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Neighborhood characteristics have consistently been linked to physical and mental health
outcomes and overall mortality (1, 2). Specifically, individuals living in neighborhood
environments of lower socioeconomic status and/or with higher levels of adverse
characteristics (e.g., neighborhood disorder, or lower levels of safety or social cohesion)
have been found to have higher body mass index (BMI) (3, 4), diabetes (5), and
hypertension (6, 7), among other risk factors. However, the specific mechanisms linking
neighborhood characteristics to residents’ health outcomes are not fully understood.

In complementary research on sleep quality and duration, the role of sleep has been
recognized as an important risk factor for a host of adverse health outcomes including
obesity, poor self-reported health, physical limitations, poorer immune functioning, and
cardiometabolic dysregulation (8-11). Because of its influence on metabolic and
cardiovascular processes (12) and links to depressive symptoms and suicide (13, 14), sleep
could also serve as an important, understudied mechanism through which neighborhood
contexts influence poorer physical and mental health (15-18).

In fact, several recent studies found that more negative assessments of perceived
neighborhood characteristics were associated with poorer sleep quality (15-17, 19, 20). For
example, one six-country study found that lower perceived neighborhood safety was
associated with poorer sleep quality, insomnia, and sleepiness (21). Several prior studies
have analyzed associations of noise/traffic (22—25) with both subjective and objective sleep
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measures and exposure to violence (26) as contributors to poorer self-reported sleep quality
and/or decreased sleep duration.

Most prior studies have examined a single aspect of neighborhoods (e.g., disorder or social
cohesion), and have focused on either perceived or objective assessments of neighborhood
characteristics, but not both. In addition, the existing literature has utilized samples with
limited racial/ethnic diversity, with scant research focused on the most high-risk populations,
such as African Americans in lower SES neighborhoods. Yet African Americans face
disproportionate risk for sleep problems, including obstructive sleep apnea, worse sleep
quality, shorter sleep duration, and decreased sleep efficiency (27-30), as well as
cardiometabolic disorders (31, 32), and are at greater risk of residing in impoverished
neighborhoods compared to non-Hispanic Whites, even after accounting for individual-level
socioeconomic status (SES) (33). Finally, the extant literature has not evaluated potential
mechanisms that may account for associations between neighborhood characteristics and
sleep.

The current analysis addressed several of the limitations in prior literature on associations of
neighborhood characteristics and sleep quality by: 1.) examining associations of multiple
indicators of neighborhood characteristics, including both perceived and objective measures;
2.) enrolling a large sample of African Americans in neighborhoods of lower SES; and 3.)
exploring a potential mechanism that may link neighborhood characteristics to sleep.
Specifically, consistent with prevailing theories concerning potential pathways linking
neighborhood contexts with sleep(17), we examined psychological distress as a potential
mediator of observed associations.

We hypothesized that lower perceived levels of neighborhood safety, social cohesion,
satisfaction, and infrastructure (e.g., sidewalks present, streets well-lit at night), as well as
more negative objectively-measured neighborhood characteristics (e.g., crime rates,
pedestrian safety measures, land use) are associated with poorer perceived sleep quality
(assessed by participant diaries), after adjustment for potential confounds, including
individual-level SES. We further hypothesized that associations between higher levels of
adverse neighborhood characteristics and poorer sleep quality would be mediated by
psychological distress.

The data for the current analyses come from the PHRESH Zzz Study (Pittsburgh Hill/
Homewood Research on Neighborhoods, Sleep, and Health), which was designed to
investigate to what extent changes in the neighborhood built and social environment result in
changes in health behaviors and risk factors relevant to obesity-related morbidity in two
lower-income neighborhoods in Pittsburgh over time. The sample includes randomly
selected households from two socioeconomically similar urban neighborhoods, in which
more than 90% of residents were African American in the 2000 Census. One neighborhood
is scheduled to undergo various neighborhood revitalization initiatives, including increased
retail and business development, and renovation of green space for recreational activities.
Data for the current analyses were collected before major renovations took place and
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included an in-person household survey (e.g., sociodemographics, psychological distress,
perceived neighborhood characteristics), sleep diaries, and objective “audits” of
neighborhood street segments and crime data from the Pittsburgh Police Department.

Participants were asked to complete a paper sleep diary each morning after waking up for a
7-day period in which they rated their sleep quality, our primary outcome of interest, on a 5-
point Likert-scale from “very bad” to “very good.” These subjective ratings were used to
assess sleep quality. Information on use of medications that may affect sleep was also
assessed using as part of the sleep diary component of the study, and was analyzed in
sensitivity analyses which excluded individuals who were using any medications that could
affect sleep. Specifically, they were asked, “Did you take any sleep medication to help you
fall asleep tonight? (yes or no).” To be included in the analytic sample, participants were
required to have at least four days of reporting on sleep quality, which were averaged over
the total days of recording.

Sociodemographic characteristics

Participants provided information on their individual-annual household income, which
served as the indicator and included as a covariate in all models. Race/ethnicity was derived
from two self-reported items, one on race and the other on ethnicity (i.e., Hispanic, non-
Hispanic). Additional demographic measures included: age (date of birth), gender, marital/
cohabitation status, and presence of any children in the home. Interviewers measured height
to the nearest eighth-inch using a carpenter’s square (triangle) and an eight-foot folding
wooden ruler marked in inches. Interviewers measured weight to the nearest tenth-pound
using a Seca Robusta 813 digital scale. BMI (kg/m2) was calculated from participants’
height and weight.

Psychological distress

The Kessler 6 (K6) is a well-validated self-report instrument to measure psychological
distress. It was included in the current study because it is well-validated instrument that
assesses general distress symptoms, rather than specific clinical symptoms associated with a
particular disorder (34). Moreover, the measure has previously been found to be strongly
associated with socioeconomic status and other demographic characteristics, as well as a
host of adverse physical and mental health outcomes (35). The questionnaire asked
respondents, “During the last 30 days, about how often did ...” “...you feel hopeless?”; “...
you feel restless or fidgety?”; “...you feel that everything was an effort?” “...you feel
nervous?”; ... you feel worthless?” Responses included: “most of the time,” “some of the
time,” “a little of the time,” and “none of the time.” K6 scores were added to models to
determine the extent to which psychological distress explains observed associations between
neighborhood characteristics and sleep quality.

Perceived neighborhood characteristics

We included four measures of perceived neighborhood characteristics: social cohesion,
perceived safety, neighborhood satisfaction, and neighborhood infrastructure. Soc/al
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cohesion was assessed with a five-item Likert-scale, ranging from 1 (strongly agree) to 5
(strongly disagree). This scale has been validated previously (36), and is coded such that
higher scores reflect greater social cohesion. Participants were asked how strongly they
agree or disagree with various statements (e.g., “People around here are willing to help their
neighbors;” “This is a close-knit neighborhood;” “People in this neighborhood can be
trusted;” “People in this neighborhood generally don’t get along with each other” (reverse-
coded); “People in this neighborhood do not share the same values” (reverse-coded)
(Cronbach’s a. = .85) (36).

Perceived safety was measured using four items rated on 5-point Likert scales, ranging from
1 (strongly agree) to 5 (strongly disagree). Scores were coded such that higher scores
reflected perceptions of greater safety. Questions included: “You feel safe walking in your
neighborhood during the day,” “You feel safe walking in your neighborhood during the
evening,” “Your neighborhood is safe from crime,” and “Violence is a problem in your
neighborhood” (reverse-coded) (Cronbach’s a = .85) (36).

Neighborhood satisfaction was assessed by asking participants, “All things considered,
would you say you are very satisfied, satisfied, dissatisfied, very dissatisfied or neutral -
neither satisfied nor dissatisfied with your neighborhood as a place to live?”

Assessments of perceived neighborhood infrastructure were evaluated by asking respondents
to rate, on a 5-point scale (strongly disagree to strongly agree) five aspects of neighborhood
infrastructure, such as, “There are sidewalks on most of the streets in your neighborhood,”
“Your neighborhood streets are well lit at night,” and “Crosswalks/pedestrian signals to help
people walking cross busy streets in your neighborhood,” etc. (Cronbach’s a. =.61) (36).

Objective neighborhood characteristics

Crime

In both neighborhoods, trained data collectors conducted audits on 613 street segments.
Segments (both sides of a street between two cross streets) were randomly selected, with an
oversampling of segments where there was anticipated change. Data collectors walked the
length of each segment to complete the audits, adapted from the Bridging the Gap Street
Segment Tool (37, 38). Data were collected at the street-level, and factor analyses were
conducted at the level of the individual, by examining street segment data from within a
0.25-mile network distance of each participant’s home. Aspects of neighborhoods that are
relevant to sleep were selected for inclusion in principal components analyses (PCA), with
varimax rotation. We restricted factors to include those that had Eigen values greater than
one and that contained at least two items. Results of the PCA produced three distinct factors
that met these criteria: (1) neighborhood disorder (e.g., barred or broken windows, vacant
lots, litter); (2) pedestrian safety (e.g., presence of sidewalks, traffic signs); and (3) land use
(e.g., public spaces, services, retail stores, restaurants).

Using incident-level crime data provided by the City of Pittsburgh police department and
ArcGIS 10.2 software, we calculated street network distances from each household to each
approximate crime location. We were able to geocode 95% of the incidents using the address
information from the raw data. For each household, we summed the total number of 2013
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crimes that occurred within a 1-km network distance, to arrive at the household buffer for
crime in 2013. The 1-km distance was chosen because this has been used in prior
neighborhoods research (39, 40) and because this is considered “walking distance” (or
within 10 minutes by walking). We also believed that crimes committed within a more
proximal distance to the participant’s home would be more strongly associated with sleep.
Violent crimes include incidents categorized as aggravated assault, simple assault, rape, and
homicide. Property crimes include incidents categorized as arson, motor vehicle theft,
burglary, robbery, stolen property, theft, and vandalism. Because violent crimes and property
crimes were highly correlated at (r=0.90), these were summed to create a total crime index,
which served as the crime variable used in the analyses.

Analytic Strategy

Results

Multivariable regressions were first estimated to investigate associations of neighborhood
characteristics with sleep, adjusting for demographic covariates (age, gender, education,
household income, marital status, presence of children in the home, BMI). Models included
a dummy-coded variable for neighborhood (Hill District and Homewood) to account for any
neighborhood-level differences at baseline. For significant associations between
neighborhood characteristics and sleep quality, we also examined whether psychological
distress statistically mediated the effects.

Specifically, we tested whether psychological distress statistically mediated the significant
associations between neighborhood characteristics and sleep quality. Following Baron &
Kenny’s recommendations for testing statistical mediation, the following criteria must be
met: (1) the association between the independent variable (1V; perceived neighborhood
characteristic) and the dependent variable (DV; sleep quality) must be demonstrated; (2) a
relationship between the 1V and the proposed mediator (psychological distress) must be
demonstrated; and (3) mediation would be demonstrated if the association between the 1V
and the DV were significantly reduced after statistically controlling for the proposed
mediator (41). In addition, to confirm whether the mediation effects were statistically
significant, we conducted Sobel tests (42, 43) to determine whether the reduction in the
effect of the independent variable, after including the mediator in the model, was a
statistically significant reduction. In addition to controlling for neighborhood in all analyses,
we also included the interaction terms for neighborhood (Hill District or Homewood) and
each of the neighborhood characteristics, to determine if differential associations would
emerge between neighborhood characteristics and sleep quality in the two neighborhoods.
There were no significant interaction terms (analyses not shown). Therefore, for parsimony,
models are presented without the interaction terms included. Finally, in sensitivity analyses,
we re-estimated all analyses of the final models after excluding participants using sleep
medications (n = 136).

Sample characteristics

By study design, thirty-six percent (n = 310) of the sample was from the Homewood
neighborhood, and the remaining 64% (n = 563) resided in the Hill District neighborhood
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(Table 1). Women constituted 77% of the sample. Approximately 26% of the sample had
household incomes below $5,000; and an additional 25% had household incomes between
$5000 and $9,900. Married and cohabiting persons made up 20.5% of the sample, and
28.1% of participants had children in the home. Participants were 55.4 years old on average,
and the average body mass index (BMI) of the sample was 31.2 (class 1 obesity). Sleep
quality scores ranged from 1 to 5 and averaged 3.7, indicating fair to good sleep.

Levels of perceived neighborhood characteristics for safety averaged 2.9, which indicates a
neutral perception of level of safety (range = 1 to 4.8; SD = 0.8); 3.2 for infrastructure (range
=1.2t05.0; SD = 0.7), indicating a moderate level of quality of infrastructure; 3.1 for social
cohesion (range = 1.0 to 5.0; SD = 0.8), indicating a moderate level of social cohesion; and
3.5 for level of satisfaction (range = 1 to 5; SD = 1.2), indicating residents’ perceptions of
neighborhoods are between neutral to satisfied in the full sample. We examined outliers and
skewness for all primary study variables. There were no extreme values or exceptionally
skewed variables.

Correlations among neighborhood characteristics

We next examined correlations among all perceived and objective neighborhood
characteristics (Table 2). There were significant correlations among neighborhood
infrastructure with all other perceived characteristics, as well as neighborhood disorder
(inversely correlated). Perceived safety, satisfaction, and social cohesion were all
significantly correlated with one another (/s range from 0.30 to 0.49). Correlations among
objectively measured characteristics were not as strong (7’s range from -0.16 to 0.11). Total
crime was inversely correlated with perceived safety and pedestrian safety, and positively
correlated with disorder.

Regression analyses

Perceived neighborhood characteristics and sleep quality—In the regression
analyses (Table 3), we observed that higher levels of perceived neighborhood safety were
associated with higher sleep quality. For each 1-SD unit increase in perceived safety,
residents reported 0.13-unit higher level of sleep quality (o < 0.001), adjusting for age,
gender, marital status, SES, BMI, presence of children in the home, and neighborhood
indicator.

Higher levels of neighborhood satisfaction were also associated with higher levels of sleep
quality (standardized g = 0.14, p< 0.001). Measures of perceived social cohesion and
neighborhood infrastructure were both positively associated with sleep quality (standardized
B =0.08 and 0.07, respectively, p-values < 0.05 for each, after adjusting for covariates).
Neighborhood satisfaction and safety explain about 3% of the variance in sleep quality;
while neighborhood infrastructure and social cohesion each explain about 2%. These effect
sizes are small (44), but consistent with effect size magnitudes reported in prior research on
neighborhood influences on sleep (15). Further, these associations are robust to adjustment
for individual-level SES and BMI.
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Objective neighborhood characteristics and sleep quality—As shown in Table 3,
none of the objective neighborhood characteristics included in these analyses were
associated with sleep quality.

Mediation analyses

For significant associations between perceived neighborhood characteristics and sleep
quality, we tested whether associations were mediated by psychological distress. In support
of statistical criteria for identifying a potential mediator, psychological distress was
significantly associated with perceived levels of: neighborhood satisfaction (B =0.11; p<
0.01), safety (B = 0.14; p< 0.01), infrastructure (B = 0.10; p < 0.05) and social cohesion (8
=0.10; p< 0.01), as well as sleep quality (B =0.10; p< 0.01). Associations of both social
cohesion and neighborhood infrastructure with sleep were reduced to non-significance after
adjusting for psychological distress. Specifically, coefficients for social cohesion and
neighborhood infrastructure were reduced from 0.08 to 0.05 (38%) and from 0.07 to 0.04
(43%), respectively, after adding psychological distress to the models Figure 1. Sobel tests
confirmed that psychological distress significantly mediated both of these associations.

In contrast, the association of perceived neighborhood safety with sleep quality was reduced
from B 0.13 to B = 0.10 (31%) but remained statistically significant with the inclusion of
psychological distress in the model, which is consistent with partial mediation. Similarly, the
association of neighborhood satisfaction with sleep quality did not change substantially from
B = 0.14 (p < 0.001) after adjusting for psychological distress (B =0.11, p< 0.001) for a
reduction of 21%. Sobel tests indicated that although psychological distress partially
mediated associations with these neighborhood characteristics, there were also significant
direct associations of these neighborhood characteristics with sleep quality, after accounting
for psychological distress.

Discussion

The current study makes several contributions that fill important gaps in the literature on the
association between neighborhoods and sleep. Specifically, we investigated multiple
disparate perceived and objective neighborhood characteristics, included objectively
measured crime data. focused on a large urban, low-income, predominantly African
American population, who are known to be at increased risk of experiencing poorer sleep
quality (45), and explored an important potential mediating pathway linking neighborhoods
to sleep (psychological distress).

Consistent with prior research, we found important associations between neighborhood
characteristics and sleep quality among our cohort who lived in two low-income
predominantly African American neighborhoods. Specifically, perceived safety, social
cohesion, perceptions of neighborhood infrastructure, and overall satisfaction with the
neighborhood were associated with sleep quality. In light of the known links between sleep
and health (8-11), and the substantial racial/ethnic and socioeconomic health disparities for
various conditions (31, 32), the current findings suggest that differences in neighborhood
characteristics may play a role in health disparities, via reduced sleep quality among lower
income African Americans.
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Moreover, our study investigated psychological distress as a potential pathway mediating
neighborhood characteristics and sleep. Low levels of neighborhood safety and social
cohesion have previously been hypothesized to impair sleep as a result of increased
psychological stress, which could lead to states of vigilance or increased arousal, and/or
increased level of depressive symptoms (17, 26). As a test of this theory, we further
examined whether psychological distress served as a potential mediator of neighborhood-
sleep associations. Associations between two perceived neighborhood characteristics
(infrastructure and social cohesion) and sleep quality in the current study were largely
attenuated by psychological distress, although the associations of perceived neighborhood
safety and satisfaction with sleep quality persisted even after adjusting for psychological
distress and other covariates.

In contrast to the significant associations we observed between perceived neighborhood
characteristics and sleep quality, we did not observe significant associations between any of
the objective neighborhood characteristics and sleep. These findings are consistent with
prior work which has failed to find associations between objective neighborhood
characteristics and health behaviors and outcomes (46, 47). For instance, Frei and colleagues
found that greater subjectively assessed noise annoyance, but not objectively measured noise
exposure, was significantly associated with subjective sleep quality (25). Such findings may
be indicative of common method variance and/or that perceptions of neighborhood
characteristics may be more proximally linked to perceptions of sleep quality. Nevertheless,
given that this is one of the few studies to consider objectively measured neighborhood
characteristics and sleep, further research is needed to identify other objectively measured
neighborhood factors (e.g., crowding) that could influence sleep.

These findings must be considered in light of study limitations. First, although we included a
broad range of potentially relevant objective neighborhood measures, we did not include
others that may be particularly salient for sleep, such as noise levels (22-25). Moreover, we
assessed only one dimension of sleep, sleep quality, via a single-item assessed via daily
diary. Including a more extensive battery of questions and/or objective sleep measures would
provide a more comprehensive profile of sleep, including sleep fragmentation and timing,
which may show unique associations with neighborhood characteristics and have also been
linked with health outcomes (48). Further, although we included a well-validated measure of
psychological distress, other unmeasured psychosocial pathways (e.g., depression, anxiety)
were not assessed in the current study in an effort to limit participant burden, but may also
be relevant to neighborhood-health associations. In addition, the current study was
conducted in an urban area, and findings may differ in suburban or rural environments.
Moreover, although we consider the fact that we include a mostly African American
population a strength, the results may not be generalizable to White or other racial/ethnic
populations. Finally, because the data are cross-sectional, we cannot assess potentially
causal relationships based on these data alone. Some portion of the association of sleep with
perceived measures may be partially attributable to same-source bias, in that certain
individuals may be inclined toward negative versus positive perspectives across different
aspects of their lives. We note, however, that our results linking neighborhood safety and
satisfaction to sleep quality were robust, even after adjustment for psychological distress.
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Conclusions

Our findings are consistent with the theory that unfavorable neighborhood characteristics
may contribute to poorer sleep quality in a low-income high risk African American
population. In particular, one’s perceptions of the quality of various aspects of the
neighborhood may specifically contribute to poorer sleep; whereas objectively measured
characteristics are not significantly associated. Our findings further suggest that
psychological distress may, at least in part, mediate associations between perceived
neighborhood characteristics and sleep quality. Community-based interventions that serve to
build or maintain social cohesion, satisfaction, and perceived safety in neighborhoods may
provide a novel target of prevention and intervention efforts to reduce sleep problems and
downstream health consequences in at-risk communities. In future analyses within this
sample, we will have the unique ability to investigate whether, and to what extent, changes
in the neighborhood characteristics as a result of neighborhood revitalization efforts affects
sleep.
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Table 1

Study characteristics for the total sample

Female
Hill District neighborhood
Mean Age (years)
Education
Less than high school
High school
Some college
College
Per capita annual household income in $1000s
Married or living with partner
Household with children
Mean BMI (kg/m2)
Sleep medication use
Kessler psychological distress scale (K6)
Mean Sleep Quality Rating
Perceived Neighborhood Measures
Neighborhood Safety
Neighborhood Satisfaction
Neighborhood Infrastructure
Social Cohesion
Objective Neighborhood Measure
Neighborhood Disorder
Pedestrian Safety
Public Space/Land Use

Total Crimes{

Mean (SD) or Percent Range
77.3%
64%
55.4 (16.3) 19-100
12.7%
41.9%
30.6%
14.8%
13.3 (13.5) 0.2-87.5
20.5%
28.1%
31.2(7.5) 14.6-56.2
16.3%
43(45) 0.0-24.0
3.7(0.8) 1.0-5.0
2.9 (0.8) 1.0-4.8
35(1.2) 1.0-5.0
3.2(0.7) 1.2-5.0
3.1(0.8) 1.0-5.0
0.0 (1.0) -2.8-1.8
0.0 (1.0) -2.1-5.9
0.0 (1.0) -46-25
514.6 (235.3) 0.0-996.0

Total Crimes refers to the total number of property and violent crimes committed within 1 km of participants’ homes.
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Results of linear regression models predicting sleep quality from perceived and objective neighborhood

characteristics (N = 873).

B SE  Adj. R-sq.

Perceived Characteristics

Neighborhood Safety 0.137%** 0.04 0.03
Neighborhood Satisfaction 0.147** 0.02 0.03
Neighborhood Infrastructure g qg7*  0.04 0.02
Social Cohesion 0.08* 003 0.02
Objective Characteristics

Neighborhood Disorder -0.03 0.03 0.01
Pedestrian Safety 0.01 0.03 0.01
Public Space/Land Use -0.03 0.03 0.01
Total Crime 0.01 0.00 0.01

Note: Each of the neighborhood characteristics are entered into separate models. Each model includes covariates: neighborhood, age, male,

married, household income, children in home, and BMI.

Aok

£<0.001;
*Kk
p<0.01;

*
p<0.05.
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