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Abstract Persistent racial/ethnic disparities in obesity and
type 2 diabetes mellitus seen in the US are likely due to a
combination of social, biological, and environmental factors.
A growing number of studies have examined the role of racial/
ethnic residential segregation with respect to these outcomes
because this macro-level process is believed to be a funda-
mental cause of many of the factors that contribute to these
disparities. This review provides an overview of findings from
studies of racial/ethnic residential segregation with obesity
and diabetes published between 2013 and 2015. Findings for
obesity varied by geographic scale of the segregationmeasure,
gender, ethnicity, and racial identity (among Hispanics/
Latinos). Recent studies found no association between
racial/ethnic residential segregation and diabetes prevalence,
but higher segregation of Blacks was related to higher diabetes
mortality. Implications of these recent studies are discussed as
well as promising areas of future research.

Keywords Diabetesmellitus . Obesity . Residential
segregation . Race/ethnicity

Introduction

It is well established that the burden of obesity and type 2
diabetes in the US is not evenly distributed by race/ethnicity,
with non-Hispanic Blacks, Native Americans, and certain
Hispanic/Latino and Asian background groups having much
higher rates than their non-HispanicWhite counterparts [1–3].
These disparities are likely due to a complex constellation of
social, biological, and environmental factors. Many of these
factors, such as socioeconomic position, chronic stress, and
access to healthy foods, are influenced by racial/ethnic resi-
dential segregation, the systematic separation of groups into
different neighborhoods by race/ethnicity. The neighborhood
an individual grows up in can impact the quality of the edu-
cation they receive and their subsequent earning potential,
which is associated with obesity and type 2 diabetes. In addi-
tion, several studies have shown that the physical resources
available in a neighborhood can impact obesity and type 2
diabetes [4, 5], and that many of these resources are lacking
in highly segregated neighborhoods [6, 7]. For these reasons,
Williams and Collins called racial residential segregation a
fundamental cause of racial health disparities [8], a cause of
the unequal distribution of the resources (e.g., money, knowl-
edge, power) that protect health regardless of the relevant
mechanisms of the time [9].

Several studies have examined associations of racial resi-
dential segregation with adverse birth outcomes (preterm birth
[10–13], low birthweight [14–18], and infant mortality
[19–21]) and all-cause mortality [22–26] in Blacks across
metropolitan areas, but until recently, few had evaluated rela-
tionships with metabolic conditions like obesity or diabetes
[27–29]. In addition, far less is known about the role of seg-
regation in health among other race/ethnic groups. The long
legacy of housing discrimination and discriminatory lending
practices is a major contributor to the persistent segregation of
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Blacks from Whites [30]. While Asian and Hispanic/Latino
populations do face housing discrimination [31], the continu-
ous influx of Asian and Hispanic/Latino immigrants from
Asian countries and Latin America into the US means the
forces driving segregation may be different for these groups
than those driving the spatial distribution of Blacks in the US.

In this review, we discuss the more recent studies of rela-
tionships of segregation of Blacks, Hispanics/Latinos, and
Asians with obesity and diabetes, and we identify gaps in
our understanding of how and whether segregation influences
these conditions. Given the unique historical context of seg-
regation in the US, we limited our review to studies of US
populations.

Identification of Relevant Studies

In an effort to identify relevant studies, we conducted a com-
prehensive review of articles published between January 2013
and December 2015 using MEDLINE, PsychINFO, and Web
of Science. We utilized search terms that included both
segregation-related terms (residential segregation, ethnic den-
sity, immigrant density, ethnic enclave, immigrant enclave,
racial composition, ethnic composition) and terms related to
either obesity (obesity, bodymass index, and weight) or type 2
diabetes (diabetes, glucose, and hemoglobin a1c). The initial
obesity search yielded 141 articles. From these, titles and ab-
stracts were reviewed, and only relevant studies published in a
journal were retained. Duplicates (n = 33), irrelevant topics
(n = 99), and dissertations (n = 8) were excluded. This yielded
six relevant articles. The same approach was applied to type 2
diabetes. The initial diabetes search yielded 37 articles.
Duplicates (n = 16) and irrelevant topics (n = 15) were exclud-
ed. This yielded eight relevant papers. In sum, our literature
review yielded 14 relevant articles on obesity (Table 1) or
diabetes (Table 2) pertaining to Black, Hispanic, or Asian
residential segregation.

Assessing Residential Segregation

Segregation measures are typically derived using U.S. Census
or American Community Survey data based on geocoded par-
ticipant addresses. In health studies, segregation is typically
measured at one of two geographic scales: the metropolitan
area level or the neighborhood level. Studying segregation at
the metropolitan level is based on the notion that metropolitan
areas are the level at which job opportunities and housing
markets are shaped. A key limitation of metropolitan-level
measures is that they do not account for variations in segrega-
tion exposure within metropolitan areas. Examining segrega-
tion at the neighborhood level overcomes this limitation, but

these studies are susceptible to the same methodological chal-
lenges of other neighborhood-level studies [32].

One notable challenge for neighborhood-level studies is
selection bias, which occurs when the characteristics that in-
fluence where individuals decide to live are not independent
of the outcome of interest. For example, if leaner individuals
are more likely to choose to live in a neighborhood that pro-
motes physical activity, then the relationship between individ-
ual weight and neighborhood physical activity resources
might be mistaken for a neighborhood effect on obesity.
Another is off-support inferences, or structural confounding,
which occurs when associations are based on extrapolations
rather than actual data. As will be described in more detail
later in the review, this methodological challenge is particu-
larly relevant to segregation-health studies, where there may
be little overlap in exposure to segregation across race/ethnic
groups.

Massey and Denton identified five dimensions of segrega-
tion at the metropolitan area level: evenness (spatial distribu-
tion of a group), exposure (propensity for contact between
groups), clustering (groups of interest located in close prox-
imity, or neighboring areas), centralization (the extent to
which a group lives in or near the center of an urban area),
and concentration (Brelative amount of physical space occu-
pied^) [33]. The isolation index, a measure of the exposure
dimension, was the most commonly used measure of
metropolitan-level segregation in the literature reviewed here.
It measures the extent to which race/ethnic groups within
neighborhoods of a metropolitan area come into contact with
each other. The isolation index is defined as the percentage of
the population that is a certain race/ethnic group in the neigh-
borhood in which the average person in that race/ethnic group
lives [33]. Scores range from approximately 0 to 1, where a
higher score indicates a greater likelihood of being isolated
from other race/ethnic groups.

The most commonly used measure of neighborhood-level
segregation in these recent studies was racial/ethnic composi-
tion, with census tracts or block groups usually serving as
proxies for neighborhoods. This measure is not considered a
direct measure of segregation because it does not provide any
information on how racial/ethnic groups are distributed in
space. In addition, the measure does not compare the racial/
ethnic composition of the neighborhood to the composition of
the larger surrounding area. Spatial and more contextualized
measures of neighborhood-level segregation do exist, but they
require calculations or the use of specialized software. Further
work is needed to determine the extent to which proxy mea-
sures like racial/ethnic composition correlate with direct mea-
sures, particularly for Asian and Hispanic/Latino groups, who
are not as highly segregated as non-Hispanic Blacks.

One issue that emerged from this review of the recent lit-
erature is that inconsistencies in the operationalization of res-
idential segregation made comparisons of findings
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challenging. A cutpoint of 0.6 (i.e., 60% Black) is a common-
ly used in the segregation literature to represent high segrega-
tion of Blacks [8], but as our review shows, different cutpoints
are often used in studies of segregation and health with little
justification offered. This contributes to the difficulty of un-
derstanding why findings are null in some studies but signif-
icant in others. The cutpoints were more consistent for metro-
politan area-level studies, which may explain the more con-
sistent findings at that geographic scale.

In addition, given the different historical context of segre-
gation among Asians and Hispanics/Latinos described above,
the challenge of defining segregation adequately for these
groups remains unsolved. For example, a study of residential
segregation and birthweight found ethnic composition and
immigrant composition were differentially associated with
birthweight in the offspring of US-born Mexican-origin wom-
en [17]. They found higher US-born Mexican-origin residen-
tial segregation (i.e., ethnic enclaves) was associated with
lower birthweight, but higher foreign-born Mexican-origin
residential segregation (i.e., immigrant enclaves) was associ-
ated with higher birthweight. This differential impact by na-
tivity may reflect differences in the drivers of segregation
which may in turn have different health consequences.
Future research is needed to explore the most salient measures
of segregation for different ethnic groups, particularly as they
pertain to the patterning of obesity and diabetes.

Racial/Ethnic Residential Segregation
and BMI/Obesity

There were eight studies that examined residential segregation
and BMI/obesity, and all were in adults. There was little over-
lap in the geographic scale of segregation (metropolitan versus
neighborhood), race/ethnicity of the population, and cutpoints
used to assess segregation, which makes comparisons of find-
ings challenging. Two studies of metropolitan-level segrega-
tion in non-Hispanic Black women found a higher Black iso-
lation index score was related to higher obesity prevalence
[34, 35••], but both studies used National Health and
Nutrition Examination Survey (NHANES) data collected
around the same time. One of these studies also showed a
higher Hispanic isolation index score was associated with
lower obesity in Mexican-American women, and that segre-
gation was unassociated with obesity prevalence in men
[35••]. Higher segregation was related to higher obesity prev-
alence in Hispanic Behavioral Risk Factor Surveillance
System (BRFSS) participants [36], but a study using the same
data source found this association varied by gender and racial
identity [37]. In the latter study, using more recent data, re-
searchers found segregation was unassociated with BMI in
men. They found a positive association for Hispanic White
women, consistent with the earlier BRFSS paper, but they

found a negative association for Hispanic Black women and
a null association for Hispanic women self-identifying as
Bother race.^

Recent studies of neighborhood-level segregation and
BMI/obesity were in racially/ethnically diverse populations,
and findings were largely null. The only cross-sectional study
was in southeastern Pennsylvania, and investigators found
White men living in a neighborhood ≥25 % Black were less
likely to be obese than White men living in a neighborhood
<25 % Black [38]. This measure was not associated with
obesity for Black men, or for Black or White women. The
other three studies were longitudinal, and they each focused
on a different racial/ethnic population. A study in the Black
Women’s Health Study found women living in neighborhoods
with the highest quartile percent Black were more likely to
become obese, but only if they remained in a highest quartile
neighborhood over the follow-up period [39•]. A study of
foreign-born Chinese and Hispanics participants of the
Multi-Ethnic Study of Atherosclerosis (MESA) found de-
creases in neighborhood percent Asian and Hispanic, respec-
tively, were not associated with changes in BMI or waist cir-
cumference [40•]. Similarly, a multi-ethnic Los Angeles study
found no association between percent race/ethnic group and
annual weight change [41].

Our review of recent studies of metropolitan area-level
segregation and obesity revealed the complex relationship this
social process has with health. We found heterogeneity in the
impact of segregation on obesity by gender, ethnicity, and
racial identity among Hispanics. This heterogeneity may re-
flect differences in the underlying forces driving segregation
among different groups (e.g., of non-Hispanic Blacks versus
Hispanics/Latinos) and differences in the susceptibility to the
effects of segregation on obesity (e.g., men versus women).

There are several potential reasons for the largely null find-
ings in the recent studies examining associations of
neighborhood-level racial/ethnic residential segregation with
BMI/obesity. These studies focused on different race/ethnic
groups living in different parts of the country. Thus, it is pos-
sible that these associations vary by race/ethnic group and
geographic location within the US. Furthermore, many of
these studies relied on self-report, which tends to lead to un-
derestimates in BMI and obesity prevalence. This source of
measurement error could result in biased associations of seg-
regation with obesity if the misreporting was different for
those living in segregated versus non-segregated areas. The
potential for this differential misclassification bias has not
been examined, but there is some evidence non-Hispanic
Whites are more likely to under-report BMI than non-
Hispanic Blacks or Hispanics [42].

In addition, the very nature of residential segregation
makes it difficult to produce on-support inferences (i.e., ones
based on actual data rather than extrapolations) regarding re-
lationships with health, particularly at the neighborhood level.
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For example, a study of segregation and preterm birth in two
counties in North Carolina found that there were no census
tracts in either county that were in the highest quartile for
percent Black and the lowest quartile for neighborhood pov-
erty (i.e., predominantly Black, low poverty tracts) and only
one in the lowest quartile for percent Black and the highest
quartile for neighborhood poverty (predominantly White,
high poverty tracts) [43].

The problem with this lack of overlap is that a regression
model will still provide an estimate of the association between
segregation and health after adjusting for neighborhood pov-
erty, but it will be based on extrapolations rather than real data
points. In addition, associations may remain confounded due
to the absence of actual data. This type of confounding attrib-
utable to social sorting mechanisms like segregation has been
called structural confounding [32], and it is especially prob-
lematic because it cannot be overcome simply by adding more
data. Careful attention to the distribution of key variables in a
dataset will help minimize off-support inferences.

Racial/Ethnic Residential Segregation and Diabetes

There were six studies that examined associations of segrega-
tion with diabetes, once again all in adults. Of these, four
studies focused on diabetes prevalence and two focused on
diabetes mortality. Only one study defined diabetes specifical-
ly as type 2 diabetes [44]; the rest did not differentiate between
type 1 and type 2 diabetes. As with BMI/obesity, studies var-
ied widely in terms of geographic scale, race/ethnicity of the
study population, and categorizations of the measures.
However, findings were consistently null for diabetes preva-
lence and consistently positive for diabetes mortality. A
Boston study [44] and a NHANES study [45] were the only
two to assess relationships of segregation with diabetes prev-
alence in non-Hispanic Blacks. The same Boston study, as
well as a BRFSS study [46], examined segregation and dia-
betes prevalence in Hispanics, and a New York City study
looked at diabetes prevalence in Asians [47]. The two studies
of segregation and diabetes mortality were ecologic in design,
and both found higher percent Black was correlated with
higher age-adjusted diabetes mortality. One compared percent
Black and diabetes mortality across the 50 most populous US
cities [48], while the other compared rates across neighbor-
hoods in Chicago [49].

This review of the more recent literature does not provide
strong evidence supporting residential segregation as a con-
tributor to diabetes diagnosis. The significant findings for di-
abetes mortality but not prevalence in Blacks may suggest
segregation influences the severity of disease but not the de-
velopment. The ecologic nature of the segregation-diabetes
mortality studies preclude us from drawing inferences on the
impact of segregation on diabetes mortality at the individual

level. However, these findings suggest future studies may
want to focus on diabetes-related management and
complications.

Previous studies have shown that minorities are less likely
to meet guidelines for glycemic control or self-monitoring of
diabetes, and they are more likely to suffer frommicrovascular
diabetes complications [50–52]. There is some evidence that
diabetic Blacks living in segregatedmetropolitan areas receive
comparable routine diabetes care (defined as receipt of a
HbA1c test, low-density lipoprotein test, diabetic eye exami-
nation, and diabetic foot examination at least once in the past
year) to those living in less segregatedmetropolitan areas [53],
but no studies to our knowledge have examined relationships
of segregation with the efficacy of diabetes treatment regi-
mens or control of diabetes. In addition, it is unknownwhether
those living in more segregated areas are more likely to de-
velop diabetes complications. These types of studies have
important implications for our understanding of the role of
place in shaping health care disparities.

Implications and Future Directions

The mixed findings we see for studies of residential segrega-
tion with obesity and diabetes highlight the difficulties in
assessing the impact of this upstream, macro-level process
on health. Cross-sectional studies, and even most longitudinal
studies, cannot adequately capture the hypothesized impact of
segregation on health. Several studies we reviewed adjusted
for potential mediators, such as health behaviors and the
neighborhood built and socioeconomic environment.
Another more problematic potential mediator to handle in
these analyses is socioeconomic attainment which begins in
childhood and impacts adult levels. Thus, while adult socio-
economic conditions could confound associations of segrega-
tion with health, earlier conditions could also mediate these
associations. Differences in adult socioeconomic attainment
have been shown to account for substantial portions of
race/ethnic differences in type 2 diabetes prevalence [54,
55], so not being able to properly attribute this to segregation
may result in an underestimation of its impact on disparities in
type 2 diabetes. Alternative regression modeling approaches
such as marginal structural modeling may help address this
issue [56].

This issue of potential overadjustment, and the problem of
structural confounding, mean that alternative modeling strate-
gies and study designs will need to be applied to improve our
understanding of the role of segregation in health. For exam-
ple, one of the studies we reviewed used fixed-effects models
to estimate associations of within-person changes in exposure
to ethnic enclaves with within-person changes in BMI and
waist circumference [40•]. The advantage of this approach
over other longitudinal modeling strategies is that by
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examining within-person changes, one is able to tightly con-
trol for measured and unmeasured time-invariant con-
founders. One drawback of this approach, though, is a limited
ability to assess heterogeneity between individuals. In addi-
tion, this modeling approach does not account for unmeasured
time-varying confounders (e.g., changes in residential prefer-
ences over time).

Alternative study designs may also offer some insights into
the impact of segregation on health. For example, the
Exploring Health Disparities in Integrated Communities
(EHDIC) study addresses issues of structural confounding
by studying health disparities in Blacks and Whites living in
integrated communities [57, 58]. They showed that Blacks
andWhites living in integrated communities in Baltimore with
similar income levels had more similar diabetes and obesity
prevalence compared with Black and Whites in national stud-
ies. Studies designed like the EHDIC offer unique insights
into the role of the environment in health and health disparities
[57].

Taking advantage of natural experiments is another al-
ternative study design that might be fruitful for examining
the contributions of segregation to health. For example,
examining the health impacts of housing voucher pro-
grams that give residents in segregated, high poverty
neighborhoods the opportunity to move into better quality
neighborhoods may provide insights into how segregation
impacts health and, perhaps more importantly, whether
segregation is a modifiable exposure. Though findings
for health outcomes are limited, one notable health-
related study of a housing mobility program is the long-
term follow-up study of the Moving to Opportunity pro-
gram [59]. Researchers found participants (low income
women, predominantly minority) who received vouchers
to move into low poverty neighborhoods between 1994
and 1998 were less likely to be morbidly obese and had
lower HbA1c levels than the control group (those who did
not receive vouchers to move) in 2008–2010.

In addition, systems science approaches have the potential
to aid in our understanding of how residential segregation
impacts health in different segments of the US population
and also provide insights into the types of policies that might
best reduce the negative impact of segregation on health.
Systems science methodologies can be used to generate
models designed to be simplified versions of reality in order
to better understanding complex, dynamic relationships be-
tween individuals, their environments, and each other [60,
61]. The benefit of these models over traditional regression
models is that they are built to identify and quantify nonlinear
relationships, bidirectional relationships, and emergent phe-
nomena. A major challenge with these modeling approaches
is making the models simple enough to answer specific ques-
tions about social processes but still informative and useful for
decision making and policy.

Conclusions

It has been 15 years since Williams and Collins called racial
residential segregation a fundamental cause of racial health
disparities for its influence on socioeconomic attainment and
access to health-promoting environmental resources. Since
then, there has been a steady increase in publications on res-
idential segregation and an expansion frommortality and birth
outcomes into chronic conditions like obesity and type 2 dia-
betes. While still largely cross-sectional, the number of longi-
tudinal studies is increasing, as evidenced in this review. In
addition, the field has expanded from a focus on segregation
in African-Americans to include other ethnic groups including
Hispanics/Latinos and Asians. Further work is needed to bet-
ter capture the role of residential segregation patterns in obe-
sity and type 2 diabetes, both by using existing cohort data and
by utilizing alternative study designs. Continued efforts in this
area have the potential to elucidate the contributions of place
to health and guide efforts to develop more effective interven-
tions to meaningfully reduce health inequities in the US.
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