute on Drug Abuse, the National Heart, Lung, 
and Blood Institute, and a generous gift from Dana and David 
Dornsife to the Drexel University School of Public Health. The 
authors declare no competing interests.

Funding  National Institute on Aging, R01AG049970, Gina 
S Lovasi, R01AG049970-S1, Gina S Lovasi, R56AG049970, 
Gina S Lovasi, Drexel University, Inclusion Diversity Equity 
Anti-racism (IDEA) Graduate Fellowship Award,  Deiriai 
Myers, Inclusion Diversity Equity, Anti-racism (IDEA) Gradu-
ate Fellowship Award, Lisa Frueh, National Institute on Drug 
Abuse, F31DA057107, Samuel Jaros, National Heart, Lung, 
and Blood Institute, K99HL161479, Hoda S Abdel Magid, 
R00HL161479, Hoda S Abdel Magid

https://drexel-uhc.shinyapps.io/SSP_Maps/
https://drexel-uhc.shinyapps.io/SSP_Maps/


	 E. M. McCulley et al.

Vol:. (1234567890)

Data Availability  The data that support the findings of this 
study are available from the corresponding author, EMM, upon 
reasonable request.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Yang K, Qi H. Research on health disparities related to 
the COVID-19 pandemic: a bibliometric analysis. Int J 
Environ Res Public Health. 2022;19(3):1220.

	 2.	 Diez Roux AV, Mair C. Neighborhoods and health. Ann 
N Y Acad Sci.  2010;1186:125–45. https://​doi.​org/​10.​
1111/j.​1749-​6632.​2009.​05333.x.

	 3.	 Krieger N, Kim R, Feldman J, Waterman PD. Using the 
index of concentration at the extremes at multiple geo-
graphical levels to monitor health inequities in an era of 
growing spatial social polarization: massachusetts, USA 
(2010–14). Int J Epidemiol. 2018;47(3):788–819. https://​
doi.​org/​10.​1093/​ije/​dyy004.

	 4.	 Mijs JJ, Roe EL. Is America coming apart? Socioeco-
nomic segregation in neighborhoods, schools, work-
places, and social networks, 1970–2020. Sociol Com-
pass. 2021;15(6): e12884.

	 5.	 Wright R, Ellis M, Holloway SR, Wong S. Patterns of 
racial diversity and segregation in the United States: 
1990–2010. Prof Geogr. 2014;66(2):173–82.

	 6.	 Rothstein R. The Color of Law: A Forgotten History of 
How Our Government Segregated America. New York: 
Liveright Publishing Corporation; 2017.

	 7.	 Trounstine J. Segregation by design: local politics and 
inequality in American cities. Cambridge: Cambridge 
University Press; 2019.

	 8.	 Feldman JM, Waterman PD, Coull BA, Krieger N. Spa-
tial social polarisation: using the index of concentration 
at the extremes jointly for income and race/ethnicity to 
analyse risk of hypertension. J Epidemiol Community 
Health. 2015;69(12):1199–207. https://​doi.​org/​10.​1136/​
jech-​2015-​205728.

	 9.	 van Ham M, Tammaru T, Ubareviéciençe R, Janssen H. 
Urban socio-economic segregation and income inequal-
ity: a global perspective. Cham: Springer; 2021.

	 10.	 Sabatini F. The social spatial segregation in the cities of 
Latin America. United States of America: Inter-American 
Development Bank; [cited 2023 Jan 1]. Available from: 

https://​coili​nk.​org/​20.​500.​12592/​pg78wz.  Accessed 01 
Jan 2023 

	 11.	 Williams DR, Collins C. Racial residential segregation: 
a fundamental cause of racial disparities in health. Pub-
lic Health Rep. 2001;116(5):404–16. https://​doi.​org/​10.​
1093/​phr/​116.5.​404.

	 12.	 Reeder L. Social epidemiology: an appraisal. Patients, 
physicians and illness. 1972;17(1):97–101.

	 13.	 Massey D, Blaskeslee L. An ecological perspective on 
assimilation and stratification. Washington DC: Ameri-
can Sociological Association; 1983.

	 14.	 Massey DS. Ethnic residential segregation: a theo-
retical synthesis and empirical review. Sociol Soc Res. 
1985;69:315–50.

	 15.	 Huynh M, Spasojevic J, Li W, et al. Spatial social polari-
zation and birth outcomes: preterm birth and infant mor-
tality - New York City, 2010–14. Scandinavian journal 
of public health. 2018;46(1):157–66. https://​doi.​org/​10.​
1177/​14034​94817​701566.

	 16.	 Wong DW. Modeling local segregation: a spatial interac-
tion approach. Geogr Environ Model. 2002;6(1):81–97.

	 17.	 White MJ. The measurement of spatial segregation. Am J 
Sociol. 1983;88(5):1008–18.

	 18.	 Massey DS, Denton NA. The dimensions of residential 
segregation. Soc Forces. 1988;67(2):281–315.

	 19.	 Booth A, Crouter AC. Does it take a village?: Commu-
nity effects on children, adolescents, and families. East 
Sussex: Psychology Press; 2001.

	 20.	 Bailey ZD, Krieger N, Agénor M, Graves J, Linos N, 
Bassett MT. Structural racism and health inequities 
in the USA: evidence and interventions. The Lancet. 
2017;389(10077):1453–63.

	 21.	 Innovation VH. Covidence systematic review software. 
Secondary Covidence systematic review software 2023. 
www.​covid​ence.​org. Accessed 01 Jan 2023

	 22.	 Henson RM, Ortigoza A, Martinez-Folgar K, et al. Eval-
uating the health effects of place-based slum upgrading 
physical environment interventions: a systematic review 
(2012–2018). Soc Sci Med. 2020;261: 113102. https://​
doi.​org/​10.​1016/j.​socsc​imed.​2020.​11310​2[publi​shedO​
nline​First:​20200​615].

	 23.	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 
2020 statement: an updated guideline for reporting sys-
tematic reviews. Int J Surg. 2021;88: 105906.

	 24.	 Tricco AC, Lillie E, Zarin W, et al. PRISMA extension 
for scoping reviews (PRISMA-ScR): checklist and expla-
nation. Ann Intern Med. 2018;169(7):467–73.

	 25.	 Peters MDJ, Godfrey CM, Khalil H, McInerney P, 
Parker D, Soares CB. Guidance for conducting system-
atic scoping reviews. Int J Evidence-Based Healthcare. 
2015;13(3):141.

	 26.	 Krieger N, Waterman PD, Gryparis A, Coull BA. Black 
carbon exposure, socioeconomic and racial/ethnic spa-
tial polarization, and the index of concentration at the 
extremes (ICE). Health Place. 2015;34:215–28. https://​
doi.​org/​10.​1016/j.​healt​hplace.​2015.​05.​008.

	 27.	 Chambers BD, Baer RJ, McLemore MR, Jelliffe-Paw-
lowski LL. Using index of concentration at the extremes 
as indicators of structural racism to evaluate the associa-
tion with preterm birth and infant mortality-California, 
2011–2012. J Urban Health : Bulletin of the New York 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/j.1749-6632.2009.05333.x
https://doi.org/10.1111/j.1749-6632.2009.05333.x
https://doi.org/10.1093/ije/dyy004
https://doi.org/10.1093/ije/dyy004
https://doi.org/10.1136/jech-2015-205728
https://doi.org/10.1136/jech-2015-205728
https://coilink.org/20.500.12592/pg78wz
https://doi.org/10.1093/phr/116.5.404
https://doi.org/10.1093/phr/116.5.404
https://doi.org/10.1177/1403494817701566
https://doi.org/10.1177/1403494817701566
http://www.covidence.org
https://doi.org/10.1016/j.socscimed.2020.113102[publishedOnlineFirst:20200615]
https://doi.org/10.1016/j.socscimed.2020.113102[publishedOnlineFirst:20200615]
https://doi.org/10.1016/j.socscimed.2020.113102[publishedOnlineFirst:20200615]
https://doi.org/10.1016/j.healthplace.2015.05.008
https://doi.org/10.1016/j.healthplace.2015.05.008


Measuring Spatial Social Polarization in Public Health Research

Vol.: (0123456789)

Academy of Medicine. 2019;96(2):159–70. https://​doi.​
org/​10.​1007/​s11524-​018-​0272-4.

	 28.	 Eick SM, Cushing L, Goin DE, et al. Neighborhood con-
ditions and birth outcomes: understanding the role of 
perceived and extrinsic measures of neighborhood qual-
ity. Environ Epidemiol. 2022;6(5): e224. https://​doi.​org/​
10.​1097/​ee9.​00000​00000​000224.

	 29.	 Fong KC, Yitshak-Sade M, Lane KJ, et al. Racial dispari-
ties in associations between neighborhood demographic 
polarization and birth weight. Int J Environ Res Public 
Health. 2020;17(9):3076. https://​doi.​org/​10.​3390/​ijerp​
h1709​3076.

	 30.	 Janevic T, Zeitlin J, Egorova NN, et al. Racial and eco-
nomic neighborhood segregation, site of delivery, and 
morbidity and mortality in neonates born very preterm. 
J Pediatr. 2021;235:116–23. https://​doi.​org/​10.​1016/j.​
jpeds.​2021.​03.​049.

	 31.	 Krieger N, Waterman PD, Batra N, Murphy JS, Dooley 
DP, Shah SN. Measures of local segregation for monitor-
ing health inequities by local health departments. Am J 
Public Health. 2017;107(6):903–6. https://​doi.​org/​10.​
2105/​ajph.​2017.​303713.

	 32.	 Krieger N, Waterman PD, Spasojevic J, Li W, Maduro 
G, Van Wye G. Public health monitoring of privilege 
and deprivation with the index of concentration at the 
extremes. Am J Public Health. 2016;106(2):256–63. 
https://​doi.​org/​10.​2105/​ajph.​2015.​302955.

	 33.	 Connor AE, Kaur M, Dibble KE, Visvanathan K, 
Dean LT, Hayes JH. Racialized economic segregation 
and breast cancer mortality among women in Mary-
land. Cancer Epidemiol, Biomarkers & Prevention. 
2022;31(2):413–21. https://​doi.​org/​10.​1158/​1055-​9965.​
Epi-​21-​0923.

	 34.	 Goel N, Westrick AC, Bailey ZD, et  al. Structural rac-
ism and breast cancer-specific survival: impact of eco-
nomic and racial residential segregation. Ann Surg. 
2022;275(4):776–83. https://​doi.​org/​10.​1097/​sla.​00000​
00000​005375.

	 35.	 Krieger N, Feldman JM, Kim R, Waterman PD. Cancer 
incidence and multilevel measures of residential eco-
nomic and racial segregation for cancer registries. JNCI 
Cancer Spectr. 2018;2(1):pky09. https://​doi.​org/​10.​1093/​
jncics/​pky009.

	 36.	 Krieger N, Wright E, Chen JT, Waterman PD, Hunt-
ley ER, Arcaya M. Cancer stage at diagnosis, histori-
cal redlining, and current neighborhood characteristics: 
breast, cervical, lung, and colorectal cancers, Massachu-
setts, 2001–2015. Am J Epidemiol. 2020;189(10):1065–
75. https://​doi.​org/​10.​1093/​aje/​kwaa0​45.

	 37.	 Siegel SD, Brooks MM, Lynch SM, Sims-Mourtada J, 
Schug ZT, Curriero FC. Racial disparities in triple nega-
tive breast cancer: toward a causal architecture approach. 
Breast cancer research : bCR. 2022;24(1):37. https://​doi.​
org/​10.​1186/​s13058-​022-​01533-z.

	 38.	 Westrick AC, Bailey ZD, Schlumbrecht M, et  al. Resi-
dential segregation and overall survival of women with 
epithelial ovarian cancer. Cancer. 2020;126(16):3698–
707. https://​doi.​org/​10.​1002/​cncr.​32989.

	 39.	 Wiese D, Stroup AM, Crosbie A, Lynch SM, Henry KA. 
The impact of neighborhood economic and racial ine-
qualities on the spatial variation of breast cancer survival 

in New Jersey. Cancer Epidemiol, Biomarkers & Pre-
vention. 2019;28(12):1958–67. https://​doi.​org/​10.​1158/​
1055-​9965.​Epi-​19-​0416.

	 40.	 Feldman JM, Conderino S, Islam NS, Thorpe LE. Sub-
group variation and neighborhood social gradients-an 
analysis of hypertension and diabetes among Asian 
patients (New York City, 2014–2017). J Racial Ethn 
Health Disparities. 2021;8(1):256–63. https://​doi.​org/​10.​
1007/​s40615-​020-​00779-7.

	 41.	 Schleimer JP, Buggs SA, McCort CD, et  al. Neighbor-
hood racial and economic segregation and disparities in 
violence during the COVID-19 pandemic. Am J Public 
Health. 2022;112(1):144–53. https://​doi.​org/​10.​2105/​
ajph.​2021.​306540.

	 42.	 Krieger N, Feldman JM, Waterman PD, Chen JT, Coull 
BA, Hemenway D. Local residential segregation mat-
ters: stronger association of census tract compared to 
conventional city-level measures with fatal and non-
fatal assaults (total and firearm related), using the index 
of concentration at the extremes (ICE) for racial, eco-
nomic, and racialized economic segregation, Massachu-
setts (US), 1995–2010. J Urban Health : Bull New York 
Acad Med. 2017;94(2):244–58. https://​doi.​org/​10.​1007/​
s11524-​016-​0116-z.

	 43.	 Lange-Maia BS, De Maio F, Avery EF, et  al. Associa-
tion of community-level inequities and premature mor-
tality: chicago, 2011–2015. J Epidemiol Community 
Health. 2018;72(12):1099–103. https://​doi.​org/​10.​1136/​
jech-​2018-​210916.

	 44.	 Casciano R, Massey DS. Neighborhoods, employ-
ment, and welfare use: assessing the influence of neigh-
borhood socioeconomic composition. Soc Sci Res. 
2008;37(2):544–58. https://​doi.​org/​10.​1016/j.​ssres​earch.​
2007.​08.​008.

	 45.	 Pichardo CM, Pichardo MS, Gallo LC, et al. Association 
of neighborhood segregation with 6-year incidence of 
metabolic syndrome in the Hispanic community health 
study/study of Latinos. Ann Epidemiol. 2022;78:1–8. 
https://​doi.​org/​10.​1016/j.​annep​idem.​2022.​11.​003.

	 46.	 Abbott EE, Buckler DG, Hsu JY, et  al. Survival after 
out-of-hospital cardiac arrest: the role of racial residen-
tial segregation. J Urban Health : Bull New York Acad 
Med. 2022;99(6):998–1011. https://​doi.​org/​10.​1007/​
s11524-​022-​00691-x.

	 47.	 Acker J, Mujahid M, Aghaee S, et  al. Neighborhood 
racial and economic privilege and timing of pubertal 
onset in girls. J Adolesc Health. 2022. https://​doi.​org/​10.​
1016/j.​jadoh​ealth.​2022.​10.​013.

	 48.	 Carpiano RM, Lloyd JE, Hertzman C. Concentrated 
affluence, concentrated disadvantage, and children’s 
readiness for school: a population-based, multi-level 
investigation. Soc Sci Med. 2009;69(3):420–32. https://​
doi.​org/​10.​1016/j.​socsc​imed.​2009.​05.​028.

	 49.	 Elser H, Rowland ST, Tartof SY, et  al. Ambient tem-
perature and risk of urinary tract infection in California: 
A time-stratified case-crossover study using electronic 
health records. Environ Int. 2022;165:107303. https://​
doi.​org/​10.​1016/j.​envint.​2022.​107303.

	 50.	 Feldman JM, Gruskin S, Coull BA, Krieger N. Police-
related deaths and neighborhood economic and racial/
ethnic polarization, United States, 2015-2016. Am J 

https://doi.org/10.1007/s11524-018-0272-4
https://doi.org/10.1007/s11524-018-0272-4
https://doi.org/10.1097/ee9.0000000000000224
https://doi.org/10.1097/ee9.0000000000000224
https://doi.org/10.3390/ijerph17093076
https://doi.org/10.3390/ijerph17093076
https://doi.org/10.1016/j.jpeds.2021.03.049
https://doi.org/10.1016/j.jpeds.2021.03.049
https://doi.org/10.2105/ajph.2017.303713
https://doi.org/10.2105/ajph.2017.303713
https://doi.org/10.2105/ajph.2015.302955
https://doi.org/10.1158/1055-9965.Epi-21-0923
https://doi.org/10.1158/1055-9965.Epi-21-0923
https://doi.org/10.1097/sla.0000000000005375
https://doi.org/10.1097/sla.0000000000005375
https://doi.org/10.1093/jncics/pky009
https://doi.org/10.1093/jncics/pky009
https://doi.org/10.1093/aje/kwaa045
https://doi.org/10.1186/s13058-022-01533-z
https://doi.org/10.1186/s13058-022-01533-z
https://doi.org/10.1002/cncr.32989
https://doi.org/10.1158/1055-9965.Epi-19-0416
https://doi.org/10.1158/1055-9965.Epi-19-0416
https://doi.org/10.1007/s40615-020-00779-7
https://doi.org/10.1007/s40615-020-00779-7
https://doi.org/10.2105/ajph.2021.306540
https://doi.org/10.2105/ajph.2021.306540
https://doi.org/10.1007/s11524-016-0116-z
https://doi.org/10.1007/s11524-016-0116-z
https://doi.org/10.1136/jech-2018-210916
https://doi.org/10.1136/jech-2018-210916
https://doi.org/10.1016/j.ssresearch.2007.08.008
https://doi.org/10.1016/j.ssresearch.2007.08.008
https://doi.org/10.1016/j.annepidem.2022.11.003
https://doi.org/10.1007/s11524-022-00691-x
https://doi.org/10.1007/s11524-022-00691-x
https://doi.org/10.1016/j.jadohealth.2022.10.013
https://doi.org/10.1016/j.jadohealth.2022.10.013
https://doi.org/10.1016/j.socscimed.2009.05.028
https://doi.org/10.1016/j.socscimed.2009.05.028
https://doi.org/10.1016/j.envint.2022.107303
https://doi.org/10.1016/j.envint.2022.107303


	 E. M. McCulley et al.

Vol:. (1234567890)

Public Health. 2019;109(3):458–64. https://​doi.​org/​10.​
2105/​ajph.​2018.​304851.

	 51.	 Hruska B, Pacella-LaBarbara ML, Castro IE, George 
RL, Delahanty DL. Incorporating community-level risk 
factors into traumatic stress research: adopting a public 
health lens. J Anxiety Disord. 2022;86:102529. https://​
doi.​org/​10.​1016/j.​janxd​is.​2022.​102529.

	 52.	 Shrimali BP, Pearl M, Karasek D, Reid C, Abrams B, 
Mujahid M. Neighborhood privilege, preterm delivery, 
and related racial/ethnic disparities: an intergenerational 
application of the index of concentration at the extremes. 
Am J Epidemiol. 2020;189(5):412–21. https://​doi.​org/​10.​
1093/​aje/​kwz279.

	 53.	 Shumate C, Hoyt A, Liu C, Kleinert A, Canfield M. 
Understanding how the concentration of neighbor-
hood advantage and disadvantage affects spina bifida 
risk among births to non-Hispanic white and His-
panic women, Texas, 1999-2014. Birth Defects Res. 
2019;111(14):982–90. https://​doi.​org/​10.​1002/​bdr2.​
1374.

	 54.	 Smith LB, O’Brien C, Kenney GM, et al. Racialized eco-
nomic segregation and potentially preventable hospitali-
zations among Medicaid/CHIP-enrolled children. Health 
Serv Res. 2022. https://​doi.​org/​10.​1111/​1475-​6773.​14120.

	 55.	 Yitshak-Sade M, Lane KJ, Fabian MP, et  al. Race or 
racial segregation? Modification of the PM2.5 and 
cardiovascular mortality association. PLOS ONE. 
2020;15(7):e0236479. https://​doi.​org/​10.​1371/​journ​al.​
pone.​02364​79.

	 56.	 Karvonen KL, McKenzie-Sampson S, Baer RJ, et  al. 
Structural racism is associated with adverse post-
natal outcomes among Black preterm infants. Pedi-
atr Res. 2022;94:371. https://​doi.​org/​10.​1038/​
s41390-​022-​02445-6.

	 57.	 Jay J, Kondo MC, Lyons VH, Gause E, South EC. 
Neighborhood segregation, tree cover and firearm vio-
lence in 6 U.S. cities, 2015-2020. Preventive Med. 
2022;165(1):107256. https://​doi.​org/​10.​1016/j.​ypmed.​
2022.​107256.

	 58.	 Chen JT, Krieger N. Revealing the unequal burden of 
COVID-19 by income, race/ethnicity, and household 
crowding: US county versus zip code analyses. J Public 
Health Manag Pract. 2021;27(Supplement 1):S43-56. 
https://​doi.​org/​10.​1097/​phh.​00000​00000​001263.

	 59.	 Cushing L, Morello-Frosch R, Hubbard A. Extreme heat 
and its association with social disparities in the risk of 
spontaneous preterm birth. Paediatr Perinat Epidemiol. 
2022;36(1):13–22. https://​doi.​org/​10.​1111/​ppe.​12834.

	 60.	 Dyer L, Chambers BD, Crear-Perry J, Theall KP, Wal-
lace M. The index of concentration at the extremes 
(ICE) and pregnancy-associated mortality in Louisiana, 
2016-2017. Matern Child Health J. 2022;26(4):814–22. 
https://​doi.​org/​10.​1007/​s10995-​021-​03189-1.

	 61.	 Ward JB, Albrecht SS, Robinson WR, et  al. Neighbor-
hood language isolation and depressive symptoms among 
elderly U.S. Latinos. Ann Epidemiol. 2018;28(11):774–
82. https://​doi.​org/​10.​1016/j.​annep​idem.​2018.​08.​009.

	 62.	 Duncan OD, Duncan B. A methodological analysis of 
segregation indexes. Am Sociol Rev. 1955;20(2):210–7.

	 63.	 Kramer MR, Cooper HL, Drews-Botsch CD, Waller 
LA, Hogue CR. Do measures matter? Comparing 

surface-density-derived and census-tract-derived meas-
ures of racial residential segregation. Int J Health Geogr. 
2010;9:1–15.

	 64.	 Mendez DD, Hogan VK, Culhane JF. Institutional rac-
ism, neighborhood factors, stress, and preterm birth. Ethn 
Health. 2014;19(5):479–99. https://​doi.​org/​10.​1080/​
13557​858.​2013.​846300.

	 65.	 Goodman M, Lyons S, Dean LT, Arroyo C, Hipp JA. 
How segregation makes us fat: food behaviors and food 
environment as mediators of the relationship between 
residential segregation and individual body mass index. 
Front Public Health. 2018;6:92. https://​doi.​org/​10.​3389/​
fpubh.​2018.​00092.

	 66.	 Annesi CA, Poulson MR, Mak KS, et  al. The impact 
of residential racial segregation on non-small cell lung 
cancer treatment and outcomes. Ann Thorac Surg. 
2022;113(4):1291–8. https://​doi.​org/​10.​1016/j.​athor​
acsur.​2021.​04.​096.

	 67.	 Blanco BA, Poulson M, Kenzik KM, McAneny DB, 
Tseng JF, Sachs TE. The impact of residential segrega-
tion on pancreatic cancer diagnosis, treatment, and mor-
tality. Ann Surg Oncol. 2021;28(6):3147–55. https://​doi.​
org/​10.​1245/​s10434-​020-​09218-7.

	 68.	 Gaglioti AH, Rivers D, Ringel JB, Judd S, Safford MM. 
Individual and neighborhood influences on the relation-
ship between waist circumference and coronary heart dis-
ease in the reasons for geographic and racial differences 
in stroke study. Prev Chronic Dis. 2022;19:E20. https://​
doi.​org/​10.​5888/​pcd19.​210195.

	 69.	 Sarrazin MS, Campbell ME, Richardson KK, Rosenthal 
GE. Racial segregation and disparities in health care 
delivery: conceptual model and empirical assessment. 
Health Serv Res. 2009;44(4):1424–44. https://​doi.​org/​10.​
1111/j.​1475-​6773.​2009.​00977.x.

	 70.	 Ford CL, Daniel M, Earp JA, Kaufman JS, Golin CE, 
Miller WC. Perceived everyday racism, residential 
segregation, and HIV testing among patients at a sexu-
ally transmitted disease clinic. Am J Public Health. 
2009;99(Suppl 1):S137-43. https://​doi.​org/​10.​2105/​ajph.​
2007.​120865.

	 71.	 Do DP, Frank R. The diverging impacts of segregation 
on obesity risk by nativity and neighborhood poverty 
among Hispanic Americans. J Racial Ethn Health Dis-
parities. 2020;7(6):1214–24. https://​doi.​org/​10.​1007/​
s40615-​020-​00746-2.

	 72.	 Shankardass K, Jerrett M, Milam J, Richardson J, 
Berhane K, McConnell R. Social environment and 
asthma: associations with crime and no child left 
behind programmes. J Epidemiol Community Health. 
2011;65(10):859–65. https://​doi.​org/​10.​1136/​jech.​2009.​
102806.

	 73.	 Do DP, Frank R, Iceland J. Black-white metropolitan 
segregation and self-rated health: investigating the role of 
neighborhood poverty. Soc Sci Med. 1982;2017(187):85–
92. https://​doi.​org/​10.​1016/j.​socsc​imed.​2017.​06.​010.

	 74.	 Chandola T, Mikkilineni S, Chandran A, Bandyopad-
hyay SK, Zhang N, Bassanesi SL. Is socioeconomic 
segregation of the poor associated with higher prema-
ture mortality under the age of 60? A cross-sectional 
analysis of survey data in major Indian cities. BMJ 

https://doi.org/10.2105/ajph.2018.304851
https://doi.org/10.2105/ajph.2018.304851
https://doi.org/10.1016/j.janxdis.2022.102529
https://doi.org/10.1016/j.janxdis.2022.102529
https://doi.org/10.1093/aje/kwz279
https://doi.org/10.1093/aje/kwz279
https://doi.org/10.1002/bdr2.1374
https://doi.org/10.1002/bdr2.1374
https://doi.org/10.1111/1475-6773.14120
https://doi.org/10.1371/journal.pone.0236479
https://doi.org/10.1371/journal.pone.0236479
https://doi.org/10.1038/s41390-022-02445-6
https://doi.org/10.1038/s41390-022-02445-6
https://doi.org/10.1016/j.ypmed.2022.107256
https://doi.org/10.1016/j.ypmed.2022.107256
https://doi.org/10.1097/phh.0000000000001263
https://doi.org/10.1111/ppe.12834
https://doi.org/10.1007/s10995-021-03189-1
https://doi.org/10.1016/j.annepidem.2018.08.009
https://doi.org/10.1080/13557858.2013.846300
https://doi.org/10.1080/13557858.2013.846300
https://doi.org/10.3389/fpubh.2018.00092
https://doi.org/10.3389/fpubh.2018.00092
https://doi.org/10.1016/j.athoracsur.2021.04.096
https://doi.org/10.1016/j.athoracsur.2021.04.096
https://doi.org/10.1245/s10434-020-09218-7
https://doi.org/10.1245/s10434-020-09218-7
https://doi.org/10.5888/pcd19.210195
https://doi.org/10.5888/pcd19.210195
https://doi.org/10.1111/j.1475-6773.2009.00977.x
https://doi.org/10.1111/j.1475-6773.2009.00977.x
https://doi.org/10.2105/ajph.2007.120865
https://doi.org/10.2105/ajph.2007.120865
https://doi.org/10.1007/s40615-020-00746-2
https://doi.org/10.1007/s40615-020-00746-2
https://doi.org/10.1136/jech.2009.102806
https://doi.org/10.1136/jech.2009.102806
https://doi.org/10.1016/j.socscimed.2017.06.010


Measuring Spatial Social Polarization in Public Health Research

Vol.: (0123456789)

Open. 2018;8(2):e018885. https://​doi.​org/​10.​1136/​bmjop​
en-​2017-​018885.

	 75.	 Bell W. A probability model for the measurement for 
ecological segregation. Soc F. 1953;32:357.

	 76.	 Lieberson S, Carter DK. Temporal changes and urban 
differences in residential segregation: a reconsideration. 
Am J Sociol. 1982;88(2):296–310.

	 77.	 US Census Bureau. Housing patterns. Appendix B: 
measures of residential segregation 2021.https://​www.​
census.​gov/​topics/​housi​ng/​housi​ng-​patte​rns/​guida​nce/​
appen​dix-b.​html. Accessed 14 Sept 2023

	 78.	 Noah AJ, Yang TC, Wang WL. The Black-White dispar-
ity in sexually transmitted diseases during pregnancy: 
how do racial segregation and income inequality matter? 
Sex Transm Dis. 2018;45(5):301–6. https://​doi.​org/​10.​
1097/​olq.​00000​00000​000820.

	 79.	 Yang TC, Zhao Y, Song Q. Residential segregation and 
racial disparities in self-rated health: how do dimen-
sions of residential segregation matter? Soc Sci Res. 
2017;61:29–42. https://​doi.​org/​10.​1016/j.​ssres​earch.​
2016.​06.​011.

	 80.	 Leslie TF, Frankenfeld CL, Menon N. Disparities in 
colorectal cancer time-to-treatment and survival time 
associated with racial and economic residential segrega-
tion surrounding the diagnostic hospital, Georgia 2010–
2015. Cancer Epidemiol. 2022;81: 102267. https://​doi.​
org/​10.​1016/j.​canep.​2022.​102267.

	 81.	 Kershaw KN, Diez Roux AV, Burgard SA, Lisabeth LD, 
Mujahid MS, Schulz AJ. Metropolitan-level racial resi-
dential segregation and Black-White disparities in hyper-
tension. Am J Epidemiol. 2011;174(5):537–45. https://​
doi.​org/​10.​1093/​aje/​kwr116.

	 82.	 Haas JS, Earle CC, Orav JE, et  al. Racial segregation 
and disparities in breast cancer care and mortality. Can-
cer. 2008;113(8):2166–72. https://​doi.​org/​10.​1002/​cncr.​
23828.

	 83.	 Haas JS, Earle CC, Orav JE, Brawarsky P, Neville BA, 
Williams DR. Racial segregation and disparities in can-
cer stage for seniors. J Gen Intern Med. 2008;23(5):699–
705. https://​doi.​org/​10.​1007/​s11606-​008-​0545-9.

	 84.	 Johnson AM, Johnson A, Hines RB, Mohammadi R. 
Neighborhood context and non-small cell lung cancer 
outcomes in Florida non-elderly patients by race/ethnic-
ity. Lung Cancer. 2020;142:20–7. https://​doi.​org/​10.​
1016/j.​lungc​an.​2020.​01.​012.

	 85.	 Bravo MA, Batch BC, Miranda ML. Residential racial 
isolation and spatial patterning of hypertension in 
Durham. North Carolina Preventing chronic disease. 
2019;16:E36. https://​doi.​org/​10.​5888/​pcd16.​180445.

	 86.	 Greer S, Casper M, Kramer M, et  al. Racial residential 
segregation and stroke mortality in Atlanta. Ethn Dis. 
2011;21(4):437–43.

	 87.	 Anthopolos R, Kaufman JS, Messer LC, Miranda 
ML. Racial residential segregation and preterm birth: 
built environment as a mediator. Epidemiology. 
2014;25(3):397–405. https://​doi.​org/​10.​1097/​ede.​00000​
00000​000079.

	 88.	 Hu T, Yue H, Wang C, et  al. Racial segregation, test-
ing site access, and COVID-19 incidence rate in Mas-
sachusetts, USA. Int J Environ Res Public Health. 

2020;17(24):9528. https://​doi.​org/​10.​3390/​ijerp​h1724​
9528.

	 89.	 Do DP, Locklar LRB, Florsheim P. Triple jeopardy: the 
joint impact of racial segregation and neighborhood pov-
erty on the mental health of black Americans. Soc Psy-
chiatry Psychiatr Epidemiol. 2019;54(5):533–41. https://​
doi.​org/​10.​1007/​s00127-​019-​01654-5.

	 90.	 Bravo MA, Anthopolos R, Kimbro RT, Miranda ML. 
Residential racial isolation and spatial patterning of 
type 2 diabetes mellitus in Durham, North Carolina. Am 
J Epidemiol. 2018;187(7):1467–76. https://​doi.​org/​10.​
1093/​aje/​kwy026.

	 91.	 Woo H, Brigham EP, Allbright K, et al. Racial segrega-
tion and respiratory outcomes among urban black resi-
dents with and at risk of chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med. 2021;204(5):536–
45. https://​doi.​org/​10.​1164/​rccm.​202009-​3721OC.

	 92.	 Cole H, Duncan DT, Ogedegbe G, Bennett S, Ravenell 
J. Neighborhood socioeconomic disadvantage; neigh-
borhood racial composition; and hypertension stage, 
awareness, and treatment among hypertensive Black 
men in New York city: does nativity matter? J Racial 
Ethn Health Disparities. 2016. https://​doi.​org/​10.​1007/​
s40615-​016-​0289-x.

	 93.	 Cozier YC, Yu J, Coogan PF, Bethea TN, Rosenberg 
L, Palmer JR. Racism, segregation, and risk of obe-
sity in the Black women’s health study. Am J Epide-
miol. 2014;179(7):875–83. https://​doi.​org/​10.​1093/​aje/​
kwu004.

	 94.	 Borrell LN, Kiefe CI, Diez-Roux AV, Williams DR, Gor-
don-Larsen P. Racial discrimination, racial/ethnic segre-
gation, and health behaviors in the CARDIA study. Ethn 
Health. 2013;18(3):227–43. https://​doi.​org/​10.​1080/​
13557​858.​2012.​713092.

	 95.	 Gibbons J, Yang TC. Self-rated health and residential 
segregation: how does race/ethnicity matter? J Urban 
Health : Bull New York Acad Med. 2014;91(4):648–60. 
https://​doi.​org/​10.​1007/​s11524-​013-​9863-2.

	 96.	 Ludwig J, Duncan GJ, Gennetian LA, et  al. Neighbor-
hood effects on the long-term well-being of low-income 
adults. Science. 2012;337(6101):1505–10. https://​doi.​
org/​10.​1126/​scien​ce.​12246​48.

	 97.	 Ceriani L, Verme P. The origins of the Gini index: 
extracts from Variabilità e Mutabilità (1912) by Corrado 
Gini. J Econ Inequal. 2012;10:421–43.

	 98.	 Brown MC. Using Gini-style indices to evaluate the spa-
tial patterns of health practitioners: theoretical considera-
tions and an application based on Alberta data. Soc Sci 
Med. 1994;38(9):1243–56.

	 99.	 Plascak JJ, Llanos AA, Pennell ML, Weier RC, Paskett 
ED. Neighborhood factors associated with time to reso-
lution following an abnormal breast or cervical cancer 
screening test. Cancer Epidemiol, Biomarkers & Pre-
vention. 2014;23(12):2819–28. https://​doi.​org/​10.​1158/​
1055-​9965.​Epi-​14-​0348.

	100.	 Krivo LJ, Byron RA, Calder CA, et al. Patterns of local 
segregation: do they matter for neighborhood crime? Soc 
Sci Res. 2015;54:303–18.

	101.	 Debbink MP, Bader MD. Racial residential segregation 
and low birth weight in Michigan’s metropolitan areas. 

https://doi.org/10.1136/bmjopen-2017-018885
https://doi.org/10.1136/bmjopen-2017-018885
https://www.census.gov/topics/housing/housing-patterns/guidance/appendix-b.html
https://www.census.gov/topics/housing/housing-patterns/guidance/appendix-b.html
https://www.census.gov/topics/housing/housing-patterns/guidance/appendix-b.html
https://doi.org/10.1097/olq.0000000000000820
https://doi.org/10.1097/olq.0000000000000820
https://doi.org/10.1016/j.ssresearch.2016.06.011
https://doi.org/10.1016/j.ssresearch.2016.06.011
https://doi.org/10.1016/j.canep.2022.102267
https://doi.org/10.1016/j.canep.2022.102267
https://doi.org/10.1093/aje/kwr116
https://doi.org/10.1093/aje/kwr116
https://doi.org/10.1002/cncr.23828
https://doi.org/10.1002/cncr.23828
https://doi.org/10.1007/s11606-008-0545-9
https://doi.org/10.1016/j.lungcan.2020.01.012
https://doi.org/10.1016/j.lungcan.2020.01.012
https://doi.org/10.5888/pcd16.180445
https://doi.org/10.1097/ede.0000000000000079
https://doi.org/10.1097/ede.0000000000000079
https://doi.org/10.3390/ijerph17249528
https://doi.org/10.3390/ijerph17249528
https://doi.org/10.1007/s00127-019-01654-5
https://doi.org/10.1007/s00127-019-01654-5
https://doi.org/10.1093/aje/kwy026
https://doi.org/10.1093/aje/kwy026
https://doi.org/10.1164/rccm.202009-3721OC
https://doi.org/10.1007/s40615-016-0289-x
https://doi.org/10.1007/s40615-016-0289-x
https://doi.org/10.1093/aje/kwu004
https://doi.org/10.1093/aje/kwu004
https://doi.org/10.1080/13557858.2012.713092
https://doi.org/10.1080/13557858.2012.713092
https://doi.org/10.1007/s11524-013-9863-2
https://doi.org/10.1126/science.1224648
https://doi.org/10.1126/science.1224648
https://doi.org/10.1158/1055-9965.Epi-14-0348
https://doi.org/10.1158/1055-9965.Epi-14-0348


	 E. M. McCulley et al.

Vol:. (1234567890)

Am J Public Health. 2011;101(9):1714–20. https://​doi.​
org/​10.​2105/​ajph.​2011.​300152.

	102.	 Monzur T. Local G statistics or Getis ord Gi* in analys-
ing spatial pattern. Kyoto: Asia Pacific University; 2015. 
p. 1–6. Available from: https://​doi.​org/​10.​13140/​RG.2.​1.​
1431.​2402.

	103.	 Bancks MP, Kershaw K, Carson AP, Gordon-Larsen P, 
Schreiner PJ, Carnethon MR. Association of modifiable 
risk factors in young adulthood with racial disparity in 
incident type 2 diabetes during middle adulthood. JAMA. 
2017;318(24):2457–65. https://​doi.​org/​10.​1001/​jama.​
2017.​19546.

	104.	 Buehler JW, Castro JC, Cohen S, Zhao Y, Melly S, 
Moore K. Personal and neighborhood attributes associ-
ated with cervical and colorectal cancer screening in an 
urban African American population. Prev Chronic Dis. 
2019;16:E118. https://​doi.​org/​10.​5888/​pcd16.​190030.

	105.	 Lê-Scherban F, Ballester L, Castro JC, et al. Identifying 
neighborhood characteristics associated with diabetes 
and hypertension control in an urban African-American 
population using geo-linked electronic health records. 
Prev Med Rep. 2019;15: 100953. https://​doi.​org/​10.​
1016/j.​pmedr.​2019.​100953.

	106.	 Mayne SL, Hicken MT, Merkin SS, et al. Neighbourhood 
racial/ethnic residential segregation and cardiometabolic 
risk: the multiethnic study of atherosclerosis. J Epide-
miol Community Health. 2019;73(1):26–33. https://​doi.​
org/​10.​1136/​jech-​2018-​211159.

	107.	 Wang G, Schwartz GL, Kershaw KN, McGowan C, Kim 
MH, Hamad R. The association of residential racial seg-
regation with health among U.S. children: a nationwide 
longitudinal study. SSM Popul Health. 2022;19:101250. 
https://​doi.​org/​10.​1016/j.​ssmph.​2022.​101250.

	108.	 Schwartz GL, Wang G, Kershaw KN, McGowan C, Kim 
MH, Hamad R. The long shadow of residential racial 
segregation: associations between childhood residential 
segregation trajectories and young adult health among 
Black US Americans. Health Place. 2022;77: 102904. 
https://​doi.​org/​10.​1016/j.​healt​hplace.​2022.​102904.

	109.	 Bonner SN, Clark C, Keating NL, Kouri EM, Freedman 
RA. Examining associations of racial residential segrega-
tion with patient knowledge of breast cancer and treat-
ment receipt. Clin Breast Cancer. 2019;19(3):178-87.e3. 
https://​doi.​org/​10.​1016/j.​clbc.​2018.​12.​001.

	110.	 Pruitt SL, Lee SJ, Tiro JA, Xuan L, Ruiz JM, Inrig S. 
Residential racial segregation and mortality among 
black, white, and Hispanic urban breast cancer patients 
in Texas, 1995 to 2009. Cancer. 2015;121(11):1845–55. 
https://​doi.​org/​10.​1002/​cncr.​29282.

	111.	 Zhou Y, Bemanian A, Beyer KM. Housing discrimina-
tion, residential racial segregation, and colorectal cancer 
survival in southeastern Wisconsin. Cancer Epidemiol, 
Biomarkers & Prevention. 2017;26(4):561–8. https://​doi.​
org/​10.​1158/​1055-​9965.​Epi-​16-​0929.

	112.	 Beyer KM, Zhou Y, Matthews K, Bemanian A, Laud 
PW, Nattinger AB. New spatially continuous indices of 
redlining and racial bias in mortgage lending: links to 
survival after breast cancer diagnosis and implications for 

health disparities research. Health Place. 2016;40:34–43. 
https://​doi.​org/​10.​1016/j.​healt​hplace.​2016.​04.​014.

	113.	 Theil H, Finizza AJ. A note on the measurement of racial 
integration of schools by means of informational con-
cepts. Springer; 1971.

	114.	 Hoover EM. Interstate redistribution of population, 
1850–1940. J Econ Hist. 1941;1(2):199–205.

	115.	 Duncan OD, Ray PC, Beverly D. Statistical geography: 
problems in analyzing areal data: Free Press; 1961.

	116.	 Peach C, Robinson V, Smith S. Ethnic segregation in cit-
ies: Taylor & Francis; 2023.

	117.	 Hu Y, Wang F, Guin C, Zhu H. A spatio-temporal 
kernel density estimation framework for predictive 
crime hotspot mapping and evaluation. Appl Geogr. 
2018;99:89–97.

	118.	 Planey AM, Grady SC, Fetaw R, McLafferty SL. 
Spaces of segregation and health: complex associa-
tions for Black immigrant and US-born mothers in 
New York city. J Urban Health : Bull New York Acad 
Med. 2022;99(3):469–81. https://​doi.​org/​10.​1007/​
s11524-​022-​00634-6.

	119.	 Atkinson AB. On the measurement of inequality. J Econ 
Theory. 1970;2(3):244–63.

	120.	 LarrabeeSonderlund A, Charifson M, Schoenthaler A, 
Carson T, Williams NJ. Racialized economic segregation 
and health outcomes: a systematic review of studies that 
use the index of concentration at the extremes for race, 
income, and their interaction. PLoS ONE. 2022;17(1): 
e0262962.

	121.	 Forest B. Measures of segregation and isolation. Dart-
mouth College. 2005;8(12):2016.

	122.	 De Maio FG. Income inequality measures. J Epidemiol 
Community Health. 2007;61(10):849.

	123.	 Schneider MC, Castillo-Salgado C, Bacallao J, Loyola E, 
Mujica OJ, Vidaurre M, Roca A. Summary of indicators 
most used for the measurement of the health inequalities. 
Epidemiol bull. 2005;26(3):7–10.

	124.	 Bilal U, Mullachery P, Schnake-Mahl A, et  al. Hetero-
geneity in the spatial Inequities in COVID-19 vaccina-
tion in across 16 large US cities. Am J Epidemiol. 2022. 
https://​doi.​org/​10.​1093/​aje/​kwac0​76[publi​shedO​nline​
First:​20220​422].

	125.	 Diez Roux A, Kolker J, Barber S, Bilal U, Mullachery P, 
Schnake-Mahl A, McCulley E, Vaidya V, Ran L, Rollins 
H, Furukawa A, Koh C, Sharaf A, Dureja K, O’Sullivan 
C, Gibson A. COVID-19 health inequities in cities dash-
board. Urban Health Collaborative: Drexel University; 
2021.

	126.	 Khanijahani A, Tomassoni L. Socioeconomic and 
racial segregation and COVID-19: concentrated dis-
advantage and Black concentration in association with 
COVID-19 deaths in the USA. J Racial Ethn Health 
Disparities. 2022;9(1):367–75. https://​doi.​org/​10.​1007/​
s40615-​021-​00965-1.

	127.	 Shadmi E, Chen Y, Dourado I, et  al. Health equity and 
COVID-19: global perspectives. Int J Equity Health. 
2020;19(1):1–16.

https://doi.org/10.2105/ajph.2011.300152
https://doi.org/10.2105/ajph.2011.300152
https://doi.org/10.13140/RG.2.1.1431.2402
https://doi.org/10.13140/RG.2.1.1431.2402
https://doi.org/10.1001/jama.2017.19546
https://doi.org/10.1001/jama.2017.19546
https://doi.org/10.5888/pcd16.190030
https://doi.org/10.1016/j.pmedr.2019.100953
https://doi.org/10.1016/j.pmedr.2019.100953
https://doi.org/10.1136/jech-2018-211159
https://doi.org/10.1136/jech-2018-211159
https://doi.org/10.1016/j.ssmph.2022.101250
https://doi.org/10.1016/j.healthplace.2022.102904
https://doi.org/10.1016/j.clbc.2018.12.001
https://doi.org/10.1002/cncr.29282
https://doi.org/10.1158/1055-9965.Epi-16-0929
https://doi.org/10.1158/1055-9965.Epi-16-0929
https://doi.org/10.1016/j.healthplace.2016.04.014
https://doi.org/10.1007/s11524-022-00634-6
https://doi.org/10.1007/s11524-022-00634-6
https://doi.org/10.1093/aje/kwac076[publishedOnlineFirst:20220422]
https://doi.org/10.1093/aje/kwac076[publishedOnlineFirst:20220422]
https://doi.org/10.1007/s40615-021-00965-1
https://doi.org/10.1007/s40615-021-00965-1


Measuring Spatial Social Polarization in Public Health Research

Vol.: (0123456789)

	128.	 Massey DS, White MJ, Phua V-C. The dimen-
sions of segregation revisited. Sociol Methods Res. 
1996;25(2):172–206.

	129.	 Massey DS. Reflections on the dimensions of segrega-
tion. Soc Forces. 2012;91(1):39–43.

	130.	 Yang TC, Park K, Matthews SA. Racial/ethnic segrega-
tion and health disparities: future directions and opportu-
nities. Sociol Compass. 2020;14(6): e12794.

	131.	 Bemanian A, Beyer KM. Measures matter: the local 
exposure/isolation (LEx/Is) metrics and relation-
ships between local-level segregation and breast can-
cer survival. Cancer Epidemiol Biomarkers Prev. 
2017;26(4):516–24.

	132.	 Walks A, Twigge-Molecey A. Income inequality and 
polarization in Canada’s cities: An examination and new 
form of measurement. Toronto: University of Toronto; 
2014.

	133.	 Freuh L, Jaros S, Abdel Magid HS, Lovasi GS. Spatial 
social polarization database: an interactive mapping 
tool [Internet]. Drexel University Urban Health Collabo-
rative; 2024. Available from: https://​drexel-​uhc.​shiny​
apps.​io/​SSP_​Maps/. Accessed Oct 2024

	134.	 Jaros S. Spatial social polarization database reposi-
tory. GitHub; 2024. Available from: https://​github.​com/​
samja​ros-​stanf​ord/​spati​al_​social_​polar​izati​on_​datab​
ase. Accessed 10 Oct 2024

	135.	 Burris HH, Mullin AM, Dhudasia MB, et  al. Neigh-
borhood characteristics and racial disparities in 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) seropositivity in pregnancy.  Obstet 
Gynecol  2022;139(6):1018–26. https://​doi.​org/​10.​1097/​
aog.​00000​00000​004791

	136.	 Leapman MS, Dinan M, Pasha S, et  al. Mediators of 
racial disparity in the use of prostate magnetic resonance 
imaging among patients with prostate cancer. JAMA 
Oncol 2022;8(5):687–96. https://​doi.​org/​10.​1001/​jamao​
ncol.​2021.​8116.

	137.	 Linton SL, Cooper HLF, Chen YT, et al. Mortgage dis-
crimination and racial/ethnic concentration are asso-
ciated with same-race/ethnicity partnering among 
people who inject drugs in 19 US cities.  J Urban 
Health  2020;97(1):88–104. https://​doi.​org/​10.​1007/​
s11524-​019-​00405-w.

	138.	 Wadhwani SI, Brokamp C, Rasnick E, Bucuvalas JC, 
Lai JC, Beck AF. Neighborhood socioeconomic depri-
vation, racial segregation, and organ donation across 5 
states. Am J Transplant 2021;21(3):1206–14. https://​doi.​
org/​10.​1111/​ajt.​16186.

	139.	 Harvey VM, Enos CW, Chen JT, Galadima H, Eschbach 
K. The role of neighborhood characteristics in late stage 
melanoma diagnosis among hispanic men in california, 
Texas, and Florida, 1996-2012. J Cancer Epidemiol 
2017;2017:8418904. https://​doi.​org/​10.​1155/​2017/​84189​
04

	140.	 Kim MH, Schwartz GL, White JS, et  al. School racial 
segregation and long-term cardiovascular health among 

Black adults in the US: A quasi-experimental study. 
PLoS Med 2022;19(6):e1004031. https://​doi.​org/​10.​
1371/​journ​al.​pmed.​10040​31.

	141.	 Moody HA, Darden JT, Pigozzi BW. The relationship 
of neighborhood socioeconomic differences and racial 
residential segregation to childhood blood lead levels in 
metropolitan detroit. J Urban Health 2016;93(5):820–39. 
https://​doi.​org/​10.​1007/​s11524-​016-​0071-8.

	142.	 Murosko D, Passerella M, Lorch S. Racial segrega-
tion and intraventricular hemorrhage in preterm infants. 
Pediatrics 2020;145(6). https://​doi.​org/​10.​1542/​peds.​
2019-​1508.

	143.	 Poulson MR, Beaulieu-Jones BR, Kenzik KM, et  al. 
Residential racial segregation and disparities in breast 
cancer presentation, treatment, and survival. Ann Surg 
2021;273(1):3–9. https://​doi.​org/​10.​1097/​sla.​00000​
00000​004451.

	144.	 Poulson MR, Helrich SA, Kenzik KM, Dechert TA, 
Sachs TE, Katz MH. The impact of racial residential seg-
regation on prostate cancer diagnosis and treatment. BJU 
Int 2021;127(6):636–44. https://​doi.​org/​10.​1111/​bju.​
15293.

	145.	 Sathyanarayanan S, Brooks AJ, Hagen SE, Edington DW. 
Multilevel analysis of the physical health perception of 
employees: community and individual factors. Am J 
Health Promot 2012;26(5):e126–36. https://​doi.​org/​10.​
4278/​ajhp.​110316-​QUAL-​120.

	146.	 Siegel M, Sherman R, Li C, Knopov A. The Relationship 
between Racial Residential Segregation and Black-White 
Disparities in Fatal Police Shootings at the City Level, 
2013-2017. J Natl Med Assoc 2019;111(6):580–87. 
https://​doi.​org/​10.​1016/j.​jnma.​2019.​06.​003.

	147.	 Kehm RD, Misra DP, Slaughter-Acey JC, Osypuk TL. 
Measuring the effect of neighborhood racial segrega-
tion on fetal growth. West J Nurs Res 2022;44(1):5–14. 
https://​doi.​org/​10.​1177/​01939​45921​10370​60.

	148.	 Mancera N, Do DP, Griepentrog GJ, Esmaili N. Assault-
related orbital trauma at an urban level I trauma center: 
racial segregation and other neighborhood-level social 
determinants. Ophthalmic Plast Reconstr Surg 2022. 
https://​doi.​org/​10.​1097/​iop.​00000​00000​002286.

	149.	 Tuliani TA, Shenoy M, Parikh M, Jutzy K, Hilliard A. 
Impact of area deprivation index on coronary stent uti-
lization in a medicare nationwide cohort. Popul Health 
Manag 2017;20(4):329–34. https://​doi.​org/​10.​1089/​pop.​
2016.​0086.

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://drexel-uhc.shinyapps.io/SSP_Maps/
https://drexel-uhc.shinyapps.io/SSP_Maps/
https://github.com/samjaros-stanford/spatial_social_polarization_database
https://github.com/samjaros-stanford/spatial_social_polarization_database
https://github.com/samjaros-stanford/spatial_social_polarization_database
https://doi.org/10.1097/aog.0000000000004791
https://doi.org/10.1097/aog.0000000000004791
https://doi.org/10.1001/jamaoncol.2021.8116
https://doi.org/10.1001/jamaoncol.2021.8116
https://doi.org/10.1007/s11524-019-00405-w
https://doi.org/10.1007/s11524-019-00405-w
https://doi.org/10.1111/ajt.16186
https://doi.org/10.1111/ajt.16186
https://doi.org/10.1155/2017/8418904
https://doi.org/10.1155/2017/8418904
https://doi.org/10.1371/journal.pmed.1004031
https://doi.org/10.1371/journal.pmed.1004031
https://doi.org/10.1007/s11524-016-0071-8
https://doi.org/10.1542/peds.2019-1508
https://doi.org/10.1542/peds.2019-1508
https://doi.org/10.1097/sla.0000000000004451
https://doi.org/10.1097/sla.0000000000004451
https://doi.org/10.1111/bju.15293
https://doi.org/10.1111/bju.15293
https://doi.org/10.4278/ajhp.110316-QUAL-120
https://doi.org/10.4278/ajhp.110316-QUAL-120
https://doi.org/10.1016/j.jnma.2019.06.003
https://doi.org/10.1177/01939459211037060
https://doi.org/10.1097/iop.0000000000002286
https://doi.org/10.1089/pop.2016.0086
https://doi.org/10.1089/pop.2016.0086

	Measuring Spatial Social Polarization in Public Health Research: A Scoping Review of Methods and Applications
	Abstract 
	Introduction
	Background
	Defining Spatial Social Polarization
	Development of Measures
	Implications for Public Health Research

	Methods
	Information Sources and Eligibility Criteria
	Search Strategy
	Study Selection
	Data Abstraction Process and Data Items
	Methods of Analysis and Synthesis of Results

	Results
	Search and Study Selection
	Overview of Studies
	Measurement Classification
	SSP Measures
	SSP Measures of Concentration
	SSP Measures of Evenness
	SSP Measures of Exposure
	SSP Measures of Clustering
	SSP Measures of Centralization


	Discussion
	Guidance for Researchers
	Selecting an SSP Measure
	SSP and Health Research Agenda

	StrengthsLimitations

	Conclusion
	Acknowledgements 
	References


