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Abstract

Background—Although the bidirectional association between depressive symptoms and
adiposity has been recognized, the contribution of neighborhood factors to this relationship has not
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been assessed. This study evaluates whether physical and social neighborhood environment
modify the bidirectional relationship between depressive symptoms and adiposity (measured by
waist circumference and BMI).

Methods—Using data on 5,122 men and women (age 45-84 years) from the Multi-Ethnic Study
of Atherosclerosis (MESA) we investigated whether neighborhood physical (i.e. walking
environment, availability of healthy food) and social (i.e. safety, aesthetics, social coherence)
environments modified the association between: (1) baseline elevated depressive symptoms (EDS,
Center for Epidemiologic Study Depression Scale score = 16) and change in adiposity (as
measured by waist circumference [WC] and body mass index [BMI]); and (2) baseline
overweight/obesity (WC > 102 cm for men and > 88 cm for women, or BMI > 25 kg/m?2) and
change in depressive symptoms using multilevel models. Neighborhood-level factors were
obtained from the MESA Neighborhood Study.

Results—A greater increase in WC in participants with versus without EDS was observed in
those living in poorly-rated physical environment, but not in those living in better-rated
environments (interaction p-value=0.045). No associations were observed with BMI. Baseline
overweight/obesity was not associated with change in depressive symptoms and there was no
modification by neighborhood-level factors.

Conclusions—EDS were associated with greater increase in WC among individuals living in
poor than in better-rated physical environments. No association was found between overweight/
obesity and change in depressive symptoms.

Keywords

Depressive Symptoms; Depression; Overweight/Obesity; Adiposity; Neighborhood; Physical/
Social Environment

INTRODUCTION

Previous work have reported bidirectional relations between depressive symptoms and
adiposity. A recent meta-analysis showed that baseline depression is associated with higher
odds of becoming overweight/obese, and that overweight/obese individuals at baseline have
greater odds of becoming depressed compared to those of normal weight,! suggesting a
bidirectional relationship. Some bidirectional studies, nevertheless, have presented mixed
results, possibly owing to differences in anthropometry assessment and the racial profile of
the study population.26

Proposed pathophysiologic pathways between depression and adiposity include dysfunction
in the hypothalamus-pituitary-adrenal (HPA) axis and exaggerated inflammatory response.
The association of depression with HPA axis hyperactivity, marked by prolonged
heightened cortisol levels, may contribute to the accumulation of visceral adiposity due to
the high density of glucocorticoid receptors in visceral adipose tissue (VAT). In addition,
depression is associated with elevated inflammatory markers which might alter eating
behavior and/or promote weight gain.8 Conversely, increased adiposity also results in
elevated inflammatory markers and immune activation which have been found to induce
depression.?

Overweight/obesity may also lead to elevated depressive symptoms (EDS) by the proposed
health and appearance concern pathway. In the health concern pathway, obese individuals
report functional impairment and poor self-rated health, which can contribute to EDS.10 In
the appearance concern pathway, obese individuals experience more body image
dissatisfaction, distress regarding repeated diet failures, and actual or perceived stigma
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related to obesity.10 This can lead to low self-esteem, contributing to EDS, and may also
explain why the obesity-EDS association is stronger in women than men.10

In parallel to investigations on depression and adiposity/body mass index (BMI), a growing
body of work links neighborhood physical and social environments to these factors.
Although results are not consistent, observational studies report associations of
neighborhood accessibility to healthy foods with diet and associations of aesthetically
pleasant environments and physical activity resources with walkability, physical activity and
BMI.11-13 | ower social cohesion, poor aesthetic quality and greater violence within
neighborhoods are also related to EDS.14 The availability of healthy food is associated with
diet!: 15 and possibly decreased prevalence of depression.16 Thus, increasing healthy food
options within neighborhoods may also inadvertently help decrease risk for EDS. Recently,
a randomized trial, Moving to Opportunity for Fair Housing,1’ demonstrates that low
income persons (predominantly women) randomized to receive vouchers to move to low
poverty neighborhoods experienced reductions in extreme obesity and HbAlc levels and
improvements in mental health.17. 18

There is reason to think that the environment may modify the bidirectional relation between
depression and adiposity. For example, depressed persons living in unfavorable (compared
to favorable) food environments may more likely engage in unhealthy eating patterns as a
consequence of their depression or may exercise less, especially if they live in
neighborhoods with poor walking conditions. Conversely, environments that facilitate
healthy behaviors may buffer the adverse effects of depression on adiposity. This would
result in stronger associations of depression with subsequent development of adiposity in
unfavorable environments. It is also possible that the link between adiposity and depression
development is strengthened by living in unsafe or less cohesive environments, if for
example the psychological or behavioral consequences of adiposity are magnified in
stressful neighborhoods.

Using unique longitudinal data from a large population sample including repeat measures of
depressive symptoms and adiposity, as well as measures of neighborhood, we investigated
whether neighborhood factors modify the bidirectional association between depressive
symptoms and adiposity. We hypothesized that EDS would be associated with increases in
adiposity measurements and that this relationship would be greater among residents of poor
versus better physical and/or social environments. We also hypothesized that overweight/
obesity at baseline would be associated with increases in depressive symptoms, and that this
association would also be stronger among residents of neighborhoods with poor versus
better physical and/or social environments.

Study Population

The Multi-Ethnic Study of Atherosclerosis (MESA) is a multi-center study to examine the
prevalence, correlates and progression of subclinical cardiovascular disease.1® There were
6,814 men and women aged 45-84 years, self-identified as White, Chinese, Black or
Hispanic, and free of known clinical cardiovascular disease, recruited from 6 US
communities: Baltimore City and Baltimore County, Maryland; Chicago, Illinois; Forsyth
County, North Carolina; Los Angeles County, California; Northern Manhattan and the
Bronx, New York; and St. Paul, Minnesota. The first exam took place between 2000 and
2002, the second between 2002 and 2004, the third between 2004 and 2005, and the fourth
between 2005 and 2007. Written informed consent was obtained from participants, and the
study was approved by the Institutional Review Boards of each institution. Additional
details regarding MESA's design and objectives have been published.19
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Depressive Symptoms Assessment (Exams 1, 3, and 4)

Depressive symptoms were measured using the Center for Epidemiologic Studies
Depression (CES-D) Scale, a 20-item questionnaire developed to assess past week's
depressive symptoms among community populations,2% administered in English, Spanish,
Cantonese, and Mandarin. Although the CES-D is not an assessment for clinical depression,
EDS, as defined by a CES-D score 16, are consistent with at least mild-to-moderate
depression or dysthymia.2! Using this cut-off, sensitivity and specificity for major
depression in the past year has been reported as 70.6% and 88%, respectively.2! The internal
consistency reliability of CES-D has been shown to be a coefficient alpha of 0.85 for the
general population and 0.90 for a psychiatric patient population,29 and has been found
comparable in European-American, African-American, Mexican-American and Chinese-
American groups.20: 22: 23 The CES-D has been used widely in cross-cultural
epidemiological studies conducted with validated Spanish?4 and Chinese versions.23 To
account for the contribution of antidepressant use in the relationship between EDS and
adiposity, this variable was included in every model.

Adiposity Assessment (Exams 1-4)2°

Covariates

Waist circumference (WC) was measured at the minimum abdominal girth (to the nearest
0.1 cm) using a steel measuring tape of a standard 4-0z tension. Elevated WC corresponding
to disease risk among overweight and obese adults was defined as >102 cm for men and >88
cm for women.

Weight and height were measured using a balance beam scale and a stadiometer,
respectively, with participants wearing light clothing and no shoes. Height was recorded to
the nearest 0.5 cm and weight to the nearest 0.5 kg. BMI was calculated as weight (kg)
divided by height squared (m2). Weight categories were defined as normal <25kg/m? and
overweight/obese >25kg/m?2.

Although central and general adiposity (measured by WC and BMI, respectively) are not
synonymous, for simplicity, the terms adiposity and overweight/obese will be used for either
measures.

Using previously described standard protocols,1® individual-level covariates were assessed
fixed at baseline, with the exception of antidepressant use which was time-varying (exams
1-4). Covariates included socio-demographics (age, race/ethnicity, sex, marital status, study
site, education, income), use of antidepressants, inflammatory markers (interleukin-6 [IL-6],
c-reactive protein [CRP]), health behaviors (current smoking status, number of alcoholic
drinks consumed per week, total intentional exercise, daily caloric intake, dietary patterns),
social support and comorbidity (type 2 diabetes, cancer, hypertension). IL-6 and CRP were
measured using ultra-sensitive ELISA (Quantikine HS Human IL-6 Immunoassay;
R&DSystems, Minneapolis, MN) and the BNII nephelometer (N High Sensitivity CRP;
Dade Behring Inc., Deerfield, IL), respectively. Total intentional exercise was determined
using a 28-item Typical Week Physical Activity Survey.19 Physical activity was
summarized as the metabolic equivalent task of minutes per week (met-min/week) spent in
moderate/vigorous household, outdoor, sporting, conditioning and volunteer activities. Four
dietary patterns were derived from 47 food groups using principal components analysis
adapted from previous methodology (using SAS version 9.1, SAS Institute Inc., Cary, NC)
and named based on the highest loading food groups: 1) High-fat and Processed Meats, 2)
Vegetables and Fish, 3) Beans, Tomatoes and Refined Grains, and 4) Whole Grains and
Fruit.26 Each dietary pattern score was calculated as the sum of the daily servings of all food
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groups multiplied by each food group's respective factor loading. Each participant received a
score for each of the four dietary patterns.

A list of items used to assess emotional social support was listed in Table 1.27 Self-reported
cancer included a doctor’s diagnosis for prostate, breast, lung, colon, blood, nonmelanoma
skin cancer, or other cancer. Type 2 diabetes was defined by fasting plasma glucose >126
mg/dl and/or use of medications for diabetes.?8 Blood pressure was measured in a seated
position three times, and the average of the last two measurements was used. Hypertension
was defined by a systolic blood pressure 2140 mmHg, a diastolic blood pressure =90 mmHg
or use of anti-hypertensive medications.2°

Neighborhood-level data was obtained via telephone interview from the Neighborhood
Ancillary Study between January and August of 2004. MESA participants were asked to
comment on the area within approximately a mile radius (1.6 km) around their house.
Census tracts were used as proxies for neighborhoods and the analytic unit was one standard
deviation for each scale.30 Neighborhood measures were created by aggregating all
responses of participants within a census tract using conditional empirical Bayes estimates
adjusted for age, sex and study site.

Previous studies have identified seven neighborhood dimensions potentially linked to CVD
risk,3! five of which were used in this study (Table 2): walking environment, availability of
healthy foods, aesthetic quality, safety and social cohesion. These dimensions were
combined into two neighborhood characteristics (physical and social environment) using
similar techniques as for dietary patterns.3 Physical environment included walking
environment and the availability of healthy foods. Social environment included aesthetic
quality, safety and social cohesion. Social cohesion was asked at visit 1 while other scales
were asked during visits 2 or 3. Each response was scored on a 5 point Likert scale of
1=strongly agree, 2=agree, 3=neutral, 4=disagree, and 5=strongly disagree. All of the items
were reverse coded when appropriate so that higher item responses corresponded to better
aesthetic quality and walkability, more availability of healthy foods and increased perceived
safety, and less violence in neighborhoods. The median summary score for each construct
was used to designate “good” versus “poor” physical or social environment, with higher
values indicating “better” environments.

Statistical Analyses

Of the 6,814 participants, 652 had no assigned neighborhood and 133 had no observation for
physical or social environment or length of residency in assigned neighborhood. Further, 16
had missing CES-D, BMI and WC values at baseline or outlying WC values (>190 cm or
<50 cm), and 877 had missing covariate values. Individuals who reported use of weight loss
pills were also excluded from the study (n=14), leaving a final study population of 5,122.
All participants had at least one follow-up outcome measurement.

We compared the distribution of baseline characteristics by exposure using Student's ‘t” and
chi-square tests for continuous and categorical variables, respectively. Wilcoxon Rank-Sum
Test for two-group comparison was used for non-normally distributed continuous variables.

Multivariable linear mixed-effects regression was used to model repeat measures of the
outcome (CES-D or WC/BMI) as a function of time since baseline, key exposure,
neighborhood factor (physical/social environment), covariates, and interaction terms. The
following formula (1) illustrates the general modeling, with 7 serving as the interaction
term of interest (i.e. the difference between poor and better neighborhood environment in the
difference in change of outcome between exposure groups):1
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Y [Outcome]
=B0+81 * (Exposure)
+32 * (Neighborhood Factor)
+63 * (Time)
+54 * (Exposure) * (Neighborhood Factor) D
+05 * (Exposure) x (Time)
+036 * (Neighborhood Factor) x (Time)
+87 x (Exposure) x (Neighborhood Factor) x (T'ime)
+38 * (Covariates) +¢

Likelihood ratio tests were used to determine inclusion of random effects. Main exposures
were evaluated fixed at baseline. Exact exam time from baseline was utilized. Neighborhood
variables were treated as time-invariant based on baseline addresses.

A sequence of adjustment models was fitted to assess the influence of potential confounders/
mediators. First, unadjusted analysis was done to model the outcome (i.e. formula [1] above
excluding 8). This was followed by an adjustment for socio-demographics and then
including antidepressant use. Subsequent models added inflammatory markers, health
behaviors, social support and co-morbidities. The fully-adjusted model included all
covariates. Due to minimal changes in estimate after individual covariate adjustments, only
models that were unadjusted, adjusted for socio-demographics and antidepressants, and
fully-adjusted were reported.

EDS and Change in Adiposity—WC and BMI were analyzed separately as continuous
outcomes. To determine if changes in adiposity over time varied by status of depressive
symptomatology at baseline, an interaction term between time and EDS status was included.
To examine interactions with physical and social environment, interaction terms as shown in
formula (1) were also created.

Overweight/Obesity and Change in Depressive Symptomatology—Depressive
symptoms were analyzed as a continuous outcome. To determine if changes in depressive
symptoms over time varied by baseline overweight/obesity status, an interaction term
between time and baseline adiposity status was included. A separate model was done for
WC and BMI. As in the previous analysis, interaction terms were created to assess
modification by physical and social environment (see formula [1]).

With the exception of generating dietary patterns, all analyses were completed using
STATA (StataCorp. 2012. Stata Satistical Software: Release 12. College Station, TX). P-
values were considered significant at a two-sided alpha <0.05.

RESULTS

EDS and Change in Adiposity

Table 3 illustrates the population characteristics by depressive symptomatology. Individuals
with EDS at baseline were younger, more likely to be female, more likely to be of Hispanic
background, less likely to be married and had lower education and income than those
without EDS. In addition, EDS were associated with higher level of inflammation, less

ror simplicity, random effect terms were not included in this formula.
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exercise, higher daily caloric intake, and less perceived social support. Those with EDS
were more likely to live in neighborhoods with lower levels of education and median
income compared to individuals without EDS. Surprisingly, they were less likely to reside in
poorly-rated physical environments; however they were more likely to reside in poorly-rated
social environments. Individuals with EDS were more likely to be overweight/obese based
on WC and BMI.

Although the association between baseline EDS and subsequent changes in WC was not
modified by social environment, we found statistically significant modification by physical
environment (p=0.045). Among participants residing in poorly-rated neighborhoods, those
with EDS had a 0.16 cm (95% CI: 0.01 to 0.31 cm) significantly greater increase in WC per
year than those without EDS (Table 4 and Figure 1). There was no significant difference in
WC change between individuals with and without EDS among those residing in better-rated
physical environments.

There were very small changes in BMI and no significant differences between those with
and without EDS, overall and within strata (data not shown). Also, no interaction with
neighborhood factors was found.

Overweight/Obesity and Change in Depressive Symptomatology

Table 3 presents the population characteristics by weight status. Compared to normal weight
individuals, those who were overweight/obese were older, more likely to be female, less
likely to be Chinese and more likely to be Hispanic or Black, less likely to be married and
had lower socioeconomic status (SES). In addition, they had greater levels of inflammation,
less weekly alcohol consumption, exercised less, and had dietary patterns consisting of more
high-fat, processed food, but less vegetables and fish compared to those of normal weight.
Overweight/obese individuals were also more likely to have diabetes, hypertension, and
cancer, as well as EDS. Compared to normal weight individuals, overweight/obese
participants resided in their neighborhoods longer, and lived in lower SES neighborhoods.
Overweight/obesity was also associated with more poorly-rated physical environment.

Overall, baseline overweight/obesity (defined using either WC or BMI) was not associated
with change in depressive symptoms and there were no interactions by neighborhood factors
(data not shown).

In all of the analyses, there were no significant changes in estimates after controlling for
socio-demographic characteristics, antidepressant use, inflammatory markers, health
behaviors, social support and co-morbidities.

DISCUSSION

Overall, we found EDS at baseline significantly associated with increases in WC over time
but only among persons residing in poorly-rated physical environments. The difference in
BMI changes by depressive symptoms status was small and no modification by the
environment was observed. We did not find any significant change in CES-D scores by
baseline weight status using either WC- or BMI-defined overweight/obesity, similar to
findings from prior studies,? 3 and there was no evidence that this was modified by
environmental features.

Although results showed that EDS predicted change in WC for those residing in poorly-
rated physical environments, we did not find a significant change in WC by EDS status in
the overall group. The latter result contrasted with those of Needham et al, although the null
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findings for change in BMI were similar.3 Most prospective studies that have found a higher
weight increase among those with depression or EDS have used BMI as the outcome.5: 32

The negligible difference in the rate of BMI increase by EDS status, compared to WC, might
suggest that depressive symptoms are more closely related to visceral adiposity (as
estimated by WC) than general adiposity (as measured by BMI). In the assessment of
middle-aged women, Everson-Rose et al found that depressive symptoms were associated
with VAT, but not subcutaneous tissue.33 This was supported by Lee et al who also found
no significant association between BMI and depressive symptoms.34

Among those residing in poor physical environment, EDS were associated with a greater
increase in WC, suggesting depression may act synergistically with the physical
environment to affect future changes in WC. There are a number of possible explanations
for these findings.

Living in an environment with poor physical features (e.g. poor walkability, decreased
connectivity, lack of sidewalks), may discourage physical activity,12 leading to increased
adiposity. In contrast, the presence of these neighborhood characteristics has been associated
with greater physical activity and lower BMI in some studies.3° The availability of healthy
food may affect diet.11: 15 It is plausible that individuals with depression are more dependent
on local resources or are more sensitive to environmental features.3¢ Individuals residing in
poor physical surroundings will also be less likely to benefit from the positive physiological
changes3’ and social aspects of exercise shown to alleviate mood.11: 38

Neighborhoods with poor physical environment are likely to have residents of lower
socioeconomic status (SES) as in our study population.3® In a meta-analysis of
socioeconomic inequalities, individuals residing in neighborhoods of low versus high SES
had higher depression prevalence.*? They also exhibited greater stressors, weaker social
support and poorer coping styles, escalating their risk for psychiatric disorders.! The
significant increase in adiposity among individuals with EDS residing in poorly-, but not in
better-rated, physical environment, may be related to hypercortisolism from increased
exposure to chronic stress associated with these neighborhoods.*? It is plausible that the
measure of the social environment that we investigated did not fully capture these chronic
stressors which could be correlated with the physical environment measure.

Most population-based studies show that individuals with EDS engage in obesity-promoting
behaviors, including consumption of higher calorie diets and physical inactivity.43 The use
of anti-depressants may also induce weight gain,** making it a potential mediator in the
association between depression and overweight/obesity. Although adjustment for these
variables does not affect the estimates, suggesting other mechanisms may be involved, our
analyses are limited in their ability to examine the mechanisms that may mediate the
relationship. Social support which affects both depression and weight status also does not
confound the relationship; however, the possibility of residual confounding remains.

Some limitations should be mentioned. The use of CES-D does not diagnose clinical
depression; however, it is a meaningful measure of depressive symptoms shown to have
good reliability and validity.29: 21 Time spent in sedentary behaviors was not directly
measured, and diet was assessed at only one time point. The diet measures may also not be
the most relevant to the development of adiposity or depression. Prior history of depression
or depression treatment was also not assessed. In addition, census tract data used to define
neighborhoods may only be imperfect proxies for the truly relevant spatial context (e.g.
work environment). Further, although 23.5 million people in the US reportedly reside in
food deserts,*> summary statistics on the overall walkability of US neighborhoods have yet
to be estimated. Although this limits full assessment of the public health impact of poorly-
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rated physical environment on the depression-obesity relationship, it may be significant
given obesity's high prevalence.

This research provided the opportunity to investigate the bidirectional association between
adiposity and depressive symptoms. The MESA Neighborhood Study also allowed the
evaluation of neighborhood-level factors, which have not, to our knowledge, been
previously investigated as a potential modifier of this relationship. Further, MESA is unique
in including four race/ethnic groups that provided a more generalizable evaluation of the
depression-adiposity association than other prospective studies. WC and BMI were also
clinically assessed, and, along with CES-D scores, were measured repeatedly over time. In
addition, we examined the contribution of several covariates.

In conclusion, our study identified residents of poorly-rated physical environments as a high
risk group for increased adiposity in the presence of EDS. Interventions aimed at improving
neighborhood physical environment might assist in stabilizing or reducing obesity
prevalence especially in individuals with EDS.
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Figure 1.

Difference in the Change in Waist Circumference (in cm) Between Those With and Without
Elevated Depressive Symptoms (EDS) By Physical Environment (Phys Env), N=5,122
NOTE: Among those residing in poor physical environment (phys env), the change in
average waist circumference per year was 0.16 cm significantly greater (p<0.05) among
those with vs. without baseline EDS (black lines). Among those residing in good phys env,
there was no significant difference in the change in average waist circumference per year
between those with and without EDS at baseline (gray lines). The difference between those
with and without baseline EDS in the rate of change in average waist circumference per year
is greater in poor phys env than good phys env areas (interaction p-value=0.045).

Psychosomatics. Author manuscript; available in PMC 2015 March 01.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Remigio-Baker et al. Page 13

Table 1

Question Items Used To Assess Emotional Social Support

Is there someone available to you whom you can count on to listen to you when you need to talk?
Is there someone available to give you good advice about a problem?

Is tehre someone available to you who shows you love and affection?

Is there someone avaialbe to helpyou with daily chores?

Do you have as much contact as you would like with someone you feel close to or someone in whom you can trust and confide?

o g~ w N R

Can you count on anyone to provide you with emotional support (talking over problems or helping you make a difficult decision)?

NOTE: Possible answers were scaled from 1to5 which included ‘none of the time’ (scored as 1), ‘a little of the time,” ‘some of the time,” ‘most of
the time,” or “all of the time’ (scored as 5). A summary score was calculated ranging from 5t030. If any items were missing, a summary score was
not provided.
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