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We used cross-sectional data on 2,660 black and 2,611 Mexican-American adult participants in the National

Health and Nutrition Examination Survey (1999–2006) to investigate the association between metropolitan-level

racial/ethnic residential segregation and obesity and to determine whether it was mediated by the neighborhood

socioeconomic environment. Residential segregation was measured using the black and Hispanic isolation

indices. Neighborhood poverty and negative income incongruity were assessed as mediators. Multilevel Poisson

regression with robust variance estimates was used to estimate prevalence ratios. There was no relationship

between segregation and obesity among men. Among black women, in age-, nativity-, and metropolitan

demographic-adjusted models, high segregation was associated with a 1.29 (95% confidence interval (CI): 1.00,

1.65) times higher obesity prevalence than was low segregation; medium segregation was associated with a

1.35 (95% CI: 1.07, 1.70) times higher obesity prevalence. Mexican-American women living in high versus low

segregation areas had a significantly lower obesity prevalence (prevalence ratio, 0.54; 95% CI: 0.33, 0.90), but

there was no difference between those living in medium versus low segregation areas. These associations were

not mediated by neighborhood poverty or negative income incongruity. These findings suggest variability in the

interrelationships between residential segregation and obesity for black and Mexican-American women.

health disparities; obesity; residential segregation; social environment

Abbreviations: CI, confidence interval; MSA, metropolitan statistical area; NHANES, National Health and Nutrition Examination

Survey.

Although the overall prevalence of obesity has increased
steadily in the United States over the last 3 decades, the
burden of obesity is larger for non-Hispanic blacks and
Mexican Americans, particularly women (1). A growing
number of studies have suggested that aspects of the resi-
dential environment, such as neighborhood poverty and
limited access to health-promoting resources, may play a
significant role in driving these disparities (2–7). Metropolitan-
level racial or ethnic residential segregation is a process that
leads to the differential spatial distribution of individuals by
race or ethnicity (8–10). It has been hypothesized to impact
health by systematically sorting racial/ethnic minorities into
poor-quality neighborhoods, thereby limiting opportunities
for social and economic mobility (8, 11). However, the me-
diating influence of these neighborhood pathways on the

relationship between segregation and health has remained
largely untested in the literature (9, 12).

Most studies of residential segregation and health have
focused on non-Hispanic blacks and/or black-white dispari-
ties. Research has generally shown that blacks living in
more segregated metropolitan areas have worse health out-
comes (12–15). Generations spent living in areas with
poor-quality schools, enduring spatial isolation from high-
paying entry-level jobs, having limited healthy food
options, and living in areas of concentrated poverty are all
thought to contribute to the adverse impact of segregation
on health among blacks (7, 10, 16, 17). In the 2 studies
specific to obesity outcomes among blacks, findings were
not stratified by sex (13, 14), so it is not known whether the
relationship between segregation and obesity varies by sex.
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Among Hispanics, very few studies have investigated the
relationship between metropolitan-level segregation and
health (18–20), and to our knowledge none have focused
on obesity. Given the continuous influx of Hispanic immi-
grants into the United States, the forces driving residential
segregation among Hispanics may be different from those
driving spatial concentration among blacks. Although both
Hispanics and blacks are victims of discriminatory housing
practices that contribute to segregation (21), for Hispanics,
particularly immigrants, residence among people of the
same ethnicity may also be a matter of choice due to prefer-
ences for culturally specific resources and the availability of
social networks that facilitate adjustment to a new country
(22). The presence of these potentially health-promoting
structural and social resources in segregated Hispanic areas
may confer health benefits to residents. However, it remains
unclear whether these resources are sufficient to offset the
negative health consequences of socioeconomic deprivation
that also characterizes Hispanic segregation (23).
Using data from the 1999–2006 National Health and Nu-

trition Examination Survey (NHANES), we tested whether
metropolitan-level racial/ethnic residential segregation was
associated with obesity among non-Hispanic black and
Mexican-American adult men and women. We also evaluat-
ed whether this association was mediated by differences in
neighborhood poverty or by differences in negative income
incongruity, defined as living in a higher poverty neighbor-
hood than whites of comparable socioeconomic position.

MATERIALS AND METHODS

Study population

NHANES is a multistage stratified probability sample of
US households designed to examine health and nutrition in
children and adults (24). Data used in the present analyses
came from the 1999–2006 repeated, cross-sectional
NHANES. We included non-Hispanic black and Mexican-
American participants aged 25 years or older who resided
in metropolitan statistical areas (MSAs) in our analyses.
The number of Hispanic participants of non-Mexican de-
scent was too small to assess them as a separate group. In
light of previous research suggesting heterogeneity in the
relationship between segregation and health by Hispanic
subgroup (25, 26), we decided to exclude other Hispanics
rather than combine them with Mexican Americans. Ap-
proximately 10% of all US MSAs were represented in
NHANES. Blacks and Mexican-Americans were well rep-
resented across the sampled MSAs. The median sample
size of blacks across the metropolitan areas was 73 (inter-
quartile range: 42–145), and the median sample size of
Mexican Americans was 107 (interquartile range: 58–270).
The National Center for Health Statistics Research Ethics
Review Board approved NHANES, and informed consent
was obtained from all participants.
Of the 6,054 eligible black and Mexican-American men

and women, 12.7% were excluded because we were
missing data on their height or weight or because they were
pregnant at the time weight was measured. An additional
7.1% were excluded because of missing data on educational

level or income. We used listwise deletion to handle missing
data, yielding 1,296 black men. 1,364 black women, 1,346
Mexican-American men, and 1,265 Mexican-American
women for the analyses. Findings from sensitivity analyses
were similar to those in which we included participants with
missing educational level or income data.

Measures

Obesity. Body mass index (weight (kg)/height (m)2)
was calculated based on clinically measured height and
weight. Participants were considered obese if they had a
body mass index of 30 or higher.

Racial/ethnic residential segregation. Racial/ethnic resi-
dential segregation was measured based on 2000 US census
data using the black isolation index for blacks and the His-
panic isolation index for Mexican Americans (27). The iso-
lation index is a measure of the exposure dimension of
segregation (28), which is hypothesized to lead to health dis-
parities by concentrating povertyamongminorities and leaving
them more vulnerable to the adverse health outcomes associ-
ated with living in disadvantaged neighborhoods (8). Census
tracts were used as proxies for neighborhoods in these analy-
ses. The black/Hispanic isolation index is defined as the
average percentage of the population that is black/Hispanic
in the neighborhood which the average black/Hispanic person
lives within a given metropolitan area. It is represented math-
ematically as follows (28):

Isolation index ¼ x P
�
x ¼

Xn
i¼1

xi
X

h i xi
ti

� �
;

where xi is the number of blacks/Hispanics in tract i, ti is the
total population in neighborhood i, and X is the number of
blacks/Hispanics in the metropolitan area. This proportion is
then summed across all n neighborhoods (tracts) in the
MSA. MSAs are geographic entities consisting of large
urban areas and surrounding counties that have social or eco-
nomic ties with the urban core. They were chosen as the
geographic context in which to measure segregation because
they are designed to represent regional housing and labor
markets that help shape residential segregation and its poten-
tial impact on differential disadvantage and adverse health
outcomes (9). There was a nonlinear relationship between
segregation and obesity, so the black/Hispanic isolation
indices were categorized as low (≤0.3), medium (0.31–0.6),
and high (>0.6). This categorization has been used in other
studies of segregation (16, 29, 30).

Covariates. Individual levels of education were mea-
sured as the highest level completed and categorized as less
than high school, high school, and more than high school.
Mean annual family income was broken into the following
categories: less than $20,000, $20,000–$44,999, and $45,000
or more. Age was mean-centered and analyzed continuous-
ly. An age squared term was included to account for the
nonlinearity between age and obesity. Nativity was dichoto-
mized as foreign-born versus US-born.
Neighborhood poverty was measured as the percentage

of the population living below the 1999 US Census
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Bureau–defined poverty threshold (31) and modeled contin-
uously. To provide a more meaningful interpretation of this
measure, neighborhood poverty was mean-centered, and es-
timates corresponded to a difference equivalent to a 10%
increase in neighborhood poverty. Neighborhood-level neg-
ative income incongruity was included to assess whether
racial and ethnic residential segregation impacted obesity
by altering residential returns on individual income (32).
Research indicates that because of race-based discrimina-
tory housing and lending practices, blacks living in more
integrated neighborhoods tend to live in neighborhoods
withwhiteswho have lower income levels than their own (33).
As a result, racial and ethnic residential segregation may
limit the ability of certain minority groups to convert their
higher socioeconomic status into a better quality neighbor-
hood environment. Negative income incongruity is defined
as living in a lower-income neighborhood than do whites
of comparable socioeconomic status (32). In these analyses,
we defined negative income incongruity dichotomously as
living in a neighborhood with an over 1-standard-deviation-
higher mean neighborhood poverty than white NHANES
participants with the same level of education and marital
status (married or living together and unmarried). Neighbor-
hood poverty and negative income incongruity were moderate-
ly correlated among Mexican Americans (Pearson r = 0.63)
and blacks (Pearson r = 0.51).

Metropolitan area poverty levels (defined as the percent-
age of the population living below the 1999 US Census
Bureau–defined poverty threshold (31)) and metropolitan
area population size were included as potential metropoli-
tan-level confounders.

Analyses

We modeled blacks and Mexican Americans separately.
All analyses were further stratified by sex based on previ-
ous research that showed differences in the relation of ad-
versity and stress with eating behaviors and weight between
men and women (34, 35). Means with standard errors and
frequencies were calculated for all continuous and categori-
cal characteristics by level of segregation, taking into
account the study design and unequal selection probabili-
ties of the study participants.

Multilevel Poisson regression modeling with robust vari-
ance estimates (36, 37) was used to estimate prevalence
ratios of obesity associated with residential segregation.
Three-level random intercept models (with random inter-
cepts for tracts and counties) were initially examined to
account for clustering at the levels at which NHANES par-
ticipants were sampled. However, because the estimated
county-level variances were near zero, 2-level random in-
tercept models (with random intercepts for tracts) were

Table 1. Characteristics of Non-Hispanic Black Study Participants, by Sex and Black Isolation Index Score Categorya, National Health and

Nutrition Examination Survey, 1999–2006

Variable

Black Isolation Index Score Category by Sex

Men (n = 1,296) Women (n = 1,364)

Low (n = 174) Medium (n = 715) High (n = 407) Low (n = 140) Medium (n = 755) High (n = 469)

% Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE)

Obesity 32.9 30.4 35.3 41.6 52.7 51.7

Age, years 46.3 (0.9) 45.4 (0.5) 44.6 (0.8) 47.0 (1.1) 46.7 (0.4) 46.5 (1.0)

Educational level, %

Less than high
school

22.0 34.4 28.5 29.0 30.1 30.7

High school 31.2 23.9 24.3 22.5 23.1 20.7

More than high
school

46.8 41.7 47.3 48.6 46.9 48.6

Annual family
income, %

<$20,000 21.3 31.6 27.4 32.7 38.2 36.8

$20,000–44,999 38.3 33.7 34.1 35.3 33.8 30.6

≥$45,000 40.4 34.7 38.5 32.0 28.0 32.6

Neighborhood
poverty, mean %

16.7 (1.5) 19.4 (1.2) 19.7 (1.2) 17.4 (2.0) 20.3 (1.2) 21.5 (1.3)

Negative income
incongruityb, %

10.9 24.9 21.4 15.1 21.7 22.6

Foreign born, % 12.0 17.5 7.4 8.0 10.0 6.4

Abbreviation: SE, standard error.
a The black isolation index score was categorized as low (≤0.3), medium (0.3–0.6), or high (>0.6).
b Negative income incongruity represents the percentage of participants living in a neighborhood with a mean poverty level 1 standard

deviation or more higher than that for non-Hispanic white National Health and Nutrition Examination Survey participants with the same level of

education and marital status.
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fitted: 1,296 black male participants were nested in 633 tracts;
1,364 black female participants were nested in 617
tracts; 1,346 Mexican-American men were nested in 600
tracts; and 1,265 Mexican-American women were nested in
592 tracts. The median number of participants per tract
was 3. A recent simulation study showed that small clus-
ter sizes had little impact on the point estimates or confi-
dence intervals when large numbers of level-2 units were
included (38).
The first model (model 1) was adjusted for age, segrega-

tion, nativity (foreign-born vs. US-born), metropolitan area
poverty level, and metropolitan area population size. Model
2 was further adjusted for individual-level income and edu-
cational level. Models 3 and 4 included neighborhood
poverty and negative income incongruity, respectively. We
also tested whether the association between segregation and
obesity varied by nativity status by including segregation-
nativity interaction terms. Individual-level sampling weights
were incorporated into the multilevel models to account
for the study design and unequal selection probabilities.
These weights were scaled so that the new weights summed
to the level-2 (census tract) cluster sample size (39). Level-2
weights (to account for selection probabilities of the census
tracts) were unavailable and were thus set to 1 in these anal-
yses. All multilevel analyses were conducted using the

GLLAMMprogram (40) in Stata, version 11 (StataCorp LLP,
College Station, Texas). The geographic identifiers used in
these analyses are restricted-use variables and were accessed
through the National Center for Health Statistics Research
Data Center.

RESULTS

Table 1 presents descriptive statistics by level of racial
segregation for black men and women. Obesity prevalence
was similar for black men across levels of segregation.
Among black women, obesity was more prevalent among
women living in medium (52.7%) and high (51.7%) segre-
gation areas compared with women living in low segrega-
tion areas (41.6%). Income and educational level were
lower and neighborhood poverty and negative income in-
congruity were higher for black men and women living in
high segregation areas compared with those living in low
segregation areas. A smaller percentage of foreign-born
black men and women lived in high segregation areas.
Obesity prevalence was higher for Mexican-American

men living in more segregated MSAs than for men living
in less segregated MSAs (Table 2; 31.7% versus 24.3%).
The opposite was observed for Mexican-American women
(37.2% in high segregation areas versus 43.5% in low

Table 2. Characteristics of Mexican-American Study Participants, by Sex and Hispanic Isolation Index Score Categorya, National Health and

Nutrition Examination Survey, 1999–2006

Variable

Hispanic Isolation Index Score Category by Sex

Men (n = 1,346) Women (n = 1,265)

Low (n = 272) Medium (n = 728) High (n = 346) Low (n = 227) Medium (n = 692) High (n = 346)

% Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE)

Obesity 24.3 30.7 31.7 43.5 41.0 37.2

Age, years 38.1 (1.0) 40.3 (0.4) 43.5 (0.6) 40.8 (1.2) 42.1 (0.5) 45.5 (0.9)

Educational
level, %

Less than high
school

55.8 62.0 50.7 47.1 53.9 49.9

High school 19.0 16.7 18.0 20.0 18.8 17.5

More than high
school

25.2 21.3 31.3 32.9 27.3 32.6

Annual family
income, %

<$20,000 31.3 32.2 36.6 32.3 29.3 41.0

$20,000–44,999 43.6 39.4 38.4 33.0 35.7 34.1

≥$45,000 25.1 28.5 25.0 34.7 35.0 24.9

Neighborhood
poverty, mean %

15.0 (1.1) 16.1 (0.8) 24.0 (1.0) 15.0 (1.8) 15.8 (0.6) 23.8 (1.7)

Negative income
incongruityb, %

26.0 28.2 38.8 23.1 25.6 39.6

Foreign born, % 74.2 69.4 64.6 58.3 63.0 59.0

Abbreviation: SE, standard error.
a The Hispanic isolation index score was categorized as low (≤0.3), medium (0.3–0.6), or high (>0.6).
b Negative income incongruity represents the percentage of participants living in a neighborhood with a mean poverty level 1 standard

deviation or more higher than that for non-Hispanic white National Health and Nutrition Examination Survey participants with the same level of

education and marital status.
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segregation areas). Mexican-American men and women
living in high segregation MSAs lived in higher poverty
neighborhoods, and they lived in neighborhoods with
higher negative income incongruity than did those in low
segregation MSAs.

In unadjusted and adjusted models, there was no associa-
tion between level of segregation and obesity among black
men (Table 3). Educational level and both neighborhood
socioeconomic variables were unassociated with obesity
among black men, but income was inversely related to obe-
sity. Higher segregation was significantly associated with
higher obesity prevalence among black women after adjust-
ment for age, nativity, and metropolitan-level confounders
(Table 4). Specifically, black women living in medium seg-
regation areas had significantly higher obesity prevalence
comparedwith those in lowsegregationareas (prevalence rate:
1.35; 95% confidence interval (CI): 1.07, 1.70). Results
were slightly weaker for persons in high segregation areas
than for those in low segregation areas (prevalence rate:
1.29; 95% CI: 1.00, 1.65). These associations remained es-
sentially unchanged after adjustment for individual socio-
economic position, neighborhood poverty, and negative
income incongruity. An examination of segregation-nativity
interaction terms suggested that these findings did not vary
by country of birth for black men or women.

There was no association between segregation and obe-
sity among Mexican-American men in any of the models
(Table 5). Among Mexican-American women, higher seg-
regation was associated with lower obesity prevalence after
adjustment for age, nativity, and metropolitan-level con-
founders (Table 6). Specifically, Mexican-American women
living in high segregation MSAs were 0.54 (95% CI: 0.33,
0.90) times less likely to be obese than women in low seg-
regation MSAs, whereas there was no significant difference
between those living in medium and low segregation
MSAs (prevalence rate: 0.86; 95% CI: 0.67, 1.11). These
associations remained unchanged after adjustment for all
other covariates despite the positive associations of income,
neighborhood poverty, and negative income incongruity
with obesity. The segregation-nativity interaction terms were
not significant, suggesting that these findings did not vary
by country of birth for Mexican-American men or women.

DISCUSSION

We investigated the association between metropolitan-
level racial/ethnic residential segregation and obesity preva-
lence among non-Hispanic black and Mexican-American
men and women. There was no association of residential seg-
regation with obesity among black or Mexican-American

Table 3. Prevalence Ratios of Obesity Among Black Men Associated With Black Isolation Index Categories and Other Covariates, National

Health and Nutrition Examination Survey, 1999–2006a

Characteristic

Model 1b Model 2 Model 3 Model 4

Prevalence
Ratio

95% CIc
Prevalence

Ratio
95% CI

Prevalence
Ratio

95% CI
Prevalence

Ratio
95% CI

Black isolation indexd

High 1.15 0.85, 1.56e 1.18 0.88, 1.60 1.19 0.88, 1.60 1.19 0.88, 1.60

Medium 1.04 0.79, 1.36 1.06 0.81, 1.39 1.06 0.81, 1.38 1.07 0.81, 1.39

Low 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Foreign born 0.53 0.37, 0.77 0.54 0.37, 0.78 0.53 0.36, 0.77 0.54 0.37, 0.78

Educational level

Less than high school 0.97 0.77, 1.22 1.01 0.80, 1.28 1.02 0.74, 1.42

High school 1.05 0.84, 1.31 0.90 0.73, 1.10 1.05 0.84, 1.31

More than high
school

1.00 Referent 1.00 Referent 1.00 Referent

Income

<$20,000 0.75 0.58, 0.96 0.79 0.61, 1.03 0.75 0.58, 0.96

$20,000–44,999 0.87 0.71, 1.06 0.90 0.73, 1.10 0.87 0.71, 1.06

≥$45,000 1.00 Referent 1.00 Referent 1.00 Referent

Neighborhood poverty 0.94 0.86, 1.02

Negative income
incongruity

0.92 0.64, 1.32

Abbreviation: CI, confidence interval.
a Estimates were derived from a 2-level random intercept model, as described in the text.
b All models were adjusted for age, age squared, metropolitan area poverty level, and metropolitan area population size.
c P value is only presented for model 1 because results were similar for the other models.
d Black isolation index score was categorized as low (≤0.3), medium (0.3–0.6), or high (>0.6).
e P for joint test of significance = 0.53.
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men.Amongblackwomen, higher segregationwas associated
with higher obesity prevalence, whereas the opposite rela-
tionship was found for Mexican-American women. Neither
measure of the neighborhood socioeconomic environment
attenuated associations of segregation with obesity for black
or Mexican-American women.
Few studies have examined sex differences in the rela-

tionship between contextual factors and health, but there is
some support for these findings in the literature for other
health outcomes (41–44). Reasons for these sex differences
are not clear, but they may be due to differences in time
spent in the neighborhoods or differential levels of involve-
ment in the neighborhood (42). Women may be more likely
to be homemakers or to work closer to home, leaving them
more susceptible to both positive and negative environmen-
tal exposures in the neighborhoods in which they reside.
Alternatively, some research has suggested that indepen-
dent of employment status, sex-related patterns in socializa-
tion may promote greater engagement among women with
their communities (45). As a result, women may be more
likely than men to be beneficiaries of health-promoting
aspects of the residential environment, but they may also
be more vulnerable to more adverse contextual elements.

Our differential results for black women compared with
black men may also reflect differences in choice of stress-
coping behaviors (46). One way to cope with the chronic
disadvantage associated with residential segregation is to
engage in behaviors that may reduce feelings of anxiety or
stress at the expense of physical health (47–53). Women
may use food to cope with chronic environmental stressors,
whereas men may adopt behaviors that do not promote
obesity (e.g., physical activity or cigarette smoking) (46).
Therefore, chronic exposure to stressful circumstances may
lead to disease through different pathways for men versus
women.
Our finding among black women is consistent with that

from 2 national studies, in which investigators found that
higher segregation was associated with higher mean body
mass index and overweight/obesity (13, 14). Neither study
stratified by sex, so it is unclear whether the segregation-
weight association was different for men and women.
Another study also found no mediation by neighborhood
poverty of the relationship between segregation and black-
white disparities in hypertension, consistent with our own
mediation analyses (12). Residential segregation is hypoth-
esized to adversely influence socioeconomic and health

Table 4. Prevalence Ratios of Obesity Among Black Women Associated With Black Isolation Index Categories and Other Covariates, National

Health and Nutrition Examination Survey, 1999–2006a

Characteristic

Model 1b Model 2 Model 3 Model 4

Prevalence
Ratio

95% CIc
Prevalence

Ratio
95% CI

Prevalence
Ratio

95% CI
Prevalence

Ratio
95% CI

Black isolation
indexd

High 1.29 1.00, 1.65e 1.30 1.01, 1.66 1.29 1.01, 1.66 1.30 1.02, 1.67

Medium 1.35 1.07, 1.70 1.35 1.07, 1.71 1.35 1.07, 1.71 1.36 1.07, 1.72

Low 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Foreign born 0.58 0.43, 0.79 0.57 0.42, 0.77 0.58 0.43, 0.78 0.57 0.42, 0.77

Educational level

Less than high
school

0.96 0.83, 1.10 0.95 0.83, 1.09 1.04 0.86, 1.27

High school 1.01 0.87, 1.16 1.00 0.87, 1.15 1.00 0.87, 1.15

More than high
school

1.00 Referent 1.00 Referent 1.00 Referent

Income

<$20,000 1.03 0.88, 1.21 1.01 0.86, 1.19 1.04 0.88, 1.22

$20,000–44,999 1.18 1.02, 1.36 1.17 1.01, 1.35 1.19 1.03, 1.37

≥$45,000 1.00 Referent 1.00 Referent 1.00 Referent

Neighborhood
poverty

1.02 0.97, 1.07

Negative income
incongruity

0.89 0.71, 1.11

Abbreviation: CI, confidence interval.
a Estimates were derived from a 2-level random intercept model as described in the text.
b All models were adjusted for age, age squared, metropolitan area poverty level, and metropolitan area population size.
c P value is only presented for model 1 because results were similar for the other models.
d Hispanic isolation index score was categorized as low (≤0.3), medium (0.3–0.6), or high (>0.6).
e P for joint test of significance = 0.04.
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outcomes, particularly among blacks, by sorting them
into low-opportunity neighborhoods (10, 11). Our study
focused on the neighborhood socioeconomic environment,
but it is possible that other neighborhood characteristics as-
sociated with obesity, like safety, neighborhood cohesion,
or walkability (5), may better characterize the pathway
through which segregation leads to higher obesity among
black women. It is also possible that the negative income
incongruity index, calculated based on the average distribu-
tion of neighborhood poverty across all MSAs, does not
capture the full construct of racial neighborhood socioeco-
nomic incongruity because variation between metropolitan
areas is not being taking into account (54). Alternatively,
given the persistence of residential segregation and the re-
sultant transmission of concentrated poverty across genera-
tions for a large percentage of US blacks (55), it is possible
that a cross-sectional study cannot adequately capture the
pathways through which segregation impacts health.

In contrast towhatwas seen in blackwomen,we found high
segregation to be associated with lower obesity prevalence
in Mexican-American women in the fully adjusted model.
To our knowledge, no study has focused on metropolitan-
level segregation and obesity among Mexican Americans,

but this inverse association is plausible based on the differ-
ent sorting processes that may influence segregation patterns
among Hispanics. For blacks, housing discrimination, dis-
criminatory lending practices, and the construction of segre-
gated housing projects by the government are the main
causes of residential segregation (11, 28). A study of large
metropolitan areas in the United States found that both His-
panics and blacks face housing discrimination in rental and
sales markets (21). However, the continuous influx of
Mexican-American immigrants into the United States stim-
ulates the development and maintenance of ethnically segre-
gated neighborhoods, or “immigrant enclaves.” Enclaves
ease the transition into the US labor market and facilitate
retention of potentially health-promoting social and cultural
networks (56). Moreover, despite high area-level poverty,
enclaves have also been associated with high rates of labor
force participation, intact family structures, and strong com-
munity institutions (57).

Previous studies have demonstrated associations between
Hispanic ethnic density and the availability of healthy food
options and/or healthier diets (58–60). Hispanic residential
concentration may reinforce commercial demand for tradition-
al foods and ingredients (61) that may be healthier than the

Table 5. Prevalence Ratios of Obesity Among Mexican-American Men Associated With Hispanic Isolation Index Categories and Other

Covariates, National Health and Nutrition Examination Survey, 1999–2006a

Model 1b Model 2 Model 3 Model 4

Prevalence
Ratio

95% CIc
Prevalence

Ratio
95% CI

Prevalence
Ratio

95% CI
Prevalence

Ratio
95% CI

Hispanic isolation
indexd

High 1.05 0.61, 1.79e 1.07 0.63, 1.83 1.08 0.63, 1.83 1.07 0.63, 1.83

Medium 1.14 0.87, 1.48 1.13 0.87, 1.48 1.13 0.87, 1.48 1.13 0.87, 1.48

Low 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Foreign born 0.66 0.54, 0.80 0.62 0.49, 0.77 0.61 0.49, 0.77 0.62 0.49, 0.77

Educational level

Less than high
school

1.24 0.94, 1.64 1.23 0.93, 1.64 1.23 0.91, 1.67

High school 1.34 1.00, 1.81 1.34 1.00, 1.80 1.34 1.00, 1.81

More than high
school

1.00 Referent 1.00 Referent 1.00 Referent

Income

<$20,000 0.93 0.70, 1.25 0.92 0.68, 1.23 0.93 0.70, 1.24

$20,000–44,999 1.12 0.88, 1.43 1.11 0.88, 1.42 1.12 0.88, 1.43

≥$45,000 1.00 Referent 1.00 Referent 1.00 Referent

Neighborhood
poverty

1.03 0.93, 1.14

Negative income
incongruity

1.01 0.77, 1.33

Abbreviation: CI, confidence interval.
a Estimates were derived from a 2-level random intercept model as described in the text.
b All models were adjusted for age, age squared, metropolitan area poverty level, and metropolitan area population size.
c P value is only presented for model 1 because results were similar for the other models.
d Hispanic isolation index score was categorized as low (≤0.3), medium (0.3–0.6), or high (>0.6).
e P for joint test of significance = 0.57.
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higher-fat, more-processed “Westernized” alternatives. Be-
cause diet is a key determinant of obesity, a greater availabili-
ty of resources to support healthy eating may be one pathway
through which higher Hispanic segregation was associated
with lower obesity prevalence among Mexican-American
women in our analyses. Persistence of this association after
adjustment for neighborhood socioeconomic conditions sug-
gests that the health-promoting features associated with segre-
gated Hispanic areas may offset some of the potentially
adverse effects of living in high poverty neighborhoods.
The present study is not without limitations. Although

NHANES is a nationally representative survey, the small per-
centage of MSAs represented may limit the generalizability
of our findings regarding the associations of segregation with
obesity. However, NHANES primary sampling units are ran-
domly selected from strata defined by geography and propor-
tions of minority populations (62). Therefore, the MSAs in
NHANES should be a good representation of the geographic
and ethnic diversity of MSAs across the United States. In
addition, the individual sample size of NHANES may have
limited our power to detect larger associations of segregation
with obesity. Data limitations also precluded use of a segre-
gation measure more specific to Mexican Americans. As a
result, these analyses rest on the assumption that potential

health-promoting features of Hispanic concentration are uni-
formly present, regardless of the Hispanic subgroup that
characterizes the segregation. However, estimates of the asso-
ciation between segregation and obesity among Mexican
Americans could conceivably differ if the potential health-
promoting resources associated with Hispanic concentration
vary by the Hispanic subgroup that constitutes that segrega-
tion. Examination of this heterogeneity was not possible
with these data, but it does merit future inquiry.
Another potential limitation is that the reliability of our

assessment of mediation requires us to make assumptions
that we cannot ensure are true. Mediation analyses may be
biased if there is unmeasured confounding between the ex-
posure and the outcome, the exposure and the mediator, or
the intermediate and the outcome or if the exposure itself
confounds the association between the mediator and the
outcome (63). These assumptions cannot be tested using
the data. Therefore, we must rely on a priori knowledge of
the potential relevant confounders. We have adjusted for
age, individual-level socioeconomic position, and metro-
politan-level confounders, but other unmeasured confound-
ers may be biasing our assessment of mediation.
The present study is also limited by its cross-sectional

design. Factors associated with obesity (e.g., health problems

Table 6. Prevalence Ratios of Obesity Among Mexican-American Women Associated With Hispanic Isolation Index Categories and Other

Covariates, National Health and Nutrition Examination Survey, 1999–2006a

Model 1b Model 2 Model 3 Model 4

Prevalence
Ratio

95% CIc
Prevalence

Ratio
95% CI

Prevalence
Ratio

95% CI
Prevalence

Ratio
95% CI

Hispanic isolation
indexd

High 0.54 0.33, 0.90e 0.54 0.32, 0.90 0.56 0.34, 0.93 0.56 0.33, 0.93

Medium 0.86 0.67, 1.11 0.86 0.67, 1.11 0.88 0.69, 1.14 0.88 0.68, 1.12

Low 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Foreign born 0.87 0.74, 1.03 0.79 0.66, 0.95 0.79 0.66, 0.94 0.79 0.66, 0.95

Educational level

Less than high
school

1.09 0.88, 1.35 1.03 0.84, 1.28 0.98 0.77, 1.26

High school 0.90 0.69, 1.18 0.90 0.70, 1.17 0.90 0.70, 1.18

More than high
school

1.00 Referent 1.00 Referent 1.00 Referent

Income

<$20,000 1.21 0.97, 1.51 1.13 0.91, 1.41 1.19 0.95, 1.49

$20,000–44,999 1.10 0.89, 1.37 1.05 0.85, 1.31 1.09 0.88, 1.36

≥$45,000 1.00 Referent 1.00 Referent 1.00 Referent

Neighborhood poverty 1.12 1.04, 1.21

Negative income
incongruity

1.21 0.98, 1.50

Abbreviation: CI, confidence interval.
a Estimates were derived from a 2-level random intercept model as described in the text.
b All models were adjusted for age, age squared, metropolitan area poverty level, and metropolitan area population size.
c P value is only presented for model 1 because results were similar for the other models.
d Hispanic isolation index score was categorized as low (≤0.3), medium (0.3–0.6), or high (>0.6).
e P for joint test of significance = 0.06.
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due to obesity or desire to live in areas with better opportuni-
ties to be physically active) may influence selection into met-
ropolitan areas. Although we cannot rule out selection bias,
the potential for this type of threat to validity is lower among
metropolitan-level segregation studies than among neighbor-
hood-level segregation studies (64). Another consequence of
the cross-sectional design is that assessing this relationship at
one point in time might not accurately capture the true impact
of segregation on health over the life course. For example,
the longitudinal process of segregation is hypothesized to
limit educational opportunities, which may in turn have
long-term socioeconomic consequences that could affect
health (10).

Few studies have examined the relationship between met-
ropolitan-level residential segregation and obesity, particu-
larly among Hispanics, and few have empirically examined
mediation by neighborhood-level characteristics. Our find-
ings point to the importance of the metropolitan- and
neighborhood-level context in shaping obesity patterning
among black and Mexican-American women. A better un-
derstanding of the neighborhood-level pathways through
which residential segregation can lead to differential health
outcomes may help point to effective policies and strategies
for reducing obesity disparities.
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