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Abstract

Few studies have documented the pathways through which individual level variables mediate the
effects of neighborhoods on health. This study used structural equation modeling to examine

if neighborhood characteristics are associated with depressive symptoms, and if so, what

factors mediated these relationships. Cross-sectional data came from a sample of mostly rural,
older adults in North Carolina (n=1,558). Mediation analysis indicated that associations among
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neighborhood characteristics and depressive symptoms were mediated by loneliness (standardized
indirect effect=-0.19, p<0.001), physical activity (standardized indirect effect= -0.01, p=0.003),
and perceived individual control (standardized indirect effect=—0.07, p=0.02) with loneliness
emerging as the strongest mediator. Monitoring such individual mediators in formative and
process evaluations may increase the precision of neighborhood-based interventions and policies.
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INTRODUCTION

Neighborhoods influence health and wellbeing, but the mechanisms of these effects are
not well understood. Taking depression as an example, while at least six systematic
reviews in the past decade (1-6) have examined /fneighborhood features are associated
with depression and/or mental health, few of the included studies examined fow
neighborhood characteristics are associated with outcomes. This stands in contrast to the
number of theories and conceptual frameworks that have been developed to illustrate

how neighborhoods affect health (see work on social determinants of health (7), social
disorganization theory (8) and conceptual models from Diez Roux & Mair (9), Brown et al.
(10), Carpiano (11), Blair et al. (12), and Kawachi & Berkman (13)). In these conceptual
models, characteristics of the neighborhood economic environment (e.g., neighborhood
poverty, disadvantage, or racial segregation) are thought to influence characteristics of

the neighborhood physical environment (e.g., environmental exposures, food, physical
activity, and recreation resources, services), and characteristics of the neighborhood social
environment (e.g., safety, norms, cohesion, capital) (9). In turn, characteristics of the
neighborhood physical and social environments are then associated with health outcomes
both directly and indirectly through various mediators, including but not limited to:

1. Psychosocial processes (e.g., social support, loneliness, stress, resiliency, sense
of control, sense of fear and anxiety) (9, 12)

2. Health behaviors, including physical activity (7-11, 14, 15)
3. Access to resources, medical care, and quality of medical care (7, 9, 10, 15)

Most of these conceptual models were built for general use, without regard to

specific populations or settings. However, some research suggests that neighborhoods are
particularly important for older adults since they 1) are less mobile than younger adults
(16), which may make them more likely to rely on resources within their neighborhoods;
2) may lose social contacts as they age (17), thereby increasing the importance of social
cohesion, and 3) may not leave their neighborhoods as much as younger adults who

may be working or have other obligations (18). In addition, most older adults (nearly

80%) own their homes (19) and have lived in their neighborhoods for a number of years,
thereby increasing aggregate exposure to residential neighborhood effects. The number and
magnitude of these factors suggest that older adults may have a heightened vulnerability
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to certain neighborhood features and make research on neighborhoods and older adults
especially useful (18, 20).

Previous research among older adults has especially highlighted the importance of
perceptions of neighborhood environment for health and wellbeing. For instance, the causal
model of neighborhood effects on aging (18), which is an extension of the ecological model
of aging developed by Lawton et al. (21), highlights the importance of social integration
(including social cohesion and safety), physical aspects of place (e.g., noise, deterioration),
and available services and resources (including access to resources for physical activity,
transportation, shops), in addition to socioeconomic conditions. In line with this conceptual
model, research has shown that the negative effect of perceived safety on physical activity

is particularly pronounced among older adults (18), that perceived access to resources (e.g.,
perceiving there to be attractive features in the nearby environment for outdoor activities, or
perceiving nature to be a facilitator of exercise) is associated with better mobility of older
adults (22), especially older adults with difficulties in walking (23), and that low perceived
social cohesion is associated with decreased social participation (24). While understudied,
researchers suggest that greater social cohesion in a neighborhood can lead residents to be
more willing to help one another, make residents feel more secure, increase opportunities for
social activity and engagement, and increase opportunities for residents to organize for what
they need (18).

Moreover, most studies investigating neighborhoods and health of older adults have

been conducted in urban environments, with few studies examining whether associations
between neighborhoods and health extend to rural and suburban areas (18). Studying how
neighborhoods relate to the health and wellbeing of older adults in rural neighborhoods
may be important for two reasons. First, the concept of a “neighborhood” may be more
difficult to define in rural areas (25), and so, we need empirical research documenting

what neighborhood characteristics, if any, are important for older adults in non-urban areas.
Second, older adults in rural areas may be even more vulnerable than those in urban areas,
given disparities in health between rural and urban environments (26) and that sparseness
of rural areas may make it more difficult for older adults to access resources and social
connections. Therefore, documenting the influence of neighborhoods on older adults’ health
in rural areas may guide needed interventions to improve health.

Guided by previous research, we hypothesized that—among older adults living in primarily
rural neighborhoods—four neighborhood characteristics (i.e., poverty, perceived social
cohesion, perceived resources for physical activity, and perceived safety) would be
associated with depressive symptoms via effects on physical activity, loneliness, and
perceived individual control. An illustration of these pathways can be seen in Figure 1.

We focused on depressive symptoms as our outcome given that depression is a major
public health problem (27), particularly for older adults (28), the leading cause of disability
worldwide (29), and a well-studied outcome for neighborhood research (1-6).
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Participants and Procedures

Measures

Data for this study come from a population-based prospective cohort of knee and hip
osteoarthritis (OA) among African American and White individuals (the Johnston County
Osteoarthritis Project, “JoCo OA”) (30). Although the parent study was designed to

capture OA prevalence and risk factors, we used the data to examine how neighborhood
characteristics were associated with wellbeing among a large sample of older adults.
Participants were not selected on the basis of whether they did or did not have any

specific health condition, including arthritis. Recruitment occurred in Johnston County,
North Carolina (NC), which at the time of this study, was classified as a mostly rural county
(31). Details on the study design, data collection procedures, and study population are
detailed in previous publications (30). In brief, the study was designed to be representative
of civilian, non-institutionalized African Americans and White individuals over the age of
45 who resided in one of six towns or townships in Johnston County, NC for at least one
year, were living in the county at the time of study enrollment, and physically and mentally
capable of completing the study protocol. Data were collected in-person. All participants
provided informed written consent at the time of recruitment. The study was approved by the
Institutional Review Boards of the University of North Carolina Schools of Medicine and
Public Health and the Centers for Disease Control and Prevention. The analytical sample for
this study uses the T2: 2006-2011 cohort of adults. We chose this wave of data collection
since it was the only wave in which neighborhood charactersitics were measured.

A list of all measures used in this study can be found in the appendix (Table A).

Outcome.—We used the Center for Epidemiological Studies Depression (CES-D) scale to
assess depressive symptoms. The CES-D is one of the most widely used scales to assess
levels of depressive symptomology (32). Developed in 1977, the CES-D was intended to
assess epidemiology of depression in the general population, rather than diagnosis at clinical
intake (32). While items were chosen from previously validated depression scales and

based on symptoms of depression in clinical cases, the CES-D was not designed to reflect
diagnostic criteria of depression at the time of its development (32). In contrast to other
widely used measures, such as the Beck Depression Inventory, the CES-D focuses more on
affective aspects of depression, rather than depression cognitions (33).

The CES-D contains 20 items that assess whether symptoms had occurred in the week

prior to the interview. Response options range from 0 to 3, which refer to frequency of the
symptoms (i.e., “rarely or none of the time” to “all of the time™). The CES-D was originally
posited to have a four-factor structure composed of depressed affect, positive affect, somatic
activity, and interpersonal issues (32). However, more than 20 alternative factor structures—
including a unidimensional factor structure (34)—have been reported (35). In practice, many
researchers (including Radloff, the original developer of the CES-D) report a total score,
thereby treating the measure as unidimensional (34). We therefore analyzed depressive
symptoms as a unidimensional latent variable. Although a cut-off point of 16 (total possible
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score range 0 — 60) has been used in previous research to indicate risk for moderate or
severe depression (36), we conceptualized and analyzed CES-D scores as a continuum in
order to maximize sensitivity of the measure. For consistency, we refer to the latent variable
comprised of CES-D items as “depressive symptoms” throughout this manuscript.

Neighborhood characteristics.—We measured four neighborhood characteristics.

Neighborhood poverty.—We defined neighborhood poverty as the percentage of
households with income below the poverty line within a census block group. We compiled
these data from the 2010 U.S. Census, that bounded the time in which T2 data were
gathered, 2006-2011. We used census block groups as the unit of analysis, since they are the
smallest administrative boundary from the census that includes economic data. Census block
groups generally contain between 600 and 3,000 people (37).

Perceived neighborhood social cohesion.—We measured perceived neighborhood
social cohesion using 5-item measure of Social Cohesion and Trust of Sampson and
colleagues (38). An example item is: “people around here are willing to help their
neighbors” (1=strongly agree, 5= strongly disagree). Previous studies have found high
reliability for this scale (Cronbach’s alpha of 0.82 and 0.86 at two different time points) and
consistency over time (test-retest intra class correlation, ICC: 0.90; 95% CI: 0.84, 0.94) (39).
Supporting validity, the scale has also been used in a variety of research studies assessing
social cohesion / social capital (3, 40, 41).

Perceived neighborhood resources for physical activity and walking.—We
measured perceived neighborhood resources for physical activity and walking using

11 items from the Walking and Exercise Environment scale (39). This scale assesses
opportunities for exercise in individuals’ neighborhoods. An example item is: “my
neighborhood offers many opportunities to be physically active” (1=strongly agree, 5=
strongly disagree). Previous studies have shown this scale to have high reliability and
consistency over time (test-retest ICC: 0.88; 95% CI: 0.79, 0.93) (39).

Perceived neighborhood safety.—We measured perceived neighborhood safety with
three items. An example item is: “I feel safe walking in my neighborhood during the
evening” (1=strongly agree, 5= strongly disagree). Previous studies have demonstrated these
items to be reliable and consistent over time (test-retest ICC: 0.80; 95% CI: 0.67, 0.88) (39).

Mediators.—We selected three mediators based on their importance in previous research.

Physical activity.—We assessed physical activity using items from the 2001-2009
Behavioral Risk Factor Surveillance System (BRFSS) (42), which classifies individuals as
inactive, insufficiently active, or active. Following guidelines for use of the BRFSS physical
activity questions(42), to be classified as meeting recommended goals for moderate activity,
a respondent needed to report 5 or more days of moderate activity with 30 or more minutes
per day. To be classified as meeting recommended goals for vigorous activity, a respondent
needed to report 3 or more days of vigorous activity with 20 or more minutes per day. An
individual who met the moderate goal, the vigorous goal, or both was classified as “active”
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while an individual who reported some moderate activity, vigorous activity, or both but did
not meet the goals for either moderate or vigorous activity was classified as “insufficiently
active.” Otherwise, individuals were classified as “inactive.”

Loneliness.—We assessed loneliness using four items from the Strong Ties scale (43),
which asks participants: “How often are you bothered by not...” 1) “having a close
companion?”, 2) “seeing people you feel close to?”, 3) “having enough close friends?”,
and 4) “having someone who shows you love and affection?” (1=all of the time, 5=never).
Items were reverse coded so that higher scores indicate more loneliness. These items have
been used in previous research (44-47) and have been found to be reliable (Cronbach’s
alpha = 0.89) (45). Additionally, moderate correlations with other constructs, such as social
contacts (45) and depressive symptoms (46), suggest these items are valid.

Perceived individual control.—To assess perceived individual control, we used two
items from lIsrael et al.’s Perceived Control Scale (48). These items were: “I have control
over the decisions that affect my life” and “I am satisfied with the amount of control

I have over decisions that affect my life” (1=strongly agree to 5=strongly disagree). We
reverse-coded items so that higher scores indicate more control. These items have been used
in previous research studies and found to be reliable (Cronbach’s alpha = 0.83) (49-51).

Control variables.—Control variables assessed included standard demographic variables
as well as health-related variables that could independently be associated with depressive
symptoms and neighborhood context. Specifically, we assessed race / ethnicity (White or
Black / African American), education (categorized as less than high school or high school
or greater), BMI (based on measured height and weight, a continuous variable), gender
(male or female), age (a continuous variable), health insurance status (categorized as public
insurance, private insurance, or none), and number of comorbidities (assessed using a
disease inventory index). We also assessed knee OA status as a control variable using
radiography and the Kellgren and Lawrence (KL) grade, which scores OA severity on a
scale of 0-4 (52). We classified individuals with scores of 2-4 in at least one knee as having
knee OA. Otherwise, we classified individuals as not having knee OA.

Data Analysis

Descriptive statistics.—Descriptive statistics included means, standard deviations, and
frequencies of all identified demographic variables, neighborhood variables, and depressive
symptoms. Bivariate correlation analyses were used to assess relationships among
neighborhood variables and depressive symptoms. We conducted descriptive statistics using
SAS version 9.4 survey procedures (SAS Inc., Cary, NC, USA).

Confirmatory factor analysis and structural equation modeling.—To examine
how neighborhood characteristics were related to depressive symptoms through the
proposed mediators, we used structural equation modeling (SEM) (53). We chose to use
SEM since we were testing complex mediation models (multiple sequential mediators), had
several hypothesized latent variables, and needed to control for clustering of observations
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within neighborhoods. Prior to using SEM, we verified that there were no significant
interactions among any of the exposures and mediators.

Using MPlus version 7, we followed a two-step structural equation modeling approach to
establish the quality of the measurement model using confirmatory factor analysis (CFA)
and test the full general SEM (54). We first used CFA to evaluate the fit of six latent
variables: 1) perceived neighborhood social cohesion, 2) perceived neighborhood resources
for physical activity and walking, 3) perceived neighborhood safety, 4) loneliness, 5)
perceived individual control, and 6) depressive symptoms. These variables were specified

as latent variables because they represent unobservable (i.e., latent) constructs and they
were measured using multiple items (combined into scales), which thereby makes CFA
appropriate. We examined neighborhood poverty and physical activity as observed variables.
We entered the remaining control variables into the models as observed variables.

After determining adequate fit of the measurement models using CFA and making any
necessary modifications, we assessed the fit of the structural model controlling for clustering
at the neighborhood census block group level (using type=complex), which adjusts standard
errors using an empirical correction. As seen in Figure 1, our SEM contains three

main pathways: 1) the pathway from neighborhood poverty to perceived neighborhood
environment, 2) the pathway from perceived neighborhood environment to the proposed
mediators, and 3) the pathway from the proposed mediators to depressive symptoms.

In SEM, indirect effects are calculated as the product of the pathway from independent
variable to the mediator (a path) and the pathway from the mediator to the outcome (b path)
(55). In contrast to estimating effects in separate regression models, SEM simultaneously
estimates direct and indirect effects (56). Also in SEM, indirect effects are tested using
bootstrapping, which involves taking multiple repeated samples from the dataset. For each
bootstrapped sample, the model is refit and estimates for all the parameters (including path
coefficeints and standard errors) are obtained. From these values, confidence intervals are
calculated.

To determine the fit of the measurement model and SEM, we used a priori, well-established
criteria, including the chi-square test (p-value should be >0.05; however, model fit can still
be adequate if this p-value is <0.05 since chi-square is dependent on sample size (57)); the
Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI) (CFI, TLI should be >0.95 (58,
59)); the root mean square error of approximation (RMSEA, should be <0.08 (60, 61));

and standardized factor loadings (should be >0.30 (62)). The model illustrated in Figure

1 was tested. Given that all manifest variables were ordinal (measured on a 1-5 scale),

we used weighted least squares means and variance adjusted (WLSMYV) estimation, which
is appropriate for data with non-normal distributions (53). Although parameter estimates
are more difficult to estimate using WLSMV because a probit model is used, previous
researchers have used WLSMV to analyze mediation (63-65) and this approach avoids bias
associated with the inclusion of categorical indicators. Our sample included participants
with full data on covariates. In our models, 139 participants (approximately 8.2% of the
sample) were missing some of the observed exogenous variables (i.e., control variables) and
excluded by MPlus. For all analyses, we set critical a. = .05 and used 2-tailed statistical tests.
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Sensitivity Analyses.—We conducted two sensitivity analyses. In the first, we analyzed
separately somatic and non-somatic depressive symptoms on the CES-D, since it is possible
that they would be differentially associated with neighborhood characteristics and mediators.
Somatic symptoms included items 1, 2, 5, 7, 11, and 20 from the CES-D and referred

to whether individuals were bothered by things, had a poor appetite, had trouble keeping
their mind on what they were doing, felt that everything was an effort, had restless sleep,
and could not get going (35). Remaining items assessed non-somatic symptoms related

to affect (e.g., “I felt sad”), anhedonia (e.g., “I enjoyed life”), and interpersonal concerns
(e.g., “People wer unfriendly”). Second, sensitivity analyses evaluated whether relationships
remained apparent when the sample was confined only to those with chronic conditions to
determine whether relationships between neighborhood context and depressive symptoms
varied by chronic disease status (see Appendix Table A for the list of included chronic
conditions). Third, sensitivity analyses evaluated whether relationships remained apparent
when the sample was confined only to those with OA (knee or hip) plus another chronic
condition.

Descriptive Statistics

Details on the demographic characteristics of participants are presented in Table 1. The
sample was composed of adults who were on average 68.1 years old (SD: 9.1). Participants
were diverse, with a substantial number of African Americans (31.2%) and individuals
without a high school degree (21.8%). Almost half of participants (44.5%) had radiographic
knee OA and on average, had 1.7 other comorbidities. Overall, 90.9% of the sample reported
at least one chronic condition. Additionally, participants reported few depressive symptoms
(mean CES-D score: 6.6, SD: 7.5, possible range: 0-60), although 11.4% had scores at or
above 16 suggestive of moderate or severe depression.

Confirmatory Factor Analysis

The measurement model with no modifications had a moderate fit to the data (See
Appendix Table B). Two latent variables had poor initial fit: the measure for perceived
neighborhood resources for physical activity and walking and that for loneliness. After
reviewing correlation matrices for the 11 items making up the factor for neighborhood
resources for physical activity and walking, we included 4 items in the revised model (“My
neighborhood offers many opportunities to be physically active,” “It is pleasant to walk in
my neighborhood,” “There are enough trees in my neighborhood to provide shade,” and
“In my neighborhood, the streets or sidewalks are in good condition”). We chose these
items based on both empirical (inter-item correlations > 0.40) and theoretical evidence from
previous literature, suggesting streets, shade, and neighborhood aesthetics are important
domains for walkability in rural neighborhoods (66). Loneliness was left unmodified from
the widely used version we employed (43). Although the RMSEA value (0.12; 95% CI:
0.19, 0.15) was above the desired 0.06 cut-off (60, 61), the model demonstrated adequate
fit based on the other indices and modifications would not have been theoretically or
empirically based.
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Bivariate Correlations

Bivariate analyses revealed significant relationships among most latent and observed
variables in the hypothesized directions (Table 2). Correlations of neighborhood poverty
with other neighborhood variables ranged from —-0.11 to —0.26 (all p-values <0.05),

while correlations among perceived neighborhood social cohesion, perceived neighborhood
resources for physical activity and walking, and perceived neighborhood safety were
moderate to high, ranging from 0.66 to 0.75 (all p-values <0.001). These three
neighborhood characteristics were all significantly associated with the three selected
mediators (physical activity, loneliness, and perceived individual control, all p-values
<0.001). Finally, depressive symptoms were moderately associated with all variables, except
for neighborhood poverty for which there was a weak, but still statistically significant
association (r=0.08, p=0.03).

Structural Equation Model

The initial hypothesized structural equation model had a relatively good fit to the data,

but several of the associations among perceived neighborhood social cohesion, perceived
neighborhood resources for physical activity and walking, perceived neighborhood safety,
and the proposed mediators were not in the expected direction based on bivariate
correlational results. We hypothesized that this was due to high correlations among the three
perceived neighborhood characteristics (ranging from 0.66 to 0.75). When multicollinearity
is present, the introduction of additional predictors into the model can diminish the
regression coefficient and significance of a predictor, and the regression coefficient can
even reverse in sign (67). We therefore fit a model with a higher order factor (labeled
“perceived neighborhood environment™), which was comprised of these three neighborhood
characteristics (social cohesion, resources for physical activity/walking, safety) and only
specified pathways that were significant in the bivariate correlations at p<.05.

Results from the structural equation model can be seen in Table 3 and are displayed visually
in Figure 2. We found the model represented in Figure 1 demonstrated adequate fit with
respect to the following metrics: RMSEA = 0.02 (95% CI: 0.02, 0.02), CFIl = 0.96, and TLI
=0.96. We selected this model as the final model.

We found neighborhood poverty was significantly negatively associated with perceived
neighborhood environment (B=-0.16, p<0.001) and physical activity (B=-0.06, p=0.04),
but not with depressive symptoms. In turn, perceived neighborhood environment was
significantly associated with increased physical activity (B=0.09, p=0.005), less loneliness
(B=-0.41, p<0.001), and increased perceived individual control (B=0.61, p<0.001), but

not depressive symptoms (B=-0.001, p=0.98), despite their significance in bivariate
correlations. All three mediators were significantly associated with depressive symptoms

in the expected directions (physical activity and depressive symptoms: B=-0.13, p<0.001;
loneliness and depressive symptoms: B=0.47, p<0.001; and perceived individual control and
depressive symptoms: B=—-0.12, p=0.01).

In addition, we observed a number of indirect effects. The hypothesized pathways
from perceived neighborhood environment to depressive symptoms through the proposed
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mediators were all significant (standardized beta coefficients ranging from B=-0.01 to
B=-0.19, p-values <0.05). Specifically, the indirect effect for perceived neighborhood
environment on depressive symptoms through loneliness was B=—0.19; 95% CI: -0.23,
-0.16; p<0.001; the indirect effect through perceived individual control was B=-0.07;
95% CI: -0.13, —0.01; p=0.02; and the indirect effect through physical activity was
B=-0.01; 95% CI: —-0.02, —0.004; p=0.003. Loneliness emerged as the strongest of the
three mediators, as demonstrated through the non-overlapping 95% confidence intervals of
the indirect effects.

In addition, poverty was significantly associated with depressive symptoms through
physical activity and perceived neighborhood environment (B=0.002, p= 0.01), loneliness
and perceived neighborhood environment (B=0.03, p<0.001), and perceived individual
control and perceived neighborhood environment (B=0.01, p=0.03). Finally, poverty was
significantly associated with physical activity through perceived neighborhood environment
(B=-0.02, p=0.009).

Overall, all variables (neighborhood and control) explained 42% of the variance in
depressive symptoms, 20% of the variance in loneliness, 37% of the variance in perceived
individual control, and 13% of the variance in physical activity. Alone (including direct
and indirect effects), neighborhood variables explained 12% of the variance in depressive
symptoms, 15% of the variance in loneliness, 37% of the variance in perceived individual
control, and 4% of the variance in physical activity.

Sensitivity Analysis

Results from sensitivity analyses can be seen in the Appendix (Tables C, D, and E). When
analyzing somatic and non-somatic depressive symptoms separately, all paths noted above
were confirmed, with the exception that perceived individual control no longer mediated
the effects of perceived neighborhood characteristics on somatic depressive symptoms
(B=-0.05, p=0.06) (Table C). Perceived individual control did, however, mediate the effects
of perceived neighborhood characteristics on non-somatic depressive symptoms (B=-0.08,
p=0.02). In addition, we found that results did not change when only including adults with
at least one chronic disease (Table D). However, when only including adults with OA (knee
or hip) and another chronic disease, we found that perceived individual control was no
longer associated with depressive symptoms (B=-0.07, p=0.14) and perceived neighborhood
environment was no longer associated with physical activity (B=0.05, p=0.20) (Table E).
Accordingly, physical activity and perceived individual control no longer mediated the
effects of perceived neighborhood environment on depressive symptoms and the only
significant mediator was loneliness (B=0.052, p<0.001).

DISCUSSION

Among this sample of older adults—91% of whom reported having at least one chronic
condition—several neighborhood characteristics were associated with depressive symptoms.
Within this pattern of results, two interesting findings were observed. First, neighborhood
factors were strongly associated with depressive symptoms and this relationship was
mediated by individual-level variables. This observation suggests that both individual-level
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and neighborhood-level characteristics may be important for future interventions looking
to improve mental health outcomes. These findings also suggest that aging in place
interventions, in particular, could focus attention on how neighborhood environment could
be improved, in addition to making modifications to older adults’ home environments.
Second, we found that loneliness emerged as the strongest mediator of neighborhood
characteristics on depressive symptoms. These findings have a number of important
implications for public health practice and research, as discussed below.

Little research has examined Aow neighborhood characteristics are associated with health.
In this study, we found three variables completely mediated the effects of perceived
neighborhood environment on depressive symptoms. These results suggest the importance
of these three variables—physical activity, loneliness, and perceived individual control—as
behavioral and psychosocial mediators of the effects of neighborhood factors on depression.
Additionally, we found that physical activity, loneliness, and perceived individual control
mediated the effects of the perceived neighborhood environment on depressive symptoms
and that when taking these indirect effects into account, there were no direct effects from
poverty or the perceived neighborhood environment on depressive symptoms. Although
randomized controlled trials changing neighborhood disadvantage or poverty are almost
nonexistent and not particularly feasible, though notable examples do exist (68), our
findings suggest that interventions could focus on changing modifiable factors that
mediate relationships between neighborhood disadvantage and health. Furthermore, other
neighborhood aspects, such as social cohesion or resources for physical activity, might be
changed using relatively easy methods (e.g., increasing vegetation and common spaces

to encourage social interaction (69) and improving infrastructure such as lighting and
sidewalks to encourage physical activity (70)).

Interestingly, the strongest pathway through which neighborhood characteristics influenced
depressive symptoms was loneliness. At least two previous studies have found that
neighborhood residential satisfaction, social connections, safety, and collective efficacy are
associated with loneliness (71, 72), although not many studies have examined relationships
between neighborhoods and loneliness. This lack of research is surprising since social
relationships are fundamental among primates (73) and directly influence biological
processes underlying health outcomes (74). Indeed, in a meta-analysis of 148 longitudinal
studies, Holt-Lundstad et al. found a 50% reduction in mortality for individuals with strong
social relationships, which was comparable with reductions in mortality attributable to
quitting smoking (75). As loneliness and social isolation continue to emerge as risk factors
for premature mortality (76), our findings suggest that interventions designed to improve
depressive symptoms among older adults living in primarily rural neighborhoods may
choose to focus on loneliness. This need not be to the exclusion of perceived individual
control and physical activity, each of which also emerged as significant, but weaker,
mediators.

It should be noted that loneliness and depressive symptoms are related to one another.
Indeed, one of the items in the CES-D asks about loneliness. However, studies (using
factor analysis and SEM) have shown that these concepts can be thought of as related but
conceptually distinct (77). For instance, in a longitudinal study of adults aged 50-67 in
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Ilinois, loneliness and depressive symptoms were associated with one another (controlling
for demographic and other psychosocial variables), but emerged as separate constructs
with reciprocal influence in latent variable growth models (77). Evidence from our study
confirms these findings given that loneliness was associated with both somatic and non-
somatic depressive symptoms factors. Thus, our results suggest that loneliness is associated
with depressive symptoms even when depressive symptoms is modeled without the item
related to loneliness. Moreover, the fact that the CES-D contains many items (19/20) that
are not related to loneliness suggests that there is much to depressive symptoms besides
loneliness.

We also found that perceived individual control and physical activity were significant,

albeit weaker, mediators of the effects of perceived neighborhood environment on
depressive symptoms. A number of studies have found strong relationships between
neighborhood characteristics and physical activity (78, 79), including among older adults
(80). Research has also shown that greater physical activity can have protective effects
against depression (81). That we found physical activity to mediate the relationship

between perceived neighborhood environment and depressive symptoms is therefore perhaps
unsurprising. Less research has established links between neighborhood characteristics and
perceived individual control, however some studies have found significant associations (82).
Researchers hypothesize that neighborhoods with higher socioeconomic status and greater
informal social control (i.e., neighborhoods in which residents are able to help regulate

and keep their neighborhood safe) can increase opportunities and resources available to
residents, thereby making residents feel more in control over their own circumstances

(82). Perceived individual control is also thought to be a key component of successful
coping strategies; for instance, in dealing with stressful life events, individuals with greater
perceived control are more able to respond in appropriate, adaptive ways (83, 84). In

future interventions and policies designed to change neighborhood characteristics and/or
perceptions of neighborhood characteristics, it may be helpful to measure and assess how
the three significant mediators identified here (loneliness, physical activity, and perceived
individual control) are associated with outcomes. This monitoring, which could occur during
process evaluations, could help researchers understand how interventions are effective or
ineffective (56). If researchers find significant mediated pathways, then they could allocate
more resources to target those mechanisms in future studies. Non-significant pathways can
also tell researchers that those mechanisms may not be important and resources can be more
effectively allocated.

In our study and as in previous research (65), we found stronger associations with
depressive symptoms for neighborhood perceptions versus area-level measures of the
neighborhood environment that are independent of residents’ perception (in this case,
neighborhood poverty). It is important to note that perceptions of neighborhood variables
are not true measures of the “neighborhood” or “contextual neighborhood effects.” Instead,
they are individual-level characteristics that are distinct from area-level estimates of the
neighborhood. Both types of measures (area-level measures of neighborhood environment
and self-reported perceptions of neighborhood environment) are important to examine when
conducting research on neighborhoods and health since they provide different pieces of
information (65). For instance, area-level measures of neighborhood environment are not
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subject to self-report bias and provide rich information that can be qualitatively hard

for residents to provide (e.g., % of residents in poverty). However, they are also usually
based on census data and may not provide information on the full range of neighborhood
domains that influence health. Perceptions of neighborhood environment, on the other
hand, may more directly align with individual’s experiences and reflect how individuals
interact with their neighborhoods, but are typically limited by same source bias. In other
words, individuals with a particular disposition (i.e., individuals who are less physically
active or individuals with more chronic conditions) may rate their environments as less
satisfactory than individuals with a different disposition (65). Importantly, with SEM,
we are able to partly control for these effects by regressing neighborhood perceptions

on individual-level characteristics, such as age, race, BMI, and others (65). While it is
possible that other unmeasured variables may have affected individuals’ perceptions of
their neighborhood environments, our analyses begin to disentangle the potential bias that
self-reported assessments of neighborhoods may contain (65) although other biases (e.g.,
reverse causality) remain possible interpretations of findings.

This is one of few studies that has focused on neighborhood characteristics among older
adults living in primarily rural neighborhoods. Our findings suggest that characteristics of
rural neighborhoods, like those of urban neighborhoods, are influential for the health and
wellbeing of older adults. This finding is perhaps unsurprising given the large body of
research documenting the importance of neighborhoods on health. However, we did find that
perceived neighborhood characteristics were particularly influential. Rural neighborhoods
can be particularly challenging to define and while many researchers examining urban
neighborhoods use administrative units, such as census block groups, such an approach
may not work for rural neighborhoods since the same administrative unit will span a

larger distance in sparsely populated areas (25). For this reason, perceived neighborhood
environment may more closely reflect an individual’s experience with what they understand
to be their neighborhood.

In 2014, 14.5% (46 million) of the US population was aged 65 or older; by 2060, this figure
will reach 23.5% (98 million) (85). As adults continue to live longer, health care spending
will likely increase, particularly for chronic diseases, which represent 95% of all health care
costs for older adults in the US (86). Innovative strategies to maintain and promote the
quality of life of older adults are needed. One such strategy is promoting “aging in place”
including facilitating older adults remaining in their own “homes and communities safely,
independently, and comfortably, regardless of age, income, or ability level” (87). Despite
the importance of both home and community environments, most interventions tailored

to older adults have focused on making improvements to individual homes (e.g., making
modifications and adaptions to homes in order to prevent accidents or falls, improving
functional ability of features in homes, providing services in homes, removing barriers that
would prevent older adults from continuing to live at home, etc.) (88). The results from

this study suggest that both poverty and perceived neighborhood environment are important
correlates of quality of life and that actionable strategies to improve them (e.g., the focus

on common spaces, etc. noted above (69) (89)) that should be explored in designing public
health interventions for older adults in rural areas.
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There are several limitations to our findings. First, because we used cross-sectional,
observational data, we were unable to assess temporal order. Causal inference methods

for mediation have been developed to more accurately quantify direct and indirect effects
by using sensitivity analyses to examine potential violations of assumptions (e.g., ho
measured confounding on different pathways from exposures to outcomes) (90, 91). While
causal inference methods have a number of benefits over traditional methods for assessing
mediation, we chose to use SEM because we estimated multiple sequential mediators, we
were interested in analyzing several latent variables, and we needed to control for clustering
of observations within neighborhoods. It is important to note that a number of requirements
would need to be met before using our findings to make causal claims (e.g., theory was used
to decide how variables should be ordered, competing explanations are ruled out, etc.) (92).

Second, since all measures (except neighborhood poverty) were subject to self-report,

it is possible that depressed or lonely individuals could have rated their neighborhoods
differently than individuals who were not depressed or not lonely. Third, we did not control
for individual-level income data, which may have partially accounted for the observed
effects, especially those related to neighborhood poverty. While we included measures

of education and health insurance status as control variables, which have been used as
proxies of income in previous studies, further research controlling for income and examining
interactions between neighborhood income and individual income will be important.

Fourth, there was a limited amount of missing data for control variables and a small number
of observations (approximately 8.2% of the sample) were excluded from analyses, which
could have biased results. Fifth, this study relied on a specific population—older adults

in Johnston County, NC. The use of this specific population may limit generalizability to
other settings, such as other counties in NC or states in the US and other populations.
However, prevalence of chronic disease in this sample (90.9%) was similar to prevalence
reported from a large, nationally representative sample of older adults in 2008 (92.2%) (93).
Sixth, although we examined loneliness, perceived individual control, and physical activity
as constructs that were separate from depressive symptoms, it is possible that they could
represent symptoms of depression. Seventh, the RMSEA value for loneliness in our CFA
was higher than our a prioi criterion of 0.08, which could have inflated some fit indices.

Finally, it is also important to note that participants included in these analyses were selected
from a prospective cohort study and originally invited to participate between 1991-1997
(baseline) or 2003-2004 (for cohort enrichment). By the T2 wave of data collection
(2006-2011), many individuals had died. It is possible that individuals surviving to the

T2 wave of data collection may have been healthier at baseline than those not studied at

T2 (referred to as “survivor bias”). Indeed, compared to participants not included in the T2
wave, participants included in the T2 wave were significantly more likely at baseline to be
younger, female, or White; to have a high school degree or higher, have a high managerial or
professional job, and live in a neighborhood with fewer households below the poverty line;
and to have a BMI of 30 or greater, fewer comorbidities, and lower CES-D scores. These
additional analyses can be found in the Appendix (Table E).
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Conclusions

In this sample of mostly rural, older adults of whom many had radiographic knee OA
(44.5%) or other chronic conditions (total = 91%), poverty and perceived neighborhood
environment were associated with reports of depressive symptoms through loneliness,
perceived individual control, and physical activity. Specifically, poverty was associated
with worse perceived neighborhood environment. In turn, a better perceived neighborhood
environment was associated with less loneliness, an increased sense of control, and
increased physical activity, which were then associated with fewer depressive symptoms,
altogether accounting for 42% of the variance in depressive symptoms (along with control
variables). Loneliness was the strongest mediator of neighborhood characteristics on
depression. These findings suggest that both individual-level mediators and neighborhood
context are important correlates of depressive symptoms among older adults. Aging in
place interventions, in particular, could focus attention on how neighborhood environment
could be improved, in addition to making modifications to older adults’ individual home
environments.
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Figure 1.
Conceptual model for proposed structural equation model pathways for adults from the

T2 wave of the Johnston County Osteoarthritis Project, Johnston County, North Carolina,
2006-2011

Note: Ovals denote latent variables; measurement model and control variables not shown for
simplicity.
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Figure 2.

Final conceptual model with direction and significance of parameter estimates for adults
from the T2 wave of the Johnston County Osteoarthritis Project, Johnston County, North
Carolina, 2006-2011, n=1558

Notes: Dashed arrows indicate a non-significant pathway. All parameter estimates can be
seen in Table 3. Circles denote latent variables; measurement model and control variables
not shown for simplicity. Model adjusts for: race, gender, BMI, education, health insurance
status, number of comorbidities, age, knee OA status, and clustering within neighborhoods.
Chi-Square (p-value): 1724.40, p<.001); RMSEA: 0.02 (95% CI: 0.02, 0.02); CFI: 0.96;
TLI: 0.96.

* p<0.05; ** p<0.01; *** p<0.001
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Table 1.

Participant characteristics of adults from the T2 wave of the Johnston County Osteoarthritis Project, Johnston

County, North Carolina, 2006-2011, n=1697

Characteristic

N (%) or mean (SD)

Race

White 1167 (68.8)

African American or Black 530 (31.2)
Gender

Male 552 (32.5)

Female 1145 (67.5)
Age (range 50-95), mean (SD) 68.1(9.1)
BMI (range 12.6-78.1), mean (SD) 315(7.2)
Education

High school or greater 1297 (78.2)

Less than high school 362 (21.8)
Health insurance

Public 1176 (69.3)

Private 412 (24.3)

None 109 (6.4)
Number of comorbidities (range 0-11) a 17(1.3)
Knee OA ¢

No 910 (55.5)

Yes 729 (44.5)
Neighborhood poverty (range 0-44), mean (SD) 16.7 (10.3)
Perceived neighborhood social cohesion (range 5-25), mean (SD) 18.9 (3.6)
Perceived neighborhood resources for physical activity and walking (range 11-55), mean (SD) | 35.9 (6.2)
Perceived neighborhood safety (range 3-15) 11.0 (2.3)
Loneliness (range 4-20), mean (SD) 6.2(2.7)
Perceived individual control (range 2-10), mean (SD) 8.0(1.5)
Physical activity

Inactive 484 (28.7)

Insufficiently active 627 (37.2)

Sufficiently active 573 (34.0)
Depressive symptoms (range 0-60), mean (SD) 6.6 (7.5)

591% of the sample had at least one chronic disease defined using a disease inventory index and radiographic assessments of knee OA. 52% of the

sample had OA (knee or hip) plus another chronic disease.
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Table 3.

Results from the structural equation model for adults from the T2 wave of the Johnston County Osteoarthritis
Project, Johnston County, North Carolina, 2006-2011, n=1558

Exogenous Endogenous variables

variables - - - - -
Perceived Physical Loneliness Perceived Depressive
neighborhood | activity individual symptoms
environment control

Poverty B=-0.16 HAA B= _0_06* - - B=-0.03

Perceived neighborhood environment | -- B=0.09"* | B=-041%"* | B=0.617** | B=-0.001

Physical activity - - - - B=-013"**

Loneliness - - - - B 047

Perceived individual control - B=-012%

Notes

N=1558 (139 observations were deleted because they were missing on all individual control variables). All relationships controlled for race, gender,
BMI, education, health insurance status, number of comorbidities, age, and knee OA status. All relationships also controlled for clustering using
type=complex. Beta coefficients (B) are standardized.

*
p<.05

*ok

p<.01

Aok

*

p<.001

Model Fit:

Chi-Square value (p-value): 1724.40, p<.001; RMSEA: 0.02 (95% CI: 0.02, 0.02); CFI: 0.96; TLI: 0.96

Indirect Effects

. Perceived neighborhood environment — Physical activity — Depressive symptoms: B = -0.01 (95% CI: -0.02, —0.004), p=0.003

. Perceived neighborhood environment — Loneliness — Depressive symptoms: B = -0.19 (95% CI: -0.23, —0.16), p<0.001

. Perceived neighborhood environment — Perceived individual control — Depressive symptoms: B = —0.07 (95% CI: —0.13, -0.01),
p=0.02

. Poverty — physical activity — depressive symptoms: B= 0.008 (95% CI: 0.000, 0.02), p=0.06

. Poverty — perceived neighborhood environment — depressive symptoms: B= 0.000 (95% ClI: -0.02, 0.02), p=0.98

. Poverty — perceived neighborhood environment — Physical activity — Depressive symptoms: B=0.002 (95% CI: 0.000, 0.003),
p=0.01

. Poverty — perceived neighborhood environment — loneliness — depressive symptoms: B= 0.03 (95% CI: 0.02, 0.05), p<0.001

. Poverty — perceived neighborhood environment — perceived individual control -— depressive symptoms: B= 0.01 (95% CI: 0.001,
0.02), p=0.03

. Poverty — perceived neighborhood environment — Physical activity: B= -0.02 (95% CI: —0.03, —0.004), p=0.009
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