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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
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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
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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 Dimension

Definition*

residential segregation for
SSP measure classification Concentration
Evenness
Exposure
Clustering

Centralization

The relative physical space occupied by different groups

The spatial distribution of different group members within a unit

The degree of contact between members of different groups within a unit
The degree to which members of different groups cluster in space

The location of different groups relative to the center of an urban area or

other geographic unit

“Note: As defined by Massey DS and Denton NA. The dimensions of residential segregation.

Social forces. 1988;67(2):281-315
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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.

@ Springer

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

Studies Duplicate i~
identified | studies B
from search | removed §
(n=465) (n=0) =
Q
P
Q
S
A 4
Abstracts Studies
screened excluded
(n=465) > (n=310)
v
Studies Studies not
sought for retrieved
retrieval > (n=0) g)
(n=155) 8
N
5
0Q
v Studies excluded:
Studies Incorrect geographic
assessed for | unit (n=14)
eligibility L
(n=155) No individual-level
health outcome (n=20)
No adjustment for
individual-level
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1 t
Total studies charactenzec Wit ~
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included in (n=3) Q.
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n=117) g

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 (rn=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=064) 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
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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 (1, 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 (12, 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 (1, n%)
1 exposure measure 64 54.7%
2-3 exposure measures 43 36.8%
4-5 exposure measures 10 8.5%

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
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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 O 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—oco to oo, 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 O 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 O 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

@ Springer

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 O 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 O 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 O 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 O 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

@ Springer

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.shinyapps.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.
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