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Abstract The objective of the study was to examine the
independent effects of neighborhood poverty and psycho-
social stress on increases in central adiposity over time.
Data are from a community sample of 157 Non-Hispanic
Black, Non-Hispanic White, and Hispanic adults collected
in 2002-2003 and 2007-2008, and from the 2000 Decen-
nial Census. The dependent variable was waist circumfer-
ence. Independent variables included neighborhood pov-
erty, perceived neighborhood physical environment, fam-
ily stress, safety stress, everyday unfair treatment, and a
cumulative stress index. Weighted 3-level hierarchical lin-
ear regression models for a continuous outcome were used
to assess the effects of neighborhood poverty and psycho-
social stress on central adiposity over time. We also
assessed whether psychosocial stress mediated the associ-
ation between neighborhood poverty and central adiposity.
Neighborhood poverty and everyday unfair treatment at
baseline were independently associated with increases in
central adiposity over time, accounting for the other indi-
cators of stress. Perceptions of the neighborhood physical
environment and cumulative stress mediated associations
between neighborhood poverty and central adiposity.
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Results suggest that residing in neighborhoods with higher
concentrations of poverty and exposure to everyday unfair
treatment independently heighten risk of increased central
adiposity over time. Associations between neighborhood
poverty and central adiposity were mediated by percep-
tions of the neighborhood physical environment and by the
cumulative stress index. Public health strategies to reduce
obesity should consider neighborhood poverty and expo-
sure to multiple sources of psychosocial stress, including
everyday unfair treatment.
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Introduction

Non-Hispanic Blacks (NHBs), Hispanics, and low-income
non-Hispanic Whites (NHWs) in the USA are dispropor-
tionately at risk of cardiovascular disease (CVD), diabetes,
and some cancers [1]. Research suggests that this dispro-
portionate risk is driven, at least in part, by higher rates of
obesity among these racial and income groups [1]. Obesity
rates often vary by neighborhood characteristics, with, for
example, neighborhood concentrations of poverty associ-
ated with heightened risk of obesity [2—5]. Counterintui-
tively, one recent cross-sectional study found a reduced
risk of obesity for African Americans living in poverty, and
increased risk among their Whites counterparts [6]. In
contrast, a number of studies have reported findings sug-
gesting that neighborhood poverty in urban environments
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may be associated with increased risk of obesity through
its effects on access to healthy foods [7-9] and by shaping
characteristics of the physical environment associated with
physical activity [10—13]. These results suggest a need for
research that helps us understand more clearly the potential
pathways linking neighborhood poverty with increased
rates of obesity.

An under-examined pathway between neighborhood
poverty with obesity is the role of psychosocial stress
[14, 15]. Substantial evidence links neighborhood poverty
to greater exposure to psychosocial stress [16-18], and
these exposures may mediate the relationship between
neighborhood poverty and increased obesity risk. Poverty
creates stressful environments where residents have poor
access to a number of material resources such as employ-
ment opportunities, quality education, and municipal ser-
vices (e.g., police). This environment is stressful and fos-
ters financial strain, lower socioeconomic status, and
higher crime rates [19, 20]. For example, residents of high
poverty neighborhoods may experience heightened psy-
chosocial stress from a variety of sources including the
physical and social environments they encounter [21-24],
family relationships [25, 26], concerns about safety [26],
and experiences of discrimination or unfair treatment
[27-29].

Psychosocial stress [30-32] is often conceptualized as
experiences that are perceived as harmful, threatening, or
bothersome [16, 17] to the individual. Psychosocial stress
is embedded in social structures, roles, and relationships
that persist over time [33]. Physiological responses to
psychosocial stress may, over time, lead to changes in
metabolic functioning [34] that can influence the distribu-
tion of fat in the body [35], particularly in the internal,
visceral adipose tissue regions [36—41]. As excess visceral
fat accumulates in the abdominal region—called central
adiposity—it places individuals at higher risk for certain
health outcomes such as cardiovascular disease and diabe-
tes [42]. Therefore, given suggested associations between
psychosocial stress and central adiposity, we examine
central adiposity, rather than overall body mass index
(BMI). In this paper, we focus on exposure to neighbor-
hood poverty, psychosocial stress, and heightened risk for
central adiposity.

Relatively few studies have examined the effect of
multiple indicators of psychosocial stress on obesity, and
only a handful of these examined associations over time. In
the prospective Epidemiology of Diabetes Complications
(EDC) study, Lloyd and colleagues [43] found no associ-
ation between self-reported stress and change in waist-to-
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hip ratio over a 2-year period in either men or women with
type I diabetes, adjusting for age, education, and BML. In
contrast, a 13-year prospective study by Fowler-Brown
and colleagues [44] in a sample of Black adults found
higher levels of perceived stress at baseline predicted a
higher percentage increase in BMI over time among wom-
en but not men, controlling for age, smoking, education,
occupation, and financial strain [44]. Finally, Block and
colleagues, in a 9-year prospective study that included
Black, White, and Hispanic participants, found that job-
related demands and difficulty paying bills were associated
with weight gain among both women and men [45]. In
addition, among women, perceived constraints in life and
strains in family relationships were associated with greater
weight gain, as were lack of skill discretion and lack of
decision authority at work among men [45]. Together,
these findings generally suggest that exposure to stress
may be associated with increases in obesity over time,
with some variation. However, there are notable gaps in
this body of research. First, none of these studies accounted
for neighborhood level poverty, and the role it may play in
shaping exposure to multiple sources of psychosocial
stress. Similarly, studies have not considered the question
of whether psychosocial stress may mediate associations
between neighborhood poverty and central adiposity, a key
question in establishing this pathway.

To address these gaps in the literature, this study
examined the influence of neighborhood poverty and
multiple indicators of psychosocial stress on increases in
obesity over time. Individuals who live in neighbor-
hoods with higher concentrations of poverty may expe-
rience heightened levels of multiple types of psychoso-
cial stress [46, 47]. To the extent that psychosocial stress
results in physiological responses that modify metabolic
functioning, these exposures may shape trends in central
adiposity over time, independent of effects on weight or
body mass index (BMI). To disentangle the extent to
which the effects of neighborhood poverty on central
adiposity may be mediated by psychosocial stress, our
models control for health-related behaviors (e.g., diet,
physical activity) and weight (and thus BMI) that may
also be influenced by neighborhood poverty through
pathways distinct from the physiological effects of stress
on metabolic functioning and central adiposity. Under-
standing the contributions of neighborhood poverty and
psychosocial stress to risk of obesity will help to identify
more clearly the factors contributing to racial inequities
in obesity risk, and inform interventions that can pro-
mote more equitable health outcomes.
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Hypotheses

In order to assess the broader research questions
outlined above, we tested a series of specific hypotheses
related to the independent effects of neighborhood pov-
erty and psychosocial stress on obesity over time. Spe-
cifically, we tested the following hypotheses.

1. Residents of neighborhoods with higher levels of
poverty will experience greater increases in obesity
over time than residents of neighborhoods with
lower levels of poverty.

2. Neighborhood poverty and psychosocial stress will
be independently and positively associated with
obesity over time.

3. Associations between neighborhood poverty and
obesity will be mediated by psychosocial stress.

Methods and Procedures
Data

Healthy Environment Partnership Surveys This paper
used a prospective 6-year follow up design and drew
upon data from three sources: The Healthy Environ-
ments Partnership (HEP) community surveys, Wave |
2002-2003 and Wave II 2007-2008, and the 2000 De-
cennial Census [11]).

The Healthy Environments Partnership is a
community-based participatory research partnership
made up of community-based organizations, health ser-
vice providers, and academic partners. HEP members
worked together to design the HEP Wave I Community
Survey [11], which was conducted in 2002-2003. The
survey was based on a stratified two-stage probability
sample of occupied housing units in Detroit, designed
for 1000 completed interviews with NHB, NHW, and
Hispanic adults aged > 25 years. At each household unit,
a listing of eligible residents was completed, and one
eligible adult was selected randomly for inclusion in the
study. Of the 2517 housing units in the initial sample,
1297 were invalid (e.g., vacant), unable to be screened
after repeated attempts (i.e., 12+ attempts), or contained
no eligible respondent. The final sample consisted of
919 people: face-to-face interviews were completed
with 75% of households in which an eligible respondent
was identified (919 of 1220), 55% of households with a

known or potential respondent (919 of 1663), and 90%
of households in which an eligible respondent was
contacted (919 of 1027) [11].

The 2008 HEP Wave Il community survey followed
up on the 2002-2003 survey and included re-interviews
with 219 of the 2002—-2003 survey respondents, as well
as new residents of the same housing units included in
the 2002 sample (n = 241). For this paper, we analyzed
data from the sample of 219 participants interviewed at
both baseline (2002—2003) and follow-up (2007-2008).

Measures

The dependent variable was a continuous measure
of waist circumference in centimeters, assessed at
two time points: 2002-2003 and 2007-2008. Inde-
pendent variables included measures at both the
individual and the neighborhood levels, derived
from the HEP surveys and 2000 Decennial Cen-
sus, respectively.

Independent variables derived from the 2002-2003
HEP Wave I survey are self-reported neighborhood
physical environment, a mean scale of seven items
(e.g., “My neighborhood has a lot of vacant lots or
vacant houses.”), with higher scores indicating a more
positive ranking of neighborhood environment (range 1
= strongly agree to 5 = strongly disagree) (Cronbach’s
alpha = 0.69) ([18]). Family stress is a mean scale of
three items (e.g., “Did problems experienced by a parent
or other relative put extra burden on you?”) (range 1 =
never to 5 = always) (Cronbach’s alpha = 0.63) ([18]).
Safety stress is a mean scale of three items (e.g., “How
often did you worry about your safety in your home?”)
(range 1 = never to 5 = always) (Cronbach’s alpha =
0.85) ([18]). Everyday unfair treatment was constructed
as a mean scale of five items (e.g., “How often were you
treated with less courtesy or respect than other people in
the previous 12 months?”) (range 1 = never, 5 = always)
(Cronbach’s alpha = 0.77) [48].

Finally, because individuals often experience more
than one type of psychosocial stress simultaneously, a
composite indicator summing each of these individual
stressors was created. The cumulative stress index (CSI)
was created by dichotomizing the scores for each of the
above indicators of psychosocial stress, scored as 0 for
those falling below the median and 1 for values at and
above the median. Scores were summed with a high
score indicating a greater number of indicators of stress
above the median cut point (range = 0—17).
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Controls consisted of a dummy variable representing
time (0 = 2002, 1 = 2008), age (years), gender (1 = fe-
male, 0 = male); self-reported race/ethnicity (Non-His-
panic Black = referent, non-Hispanic White, and His-
panic); education (< 12 years, 12 years, > 12 years =
referent); the ratio of income to poverty was calculated
by dividing the household income by the federal poverty
threshold for the related family size, with the resulting
ratios dichotomized (1 = households at or below the
poverty line, 0 = households above the poverty line)
[49]; marital status (1 = married, 0 = single, widowed,
or divorced); car ownership (1 = owns or leases car, 0 =
no car); and home ownership (1 = owns home, 0 = does
not own home), and BMI (continuous). We allowed age
and BMI to vary over time, while the other controls
where invariant over time. Alcohol intake was construct-
ed by mean daily frequency intake of alcoholic bever-
ages reported on the modified Block 98 questionnaire
[50]: beer, red wine, wine, and liquor. For the four
alcoholic beverages, reported intake frequencies, rang-
ing from never to every day, were converted into the
number of drinks per month ranging from 0 to 300.
Because the variable was skewed, with 50% indicating
zero drinks in the last month, the variable was converted
to a binary variable that represents individuals with less
than one drink per month = 0 and individuals with one
or more drinks per month = 1. Current, never, or former
smoker (e.g., “Do you currently smoke cigarettes”) was
constructed by using the self-report of whether the indi-
vidual never smoked, currently smoked, or formerly
smoked (1 = current, 0 = never, 2 = former) [51]. The
healthy eating index (HEI) was constructed by taking the
sum of mean daily frequency of intake of foods that
consist of grains, meat, milk, vegetables, fruit, fat, satu-
rated fat, sodium, and cholesterol reported on the modi-
fied Block 98 semi-quantitative food frequency question-
naire [52]. For the ten food categories, reported intake
frequencies, ranging from never to six or more times per
day, were converted to daily frequencies using the fol-
lowing weights: “never or less than once a month” = 0,
“1-3 times a month” = 0.1, “4-6 times a month” = 5/7,
“1 time every day” = 1, “2-3 times every day” = 3, “4-5
times every day” =5, and “6 or more times every day” =
6. The value of the ten items was summed. The final
modified-HEI ranged from 0 to 90, with a higher number
representing greater consumption of healthy foods. Phys-
ical activity (PA) was measured by asking how many
days and the amount of time an individual reported
moderate-intensity activities (vacuuming, gardening, or
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anything else that causes small increases in breathing or
heart rate) or vigorous activities (such as fast walking,
running, dancing, or participating in strenuous sports that
cause large increases in breathing or heart rate) in a usual
week for at least 10 min at a time [53]. Metabolic
equivalent of task (MET) minutes of PA per week were
calculated for participants for whom data were available:
the frequency and duration of physical activity [54] was
scaled (divided) by the standard deviation to create a
standardized PA score (range 0—4.2), utilizing guidelines
based on the International Physical Activity Question-
naire [55, 56].

Neighborhood Level Independent Variables The time-
invariant independent variable neighborhood percent
poverty (i.e., percent poverty) was derived from the
2000 census. Because previous studies have found that
associations between neighborhood poverty and health
outcomes are not necessarily linear [17], this variable
was categorized into quartiles of poverty at the census
block group level: Quartile 1 = 0-20% of households
below poverty, Quartile 2 = 20-30%, Quartile 3 = 30—
40%, and Quartile 4 > 40% of houscholds below pov-
erty. The use of quartiles enabled the neighborhood
poverty variable to be included as dummy variables in
models, allowing for non-linear associations with the
dependent variable.

Analysis

Preliminary exploratory data analysis techniques were
used to assess the distribution of dependent variables
and to determine if transformations were needed to
address a possible lack of normality. Histograms, QQ
plots, and Box-plot were examined. Means, medians,
and standard deviations were calculated. Based on find-
ings from those assessments, no transformations were
used. Weighted 3-level hierarchical linear regression
models for a continuous outcome were estimated to
account for both the longitudinal and nested structure
of the data. Individuals who reported that they were
pregnant or breastfeeding (n = 23), and those missing
a measure for waist circumference (n = 60) were re-
moved from the analysis. In addition, since hierarchical
linear modeling (HLM) can only handle balanced data
for the time varying measures, individuals with missing
data were removed from the analysis (# = 5 individuals).
Further, block groups that no longer contained individ-
uals at time 2 were excluded from the analyses (n = 13).
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The final models included the remaining 314 repeated
measures (level 1), nested in 157 individuals (level 2),
and 56 census block groups (level 3).

To examine hypothesis 1, residents of neighborhoods
with higher levels of poverty will experience greater
increases in obesity over time; neighborhood percent
poverty measure was included at level 3. At level 2,
models included non-time changing varying covariates
such as gender, race/ethnicity, education, ratio of income
to poverty, marital status, car ownership, home owner-
ship, alcohol intake, smoking, HEI, and METs. Level 1
included time-changing measures such as a time indica-
tor dummy variable (0 = baseline and 1 = follow up),
age, and BMI (Model 1).

Model 1

Level 1 (repeated measures): waist
circumference;j = Booo+ B100+ALEik+ B200+BMljjis
BSOO*Timeijk

Level 2 (individual): B =Yoo + Yoi0 * Female;, +
Yozo0 * Hispanicj, + vo30 * Whiteji + ...

Level 3 (neighborhood): Y000 = 8099 + dpo1 *
Povertyy

Variables in the models were grand mean centered.

To test hypothesis 2, whether poverty and psychoso-
cial stress were associated with obesity over time, each
individual indicator of psychosocial stress and the cu-
mulative stress index was added separately to level 2
(Model 2-6) in two different settings: (1) as a time-
invariant covariate and (2) as a time-varying covariate.
Although patterns were similar, the coefficients for
time-varying covariates where not significant, thus we
report only the time-invariant covariates.

Models 2—6 tested the hypothesis that each indicator of
psychosocial stress will be independently associated with
central adiposity over time: self-reported neighborhood
physical environment, family stress, safety stress, every-
day unfair treatment, and cumulative stress index (CSI).

Model 2: Model 1 + neighborhood physical
environment

Model 3: Model 1 + family

Model 4: Model 1 + safety

Model 5: Model 1 + everyday unfair treatment
Model 6: Model 1 + CSI

Finally, we analyzed the mediating effect of indicators
of psychosocial stress on the association between

neighborhood percent poverty and central adiposity,
using the recommendation of Zhang and colleagues
[57] for testing multilevel models and avoid confound-
ing. Hierarchal linear models were analyzed with group
mean centered independent variables to decompose
between-group from within group variation in model 7—
11. We used test statistics proposed by Freedman and
Schatzkin [58], to examine the difference in point esti-
mates for neighborhood percent poverty with and with-
out the mediator. The formula can be written as follows:

!

c—C

INg =
2_ 52 _
\/O'c o’ QJCJC, o

xm

where p,,, refers to the correlation between the indepen-
dent variable X and the mediator M.

Results

The sample demographics are illustrated in Table 1. The
mean age at baseline was 49.1 (s.e. = 0.82) years, mean
self-reported neighborhood physical environment was
3.1 (s.e. = 0.04), mean family stress was 2.0
(s.e. = 0.03), mean safety stress was 2.5 (s.e. = 0.13),
mean everyday unfair treatment was 1.6 (s.e. = 0.00),
mean cumulative stress index was 5.9 (s.e. = 0.16), and
mean waist circumference was 98.9 cm (s.e. = 0.90) at
baseline. In addition, the mean neighborhood percent
poverty was 31.3 (s.e. = 10.94).

Is Neighborhood Poverty Associated with Change
in Central Adiposity Over Time?

Table 2, Model 1, shows results from multilevel regres-
sion models testing the hypothesis that neighborhood
poverty was associated with change in central adiposity
over time, accounting for individual level demographics
and behavioral controls. Participants who lived in neigh-
borhoods in with poverty levels between 20 and 30%
(second quatrtile) (3 = 3.79, p = 0.025) or with poverty
levels between 30 and 40% (third quartile) (3 = 3.73,
p =0.024) had greater increases in central adiposity over
time, compared with those in neighborhood with less
than 20% poverty (the lowest poverty quartile).
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Table 1 Weighted baseline descriptive characteristics

Mean + SE Percent Range
Individual (Levels 1 and 2)

Age 49.1 £0.82 26.0-87.0
Gender, %Female 51
Race/Ethnicity, %

White 22

Black 45

Hispanic 31
Marital status, %Married 32
Education attainment, %

Less than high school 42

High school 24

Beyond high school 33
Below poverty 36
Car ownership 73
Home ownership 67
Alcohol use 47
Currently smoking 39
Healthy eating index 64.6 +£0.37 32.0-88.0
Physical activity (METs) 1.0 £ 0.04 0.0-4.2
Waist circumference 98.9 +0.90 72.0-141.0
Body mass index 32.0 +£0.50 17.5-57.9
Neighborhood physical environment 3.1+0.04 1.4-5.0
Family stress 2.0+0.03 1.0-5.0
Safety stress 2.5+0.13 1.0-5.0
Everyday unfair treatment 1.6 +0.00 1.0-3.6
Cumulative stress index 59+0.16 0.0-17.0

Block group (Level 3)

Percent poverty 31.3+10.94 8.0-54.0
Quartile 1 18
Quartile 2 29
Quartile 3 32
Quartile 4 21

Are Neighborhood Poverty and Psychosocial Stress
Jointly Associated with Increases in Central Adiposity
Over Time?

Table 2, Models 2-6, shows results from multilevel
regression analyses testing whether each of the indi-
cators of psychosocial stress (i.e., neighborhood
physical environment, family stress, safety stress,
everyday unfair treatment) was independently
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associated with central adiposity, after accounting for
neighborhood poverty, and demographic and behavioral
controls. Models show no association between neigh-
borhood physical environment (3 = —0.01, p = 0.985)
(Model 2), family stress ( = —0.11, p = 0.860) (Model
3), or safety stress (3 = 0.65, p = 0.170) (Model 4) and
change in central adiposity over time. Everyday unfair
treatment was positively associated with change in cen-
tral adiposity over time (3 = 2.36, p = 0.020) above and
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Table 2 Waist circumference regressed on multiple indicators of psychosocial stress, accounting for demographic variables and health-

related behaviors

N=157 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
B SE B SE B3 SE 8 SE 8 SE SE

Intercept 10558 234 10699 236 10552 231 105.67 234 10555 228 10732 2.18
Level 3 (BG)

Poverty Quartile 2 3.79% 165 244 176  3.86* 1.71 3.78*% 1.66  3.62* 170 287 1.62

Poverty Quartile 3 3.73* 1.61 1.80 1.83 3.82*% 1.66 3.54% 1.61 3.64% 1.76 1.83 1.70

Poverty Quartile 4 315 173 1.05 2.07 321 174 343 176 3.61* 1.78 1.56 1.79

Neighborhood physical environment 2.86 1.74

Family stress 037 134

Safety stress 0.82 122

Everyday unfair treatment -1.62 222

Cumulative stress index 0.65 0.53
Levels 1 and 2 (individual) baseline and follow-up

Neighborhood physical environment —0.01 0.56

Family stress -0.11  0.65

Safety stress 0.65 047

Everyday unfair treatment 2.36% 1.00

Cumulative stress index 028 0.14

Sigma square 16.55 2.09 1656 2.09 16.54 2.09 1657 210 1659 2.11 16.62 2.10

Tau pi 2388 441 2329 433 2387 440 2270 443 2228 427 2191 423

Tau beta 005 197 0.03 193 0.05 1.97 0.44 2.08 027 197 0.15 1.90

Adjusted for time, age, BMI, gender, race/ethnicity, marital status, education, ratio of income to poverty, car ownership, homeownership,
alcohol intake, smoking, alcohol intake, dietary intake, and physical activity

*<0.05; ##< 0.01; #**'<0.001

beyond the effects of neighborhood poverty (Model 5).
This association remains significant in models that in-
clude neighborhood, family, and safety stress (results
not shown, 3 =2.48, p =0.019). Finally, the cumulative
stress index was marginally associated with change in
central adiposity over time (3 = 0.28, p = 0.056) (Mod-
el 6) again, above and beyond the effects of neighbor-
hood poverty. In Models 2 (neighborhood physical
environment) and 6 (cumulative stress index), neigh-
borhood poverty is no longer statistically significant.
Because these effects are visible after accounting for
BMI, they suggest that stress mediates associations
between neighborhood poverty and central adiposity,
above and beyond effects on BMI. This finding is
consistent with the hypothesis that cumulative stress
may be associated with metabolic changes that influ-
ence the deposition of adipose tissue in the mid-section
of the body.

Does Psychosocial Stress Mediate the Association
between Neighborhood Poverty and Central Adiposity
Over Time?

To assess whether psychosocial stress mediated associ-
ations between neighborhood poverty and change in
central adiposity over time, we used Freedman
Schatzkin statistics [57]. Findings suggest that the asso-
ciation between neighborhood poverty and central adi-
posity over time is mediated by neighborhood physical
environment (Freedman Schatzkin statistic = 1.867,
p = 0.031) and by the cumulative stress index (Freed-
man Schatzkin statistic = 1.853, p = 0.032) (models not
shown). There was no evidence that family stress
(Freedman Schatzkin statistic = —0.09, p = 0.535), safety
stress (Freedman Schatzkin statistic = —0.02, p = 0.506),
or everyday unfair treatment (Freedman Schatzkin sta-
tistic = —0.07, p = 0.529) mediated the association
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between neighborhood poverty and central adiposity
over time.

Discussion

There were three main findings of this study. First, we
found a significant association between neighborhood
poverty and central adiposity, with residents of neigh-
borhoods with higher concentrations of poverty more
likely to experience greater increases in central adiposity
over time. Second, we found partial support for the
hypothesis that psychosocial stress may be positively
associated with increases in central adiposity over time,
above and beyond the effects of neighborhood poverty.
Specifically, everyday unfair treatment was positively
associated with increases in central adiposity over time,
after accounting for multiple individual level demo-
graphic and behavioral indicators, and for neighborhood
poverty level. Finally, formal tests for mediation suggest
that perceptions of the neighborhood physical environ-
ment and cumulative stress mediate associations be-
tween neighborhood poverty and change in central ad-
iposity over time. We discuss each of these findings in
greater detail below.

Neighborhood Poverty and Central Adiposity Over
Time.

The finding that neighborhood poverty at baseline is
positively associated with changes in central adiposity
is consistent with previous research [59]. It extends
previous studies by showing that individuals residing
in areas with high concentrations of poverty are at
greater risk of increases in central adiposity over time,
over and above the effects of household poverty, indi-
vidual demographics, and individual behaviors associ-
ated with obesity. Thus, living in neighborhoods with
higher concentrations of poverty may contribute to in-
creases in central adiposity over time. Because NHBs
and Hispanics disproportionately reside in neighbor-
hoods with higher concentrations of poverty [60], these
patterns may contribute to racial and ethnic disparities in
central adiposity and associated chronic health condi-
tions in the USA. Models used in these analyses con-
trolled for BMI, thus suggesting associations specifical-
ly with central adiposity, above and beyond potential
effects of neighborhood poverty on BMI.
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Are Neighborhood Poverty and Psychosocial Stress
Independently Associated with Central Adiposity?

Only one of the four measures of psychosocial stress
included in our models was independently associated with
change in central adiposity over time, over and above the
effects of neighborhood poverty. The findings reported
here demonstrate an association between everyday unfair
treatment and increases in central adiposity extend those
previously reported (Kwarteng, J., et al. (2016).
“Neighbourhood poverty, perceived discrimination and
central adiposity in the USA: Independent associations in
arepeated measures analysis.” Journal of biosocial science:
1-14.). This study shows that this association remains
significant when accounting for neighborhood poverty
and for several other indicators of psychosocial stress
(i.e., neighborhood physical environment, family stress,
and safety stress), and after accounting for BMI. Our
finding that everyday unfair treatment and neighborhood
poverty (when included simultaneously in models) each
exert independent effects on change in central adiposity
over time, reinforces the importance of examining multiple
pathways through which inequalities may be linked to
health [61].

Does Psychosocial Stress Mediate the Association
between Neighborhood Percent Poverty and Central
Adiposity?

We found some support for the hypothesis that psychoso-
cial stress mediates the relationship between neighborhood
poverty and increases in central adiposity over time. Spe-
cifically, a formal test for mediation suggests that self-
reported neighborhood physical environment and the in-
dex of cumulative stress each mediate this association.
There was no evidence that family stress, safety stress, or
everyday unfair treatment mediate associations between
neighborhood poverty and central adiposity. These find-
ings are consistent with the hypothesis that neighborhood
poverty may influence central adiposity through stress
process pathways [59]. Previous studies have suggested
that neighborhood poverty may be associated with obesity
through physical environmental characteristics (e.g., recre-
ation facilities, sidewalk condition) [10, 62, 63] that affect
health-related behaviors, particularly diet and physical ac-
tivity [5, 16], which are likely to be associated with BML
Given that our models controlled for physical activity and
dietary intake, these findings suggest that physical activity
and dietary intake may not completely capture pathways
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linking neighborhood physical environment with obesity.
In addition, our finding that the cumulative stress index
used in these analysis mediated the association between
neighborhood poverty and change in central adiposity over
time contributes to a growing body of research on associ-
ations between stress and central adiposity [43, 44]. Ours is
the first study of which we are aware that has reported
evidence that a measure of the combined effects of stress
across multiple domains mediates associations between
neighborhood poverty and central adiposity. These find-
ings are consistent with evidence that residents of neigh-
borhoods with higher poverty may confront a greater
number of stressful life conditions [20, 23], and that those
conditions may exert a greater toll on health (i.e., central
adiposity) compared to those living in lower poverty
neighborhoods.

Limitations and Strengths

This study has a few of limitations. Among these is the
relatively modest sample size. Studies with larger sample
sizes may have greater statistical power to assess more
nuanced associations than those observed here. The dataset
used for this analysis was drawn from predominantly NHB
and Hispanic, low- to moderate-income urban neighbor-
hoods. Additional research that encompasses neighbor-
hoods with a broader range of socioeconomic status and
different distributions of racial and ethnic characteristics, as
well as rural and suburban neighborhoods, is warranted to
more clearly understand these associations. Furthermore,
this dataset offered measures of psychosocial stress across
four domains—neighborhood environments, safety, fami-
ly, and unfair treatment. These are, at best, a partial assess-
ment of psychosocial stressors that may emerge across
many additional domains and life circumstances, many
of which emerge outside of, and independently from, the
neighborhoods in which people reside. Further exploration
of psychosocial stress across additional domains, and their
independent and joint contributions to changes in central
adiposity, may help to further inform interventions to
reduce obesity.

A key strength of this study is the examination of
central adiposity and the independent, conjoint, and com-
posite associations of multiple indicators of psychosocial
stress. Reviews of the literature on the relationship between
stress and obesity have recommended the inclusion of a
wide range of indicators of psychosocial stress. Our find-
ings may provide insight on the influence of multiple
indicators of psychosocial stress on excess central

adiposity risk. In particular, our finding that everyday
unfair treatment and neighborhood poverty are indepen-
dently associated with increases in central adiposity sug-
gests that residents of neighborhoods with high rates of
poverty may experience stressors in multiple domains of
life that exert independent effects on risk for central adi-
posity. Furthermore, the finding that both neighborhood
physical environment, and the indicator of cumulative
stress, mediated associations between neighborhood pov-
erty and change in central adiposity over time, suggests
that there are specific pathways within high poverty neigh-
borhoods that may influence risk of central adiposity, and
that these pathways extend beyond their specific effects on
health-related behaviors such as physical activity and die-
tary quality. The inclusion of BMI in the models is also a
strength, as it allows us to disentangle specific effects of
poverty and psychosocial stress on central adiposity, above
and beyond effects of BMI on waist circumference.

Conclusion

This study is one of only a few that has tested the
independent effects of neighborhood poverty and mul-
tiple indicators of psychosocial stress on change in
central adiposity over time. Our findings suggest that
neighborhood poverty is significantly associated with
changes in central adiposity over time, and that this
association persists when several individual indicators
of psychosocial stress are included in the models. Asso-
ciations between neighborhood poverty and central ad-
iposity were attenuated when self-reported neighbor-
hood physical environment and when the combined
effects of multiple stressors are accounted for. Tests of
mediation effects suggested that self-reported neighbor-
hood physical environment and cumulative stress index
mediated, or helped to explain, associations between
neighborhood poverty and central adiposity. Our find-
ings are consistent with the idea that neighborhood
poverty is associated with greater increases in central
adiposity over time, and that these effects occur through
pathways above and beyond their influence on physical
activity and dietary practices. Our findings are consis-
tent with the idea that neighborhood poverty may influ-
ence central adiposity at least in part through its effects
on residents self-reported neighborhood physical envi-
ronment. Higher poverty neighborhoods have been
shown to have higher levels of both social and physical
disorder [64], and those observed environments are
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linked to residents’ perceptions as well as levels of
psychosocial stress [65—-67] lending further evidence to
support this pathway. In addition, the findings reported
here suggest that the combined effects of multiple
stressors may be important contributors to increases in
central adiposity, and that these combined effects may
be greater among those who reside in neighborhoods
with higher rates of poverty.

This study extends previous research on the associa-
tions between psychosocial stress and increases in
obesity-related measures over time [30, 32, 43], by
showing evidence that both neighborhood poverty and
the combined effects of multiple indicators of psycho-
social stress are associated with increases in central
adiposity over time. The results reported here suggest
the importance of understanding exposure to stressful
life conditions as a risk factor for increases in central
adiposity over time. People living in high concentrations
of poverty may encounter neighborhoods with higher
levels of physical environmental risks that, in addition to
their potential effects on physical activity, may also
contribute to changes in central adiposity over time
through physiologic changes resulting from psychoso-
cial stress. In addition, our finding of an independent
effect of unfair treatment suggests that those who expe-
rience racism, discrimination, or other forms of unfair
treatment associated with social statuses may experience
heightened risk of central adiposity over time, above and
beyond risks associated with poverty. Together, these
findings suggest the importance of extending analyses
of central adiposity beyond a conversation about diet
and physical activity, to encompass an analysis of
broader social processes that contribute to excess levels
of psychosocial stress among some subgroups of the
population.

These findings suggest that adverse effects of con-
centrated poverty and of experiences of unfair treatment
contribute to persistent inequalities in risks associated
with obesity, and that the pathways linking these factors
extend beyond commonly conceptualized behavioral
pathways (e.g., dietary practices, physical activity) to
encompass stress process pathways that influence obe-
sity through changes in metabolic functioning. They
suggest that economic investments and increased access
to resources focused on reducing concentrations of pov-
erty in urban communities, as well as interventions that
reduce experiences of unfair treatment, may have im-
portant public health benefits. Future interventions and
policies to reduce central adiposity should consider

@ Springer

improvements in neighborhood physical environments,
access to employment opportunities, quality education,
increased wages, and mixed income housing to reduce
concentrations of poverty. Further, interventions should
work to reduce experiences of discrimination and unfair
treatment.
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