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Summary

What is already known on this topic?

Features of the built environment are associated with physical activity in
urban and rural communities and with depression in urban communities.

What is added by this report?

Features of the built environment, including aesthetics, destinations, and
security, were associated with depression in a rural population in Louisi-
ana, and these associations were not mediated by physical activity.

What are the implications for public health practice?

Improvements in the built environment that promote physical activity
among rural populations should take neighborhood context into considera-
tion to minimize negative side effects on mental health.

Abstract

Introduction
A neighborhood’s built environment is associated with physical
activity among its residents, and physical activity is associated
with depression. Our study aimed to determine whether the built
environment was associated with depression among residents of
the rural South and whether observed associations were mediated
by physical activity.

 

 

Methods
We selected 2,000 participants from the Bogalusa Heart Study
who had a valid residential address, self-reported physical activity
(minutes/week), and a complete Center for Epidemiologic
Study–Depression (CES-D) scale assessment from 1 or more
study visits between 1998 and 2013. We assessed the built envir-
onment with the Rural Active Living Assessment street segment
audit tool and developed built environment scores. The associ-
ation between built environment scores and depression (CES-D
≥16) in geographic buffers of various radii were evaluated by us-
ing modified Poisson regression, and mediation by physical activ-
ity was evaluated with mixed-effects models.

Results
Depression was observed in 37% of study participants at the first
study visit. One-point higher physical security and aesthetic scores
for the street segment of residence were associated with 1.07 times
higher (95% CI, 1.02–1.11) and 0.96 times lower (95% CI,
0.92–1.00) baseline depression prevalence. One-point higher des-
tination scores (ie, more commercial and civic facilities) in radius
buffers of 0.25 miles or more were associated with 1.06 times
(95% CI, 1.00–1.13) the risk of depression during follow-up.
Neighborhood poverty (defined as percentage of residents with in-
comes below the federal poverty level and dichotomized at 28.3%)
modified cross-sectional and longitudinal associations. Associ-
ations were not mediated by physical activity.

Conclusion
The built environment was associated with prevalence and risk of
depression, and associations were stronger in high-poverty neigh-
borhoods. Built environment improvements to promote physical
activity should take neighborhood context into consideration to
minimize negative side effects on mental health in high-poverty
communities.
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Introduction
Depression is among the leading causes of years lived with disab-
ility worldwide (1). Nearly 10% of US adults experience depres-
sion, a substantial public health problem (2). Residents of rural
areas are less likely to engage in sufficient physical activity than
urban residents (3), contributing to elevated prevalence of chronic
disease and health disparities among rural populations (4).
However, rural populations experience fewer mental health dis-
orders than intermediate-size urban areas (5).

Depression is associated with disorder and violence in the neigh-
borhood environment and less consistently with structural fea-
tures of the built environment (6). Most prior analyses of the rela-
tionship between depression and the built environment were of
urban areas and were cross-sectional, with little consideration of
spatial scale (6,7). Built environments may influence depressive
symptoms as a neighborhood stressor (8) or along pathways medi-
ated by behaviors (eg, physical activity) that result from the inter-
actions of individuals with their environment (9). Built environ-
ment features that impede physical activity are more prevalent in
rural locales than in urban ones. For example, rural residents may
have greater distances to travel, roads with higher speed limits,
and fewer pedestrian or cyclist safety features (10). Research has
not determined whether depression among rural populations is as-
sociated with the built environment and whether it is mediated by
physical activity.

We evaluated cross-sectional and longitudinal associations
between structural features of the rural built environment and de-
pressive symptoms among participants in the Bogalusa Heart
Study. Previous research in this population identified significant
associations between scores for features of the neighborhood built
environment and physical activity (11). We hypothesized that
higher scores (environments more conducive to physical activity)
would be associated with lower baseline prevalence of depression
and lower depression incidence and that these associations would
be mediated by physical activity.

Methods
The Bogalusa Heart Study is a longitudinal study of cardiovascu-
lar risk factors conducted in rural Washington Parish, Louisiana,
that began in 1973 (12). Our cross-sectional analysis consisted of
participants with a valid address of residence who had complete
data on depressive symptoms and physical activity assessed in at
least 1 study visit since 1998 (n = 2,000). Participants in the lon-
gitudinal analysis had more than 1 observation (range, 2–5 obser-
vations; mean, 2.55).  Depressive symptoms were reported by
study participants by using the Centers for Epidemiologic

Studies–Depression (CES-D) scale, which has high validity in
noninstitutionalized adult populations (13). Continuous CES-D
scores were used in mixed models for the association of neighbor-
hood environment with changes in severity of depressive symp-
toms, and CES-D was dichotomized (≥16, depressed; <16, not de-
pressed) (14) for Poisson regression for cross-sectional (at the first
CES-D assessment for each participant) and longitudinal associ-
ations of neighborhood environment with depression.

We audited built environment features of street segments of resid-
ence (n =1,340) by using Google Street View for each available
image (n = 2,648) for all study participants (n = 2,000) by using
the Rural Active Living Assessment (RALA) street segment audit
tool (15). Built environment audits were merged to participant
study data by date, with the most temporally proximate street seg-
ment image used for built environment exposure at each study vis-
it. Reliability of built environment audits using Google Street
View has been reported as high (16). Neighborhood scales were
developed for all features assessed, and for features in domains of
path, pedestrian safety, aesthetics, commercial and civic destina-
tions, physical security, and land use. Reliability of the neighbor-
hood scales, assessed with intraclass correlation coefficients for
duplicate audits of 196 street segments, has previously been repor-
ted to be acceptable for all domains except physical security fea-
tures (11).

Covariates

Participants were characterized with anthropometric, demograph-
ic, socioeconomic, behavioral, and health covariates. Age, body
mass index (BMI) (weight in kg/height in m2), and total physical
activity were available as continuous variables. Self-reported data
were dichotomized for education (≥high school degree, <than a
high school degree), annual income (≥$15,000, <$15,000), marit-
al status (married, unmarried), health insurance (yes, no), home
ownership (yes, no), employment status (employed, unemployed),
and alcohol consumption in the past 12 months (yes, no). Race
was self-reported as White or Black. Smoking was self-reported
and categorized (current, former, never). Neighborhood contextu-
al variables were obtained for the census tract of residence from
the American Community Survey 5-year estimates and the 2010
census (17). Variables for neighborhood poverty (the percentage
of residents in a census tract living in a household with an income
below the federal poverty level [FPL]) and population density
(residents per square mile) were calculated and used as continu-
ous variables and dichotomized at the sample mean for the evalu-
ation of effect modification. High and low categories were defined
for neighborhood population density (high density, ≥586 people/sq
mi; low density, <586 people/sq mi) and percentage of residents
living in neighborhood poverty (high poverty, ≥28.3%; low
poverty, <28.3%).
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Analysis

We developed scales for built environment overall in 6 domains of
street segment features identified a priori and refined following
principal components analysis. This process has been reported in
detail elsewhere (11). Briefly, scales were developed by creating 1
variable for features that were assessed across multiple RALA
variables (eg, sidewalks, paths), with all variables coded so higher
values indicated features that promote physical activity. We calcu-
lated variable means, and 1 point was added to a preliminary seg-
ment score for each variable for which the segment value ex-
ceeded the sample mean. The mean preliminary score was then
calculated for segments with values above and below the sample
mean for every variable, and these means were compared. We
flagged variables for removal where the difference in mean pre-
liminary score between segments above and below the sample
mean was less than 1. A final segment score was calculated by
adding 1 point for each unflagged variable where the segment
value exceeded the sample mean for that variable. This process
was done for all variables assessed (overall), and repeated within
domains of features (ie, path, pedestrian safety, aesthetics, physic-
al security, destinations, and land use). A built environment score
of 0 indicated that the segment had no additional features that pro-
mote physical activity relative to the average street segment. This
scoring process has been used in the development of walkability
and playground indexes (18,19). The higher the score for a seg-
ment, the more features the segment contained thought to promote
physical activity, with higher land use scores indicating more
dense residential development, better-condition residences than
the average street segment, and the absence of hills or other geo-
graphic or land development barriers to physical activity. Buffers
— the area around each audited street segment —  with radii of
0.25, 0.50, 1.00, and 1.50 miles were used to define neighborhood
exposures. Overall neighborhood scores were calculated as the av-
erage, weighted by the inverse of the distance from the centroid, of
street segments within these buffers.

We evaluated the association between neighborhood built environ-
ment scores and longitudinal change in severity of depressive
symptoms by using a hierarchical, mixed-effects, linear growth
model, including all study participants with 2 or more CES-D as-
sessments (n = 1,006), with differences in the rate of change
(slope) being the outcome of interest. Mixed-effects models were
conducted for each built environment score, with an interaction
between the score and age and random intercepts and coefficients
for age for each subject nested in street segments and census tracts
and adjusted for sex, education, smoking, neighborhood poverty,
and population density. The average duration of follow-up for par-
ticipants in the longitudinal analysis exceeded 10 years, so the
slope differences were expressed as the number of CES-D points

per 10-years of follow-up. The percentage of each association
between built environment scores and depressive symptoms medi-
ated by physical activity was evaluated in mixed effects linear
growth regression models by using a product of coefficients meth-
od (20), and 95% CIs for the resultant percentage mediation were
calculated with a specialized program (21) in SAS version 9.4
(SAS Institute).

The association between neighborhood built environment scores
and depression was evaluated by using modified Poisson regres-
sion models with robust standard error estimation, which accom-
modated clustering in street segments and census tracts (22). We
reported the cross-sectional association between the built environ-
ment and depression in the baseline examination as prevalence
rate ratios (PRRs) and 95% CIs, adjusted for age, sex, education,
smoking, neighborhood poverty, and population density. Models
for the longitudinal association between neighborhood built envir-
onment and depression included all subjects with more than 1 de-
pression assessment (n = 1,006), giving risk ratios (RR) and 95%
CIs, adjusted for age at baseline, sex, baseline CES-D score, edu-
cation, smoking, duration of time elapsed since baseline (follow-
up duration),  neighborhood poverty, and population density.

Neighborhood poverty and population density were identified a
priori as potential effect modifiers. Modification of the effect of
built environment scores on depression in Poisson regression mod-
els and depressive symptoms in mixed effects regression models
was evaluated by interacting built environment scores with dicho-
tomized percentage of neighborhood poverty or population dens-
ity. All analyses were conducted by using SAS version 9.4. P val-
ues of <.05 were considered significant.

Results
The mean values for subjects included in our cross-sectional ana-
lysis were on average age, 38.3; BMI, 29.8; CES-D score, 15.1;
and reported weekly physical activity, 175.8 minutes (Table 1). A
minority of the sample was male (43.1%), Black (33.6%), and had
at least a high school education (41.9%). Most reported being a
current or former smoker (55.7%), drinking alcohol in the past
year (61.3%), having an annual household income at or above
$15,000 (64.3%), owning their home (72.3%), being employed
(79.8%), being married (53.2%), and being in good health
(64.4%). Because subjects included in longitudinal analyses rep-
resent a subset of those in the cross-sectional analysis, they will
not be described separately. Cross-sectional study participants
who were older, more educated, and did not own their homes lived
on street segments with significantly higher overall built environ-
ment scores, whereas only home ownership was significantly asso-
ciated with lower overall built environment scores for the longit-
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udinal sample. Cross-sectional analyses for depression at the
baseline examination identified 740 depressed subjects (37.0% of
2,000 total subjects); longitudinal analyses for depression identi-
fied 568 depressed subjects and 438 nondepressed subjects at the
end of follow-up (Table 2).

Depressed subjects in the cross-sectional sample lived on street
segments with lower aesthetics (P < .001) and higher physical se-
curity (P < .001) scores than nondepressed subjects (Table 2). De-
pressed subjects in the cross-sectional sample lived in census
tracts  with  higher  neighborhood poverty  (P < .001)  than
nondepressed subjects. We observed no significant differences
between street segment scores or neighborhood contextual vari-
ables between depressed and nondepressed subjects included in
the longitudinal sample.

Significant associations were observed for aesthetics and physical
security built environment scales on the street segment of resid-
ence (Table 3). For each 1-point higher aesthetics score on the
street segment of residence, the prevalence of depression was 4%
lower (PRR = 0.96, 95% CI, 0.92–1.00), and while similar mag-
nitude associations were observed in larger neighborhood buffers,
these were not significant. For each 1-point higher physical secur-
ity score on the street segment of residence, the prevalence of de-
pression was 7% higher (PRR = 1.07, 95% CI, 1.02–1.11).

Significant associations were observed between higher destination
scores and increased risk of depression. For each 1-point higher
destination score, the risk of depression was 1.06 (95% CI,
1.00–1.13), 1.07 (95% CI, 1.01–1.14), 1.08 (95% CI, 1.01–1.15),
and 1.07 (95% CI,  1.00–1.15) times higher in buffers of radii of
0.25, 0.50, 1.00, and 1.50 miles, respectively (Table 3).  No signi-
ficant associations of built environment scales with depression
were observed for the overall built environment, paths, pedestrian
safety, aesthetics, physical security, and land use in longitudinal
analyses.

Significant effect modification by neighborhood poverty was iden-
tified for the pedestrian safety features scale in 0.25-mile, 0.50-
mile, 1.00-mile, and 1.50-mile buffers in cross-sectional Poisson
regression models, with 1-point higher pedestrian safety score as-
sociated with significant increased prevalence of depression in
high-poverty neighborhoods but not low-poverty neighborhoods
(Figure). Neighborhood poverty significantly modified the rela-
tionship between the destination scale and depression in longitud-
inal analyses, with 1-point higher destination scores in buffer radii
of 0.25 mile, 0.50 mile, 1.00 mile, and 1.50 miles associated with
higher risk of depression in high-poverty but not low-poverty
neighborhoods. Associations between built environment scales
and depression were not significantly modified by population

density, though a 1-point higher aesthetic score was associated
with significantly lower prevalence of depression in buffer radii of
0, 0.25 mile, and 0.50 of a mile in high-density neighborhoods but
not in low-density neighborhoods (Figure).

Figure. Association between built environment scores in buffers around
residence and incident and prevalent depression among participants (N =
2,000) in the Bogalusa Heart Study, 1998–2013. High poverty is defined as
≥28.3% of residents (of a census tract) living below the federal poverty level;
low poverty is defined as <28.3% of residents (of a census tract) living below
the federal poverty level. High density is defined as ≥586 residents (of a
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census tract) per square mile of area; low density is defined as <586
residents (of a census tract) per square mile of area.  Graph A shows
prevalence rate ratio (PRR) for a 1-point increase in pedestrian safety score.
Graph B shows the risk ratio (RR) for a 1-point increase in destination score,
and graph C shows the PRR for a 1-point increase in aesthetics score.

Over an average of 2.55 assessments, we found significant associ-
ations between the 10-year rate of change in depressive symptom
severity and scales for the overall built environment and for paths,
pedestrian safety, aesthetics, physical security, and land use (Ta-
ble 4). In a buffer of 1.50 miles around the residence, a 1-
point–higher overall and path scores were associated with 0.17
and 0.40 CES-D points/10-years slower increase in depressive
symptom severity, respectively. Each 1-point higher pedestrian
safety score was associated with 0.35, 0.52 and 0.57 CES-D
points/10-years slower increase in depressive symptom severity in
0.50 mile, 1.00 mile, and 1.50 mile buffers, respectively. Neigh-
borhood aesthetics were significantly associated with more rapid
increases in severity of depressive symptom in all buffer radius
sizes, with each 1-point higher aesthetics score associated with a
0.76 CES-D-points/10-years faster increase in depressive symp-
tom severity in a 1.50-mile buffer radius. On the street segment of
residence, each 1-point higher physical security score was associ-
ated with a 0.44 CES-D point/10-years faster increase in depress-
ive symptom severity. In a 1-mile buffer radius, each 1-point high-
er land use score was associated with a 0.69 CES-D-points/10-
years faster increase in depressive symptom severity. Of the signi-
ficant slope differences, the only one mediated by physical activ-
ity was the aesthetics score on the street segment of residence
(−2.83% mediated by physical activity) (Table 5).

Discussion
Our study identified significant associations between the built en-
vironment around a residence and depression and severity of de-
pressive symptoms in the rural South. A more aesthetically pleas-
ing street segment of residence was associated with a 4% lower
prevalence of depression, and more security features (eg, window
bars) were associated with a 7% higher prevalence of depression
at the baseline visit. Each 1-point higher destination score within
0.25-mile, 0.50-mile, 1.00-mile, and 1.50-mile buffer radii around
a residence was associated with a significant 6% to 8% higher risk
of depression over an average of 10 years of follow-up. Effect
modification by neighborhood poverty was identified, with signi-
ficant associations observed exclusively in high-poverty neighbor-
hoods between more pedestrian safety features and higher preval-
ence of baseline depression. Significant associations between more
neighborhood destinations and higher risk of depression were
identified exclusively in high poverty neighborhoods. No signific-
ant effect modification by neighborhood population density was
observed.

Several studies have reported associations between the built envir-
onment and depressive symptoms (6,7). Among older adults, more
walkable neighborhoods were associated with low cross-sectional
odds of depression among men but not women (23). Neighbor-
hood problems such as noise, vandalism, poor residential quality,
incivilities (eg, trash on street), and heavy traffic were associated
with more depressive symptoms at baseline but no changes in de-
pressive symptoms over follow-up (24). A study among low-
income Black and White residents of the southeastern US identi-
fied nonsignificantly higher odds of depression, with those in
neighborhoods with the highest walkability index having 6% high-
er odds of CES-D–defined depression compared with those in the
lowest walkability index neighborhoods (25). Our study did not
identify associations between the overall built environment score
and depression in cross-sectional or longitudinal analyses;
however, the association between higher destination scores and in-
creased risk of depression in our study is in accord with the higher
odds of depression in the prior study (25). Differences between
studies in the way neighborhood walkability was determined (by
GIS mapping or street segment audit), the way scores were de-
veloped, and population density may explain the absence of an as-
sociation between the overall score and depression in our study.
The association between a high physical security score on the
street segment of residence and increased depression prevalence at
baseline is likely due to an inverse association of these features
with residents’ perception of safety. Inverse associations between
objective and perceived neighborhood safety measures and de-
pressive symptoms have been reported previously (24,26). In our
study, living on a more aesthetically pleasing street segment was
associated with lower prevalence of depression at baseline, in ac-
cord with prior reports that less aesthetically pleasing environ-
ments such as those with trash in the streets (24) or with less
greenspace (27) are associated with greater depression.

Reasons for differences in associations between built environment
scores and depression at baseline and over follow-up are unclear,
but similar patterns have been reported previously (6,26). In a pri-
or study high neighborhood and individual level safety measures
were associated with low CES-D scores at baseline, but neither
was significantly associated with changes in that score over a 10-
year period (26). In our study, aesthetics and physical security
scores for the street segment of residence were associated with de-
creased and increased prevalence of depression at baseline, re-
spectively, but not over follow-up. The absence of longitudinal as-
sociations is consistent with the prior claim that changes to built
environment exposures may be more important to incidence of de-
pressive symptoms than static exposure (26).

We identified significant effect modification by the percentage of
residents in a neighborhood with incomes below the FPL. This is
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in accord with a previous study that found significant associations
between increased walkability and increased depression only in
the most socioeconomically deprived neighborhoods (25). Simil-
arly, in the present study, significant associations between higher
pedestrian safety scores and increased depression prevalence at
baseline were identified only in high-poverty neighborhoods. Sig-
nificant associations between higher destination scores and in-
creased depression risk over follow-up were also identified only in
high-poverty neighborhoods in the present study. This may be due
to the associations between high neighborhood socioeconomic dis-
advantage (and poverty), low neighborhood social capital, and
high depressive symptom (7). In our study, at baseline, each 10%
increase in the prevalence of poverty in a census tract was associ-
ated with 12% higher prevalence of depression. The stronger asso-
ciations between the built environment and depression in these
neighborhoods may be due to a sense of vulnerability resulting
from psychological stress, to which financial concerns are a signi-
ficant contributor (28).

The mechanisms that underlie the association between higher
physical security scores and increased prevalence of depression,
between higher aesthetic scores and decreased prevalence of de-
pression, and between higher destination scores and increased risk
of depression are unknown. The associations between built envir-
onment scores and the rate of change in CES-D scores were not
mediated by physical activity in our study population. Previous re-
search has suggested that chronic stress, and associated hypo-
cortisolism, among residents in neighborhoods with more object-
ive and perceived stress-inducing features may explain relation-
ships between neighborhood social disadvantage and negative
health outcomes (29). Another study identified alteration of
resting-state neural oscillatory activity in the cerebellum as a
mechanism that could explain associations between environment-
al factors and depression (30). A study of the built environment
and perceived social support and psychological distress among
residents identified associations of features that promote direct so-
cial interaction with increased perceived social support and poten-
tial benefits for mental health (31). Associations between scores
for built environment features and depression found in our study
may therefore be mediated by influences on perceived social sup-
port or chronic stress.

Our study has  several  strengths.  The sample was a  well-
characterized rural population with longitudinal data on physical
activity, the built environment, and depression, and analyses were
adjusted for potential individual and contextual confounders. De-
pression was assessed with a validated instrument (13), and the
built environment scales were both reliable and associated with
physical activity. Analyses evaluated cross-sectional and longitud-
inal associations. The density of street segments included in built

environment audits allowed the construction of scales for the built
environment within buffers of various radii around the residence,
which has been a limitation in much of the prior literature (6). Our
study also has limitations. Observed associations were based on an
observational study design, and causality could not be inferred. No
measure of the perceived built environment was available, so we
could not assess mediation of associations between the object-
ively assessed built environment and depression by residents’ per-
ception of the built environment. Also, no measure of social sup-
port was included in our analysis. The uncertain geographic con-
text problem, in which the true geographic context relevant to the
health outcome being studied for participants is unknown, may
have contributed to underestimation of the strengths of the ob-
served associations. Most study participants lived in one rural par-
ish in Louisiana, so generalizability of the results may be limited.

Our study contributes to prior findings of cross-sectional associ-
ations between built environment features thought to promote
physical activity (ie, walkability) and increased prevalence of de-
pression in the southern United States. Additionally, significant
associations of more overall built environment features, more ped-
estrian safety features, more physical security features, and more
destinations with greater depression only in high-poverty neigh-
borhoods supports prior reports about the modifying influence of
neighborhood socioeconomic status on the relationship between
the built environment and depression. Relationships between built
environment features thought to promote physical activity and
negative mental health outcomes in low-socioeconomic–status
neighborhoods may be due to relationships between these features
and increased stressors among people who perceive themselves as
marginalized (25,28). Built environment improvements tailored to
neighborhood contexts and residents’ wants and needs may have
more broadly positive effects on community health. Further re-
search is needed to identify mechanisms underlying associations
between the built environment and depression and to explain why
neighborhood socioeconomic status modifies the relationship
between the built environment and depression.

Acknowledgments
This work was supported by National Institutes of Health grant
nos .  K12HD043451 ,  P20GM109036 ,  R21AG057983 ,
R01HL121230,  2R01AG041200  and  R01DK091718  (L.
Bazzano). No copyrighted material was used in this article.

Author Information
Corresponding Author: Christopher E. Anderson, PhD, MSPH,
Department of Epidemiology, Tulane University School of Public

PREVENTING CHRONIC DISEASE VOLUME 18, E67

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY           JULY 2021

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

6       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2021/20_0605.htm



Health and Tropical Medicine, 1440 Canal St, Suite 2000, New
Orleans ,  LA  70112.  Telephone:  626-430-4212.  Email :
cander5@tulane.edu.

Author Affiliations: 1Department of Epidemiology, School of
Public Health and Tropical Medicine, Tulane University, New
Orleans, Louisiana. 2Pennington Biomedical Research Center,
Louisiana State University, Baton Rouge, Louisiana. 3Department
of Social, Behavioral, and Population Sciences, School of Public
Health and Tropical Medicine, Tulane University, New Orleans,
Louisiana.

References
Vos T, Abajobir AA, Abate KH, Abbafati C, Abbas KM, Abd-
Allah F, et al.; GBD 2016 Disease and Injury Incidence and
Prevalence Collaborators. Global, regional, and national
incidence, prevalence, and years lived with disability for 328
diseases  and injuries  for  195 countries,  1990–2016:  a
systematic analysis for the Global Burden of Disease Study
2016. Lancet 2017;390(10100):1211–59. . Erratum in Lancet
2017;390(10106):e38.

  1.

Centers for Disease Control and Prevention (CDC). Current
depression among adults — United States, 2006 and 2008.
MMWR Morb Mortal Wkly Rep 2010;59(38):1229–35.

  2.

Matthews KA, Croft JB, Liu Y, Lu H, Kanny D, Wheaton AG,
et  al.  Health-related  behaviors  by  urban-rural  county
classification – United States, 2013. MMWR Surveill Summ
2017;66(5):1–8.

  3.

US Department of Health and Human Services, National
Institutes of Health. NIH health disparities strategic plan and
b u d g e t  f i s c a l  y e a r s  2 0 0 9 – 2 0 1 3 .  2 0 1 1 .  h t t p s : / /
www.nimhd.nih.gov/docs/2009-2013nih_health_disparities_
strategic_plan_and_budget.pdf.Accessed February 28, 2020.

  4.

Breslau J, Marshall GN, Pincus HA, Brown RA. Are mental
disorders more common in urban than rural areas of the United
States? J Psychiatr Res 2014;56:50–5.

  5.

Mair  C,  Diez  Roux AV,  Galea  S.  Are  neighbourhood
characteristics associated with depressive symptoms? A review
of  evidence .  J  Epidemiol  Communi ty  Heal th  2008;
62(11):940–6,8,946.

  6.

Julien D, Richard L, Gauvin L, Kestens Y. Neighborhood
characteristics and depressive mood among older adults: an
integrative review. Int Psychogeriatr 2012;24(8):1207–25.

  7.

Evans GW. The built environment and mental health. J Urban
Health 2003;80(4):536–55.

  8.

Spence JC, Lee RE. Toward a comprehensive model of
physical activity. Psychol Sport Exerc 2003;4(1):7–24.

  9.

Hansen AY, Umstattd Meyer MR, Lenardson JD, Hartley D.
Built environments and active living in rural and remote areas:
a review of the literature. Curr Obes Rep 2015;4(4):484–93.

10.

Gustat J, Anderson CE, Chukwurah QC, Wallace ME, Broyles
ST, Bazzano LA. Cross-sectional associations between the
neighborhood built environment and physical activity in a rural
setting: the Bogalusa Heart Study. BMC Public Health 2020;
20(1):1426.

11.

Berenson GS; Bogalusa Heart Study Investigators. Bogalusa
Heart Study: a long-term community study of a rural biracial
( B l a c k / W h i t e )  p o p u l a t i o n .  A m  J  M e d  S c i  2 0 0 1 ;
322(5):293–300.

12.

Vahle VJ, Andresen EM, Hagglund KJ. Depression measures
in  outcomes  research.  Arch  Phys  Med Rehabil  2000;
81(12Suppl 2):S53–62.

13.

American Psychiatric Association. Diagnostic and statistical
manual of mental disorders, 4th edition. Washington (DC):
American Psychiatric Association; 1994.

14.

Yousefian A, Hennessy E, Umstattd MR, Economos CD,
Hallam JS, Hyatt RR, et al. Development of the rural active
living assessment tools: measuring rural environments. Prev
Med 2010;50(Suppl 1):S86–92.

15.

Kepper MM, Sothern MS, Theall KP, Griffiths LA, Scribner
RA, Tseng TS, et al. A reliable, feasible method to observe
neighborhoods at high spatial resolution. Am J Prev Med 2017;
52(11S1):S20–30.

16.

US Census Bureau. US Census. https://www.census.gov/
data.html. Accessed October 12, 2017.

17.

Gustat J, Richards K, Rice J, Andersen L, Parker-Karst K, Cole
S. Youth walking and biking rates vary by environments
around 5 Louisiana schools. J Sch Health 2015;85(1):36–42.

18.

Gustat J, Anderson CE, Slater SJ. Development and testing of
a brief  play space audit  tool.  J  Phys Act  Health 2019;
17(1):1–8.

19.

VanderWeele TJ. Mediation analysis: a practitioner’s guide.
Annu Rev Public Health 2016;37(1):17–32.

20.

MacKinnon DP, Fritz MS, Williams J,  Lockwood CM.
Distribution of the product confidence limits for the indirect
effect: program PRODCLIN. Behav Res Methods 2007;
39(3):384–9.

21.

Zou GY, Donner A. Extension of the modified Poisson
regression model to prospective studies with correlated binary
data. Stat Methods Med Res 2013;22(6):661–70.

22.

Berke EM, Koepsell TD, Moudon AV, Hoskins RE, Larson
EB. Association of the built environment with physical activity
and obesity in older persons. Am J Public Health 2007;
97(3):486–92.

23.

Bierman A. Marital status as contingency for the effects of
neighborhood disorder on older adults’ mental health. J
Gerontol B Psychol Sci Soc Sci 2009;64(3):425–34.

24.

PREVENTING CHRONIC DISEASE VOLUME 18, E67

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY           JULY 2021

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2021/20_0605.htm • Centers for Disease Control and Prevention       7



James P, Hart JE, Banay RF, Laden F, Signorello LB. Built
environment and depression in low-income African Americans
and Whites. Am J Prev Med 2017;52(1):74–84.

25.

Moore KA, Hirsch JA, August C, Mair C, Sanchez BN, Diez
Roux AV. Neighborhood social resources and depressive
symptoms: longitudinal results from the multi-ethnic study of
atherosclerosis. J Urban Health 2016;93(3):572–88.

26.

Bezold  CP,  Banay  RF,  Coull  BA,  Hart  JE,  James  P,
Kubzansky LD, et al. The relationship between surrounding
greenness in childhood and adolescence and depressive
symptoms in adolescence and early adulthood. Ann Epidemiol
2018;28(4):213–9.

27.

Downs TJ, Ross L, Goble R, Subedi R, Greenberg S, Taylor O.
Vulnerabil i ty,  r isk  perception,  and  health  profi le  of
marginalized people exposed to multiple built-environment
stressors in Worcester, Massachusetts: a pilot project. Risk
Anal 2011;31(4):609–28.

28.

Karb RA, Elliott MR, Dowd JB, Morenoff JD. Neighborhood-
level stressors, social support, and diurnal patterns of cortisol:
the Chicago Community Adult Health Study. Soc Sci Med
2012;75(6):1038–47.

29.

Córdova-Palomera A, Tornador C, Falcón C, Bargalló N,
Brambilla P, Crespo-Facorro B, et al. Environmental factors
linked to depression vulnerability are associated with altered
cerebellar resting-state synchronization. Sci Rep 2016;
6(1):37384.

30.

Brown SC, Mason CA, Lombard JL, Martinez F, Plater-
Zyberk E, Spokane AR, et al.  The relationship of built
environment to perceived social support and psychological
distress in Hispanic elders: the role of “eyes on the street”. J
Gerontol B Psychol Sci Soc Sci 2009;64(2):234–46.

31.

PREVENTING CHRONIC DISEASE VOLUME 18, E67

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY           JULY 2021

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

8       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2021/20_0605.htm



Tables

Table 1. Characteristics of Participants (N = 2,000) Included in Analyses Evaluating the Cross-Sectional and Longitudinal Associations of the Built Environment
Around the Residence and Depression in a Rural Population, Bogalusa Heart Study, 1998–2013

Characteristic

Cross Sectional Longitudinal

N = 2,000 P Valuea N = 1,006b P Valuea

Age, y, mean (SD) 38.27 (8.63) .03 36.79 (4.96) .05

BMI, mean (SD) 29.79 (8.03) .18 29.63 (8.20) .89

Follow-up duration, y, mean (SD) 0.00 (0.00) 1.00 10.68 (3.17) .90

CES-D scorec at baseline, mean (SD) 15.08 (10.27) .93 13.24 (9.84) .75

Depressed at baseline, n (%) 740 (37.00) .77 321 (31.91) .46

Male, n (%) 862 (43.10) .15 410 (41.46) .77

Black, n (%) 672 (33.60) .22 303 (30.64) .79

≥High school education, n (%) 838 (41.90) .002 548 (58.80) .64

Household income ≥$15,000, n (%) 1,285 (64.25) .87 718 (72.67) .99

Married, n (%) 1,063 (53.15) .19 611 (61.78) .22

Have health insurance, n (%) 1,216 (60.80) .08 635 (68.13) .06

Employed, n (%) 1,596 (79.80) .54 833 (84.23) .26

Home owner, n (%) 1,445 (72.25) <.001 779 (78.77) .008

In good health, n (%) 1,288 (64.40) .22 878 ( 89.32) .76

Current smoker, n (%) 590 (29.50) .06 292 (29.03) .91

Former smoker, n (%) 523 (26.15) .06 300 (29.82) .91

Consumed alcohol in last year, n (%) 1,206 (61.25) .22 628 ( 63.50) .18

Any physical activity, n (%) 1,436 (72.90) .67 858 (86.75) .79

Walking (min/wk), mean (SD) 83.29 (245.56) .76 82.45 (250.18) .27

Physical activity (min/wk), mean (SD) 175.77 (386.90) .38 181.34 (375.15) .07

Abbreviations: BMI, body mass index; CES-D, Centers for Epidemiologic Studies–Depression.
a P values were assessed with analysis of variance for categorical variables and Pearson correlation coefficient for continuous variables and are for the association
of participant characteristics with the (continuous) overall built environment score for the street segment of residence.
b Longitudinal sample; includes only those study subjects with 2 or more observations.
c CES-D score ≥16 indicates depression. CES-D scores can range from 0 to 60.
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Table 2. Neighborhood Characteristics of Participants (N = 2,000) Included In Analyses Evaluating the Cross-Sectional and Longitudinal Associations of the Built En-
vironment Around the Residence and Depression in a Rural Population, by Depression Status, Bogalusa Heart Study, 1998–2013

Variable

Cross Sectional Longitudinala

Depressedb

(n = 740)
Not Depressed

(n = 1,260) P Valuec
Depressedb

(n = 568)
Not Depressed

(n = 438) P Valuec

Street segment of built environmentd

All features, mean (SD) 10.55 (4.32) 10.49 (4.49) .77 10.41 (4.17) 10.34 (4.43) .78

Path, mean (SD) 2.31 (2.35) 2.20 (2.40) .32 2.08 (2.22) 2.11 (2.37) .83

Pedestrian safety features, mean (SD) 3.21 (1.81) 3.03 (1.81) .03 3.02 (1.83) 2.94 (1.89) .51

Aesthetics, mean (SD) 2.99 (1.47) 3.28 (1.60) <.001 3.33 (1.55) 3.30 (1.57) .76

Destinationse, mean (SD) 0.61 (1.22) 0.54 (1.14) .20 2.92 (1.11) 2.94 (1.11) .90

Physical security, mean (SD) 3.41 (1.45) 3.19 (1.32) <.001 0.52 (1.10) 0.51 (1.13) .73

Land use, mean (SD) 1.61 (0.90) 1.67 (0.95) .17 1.67 (0.98) 1.66 (0.90) .85

Contextual variables

Population density, mean (SD) 556.75 (1,575.20) 603.25 (1,189.66) .46 536.30 (1,774.73) 520.84 (839.53) .86

Percentage povertyf, mean (SD) 30.06 (10.23) 27.20 (11.22) <.001 28.75 (10.58) 28.41 (11.00) .39

Abbreviation: CES-D, Centers for Epidemiologic Studies–Depression.
a Longitudinal sample; includes only those study subjects with 2 or more observations.
b CES-D score ≥16 indicates depression. CES-D scores can range from 0 to 60.
c P values for comparison of depressed and not-depressed subjects are from t tests.
d Built environment scores summarize features of street segments assessed with the Rural Active Living Assessment street segment audit tool, overall and within
domains of features, with higher numeric scores indicating the presence of more features thought to promote physical activity. Scores have the following ranges:
overall (2–29), path (0–9), pedestrian safety (0–10), aesthetics (0–6), destinations (0–11), physical security (0–6), and land use (0–5).
e Includes commercial and civic facilities.
f Neighborhood poverty was defined as the percentage of residents in a census tract living below the federal poverty level.
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Table 3. Association of Neighborhood Built Environment Scoresa With Prevalence and Incidence of Depression Among Participants (N = 2,000), Bogalusa Heart
Study, 1998–2013

Built Environment Score

Buffer Around Residence Unit

0.00 mi 0.25 mi 0.50 mi 1.00 mi 1.50 mi

Cross-sectional, prevalence rate ratio (95% CI)

Overall 1.01 (0.99–1.02) 1.01 (0.99–1.03) 1.01 (0.99–1.03) 1.00 (0.98–1.03) 1.00 (0.98–1.02)

Path 1.01 (0.98–1.04) 1.02 (0.99–1.05) 1.02 (0.98–1.05) 1.01 (0.97–1.05) 1.01 (0.97–1.06)

Pedestrian safety 1.03 (1.00–1.06) 1.03 (0.99–1.08) 1.04 (0.98–1.09) 1.03 (0.97–1.09) 1.02 (0.96–1.08)

Aesthetics 0.96 (0.92–1.00) 0.97 (0.92–1.02) 0.97 (0.91–1.02) 0.96 (0.90–1.02) 0.95 (0.88–1.02)

Destinationsb 1.04 (0.99–1.10) 1.04 (0.97–1.10) 1.04 (0.97–1.12) 1.02 (0.94–1.12) 1.02 (0.93–1.13)

Physical security 1.07 (1.02–1.11) 0.97 (0.84–1.12) 1.02 (0.87–1.21) 1.03 (0.86–1.24) 1.00 (0.82–1.22)

Land use 0.98 (0.92–1.04) 0.97 (0.89–1.05) 0.95 (0.86–1.05) 0.92 (0.83–1.03) 0.95 (0.85–1.06)

Longitudinal, risk ratio (95% CI)

Overall 1.00 (0.99–1.01) 1.01 (0.99–1.02) 1.01 (0.99–1.03) 1.01 (0.98–1.03) 1.00 (0.98–1.03)

Path 1.00 (0.97–1.02) 1.00 (0.97–1.03) 1.01 (0.97–1.04) 1.00 (0.96–1.04) 0.99 (0.95–1.04)

Pedestrian safety 1.01 (0.98–1.04) 1.00 (0.97–1.04) 1.01 (0.97–1.05) 1.00 (0.96–1.04) 1.00 (0.95–1.05)

Aesthetics 1.00 (0.97–1.04) 1.01 (0.97–1.06) 1.02 (0.97–1.07) 1.02 (0.97–1.08) 1.02 (0.96–1.08)

Destinationsb 1.01 (0.97–1.06) 1.06 (1.00–1.13) 1.07 (1.01–1.14) 1.08 (1.01–1.15) 1.07 (1.00–1.15)

Physical security 1.00 (0.96–1.05) 1.11 (0.96–1.28) 1.15 (0.97–1.36) 1.13 (0.94–1.37) 1.10 (0.90–1.35)

Land use 1.00 (0.95–1.06) 0.99 (0.92–1.05) 0.99 (0.93–1.07) 0.97 (0.90–1.05) 0.96 (0.88–1.05)
a Built environment scores summarize features of street segments assessed with the Rural Active Living Assessment street segment audit tool, overall and within
domains of features, with higher numeric scores indicating the presence of more features thought to promote physical activity. Measures of association represent
the relative prevalence or risk of depression associated with a 1-point increase in the specified built environment score. Scores have the following ranges: overall
(2–29), path (0–9) pedestrian safety (0–10), aesthetics (0–6), destinations (0–11), physical security (0–6), and land use (05).
b Includes commercial and civic facilities.
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Table 4. Association Between Neighborhood Built Environment Scores and Change in CES-Da, Participants (N = 1,006)a, Bogalusa Heart Study, 1998–2013

Built Environment
Scorec

CES-D Slope Differenceb for 1-Point Increase in Built Environment Score

Buffer Around Residence Unit

0.00 mi 0.25 mi 0.50 mi 1.00 mi 1.50 mi

β (SE) P Value β (SE) P Value β (SE) P Value β (SE) P Value β (SE) P Value

Overall 0.02 (0.05) .67 0.00 (0.06) .98 −0.03 (0.07) .69 −0.11 (0.08) .16 −0.17 (0.08) .04

Path −0.07 (0.09) .40 −0.09 (0.11) .41 −0.09 (0.12) .46 −0.22 (0.14) .13 −0.40 (0.16) .01

Pedestrian safety −0.06 (0.11) .60 −0.20 (0.14) .16 −0.35 (0.16) .03 −0.52 (0.17) <.01 −0.57 (0.19) <.01

Aesthetics 0.26 (0.13) .04 0.51 (0.16) <.01 0.67 (0.19) <.01 0.71 (0.23) <.01 0.76 (0.26) <.01

Destinationsd 0.08 (0.16) .64 0.17 (0.24) .49 0.05 (0.27) .86 −0.10 (0.33) .76 −0.36 (0.41) .38

Physical security 0.44 (0.14) <.01 0.22 (0.53) .69 0.57 (0.62) .36 0.46 (0.74) .54 0.54 (0.84) .52

Land use 0.27 (0.22) .21 0.47 (0.27) .08 0.55 (0.30) .07 0.69 (0.34) .04 0.71 (0.38) .06

Abbreviation: CES-D, Centers for Epidemiologic Studies–Depression.
a Longitudinal sample; includes only those study subjects with 2 or more observations.
b CES-D slope was expressed as the rate of change in depressive symptom severity per 10 years of follow-up (depressive symptom severity was assessed as a con-
tinuous CES-D score that can range from 0 to 60, with higher scores indicating more severe depressive symptoms).
c Built environment scores summarize features of street segments assessed with the Rural Active Living Assessment street segment audit tool, overall and within
domains of features, with higher numeric scores indicating the presence of more features thought to promote physical activity. Associations represent the differ-
ence in the rate of change of depressive symptom severity over 10 years for a 1-point increase in the specified built environment score. Scores have the following
ranges: overall (2–29), path (0–9), pedestrian safety (0–10), aesthetics (0–6), destinations (0–11), physical security (0–6), and land use (05).
d Includes commercial and civic facilities.
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Table 5. Percentage of the Observed Association of Neighborhood Built Environment Scoresa With CES-D Slopeb Mediated by Physical Activity, Participants (N =
1,006)c Bogalusa Heart Study, 1998–2013

Built Environment

CES-D Slope Differenceb, Percentage Mediation (95% CI) by Physical Activity

Buffer Around Residence Unit

0.00 mi 0.25 mi 0.50 mi 1.00 mi 1.50 mi

Overall −5.92 (−20.12 to 4.33) 16.4 (−167.44 to
211.48)

−1.44 (8.23 to −12.09) −0.06 (2.71 to −2.87) 0.23 (2.21 to −1.60)

Path 1.55 (7.87 to −3.70) −0.51 (4.48 to −5.87) 0.50 (6.32 to −4.98) 0.40 (3.16 to −2.09) 0.35 (2.06 to −1.13)

Pedestrian safety −0.84 (7.40 to −9.65) 0.40 (3.71 to −2.62) 0.24 (2.32 to −1.67) 0.35 (1.92 to −0.98) 0.55 (2.17 to −0.70)

Aesthetics −2.83 (−6.59 to −0.29) -0.31 (−1.83 to 1.01) −0.13 (−1.38 to 1.04) −0.15 (−1.53 to 1.12) −0.18 (−1.59 to 1.10)

Destinationsd 1.72 (−8.11 to 12.72) 0.79 (−5.58 to 7.70) 5.94 (−17.02 to 32.96) −2.47 (10.41 to −17.04) −0.92 (3.16 to −5.63)

Physical security 1.07 (−0.12 to 2.97) −3.20 (−14.77 to 6.20) −2.03 (−7.17 to 1.75) −2.19 (−9.18 to 3.31) −0.96 (−7.01 to 4.43)

Land use 2.48 (−0.66 to 7.21) 2.27 (−0.05 to 5.89) 2.29 (0.06 to 5.76) 1.83 (−0.05 to 4.78) 1.65 (−0.25 to 4.60)

Abbreviation: CES-D, Centers for Epidemiological Studies–Depression.
a Built environment scores summarize features of street segments assessed with the Rural Active Living Assessment street segment audit tool, overall and within
domains of features, with higher numeric scores indicating the presence of more features thought to promote physical activity. Associations represent the percent-
age of the slope difference for a 1-point increase in the specified built environment score that is mediated by physical activity. Scores have the following ranges:
overall (2–29), path (0–9), pedestrian safety (0–10), aesthetics (0–6), destinations (0–11), physical security (0–6), and land use (05).
b CES-D slope was expressed as the rate of change in depressive symptom severity per 10 years of follow-up (depressive symptom severity was assessed as a con-
tinuous CES-D score that can range from 0 to 60, with higher scores indicating more severe depressive symptoms).
c Longitudinal sample; includes only those study subjects with 2 or more observations.
d Includes commercial and civic facilities.
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