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Abstract
Recent research suggests that racial residential segregation may be detrimental to health. This study
investigates the influence of neighborhood racial isolation on obesity and considers the role of
neighborhood disorder as a mediator in this relationship. For the city of Philadelphia, we find that
residence in a neighborhood with high black racial isolation is associated with a higher body mass
index and higher odds of obesity among women, but not men, highlighting important sex differences
in the influence of neighborhood structure on health. Furthermore, the influence of high racial
isolation on women’s weight status is mediated, in part, by the physically disordered nature of such
neighborhoods. Disorder of a more social nature (as measured by incident crime) is not associated
with weight status.

The influence of neighborhood context on health has been the subject of considerable research
interest over the past decade, and racial segregation is increasingly a focus of attention. Racial
segregation is well known to affect the social and economic well-being of the segregated
minority group (Massey 1990), and recent research suggests that it can also affect health, with
detrimental effects on general outcomes such as mortality (Collins and Williams 1999; Jackson
et al. 2000; LeClere, Rogers and Peters 1997) and overall health status (Subramanian, Acevedo-
Garcia and Osypuk 2005). Little is known, however, about how segregation might affect
obesity, a specific health outcome that may function as an intermediary link between
segregation and more general health measures. Obesity is associated with various morbidities,
disability and mortality (Alley and Chang 2007; Calle et al. 1999; Must et al. 1999).

A study by Chang (2006) found that racial segregation, as measured by the black isolation
index, is positively associated with BMI and the risk of being overweight among non-Hispanic
blacks. For example, an increase of one standard deviation in the isolation index was associated
with a 14 percent increase in the odds of being overweight. In keeping with most prior work
on segregation, this study measured segregation at the level of the metropolitan statistical area
and compared residence across different MSAs. An MSA-level measure of racial isolation,
however, averages neighborhood conditions within an MSA. Hence, individual outcomes were
not linked to individual neighborhoods, and this work was not able to directly assess whether
those with higher BMIs actually lived in the more racially isolated neighborhoods of a given
MSA. In the current study, we scale down the analysis to measure racial isolation at the
neighborhood level, which permits a more direct examination of whether residence in a more
segregated neighborhood increases the risk of being overweight.
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We also consider neighborhood disorder as a potential mediator in the relationship between
segregation and weight status. While the literature on segregation and health has increased
significantly in recent years, it has been limited by a lack of attention to specific mediators.
Poor, racially isolated neighborhoods are more likely to be disordered, and disorder could affect
weight status by discouraging physical activity and generating chronic stress, which can
promote weight gain via both physiological and behavioral mechanisms. With respect to
behavioral responses, chronic stress can lead to overeating as a coping mechanism, especially
among women (Jackson and Knight 2006). Prior work has shown that residents of disordered
neighborhoods have worse health as indexed by self-reported health, physical functioning and
chronic conditions (Ross and Mirowsky 2001).

Neighborhood Segregation and Disorder
Poor, racially isolated neighborhoods are more likely to be disordered. Neighborhood disorder,
or neighborhood incivilities, generally refers to observable indicators of social and physical
disarray ranging from criminal or uncivil behavior on the streets (e.g., harassment, loitering,
etc.) to the degeneration of physical capital, marked by a decline in the appearance,
maintenance or functionality of properties and physical structures (e.g., graffiti, vacant lots,
abandoned or burned-out housing and unkempt or dilapidated properties). With higher poverty
rates among the segregated minority group, racial segregation acts to concentrate poverty in
space creating a distinctive social and economic milieu that is short on the resources needed
to maintain an orderly public environment (Massey 1990). Poor, racially isolated
neighborhoods are weak on collective efficacy, which emphasizes mutual trust and solidarity
among neighbors and a willingness to intervene for the common good or active social control
of public space (Sampson and Groves 1989; Sampson, Raudenbush and Earls 1997). As a
whole, the community is not able to realize the common values of its residents with effective
social controls. Additionally, segregation can lead to the development of alternative status and
values schemes, which compensate for a disjuncture between dominant socioeconomic goals
and structured opportunities. These schemes often reflect a deliberate inversion or disavowal
of mainstream counterparts and can inspire disorderly and unlawful behaviors (Anderson
1990; Shihadeh and Flynn 1996; Wilson 1997). Furthermore, concentrated poverty and crime
contribute to a self-perpetuating process of disinvestment and eventual withdrawal by
landlords, business owners and homeowners alike, resulting in progressive physical
dilapidation (Massey 1990). Overall, the lack of both social and economic resources can
combine to produce a somewhat menacing local space that is marked by incivility, crime and
physical decay (Ross and Mirowsky 2001).

Neighborhood Segregation, Disorder and Weight Status
Neighborhood disorder could affect weight status through a variety of pathways. Work in
sociology and criminology demonstrates that neighborhood disorder strongly contributes to
fear and the perceived risk of crime (LaGrange, Ferraro and Supancic 1992; Perkins and Taylor
1996; Skogan 1990), and a concern for personal safety is often proposed as a barrier to physical
activity (Humpel, Owen and Leslie 2002). The perception of disorder can serve as a heuristic
device, providing visual cues to an underlying state of social disorganization with a breakdown
of acceptable norms of behavior and the failure of both formal and informal agencies to
maintain control (Lewis and Salem 1986; Perkins and Taylor 1996; Skogan 1990). Disorder
inspires fear not only by signaling a lack of regard for public order but also by indicating that
law enforcement is limited in its ability to maintain order (Taylor and Hale 1986). Residents
of neighborhoods with a higher degree of disorder and crime may be less likely to spend leisure
time outdoors and, therefore, be less physically active because they fear victimization or
harassment. As the fear of crime is rather loosely coupled to actual victimization, such fear
may be more reflective of broader conditions in the community such as physical disorder than
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of direct experiences with crime (LaGrange, Ferraro and Supancic 1992; Lewis and Maxfield
1980; Perkins and Taylor 1996).

In addition to fear and the perception of crime risk, neighborhood disorder is linked to a belief
or feeling of powerlessness among residents (Ross, Mirowsky and Pribesh 2001).
Powerlessness bears considerable overlap with the concept of self-efficacy from behavioral
models based on social cognitive theory (Bandura 1986), and empirical evidence suggests that
self-efficacy is an important determinant of physical activity (Dishman, Sallis and Orenstein
1985; Sallis, Hovell and Hofstetter 1992). Communal physical disorder also has an impact on
the aesthetic qualities of one’s immediate environment. A high proportion of abandoned houses
and vacant lots, for example, not only detracts from informal community surveillance but also
diminishes the aesthetic quality of the walking and recreational environment. Studies on
physical activity show that the perception of positive aesthetic features in one’s neighborhood,
such as enjoyable scenery, can be associated with increased activity (Ball et al. 2001; Brownson
et al. 2001).

Living in a disordered environment also contributes to chronic stress from a variety of sources
as residents are confronted on a daily basis with a noxious and distressing local environment
characterized by run-down and unkempt properties, vacancies, crime and other visual cues that
both formal and informal social control are weak and unreliable (Ross 2000; Ross and
Mirowsky 2001). Such chronic exposures to stress may, in turn, have physiological
consequences that promote weight gain. The human neuroendocrine system responds to stress
by releasing glucocorticoids, steroid hormones that are well known to be associated with weight
gain and fat accumulation with chronic exposure (Dallman et al. 2003; Kuo et al. 2007). Indeed,
abdominal fat may function as an anatomically localized indicator of prolonged exposure to
high levels of glucocorticoids from chronic stress (Kahn et al. 1998).

Stress can also lead to overeating as a coping mechanism, and women in particular are apt to
turn to food as a coping response (Jackson and Knight 2006). While this is a psychological
response, there is actually a complex interplay between psychological and physiological
pathways. Stress and glucocorticoids stimulate appetite and motivate the ingestion of “comfort
foods,” which are palatable foods containing high levels of fat, sugar and carbohydrates relative
to bland foods (Dallman et al. 2003). In fact, the consumption of such foods can assist in curbing
the chronic stress response, and the affective experience of anxiety, by initiating a feedback
loop that reduces circulating cortisol levels (Dallman et al. 2003; Jackson and Knight 2006).
Hence, there is a physiological basis for overeating as a coping response to stress. Lastly, stress
may also lead to staying home and sedentary behaviors as a coping mechanism.

There is relatively little prior work on the relationship between racial isolation (or racial
segregation more generally) and obesity. As previously noted, Chang (2006) found that
segregation, as measured by an MSA-level black isolation index, is positively associated with
BMI and the risk of being overweight among non-Hispanic blacks. Robert and Reither
(2004) examined the relationship between community percent black and BMI, but did not find
a significant association. Work by Boardman et al. (2005), on the other hand, found that
neighborhood percent black is significantly associated with an increased risk of obesity, and
that this relationship may be mediated by the proportion of co-residents who are obese. None
of these studies considered the role of neighborhood disorder and crime as potential mediators.
Moreover, there is little empirical data on the relationship between disorder and obesity.

The Present Study
The objective of this study is to investigate the influence of neighborhood racial isolation on
weight status and to examine the role of neighborhood disorder as a key mediator in this
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relationship. Specifically, we hypothesize that living in a racially isolated neighborhood is
associated with a higher BMI and risk of obesity, and that these relationships will be attenuated
after accounting for neighborhood differences in disorder. We combine individual-level data
on weight outcomes in Philadelphia with neighborhood-level data on racial composition,
physical disorder and social disorder (as measured by crime data). Disorder variables are based
on a rich array of objectively measured data collected from multiple municipal agencies in the
city of Philadelphia, taking advantage of a unique opportunity to study the influence of
objective measures of neighborhood context on obesity.1 Subjective, self-reported measures
of neighborhood context are well known to run the risk of spurious correlations with study
outcomes (Duncan and Raudenbush 1999). In this case, for example, persons who are more
prone to fear or anxiety (quite independently of actual disorder or crime) may be both more
likely to perceive or report neighborhood problems and less likely to engage in outdoor activity
(than less fearful persons). We avoid this problem by using disorder data that is objective and
acquired independently of study participants.

We also consider the mediating role of a variety of other neighborhood characteristics,
including access to park space, recreation centers and supermarkets, as well as the presence of
billboards and commercial land use. While the literature on segregation and health continues
to grow, less attention has been devoted to the study of potential mediators. Prior work on
segregation and obesity has largely relied on census data to assess context, and this has limited
the ability to examine mediators such as disorder and other more nuanced neighborhood
features. We also consider the extent of potential bias from unmeasured confounding in our
models. Lastly, we examine the extent to which individual-level racial disparities in weight
status can be attributed to neighborhood differences. Despite considerable increases in obesity
over the past three decades among all major race/ethnic groups in the United States, disparities
between groups have persisted over time, particularly among women. For example, recent
estimates show that the prevalence of obesity among non-Hispanic white women is 30 percent,
compared to 54 percent among non-Hispanic black women (Ogden et al. 2006). As with other
health outcomes, such racial disparities persist despite adjustments for individual
socioeconomic differences (Chang and Lauderdale 2005), and there is now increasing attention
to the influence of neighborhood environment on obesity.

Methods
Individual-Level Data and Measures

Data on weight status and other individual-level variables are from the 2002 and 2004
Southeastern Pennsylvania Household Health Survey, a cross-sectional, population-based
telephone survey collected semi-annually by the Philadelphia Health Management Corporation
to examine the health of persons living in southeastern Pennsylvania. It serves as the largest
and most comprehensive survey of the region’s health, and the sample is designed to be
representative of the underlying population. We focus on adults (18 and older) residing in the
city of Philadelphia, the area for which we have data on neighborhood disorder.

Weight status is assessed with body mass index (BMI: weight [kg]/height [m]2) based on self-
reported height and weight, and respondents were asked to report values without shoes. To
correct for potential reporting error in the self-reported measures, we used data from the 1999–
2004 National Health and Examination Survey to estimate the association between self-
reported and measured values (Cawley 2000). The NHANES contains measured values for

1Outdoor activity occurs year-round in Philadelphia, as the winters are relatively temperate. Over 2002–2004 (the years pertaining to
our individual-level data), average temperatures for the three coldest months (December–February) ranged from 34–39 °F, and average
daily highs ranged from 39–45 °F (The Franklin Institute 2008). Philadelphia also gets a limited amount of snow. For the months of
December–February, total snowfall averaged 2.96 inches per month for 2002 and 2004 (The Franklin Institute 2008).
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height and weight from physical exams as well as self-reported values (also without shoes).
Using the NHANES data, we regressed measured weight on self-reported weight, the square
of self-reported weight and age. In similar fashion, we regressed measured height on self-
reported height and its squared value, adjusting for age. As preliminary analyses suggested
some degree of variation by sex, race/ethnicity and age, analyses were stratified by race-sex
groups and all models included an interaction between self-reported values and age. We then
used the coefficients from these regressions to predict measured height and weight from self-
reported values in the SPHHS data. In this manner, weight status calculated from the predicted
values is adjusted for self-reporting error. The race/ethnic groups used were non-Hispanic
white, non-Hispanic black and Mexican American in the NHANES data. Sample sizes in the
NHANES were not adequate for separate analyses of Asians, so self-reported values for Asians
in the SPHSS were adjusted using the coefficients estimated for whites. Adjusted values for
weight status are used throughout the paper. Regression results are very similar to models
estimated using self-reported weight status and key study findings did not differ in any
meaningful fashion. We examine BMI as a continuous outcome as well as obesity (BMI ≥ 30).
2

Key covariates at the individual level include age, sex, race/ethnicity, education, household
income, marital status and survey year (2002 vs. 2004). Age is modeled as a continuous variable
and includes a squared term given a well-known curvilinear relationship between age and
weight status. All other covariates are modeled as categorical variables with dichotomous
indicators, as outlined in Table 1. Household income includes a missing category for those
who refused or could not answer the survey item. Sensitivity analyses using regression-based
imputation did not show any substantive changes to our findings, so we elect to leave these
respondents coded as missing. Findings were also robust to two additional sensitivity tests:
one where regressions were repeated with all such persons assigned to either the lowest or the
highest income category, and a second where regressions were repeated with a separate variable
denoting federal poverty status included along with the income variables. For all other
variables, data are missing for less than 2 percent of respondents, and missing cases are deleted.

Neighborhood-Level Data and Measures
Racial Isolation—Data on neighborhood-level racial composition, economic status and
population size are based on census tract data from the 2000 U.S. Census SF3 files. Residential
segregation has been conceptualized along five well known dimensions: unevenness, isolation,
centralization, concentration and clustering (Massey and Denton 1988). We focus on the
isolation dimension, which is in keeping with several prior studies on segregation and health
(Chang 2006; Collins and Williams 1999; Jackson et al. 2000; Robert and Reither 2004;
Subramanian, Acevedo-Garcia and Osypuk 2005). At the level of the metropolitan statistical
area, the black isolation index is computed as the average percentage of blacks per census tract
in the MSA, weighted by the proportion of blacks that live in each tract (Massey and Denton
1988). Because we are able to conduct our analyses at the census tract level, we can focus
directly on the percentage of blacks in each tract, permitting a direct analysis of individual
neighborhoods rather than relying on an average of neighborhood conditions at the MSA level.
Black racial isolation is measured by the percentage of non-Hispanic blacks within a given
census tract and is divided into three categories (high: > 60 percent, medium: 20–60 percent
and low: < 20 percent), which are modeled with indicator variables. Hispanic racial isolation
is also considered, though our primary focus is on black isolation because most neighborhoods
in Philadelphia have a very low percentage of Hispanic residents (median 2.7 percent, mean

2The SPHHS does not include information on whether or not women were pregnant at the time of the survey, and pregnancy alters weight
status. To assess whether our results might be biased by the inclusion of pregnant women, we re-ran all of our models excluding women
under the age of 45. Findings for models of BMI as well as obesity were not altered in any meaningful fashion and our study conclusions
were unchanged.
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7.7 percent). Poverty concentration is measured by the percentage living below the federal
poverty line within a given tract.

Physical Disorder—Data on neighborhood disorder are from the University of
Pennsylvania’s Cartographic Modeling Lab. The CML’s Neighborhood information System
integrates data from 10 different municipal agencies, creating a unique data warehouse on the
spatial distribution of physical structures within the city of Philadelphia. An index of physical
disorder was created for each census tract based on the following data elements from the years
2000–02: vacant residential properties, vacant lots, housing code violations, fires on property,
residential properties owned by the Philadelphia Housing Authority and median residential
sales price (Table 2). These variables index the degeneration of physical capital or the material
aspects of one’s surroundings, i.e., a decline in the appearance, maintenance and functionality
of properties and physical structures. With the exception of median sales price, the raw data
for each variable took the form of an absolute count and was adjusted for the number of parcels
or housing units per census tract (see Table 2). Data across the three years were averaged for
each variable, and all variables were log-transformed to reduce skew. A principal components
factor analysis confirmed that these variables load on a single factor with loadings of .70–.93.
A score for physical disorder was computed by summing the z-scores (standardized values)
for each of the six variables, and the index shows good internal consistency with an alpha
reliability of .90. Median residential sales price was reverse-coded in creating the score.

Social Disorder - Crime—Data pertaining to crime and social incivilities is also provided
by the CML, which formed a research partnership with the Philadelphia Police Department to
access incident-level data for crimes. An index of crime and social disorder was created based
on the following data from 2000–02: serious crimes against people (e.g., robbery and
aggravated assault), serious crimes against property (e.g., burglary, theft, auto theft), criminal
mischief and vandalism, disorderly conduct, curfew violations and minor disturbances (Table
2). Each variable was adjusted for the number of persons per census tract, and we averaged
data from the years 2000–02. Variables were log-transformed, and a principal components
analysis confirmed that they load on a single factor with loadings of .79–.93. A score for social
disorder/crime was computed by summing the z-scores for each of the six variables with an
alpha reliability of .93. The correlation between the scores for physical and social disorder/
crime is .67.3

Other Neighborhood Covariates and Potential Mediators—Lastly, we consider
adjustments for a variety of other neighborhood factors using data from the CML. We took all
available data into consideration and focused on neighborhood characteristics that: (1. are
potentially correlated with neighborhood disorder or isolation and (2. could have a plausible
influence on weight status. Given the data at hand, we were able to create variables relating to
five additional domains: park space, recreation centers, supermarkets, commercial land use
and billboards (Table 2). Access to parks and recreation centers can affect physical activity
(Humpel, Owen and Leslie 2002); access to supermarkets can affect food choices (Morland,
Wing and Diez Roux 2002); commercial and other non-residential land use has been associated
with walking and cycling (Hoehner et al. 2005;Saelens, Sallis and Frank 2003); and billboard
advertising could encourage the consumption of unhealthy foods. Recent empirical work
suggests that billboard and other outdoor advertisements for high calorie/low nutrient products
(e.g., fast food and sugar beverages) are more prevalent in black and low income neighborhoods
(Hillier et al. forthcoming). The number of recreation centers, supermarkets and billboards
were adjusted for census tract area-size. Adjustments for number of persons rather than area

3When the variables for physical disorder and crime/social disorder are pooled together, factor analysis with oblique rotation confirms
that there are two factors with good separation, and that each variable loads primarily on the expected factor. Prior to rotation, 73 percent
of the variance is accounted for by the two factors.
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did not meaningfully alter our results. We also considered models where access to parks,
recreation centers and supermarkets is operationalized as whether or not the tract centroid (or
edge) is within various distances of these factors (e.g., half, three-quarters or 1 mile), and
conclusions were again unchanged. All variables are log-transformed to reduce skew.

Analyses
As depicted in the following equation, two-level hierarchical linear regression is used to model
the effect of neighborhood-level racial composition and disorder on individual-level BMI,
adjusting for covariates at each level.

Individuals (i) at level one are nested within census tracts/neighborhoods (j) at level two.
BMIij is the body mass index for person i in tract j; Xij are 1, …, K individual-level covariates
(e.g., age, education, etc.); Zj are 1, …, M neighborhood-level covariates (e.g., racial isolation,
disorder); and eij is the individual-level error term. A random effect (u0j) for the level-one
intercept (β0j) models between-neighborhood variance in BMI and accounts for the non-
independence of persons clustered within the same census tract. Our sample consists of 6,698
persons nested within 348 neighborhoods, with a mean of 19.2 and a median of 18 persons per
neighborhood. Analyses with obesity as the outcome variable are similarly modeled using
hierarchical generalized linear regression models.

Given prior work suggesting that contextual effects on health may vary by sex, particularly for
weight status (Chang and Christakis 2005; Miles 2006; Robert and Reither 2004), we test for
interactions between neighborhood variables and sex. Moreover, as noted above, women, and
perhaps black women in particular, are more likely to respond to stress by consuming comfort
foods as a coping mechanism (Jackson and Knight 2006). Men, on the other hand, may be more
likely to engage in substance use (e.g., drugs, tobacco, alcohol) as a coping response to stress
(Williams 2003). These responses can have varying implications for weight status. Interactions
between neighborhood variables and individual-level race are also considered, as well as
interactions between individual-level sex and race. Statistical analyses were conducted with
STATA 9.2 and HLM 6.04 software.

Despite adjustments for a large number of observed covariates as (discussed above), we further
test our results for sensitivity to unmeasured, residual confounding. Here, we adapt methods
of external adjustment (Lin, Psaty and Kronmal 1998; Schneeweiss 2006) to examine how our
estimates of the association between disorder and obesity would be changed by adjusting for
a hypothetical confounder with various characteristics. The extent of bias from unmeasured
confounding will depend in predictable ways on the prevalence of the putative confounder, its
association with obesity, and its association with disorder. We vary these characteristics and
quantify the effect of hypothetical confounding on our estimates. In this manner, we get an
approximation of what such a confounder would have to be like and how much hidden bias
would have to be present to “explain away” our estimates and alter study conclusions
(Rosenbaum 1991). We conduct these analyses on our model with obesity as the outcome
variable.

Results
Descriptive statistics for individual- and neighborhood-level variables are shown in tables 1
and 2. In our Philadelphia sample, 37 percent of census tracts have a relatively high proportion
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of black residents (> 60 percent), and 44 percent of tracts have a relatively low proportion (<
20 percent). The average concentration of poverty is 23 percent. Scores for physical and social
disorder/crime exhibit a wide range and are approximately normally distributed across tracts.
A one-way ANOVA model with BMI as the dependent variable and a random effect for the
intercept demonstrates significant variation (p < .01) between neighborhoods in BMI with an
estimated variance component of 1.91 and an intraclass correlation coefficient of 5 percent.
As expected, and consistent with the range of values reported in previous studies on weight
status (Boardman et al. 2005;Robert and Reither 2004), the between-area variance is small
relative to the within-area variance. A small ICC, however, does not rule out large and
meaningful effect sizes associated with differences in neighborhood characteristics (Duncan
and Raudenbush 1999).

Body Mass Index
Table 3 displays the results for multivariate regression models for BMI. Statistically significant
(p < .05) and substantive interactions were found between sex and individual-level race, as
well as between sex and specific neighborhood-level variables (racial isolation and physical
disorder). Therefore, the coefficients for individual-level race, neighborhood racial isolation
and neighborhood physical disorder are listed separately for men and women to facilitate
interpretation. Model 1 estimates individual-level racial disparities in BMI, adjusting for
individual-level age, sex, education, income, marital status and survey year. Despite adjusting
for differences in socioeconomic status, BMI is, on average, significantly higher for black and
Latino women relative to white women. In contrast, BMI is significantly lower for Asian
women. Among men, such racial differences are in the same direction but much smaller in
magnitude and statistically significant only for Asian men.

Model 2 includes the black racial isolation as a neighborhood-level predictor variable. Among
women, increasing racial isolation is associated with a monotonic increase in BMI. Living in
a neighborhood with high (vs. low) racial isolation is associated with a .992 unit increase in
BMI (p < .01), despite adjustments for individual differences in age, race, SES and marital
status. As points of reference, this difference in BMI is comparable to the difference in
estimated BMI between a high school graduate vs. a college graduate (.946 from Model 2, not
shown in table), as well as the difference between having < $15,000 vs. ≥ $70,000 in household
income (.707 from Model 2). Living in a neighborhood with medium (vs. low) isolation is
associated with a .564 unit increase in BMI (p < .05). In contrast to women, there is no
significant association between BMI and racial isolation among men. No significant
interactions were found between racial isolation and individual-level race (i.e., the influence
of neighborhood racial isolation on weight status did not vary by the race of the individual
resident). Also, no significant effects were found for Hispanic racial isolation, and the findings
for black isolation were not sensitive to adjustments for Hispanic isolation.

Model 3 further adjusts for neighborhood poverty levels and population size. Among women,
the coefficient for high racial isolation is slightly attenuated (to .956) but remains significant
(p < .01), suggesting that racial isolation has effects on weight status that are independent of
those relating to the concentration of poverty. The estimate for medium (vs. low) isolation is
not significant. Model 4 adds physical disorder to the model. As previously noted, there is a
statistically significant interaction between sex and physical disorder, so a separate coefficient
for physical disorder is listed for each sex. Disorder variables are scaled so that the coefficients
represent the change in BMI estimated for an increase from the 25th to 75th percentile of
disorder (the inter-quartile range). Physical disorder is significantly associated with BMI
among women but not among men. Among women, an inter-quartile increase in physical
disorder is associated with a 1.024 unit increase in BMI (p < .01). Furthermore, the coefficient
for high racial isolation among women is attenuated by ~50 percent and is no longer significant
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in Model 4, supporting the hypothesis that the effect of neighborhood racial isolation on weight
status is mediated by neighborhood physical disorder. Finally, Model 5 further adds social
disorder/crime to the model. In contrast to physical disorder, social disorder/crime is not
significantly associated with BMI, and this remains the case even if physical disorder is
excluded from the model. No significant interactions were found between sex and social
disorder or between race and either disorder variable. In comparing Model 1 with Model 5,
individual-level racial disparities for black and Latino women are attenuated by adjusting for
neighborhood characteristics, but significant disparities remain. The difference between black
vs. white women is reduced by 26 percent, and the difference between Latino vs. white women
is reduced by 18 percent.

In Table 4, we consider whether our main model is sensitive to the addition of variables for
five other selected neighborhood-level factors: parks, recreation centers, supermarkets,
commercial land use and billboards. Model 1 is simply the final model from Table 3. In models
2 through 6 we consider the additional neighborhood covariates, one at a time and without
disorder. Here, we see that none of the variables is significantly associated with BMI and,
furthermore, that none has much influence on the estimate for racial isolation among women.
Finally, in Model 7 of Table 4, we add all the new variables simultaneously to Model 1 and
show that our estimate for physical disorder is robust to the addition of several key
neighborhood controls. Moreover, the addition of such controls does not add much with respect
to the attenuation of the isolation estimate.4

Obesity
Table 5 displays models that examine obesity, rather than BMI, as the outcome, and the results
show a similar pattern. In Model 1, high racial isolation is associated with a 35 percent increase
in the odds of being obese among women (p < .01), adjusting for neighborhood poverty and
population size, as well as all individual-level covariates. Model 2 adds the variables for
physical and social disorder/crime to the model, as well as the five other selected neighborhood
factors. Our sensitivity analysis of unmeasured confounding (see next section) requires a
categorical independent (exposure) variable of interest. Hence, Model 2 shows physical
disorder modeled with quartiles to provide baseline estimates for our sensitivity analysis. The
effect of racial isolation is no longer significant in Model 2, and physical disorder shows a
monotonic, positive relationship with obesity. Those in the 4th (highest) quartile have 78
percent higher odds of obesity relative to the 1st (lowest) quartile (p < .01), and those in the
3rd quartile have 57 percent higher odds (p < .01). Social disorder/crime and the other
neighborhood covariates are again not significant with the exception of percent commercial
parcels, which is associated with lower odds of obesity. Lastly, findings for models of BMI
and obesity were not changed in any meaningful fashion by excluding underweight (BMI <
18.5) persons from the sample or by adjusting for smoking status.

Sensitivity Analyses for Unmeasured Confounding
Despite adjustments for a large number of observed covariates, we further consider the
sensitivity of our results to adjustment for a hypothetical unmeasured confounder (Lin, Psaty
and Kronmal 1998; Schneeweiss 2006). Table 6 shows how estimates from Model 2 of Table
5 for the association between physical disorder and obesity among women (ORs for 3rd and
4th quartiles of disorder vs. 1st quartile) would be influenced by adjusting for a hypothetical
confounder (C) with various characteristics. We vary the strength of the association between

4The SPHHS has three questions on “neighborhood” food access. It asks respondents about the ease of finding fruit; the quality of grocery
stores; and whether they have to travel outside the neighborhood for a supermarket. In keeping with our results using the objective measure
of supermarket access, the inclusion of these self-reported variables did not attenuate the association between segregation and weight
status.
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C and obesity (OR C-obesity: 1.50 to 2.00) as well as the prevalence of C (.0 to .6) in the
disorder category (quartile) under consideration. Additionally, we assume that the prevalence
of C is 50 percent higher in the disorder category under consideration relative to the base
category (1st quartile). As expected, the estimates for the association between disorder and
obesity are unchanged when the prevalence of the confounder is 0 (see table). Here, the ORs
for the association between physical disorder and obesity are the same as in Model 2 of Table
5: 1.57 for the 3rd (vs. 1st) quartile, and 1.78 for the 4th (vs. 1st) quartile. As the strength of the
association between C and obesity increases, and as the prevalence of C increases, the
adjusted ORs between disorder and obesity decrease. The ORs remain above 1.00, however,
at all combinations. Furthermore, all estimates remain significant (p < .05). Hence, our
estimates are highly robust to bias from an unobserved confounder, and we are not able to
“explain away” our estimates. Moreover, an OR of 2.00 for C-obesity is in excess of all
observed ORs between obesity and the measured covariates of our models, including
individual-level factors.

Discussion
This study investigates the influence of segregation, specifically neighborhood racial isolation,
on weight status and considers the hypothesis that neighborhood disorder is a mediator in this
relationship. Among women, we find that residence in a neighborhood with high (vs. low)
black isolation is associated with higher weight status and an increased risk of being obese,
despite adjustments for neighborhood poverty and individual-level socioeconomic factors.
Hence, women experience a higher risk of obesity when living in a more racially isolated
neighborhood, above and beyond the influence of personal disadvantages such as those relating
to education and income. Racially isolated neighborhoods are more likely to be disordered,
and we find that physical disorder mediates the relationship between racial isolation and weight
status. Moreover, the association between disorder and weight status was robust to adjustments
for a variety of other key neighborhood characteristics (e.g., access to park space, recreation
centers and supermarkets), as well as a sensitivity analysis for unmeasured confounding. With
respect to individual-level racial disparities in weight status, significant differences remain
despite adjustments for both individual- and neighborhood-level characteristics.

We use objectively measured data on neighborhood disorder collected from multiple municipal
agencies in Philadelphia, avoiding the risk of bias incurred by self-reported disorder. Physical
disorder refers to observable indicators of physical disarray, including degeneration and decline
in the appearance and functionality of surrounding properties (e.g., vacant lots, abandoned or
burned-out properties, unkempt or dilapidated housing, etc.). Such a state of disorder can act
as a heuristic device, providing visual clues to the failure of both formal and informal agencies
to maintain social control. As such, living in a disordered environment may lead to chronic
stress with increased cortisol secretion, a sense of fear and powerlessness, overeating, and a
reluctance to engage in outdoor activity, all of which can have effects on weight status.
Furthermore, in the context of prior work linking segregation to an increased risk of mortality
and poor health, as well as prior work linking disorder to poor health (Ross and Mirowsky
2001), unhealthy weight status may function as an intermediary outcome in these relationships.

Interestingly it is physical rather than social disorder that is relevant to weight status in our
study. Social disorder, as indexed by incident crime data, was not significantly associated with
BMI or obesity. Hence, it may be the case that physical disorder is more pertinent to weight-
related outcomes than markers of social disorder such as crime. As previously noted, the fear
of crime is somewhat loosely coupled to actual victimization, so such fear may be more
reflective of broader local conditions such as physical disorder than of direct experiences with
crime. Physical disorder also detracts from the aesthetic qualities of one’s environment, which
further lessens any motivation for outdoor activity. It may also be the case, however, that it is

Chang et al. Page 10

Soc Forces. Author manuscript; available in PMC 2010 February 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



social incivilities of a more informal nature, i.e., those that are not well-captured by official
crime data, that are important to our outcomes.

Another key finding is that both segregation and disorder are positively associated with weight
status for women but not men. While an explanation for this difference is not readily apparent,
there are various possibilities. First, disorder may precipitate a greater quantity, or perhaps
different quality, of psychological stress among women. Moreover, coping responses to stress
are known to vary by sex. For example, women are more apt to engage in overeating as a coping
mechanism for stress (Jackson and Knight 2006). Jackson and Knight (2006) argue that among
black women, overeating is learned early in life as a culturally acceptable behavior and antidote
to chronic stress. Women may also be more likely to restrict their outdoor activity in response
to fear. Men, on the other hand, are generally more physically active than women and are more
likely to engage in substance use (e.g., drugs, tobacco, alcohol) as a coping response to stress
(Williams 2003). While overeating typically leads to weight gain, smoking and substance abuse
can be associated with weight loss. Overall, the sex differences we find may reflect highly
gendered responses to stress and coping (Williams 2003).

Second, men may be more likely to leave the neighborhood for work, thereby experiencing
less isolation and exposure to neighborhood Stressors. Third, given that weight status is
correlated with both rate and poverty (Chang and Lauderdale 2005), the status of being obese;
is probably fast approaching the norm in hyper-segregated urban enclaves, and women may
be more likely to calibrate personal weight standards relative to community norms. Women
are more likely than men to compare themselves to others (particularly other women) with
respect to appearance (Graziano et al. 1993), and shifting local weight standards may act to
mitigate the broader social stigma of obesity. Indeed, recent empirical work has shown that
obesity is positively associated with the proportion of one’s neighbors who are obese, and
supports the hypothesis that racial isolation affects weight status through an influence on local
weight norms (Boardman et al. 2005). Additionally, many studies have shown that blacks tend
to be more tolerant than whites of heavier weights (Kumanyika 1998), and racial isolation
would act to concentrate such standards, again shifting the overarching community norm away
from mainstream counterparts.

Other studies on weight status and residential context have also suggested that contextual
effects may be stronger for women than men (Chang and Christakis 2005; Robert and Reither
2004). Along with the current study, these findings suggest that there can be important sex
differences in the relationship between the structured environment and health. As a whole,
studies on the role of neighborhood factors in conditioning health tend to focus on poverty and
race, potentially overlooking the fact that men and women may experience certain
neighborhood elements quite differently. Indeed, such sex differences may contribute, to some
degree, to the observation of larger racial disparities in weight status among women. In our
study, however, significant racial disparities remained despite adjustments for multiple
individual- and neighborhood-level factors.

In keeping with prior work finding that weight status is positively associated with racial
isolation measured at the MSA level (Chang 2006), we find that this relationship is preserved
when isolation is measured at the neighborhood level and persons are linked to individual
neighborhoods. Our findings differ, however, from those of a study by Robert and Reither
(2004) where community percent black was not associated with BMI. While their study used
data from the 1980s, this study uses data from the 2000s, and the bulk of recent and dramatic
shifts in the population-level distribution of weight status occurred during this interval (Chang
and Lauderdale 2005; Ogden et al. 2006). Given the large number of environmental changes
that are thought to contribute to such shifts, as well as a concomitantly changing cultural
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context, the various weight-promoting pathways relating to segregation may be more salient
now than they were in the past.

The influence of racial isolation and disorder on weight status did not vary by the race of the
individual resident, which is largely in keeping with prior expectations as well as work on other
outcomes at the neighborhood level. LeClere, Rogers and Peters (1997), for example, find that
neighborhoods with a high concentration of blacks confer a greater risk of mortality for blacks
but also for whites and Mexican Americans. The broader material and structural disadvantages
that are precipitated by racial isolation and the concentration of black poverty can have a
negative influence on all residents of a given neighborhood regardless of race. We had no prior
reason, for example, to expect neighborhood physical disorder to have a greater effect on one
group vs. another. In contrast, prior work by Chang (2006) found that racial isolation, as
measured by an MSA isolation index, was associated with weight status for blacks but not
whites. This finding is not inconsistent with those of the current study because an MSA isolation
index averages neighborhood conditions across a given MSA. Specifically, the black isolation
index is computed as the average percentage of blacks per census tract in the MSA, weighted
by the proportion of blacks that live in each census tract. Hence, while blacks may suffer greater
disadvantage in MSAs with a higher isolation index, whites may fare better in such cities
because they are more isolated or buffered from the correlates of black poverty. In short, the
expectation of racial differences can be highly dependent on how isolation is measured (e.g.,
neighborhood-level percent black vs. MSA-level isolation index).

Limitations
There are limitations to this study. First, we did not have access to sufficiently detailed measures
on individual-level mediators such as diet, physical activity and stress. Adjusting for such
factors using the somewhat crude measures available in our data did little to attenuate the
association between neighborhood disorder and weight status. Given the limited number of
pathways by which differences in weight status can be produced, this lack of attenuation
suggests that our behavior and stress variables are insufficiently detailed to capture relevant
physiological differences. It is well known that very small caloric imbalances (e.g., 100
calories/day) can lead to significant weight changes over time (Cutler, Glaeser and Shapiro
2003), and our measures are simply not designed to capture such differences.

Second, this study is cross-sectional and cannot rule out the possibility that weight status may
influence place of residence. It seems unlikely, however, that a person’s weight status would
have any major effect on place of residence over and above well known determinants of
residential mobility such as race, education and income, all of which are adjusted for in our
analyses. Also, our findings were robust to sensitivity analyses where we restrict the sample
to persons who have been living in the same neighborhood for at least five years. Furthermore,
the hypothesis that neighborhood can have a causal influence on obesity is supported by recent
findings from Moving to Opportunity, a large-scale randomized experiment wherein some
families living in high-poverty housing projects were offered vouchers to move to lower
poverty neighborhoods (experimental group), while others were not offered vouchers (Kling,
Liebman and Katz 2007). The experimental group subsequently had a lower risk of obesity
relative to the control group. Lastly, we note that there is racial and ethnic variation in the
percentage of body fat associated with a given BMI (Deurenberg, Yap and van Staveren
1998). Hence, the use of a single, standard cut-point for obesity may not suit all groups,
especially when used to establish thresholds of health risk.

Conclusions
In sum, we find that neighborhood racial isolation is positively associated with weight status
and the risk of obesity among women (but not men), and that this relationship is mediated by
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the physically disordered nature of segregated neighborhoods. We advance prior work in this
area by scaling the analysis down to a neighborhood level and by using more recent data.
Furthermore, this is the first study to examine the intermediary role of neighborhood disorder.
We find that the presence of physical disorder may be more relevant to weight status than the
presence of crime-related social disorder. Lastly, our findings highlight important sex
differences in the influence of neighborhood structure on health.

While it has long been noted by social scientists that segregation and disorder can have a
remarkable impact on the social fabric of urban life, our findings contribute further evidence
that there are specific effects on health as well. Hence, health behaviors at the individual level
are ultimately conditioned by risk factors organized at a spatial level, and differences between
places are an important component to consider in health promotion and policy efforts. For
example, public health campaigns that encourage exercise may be irrelevant to persons in
disadvantaged neighborhoods with little opportunity and multiple disincentives to engage in
such activity. Finally weight status can go on to affect individual status attainments for women.
Empirical evidence suggests that being overweight or obese can have a negative influence on
education, wages and occupational attainment, as well as marital mobility (Gortmaker et al.
1993; Pagan and Davila 1997). Hence, if segregation really does increase the risk of a
normatively undesirable weight outcome, then the body itself may play a non-trivial role in the
overall cycle of segregation and individual poverty and dislocation among women in the United
States.
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Table 1

Descriptive Statistics for Individual-Level Variables

Variable Mean (SD) or %

BMI 27.3 (6.4)

Obese (BMI ≥ 30) 26.6

Age (years) 46.5 (18.2)

Female 65.8

Race/Ethnicity

 White 42.9

 Black 38.3

 Latino 7.8

 Asian 9.0

 Other 2.0

Education

 Less than HS (0–11 yrs) 14.3

 HS Graduate (12 yrs) 36.3

 Some College (13–15 yrs) 21.1

 College Graduate (16 yrs) 17.3

 Post College (> 16 yrs) 11.1

Household Income

 < $15,000 18.8

 $15,000 < $30,000 18.9

 $30,000 < $50,000 13.0

 $50,000 < $70,000 14.4

 $70,000 or More 16.8

 Don’t Know/Missing 18.3

Married 40.9

Survey Year

 2002 51.8

 2004 48.2

Note: N = 6,698.
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Table 2

Descriptive Statistics for Neighborhood Variables

Variables Mean (SD) or % Units

% Non-Hispanic Black

 High (> 60) 37.4

 Medium (20–60) 19.0

 Low (< 20) 43.7

% Hispanic 7.7 (14.8)

% Below the Federal Poverty Line 22.8 (14.7)

Population Size 4.29 (2.25) 1000 persons

Physical Disorder

 Vacant Residential Properties 5.67 (7.16) # per 100 residential parcels

 Vacant Lots 7.94 (10.25) # per 100 parcels

 Housing Code Violations 18.45 (23.94) # per 100 occupied housing units

 Fires on Property .57 (.57) # per 100 parcels

 PHA-owned Residential Properties 1.73 (5.30) # per 100 residential parcels

 Median Residential Sales Price 8.04 (9.49) $10,000

 Score (IQ range:−4.10–3.63) .00 (4.87)

Social Disorder/Crime

 Serious Crimes Against Persons 1.37 (1.12) # per 100 persons

 Serious Crimes Against Property 6.45 (6.91) # per 100 persons

 Criminal Mischief and Vandalism 1.61 (1.18) # per 100 persons

 Disorderly Conduct .44 (1.00) # per 100 persons

 Curfew Violations 1.27 (1.33) # per 100 persons

 Minor Disturbances 6.70 (4.53) # per 100 persons

 Score (IQ range: −3.09–2.83) .00 (5.21)

Other Covariates

 % Park Area 4.81 (8.65)

 Recreation Centers 2.00 (3.46) # per square mile

 Supermarkets 1.68 (3.57) # per square mile

 % Commercial Parcels 4.81 (5.29)

 Billboards 15.91 (21.60) # per square mile

Notes: Mean and SD reflect the distribution across census tracts in our sample. Disorder data are per year and averaged across the years 2000–02.
Scores for each dimension of disorder were computed by summing the z-scores (standardized values) for each of the six component variables.
Residential sales price was reverse-coded in creating the score. PHA: Philadelphia Housing Authority. IQ: inter-quartile range. N = 348.
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Table 6

Sensitivity Analysis of the Effect of Unmeasured Confounding on the Association between Physical Disorder
and Obesity among Women

(C = Confounder) OR Disorder-Obesity Adjusted for Confounderc

OR C-Obesitya
Prevalence C in

Disorder Categoryb 3rd Quartile 4th Quartile

1.50 .0 1.57** 1.78**

1.50 .2 1.52** 1.72**

1.50 .4 1.48** 1.68**

1.50 .6 1.45* 1.64**

1.75 .0 1.57** 1.78**

1.75 .2 1.50** 1.70**

1.75 .4 1.45* 1.64**

1.75 .6 1.41* 1.59*

2.00 .0 1.57** 1.78**

2.00 .2 1.48** 1.68**

2.00 .4 1.42* 1.61**

2.00 .6 1.37* 1.56*

Notes:

a
Odds ratio (association) between the hypothetical confounder and obesity.

b
Prevalence of the hypothetical confounder in the disorder category under consideration (3rd quartile or 4th quartile).

c
Odds ratios for the association between physical disorder and obesity (3rd quartile disorder [vs. 1st] and 4th quartile [vs. 1st]) after adjusting for the

hypothetical confounder.

The prevalence of the hypothetical confounder is assumed to be 50 percent higher in the disorder category under consideration than in the base category

(1st quartile disorder).

*
p < .05

**
p < .01.
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