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Abstract

Study Objectives: To examine associations between perceived neighborhood social environment (PNSE) and sleep, mediated by phys-
ical activity (PA) and psychosocial stressors.

Methods: A sample (n = 4705) of African Americans (mean age 55.0 years; 63.4% female) enrolled in the 2000-2004 Jackson Heart
Study (JHS). Four self-reported sleep outcomes were analyzed: sleep duration (minutes/night), sleep quality (high/low), short sleep
(short < 6 h vs recommended = 7-8 h), and long sleep (long > 9 h vs recommended). PNSE factors included violence (e.g. robbery),
problems (trash/litter), and social cohesion (trusting neighbors). PA and psychosocial stressors (lifetime and everyday discrimination,
perceived stress, and depressive symptoms) were tested as mediators. With bootstrap-generated 95% bias-corrected confidence inter-
vals (BC ClIs), linear regression was used to test for mediation adjusting for covariates.

Results: Neighborhood violence and problems were associated with sleep duration, mediated through PA (B =-1.97,95%BC CI = -3.76,
-0.60; B = -1.23, 95%BC CI = -2.55, -0.27, respectively), lifetime discrimination (B = 2.61, 95%BC CI = 0.93, 4.80; B = 2.25, 95%BC CI = 0.93,
3.94), perceived stress (B = -3.08, 95%BC CI = -6.20,-0.41; B = -2.17, 95%BC CI = -4.33, -0.28), and depressive symptoms (B = -2.22, 95%BC
CI =-5.09, —0.25; B = —1.94, 95%BC CI = -4.10, —0.35). Social cohesion was positively associated with sleep duration, mediated through
PA, lifetime discrimination, and perceived stress. Similar patterns were demonstrated for binary outcomes. Yet, effect sizes were rel-
atively small. PNSE was neither directly nor indirectly associated with sleep outcomes by everyday discrimination.

Conclusions: Each PNSE factor was associated with sleep outcomes, mediated by PA and psychosocial stressors. Further research
should emphasize effective community efforts to decrease adverse neighborhood conditions and psychosocial factors and increase
PA; thereby reducing CVD events for African Americans.

Key words: self-reported sleep; perceived discrimination; mediation analysis; neighborhood social environment; African American;
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Statement of Significance

Perceived neighborhood social environment (PNSE) disproportionately impacts sleep outcomes among African Americans. Despite
this, little is known about the mechanisms by which behavioral and psychosocial factors mediate such associations. This study
may be the first investigation of associations between PNSE and self-reported sleep duration and quality, mediated by physical
activity (PA) and psychosocial stressors in a large community-based cohort. Results indicated that associations between PNSE and
sleep outcomes might be mediated by PA and psychosocial stressors, shedding new light on the neighborhood-level social determi-
nants of sleep in the Jackson Heart Study participants. Further research is needed using other established prospective large cohort
studies to elucidate mechanisms by which PNSE longitudinally impacts sleep outcomes among African Americans adults.
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Introduction

It has been well-documented that both insufficient sleep
and long sleep have harmful effects on health, including
an increased risk for coronary heart disease [1, 2], stroke
[1, 2], diabetes [1, 2], obesity [3], and hypertension [3]. The
National Sleep Foundation recommends that US adults sleep
between 7 and 9 hours/night [4]. However, the 2005-2008
National Health and Nutrition Examination Survey (NHANES)
data indicated that approximately 37% of US adults (aged
> 20) reported <7 hours of sleep in a 24-hour period [5].
Furthermore, short sleep duration (<7 hours per night) was
more prevalent among African Americans (35%), compared
to White Americans (28%) [6]. There is a growing need to
elucidate the disparities in sleep health and determinants of
sleep among African Americans.

The social determinants [7] of sleep continue to be inves-
tigated [8], and increasing research recognizes the key role
of neighborhood social environment (e.g. violence, cohesion)
[9-14] in relation to sleep disparities [15-17]. For instance,
one recent study using the Jackson Heart Study (JHS) demon-
strated that higher neighborhood violence and problems were
related to shorter sleep duration and poor sleep quality [17].
Studies using data from the MESA found that more unfavora-
ble social environment factors (i.e. high disorder, low safety,
and social cohesion) were linked to shorter sleep duration
assessed subjectively [15] and objectively [18]. Furthermore,
another study indicated that higher Street Smart Walk Score
(as a measure of neighborhood walkability) was associated
with shorter sleep duration (defined as <6 hours/night) par-
ticularly among African Americans, thus underscoring the
importance of the neighborhood environment to the sleep of
African Americans.

Given the racial disparity in sleep [19], focusing on determi-
nants of poor sleep among African Americans and the mech-
anisms by which neighborhood characteristics are associated
with sleep are highly needed. For example, one JHS study inves-
tigated the role of perceived stress in relation to sleep and
demonstrated that individuals who reported higher perceived
stress had shorter sleep duration and lower sleep quality [20].
While another study demonstrated that higher neighborhood
violence was linked to shorter sleep duration in JHS partici-
pants [17], the other study indicated that higher social cohesion
was related to longer sleep duration in MESA participants [18].
However, only one study has investigated a potential mediating
role of perceived distress on the associations between neigh-
borhood factors and sleep quality, exclusively for 873 African
Americans from Pittsburgh, Pennsylvania [21]. The authors
demonstrated that psychological distress partially mediated
associations between neighborhood social cohesion and sleep
quality [21]. Little is known about the mechanism by which PA
and other psychosocial factors (i.e. discrimination, perceived
stress, and depression) may mediate associations between
neighborhood social environment and sleep duration and qual-
ity among African Americans.

Therefore, the purpose of this study was to test PA and psy-
chosocial stressors (i.e. perceived stress, discrimination, and
depressive symptoms) as mediators of the associations of PNSE
(violence, problems, and social cohesion) with sleep duration and
quality among African American adults from the JHS. We tested
the hypothesis that the associations of neighborhood social envi-
ronment with sleep quality and duration were mediated by PA
and psychosocial stressors (Figure 1).

Methods

Study design and participants

For this cross-sectional mediation analysis, the baseline data
(2000-2004) came from the JHS, a single-site, prospective, commu-
nity-based cohort study of African-American adults. The study
cohort is comprised of 5301 individuals from the tri-county area
(Hinds, Madison, and Rankin) of Jackson, Mississippi. Briefly, the
goal of the JHS was to study genetic and environmental risk fac-
tors for cardiovascular disease (CVD) among African Americans,
as described in detail previously [22-24]. In the present study, of
the 5301 participants, 57 were excluded from the analysis due
to lack of sleep measures (i.e. duration and quality). Additionally,
333 were removed due to missing data on education, alcohol use,
smoking status, body mass index (BMI), and total PA. Participants
missing data on lifetime and everyday discrimination as well as
perceived stress were also removed (n = 198). Eight individuals
did not report responses for neighborhood violence, resulting in
the total analytic sample of 4705 (3048 for subset with depressive
symptoms as a mediator for sleep duration and sleep quality out-
comes). The overall analytic samples of binary short (vs recom-
mended [referent]) and long (vs recommended [referent]) sleep
outcomes resulted in 4454 (2886 for subset with depressive symp-
toms as a mediator) and 2162 (1411 for subset with depressive
symptoms as a mediator), respectively. The NIH Office of Human
Subjects Research Protections approved our study. The study was
approved by the institutional review boards of the University of
Mississippi Medical Center, Jackson State University, and Tougaloo
College. All participants provided informed consent.

Sleep duration and quality measures

Self-reported sleep duration and quality were collected at exam
1 (2000-2004). Sleep duration and quality were measured using
the following two items, “During the past month, excluding naps,
how many hours of actual sleep did you get at night (or day, if you
work at night) on average?” [17, 20] and “During the past month
how would you rate your sleep quality overall?” [17, 20] with five
responses “1 = excellent”, “2 = very good”, “3 = good”, “4 = fair’,
and “5 = poor”. Using these items, sleep outcomes were created:
1) sleep duration (continuous; hours/night; transformed into
minutes per sleep period); 2) a binary short sleep (short< 6 hours
versus recommended [7-8 hours]; 3) a binary long sleep (long >
9 hours versus recommended [7-8 hours]); and 4) a binary sleep
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Figure 1. Conceptual model of indirect (a x b) and direct (c)
relationships between neighborhood social environment and sleep
outcomes among the Jackson Heart Study participants.

Note: Each neighborhood social environment variable (violence, problems,

or social cohesion) was investigated separately. Mediators included physical
activity, lifetime discrimination, daily discrimination, perceived stress, or
depressive symptoms. Outcomes included sleep duration (continuous), binary
sleep quality (high vs. low), binary short sleep (< 6 h vs. 7-8 h [recommended:
referent]), or binary long sleep (= 9 hours vs. 7-8 h [recommended: referent]).
All analyses controlled for covariates.
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quality (high [excellent, very good, good]) versus low [fair, poor])
[25, 26]. Consistent with the previous JHS studies for the classifi-
cation of the sleep duration [17, 27, 28] most studies found that <
6 hours of sleep was related to overall CVD incidence, compared
to 7-8 hours of sleep as a referent [27], whereas other studies
found that > 9 hours of sleep was linked to poor general health
and high risk for disease [27].

Perceived neighborhood social environment
factors

To identify underlying neighborhood constructs, principal com-
ponent analysis with Promax oblique rotation was used [29, 30].
Three distinct perceived neighborhood social environment (PNSE)
factors were identified and assessed as predictors: 1) neighbor-
hood violence, 2) neighborhood problems, and 3) neighborhood
social cohesion. The survey questionnaire measuring neighbor-
hood violence included five items on occurrence of 1) neighbor-
hood fights with a weapon, 2) gang fights, 3) sexual assaults/rape,
4) violent arguments, and 5) robbery. The score ranged between 1
(never) and 4 (often). Neighborhood problems included six survey
items on 1) neighborhood noise, 2) lack of access to food stores/
shopping, 3) lack of adequate access to parks/playgrounds, 4)
trash/litter, 5) heavy traffic/speeding cars, and 6) no sidewalks/
poorly maintained sidewalks, with a score ranging from 1 (not
really a problem) to 4 (very serious problem). Neighborhood social
cohesion consisted of four items regarding 1) trust in neighbors,
2) willingness to help neighbors, 3) shared values with neigh-
bors, and 4) extent to which neighbors do not get along, with
a score ranging from 1 (strongly disagree) to 4 (strongly agree).
Higher scores for neighborhood violence and problems indicate
more unfavorable neighborhood perceptions. In contrast, higher
scores for neighborhood social cohesion indicate more favorable
neighborhood perception. The three PNSE variables had relatively
high internal consistencies, with Cronbach’s alpha 0.80, 0.76, and
0.77 for neighborhood violence, problems, and social cohesion,
respectively.

Unconditional empirical Bayes estimation was used to control
for differences with regard to neighborhood social environment
factors based on for age and sex of the JHS participants. These
estimates were adjusted to the overall distributions of age and
sex of the sample. Thus, systematic variations due to age or gen-
der (which could vary in their distribution across census tracts)
do not impact these estimates. To improve estimates for census
tracts with fewer participants, the participants’ responses of each
predictor were aggregated to the census tract level [29]. Overall,
nineteen participants (median) resided in each tract in the total
of 112 census tracts [30].

Mediators—physical activity and psychosocial
stressors

Using the JHS Physical Activity Form (JPAC), a total PA score was
created based on three types of activity, including active living,
sports/exercise, and home activities. The JPAC evaluated PA over
the previous 12 months and used 5-level categorical Likert-style
response options ranging from 1 (low) to 5 (high). Total PA was cal-
culated by adding the 3 indices (active living [e.g. walking/biking
for active transportation and leisure time], sports [exercising and
playing sports], and home/yard [gardening, cleaning activities])
with a range of 3-15 for the respondents with complete data. The
JPAC was tested against validated waist-worn accelerometer data
[31, 32] and was adapted from the Baecke PA questionnaire from
the Atherosclerosis Risk in Communities Study. The total PA score
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was treated as a continuous mediator. To investigate the effects of
each PA component, sensitivity analyses were performed.

Using the JHS Discrimination Instrument (JHSDIS) adminis-
tered by trained African American interviewers, two perceived
discrimination variables were tested as mediators: 1) lifetime dis-
crimination (range: 0-9), and 2) everyday discrimination (range:
1-7). Lifetime discrimination was evaluated using the Krieger [33]
and Sidney [34] scales with a high internal consistency (a = 0.78)
[35]. Participants were asked about the instances of mistreatment
over the lifetime (yes/no) across 9 domains such as: at school,
getting a job, at work, getting medical care, getting housing, on
street or in a public setting, from the police or in the courts. These
scores were summed to create a continuous lifetime discrimina-
tion mediator (range: 0-9).

Williams scale [36] was utilized to create everyday discrimina-
tion score, which indicated a high internal consistency of a = 0.88
[35]. Participants reported on 9 items; for example, “How often
on a day-to-day basis do you have the following experiences?”,
or “You are treated with less courtesy” or “You are threatened or
harassed.”, etc. The score for the frequency of everyday discrim-
ination was based on the mean of 9 items between 1 (never) and
7 (several times a day).

Chronic perceived stress scale was assessed with the Global
Perceived Stress Scale (GPSS), which was adapted from the stand-
ardized stress scales, including Survey of Recent Life Experiences
[37], Perceived Stress Scale [38], and Life Events Scale [39]. The
GPSS’s 8 items were used to evaluate the severity of chronic
perceived stress in the past 12 months for 8 domains, such as
employment, racism and discrimination, and meeting basic
needs, etc. The severity of each domain was rated by partici-
pants with a 4-point scale ranging from 0 “not stressful” to 3 “very
stressful” with a total range from 0 to 24 (Cronbach a, 0.72) [20].

A continuous depressive symptoms score was tested as a medi-
ator using the 20-items of the Center for Epidemiologic Studies
Depression (CES-D) scale (range 0-60) [40]. Participants responded
to the frequency of their experiences in various emotional states
throughout the previous week, resulting in a score from 0 to 3 for
each of the 20 questions. Higher levels of depressive symptoms
were defined by a CES-D score of > 16 (i.e. clinically significant
depressive symptoms, CES-D score <16, and not reported, the
CES-D score was also used as a covariate when it was not used as
a mediator). This measure had high internal reliability in the JHS
(a = 0.82) [41]. One item on restless sleep of the 20 CES-D items
was removed because it would influence the sleep outcomes. All
analyses were performed based on 19 CES-D items, with a range
of 0-57. Four measures (lifetime discrimination, everyday dis-
crimination, perceived stress, and depressive symptoms) were
transformed into the standard deviation (SD) from the mean (i.e.
a one-SD unit increase) to ease the interpretation [42, 43]. Scoring
and definitions of these mediators were consistent with previous
JHS studies [9, 20, 42].

Covariates

Potential confounders that may be associated with both predic-
tors and outcomes included demographics, such as age in years,
sex (male/female), education attainment (high/low), household
income (<$50,000, >$50,000, or not reported), and behavioral
characteristics (i.e. alcohol consumption in the past 12 months
[ves/no], smoking status [never, past, current]) [9]. Health-related
factors serving as potential confounders included BMI (kg/m?),
history of medical condition [i.e. yes/no on heart attacks, cancers,
stroke, diabetes, or hypertension]) [9]. To account for neighborhood
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walkability, objectively measured built environment (i.e. popula-
tion density based on people/km? [2] with 1 mile around partici-
pant’s residence) was controlled as a confounder [9].

Statistical analysis

All study variables including sleep outcomes, neighborhood social
environment variables, mediators, and covariates were sum-
marized, and stratified by sleep duration based on short (<6 h),
recommended (7-8 h) or long sleep duration (=9 h) and by each
neighborhood social environment based on median value (high/
low).

The main objective of this study was to examine direct (path c’)
andindirect (paths a x b) associations between each PNSE and sleep
outcomes. Indirect associations (i.e. mediation analyses) included
concurrent examinations of the associations between each PNSE
and a mediator (considered as an outcome for path a), and associa-
tions between a mediator (considered as an exposure variable; path
b) and sleep outcomes. All the paths a, b, ¢ (total effect, excluding a
mediator as a covariate), ¢’ (direct effect, including a mediator as a
covariate), and a x b were adjusted for all covariates.

To test the study hypothesis, multivariable linear regression
models [44] were employed using each perceived neighborhood
social environment variable one at a time (i.e. neighborhood vio-
lence, problems, and social cohesion) as the primary independent
variables. Variables for PA, lifetime and everyday discrimination,
perceived stress, and depressive symptoms variables were each
tested as mediators separately, with sleep duration and sleep
quality as the outcomes. Results of three binary outcomes (sleep
quality, short sleep, and long sleep) were expressed as odds ratios
(OR, based on an exponent of a log-odds estimate). Significance
of an OR was expressed by not including 1.0 between 95% confi-
dence intervals.

Using bootstrap resampling approach (k = 5000) with 95%
bias-corrected confidence intervals (BC Cls) of the indirect effects
[44], a role of mediation (i.e. PA, lifetime and everyday discrim-
ination, perceived stress, and depressive symptoms) was tested
by using the PROCESS Macro version 3.4 for SAS 9.4 (SAS, Cary,
NC) [44]. The PROCESS macro offers an inferential statistical
examination for indirect mediation effects of exposure variables
on the outcome via the mediators, contributing to a decrease in
type 1 errors. This macro yields greater statistical power than
conventional causal approach for mediation tests. Additionally,
it does not necessitate a normal sampling distribution [44, 45].
Assessment of statistically significant mediation was determined
by a BC CI, without zero for a continuous outcome [44].

As the missingness for depressive symptoms was quite high, and
population with depressive symptoms may differ by sociodemo-
graphic characteristics and other factors, we imputed 10 complete
datasets for depressive symptoms, total PA, lifetime discrimination,
and everyday discrimination (1889, 269, 202, and 117 were missing,
respectively). To perform the multiple imputation model (SAS Proc
MI) for the missingness, we included age, BMI, lifetime discrimi-
nation, everyday discrimination, perceived stress, and population
density. Based on the imputation process, the total analytic sample
resulted in 5155 for sleep duration and quality outcomes, 4871 for
short sleep outcome, and 2360 for long sleep outcome. These sam-
ples were used for sensitivity analyses (data not shown).

Results

All the variables used in the analyses are summarized in Table 1.
Mean age of the participants was 55.0 years (+12.8) and partici-
pants were predominantly female (63%). Most of them graduated

from at least high school (80%). Roughly 30% earned $50,000/year
or greater. On average, participants slept 6.4 hours/night, had a
BMI of 31.8 kg/m? (+7.29), and had a total PA score of 6.5 (+1.5).
Nearly 70% of the participants reported never smoking, and
about 45% reported alcohol use in the past 12 months. Over 60%
had a history of chronic diseases.

Participants who reported short sleep < 6 hours/night were
younger, had a higher education attainment and income >
$50,000, had a higher BMI, engaged in a lower total PA than the
recommended sleep duration group but higher than the long
sleep duration group, were more likely to be current smokers and
to drink alcohol in the past 12 months, and had history of previ-
ous chronic diseases. Those with short sleep duration reported
higher lifetime discrimination, everyday discrimination, per-
ceived stress, and relatively higher depressive symptoms com-
pared to other sleep duration groups (all p-values <.05) (Table 1).
Those who reported lower sleep quality were younger, tended
to be female, had a lower education attainment and income >
$50,000, had a higher BMI, engaged in lower total PA, were more
likely to be current smokers, and had a higher likelihood of pre-
vious chronic diseases compared to those with high sleep quality.
Those with low sleep quality reported higher lifetime discrimina-
tion, everyday discrimination, perceived stress, relatively higher
depressive symptoms, and higher neighborhood violence and
problems, and lower neighborhood social cohesion compared to
high sleep quality group (all p-values <.05; Table 1).

Those who reported higher neighborhood violence tended to
be older, be female, have less than a high school diploma, have
a lower income, have a higher BMI, engage in lower total PA, be
current smokers, be less likely to drink alcohol, and have a his-
tory of previous chronic diseases, compared to those reported
lower neighborhood violence (all p < .05; Table 2). The patterns of
socio-demographics, health-related factors, and psychosocial fac-
tors for those who reported high neighborhood violence appeared
to be similar to those who reported high neighborhood problems
and low neighborhood social cohesion.

Total PA as a mediator on associations between
PNSE and sleep outcomes

Neighborhood violence, problems, and social cohesion were sig-
nificantly indirectly associated with sleep duration (minutes/
night) via total PA (B [Paths ab] = -1.97, 95% BC CI = -3.76, —0.60;
B =-1.23,95% BC CI =-2.55,-0.27, and B = 1.42, 95% BC CI = 0.18,
2.95, respectively) (Table 3). Higher neighborhood violence and
problems were significantly associated with lower total PA (Path
a:violence: B =-0.82,SE =0.26,95% Cl =-1.32,-0.31, p < .01; prob-
lems: B = -0.50, SE = 0.19, 95% CI = -0.87, —-0.14, p < .01, respec-
tively) and higher social cohesion was associated with higher
total PA (social cohesion: B = 0.58, SE = 0.25, 95% CI = 0.09, 1.07,
p < .05). In turn, higher total PA was significantly associated with
longer sleep duration (Path b: Violence: p = 2.41, SE = 0.69, 95% CI
= 1.06, 3.75; Problems: § = 2.43, SE = 0.69, 95% CI = 1.08, 3.78; and
social cohesion: B = 2.44, SE = 0.69,95% CI = 1.09, 3.78, all p < .001).
None of the PNSE variables were associated with sleep duration
(Path ¢’ [direct effect] and Path c [total effect]). Similar patterns
of associations for each path were demonstrated for the binary
sleep quality outcome (Table 4). Associations between each PNSE
and sleep quality were significantly mediated by total PA.
Neighborhood violence, problems, and social cohesion were
significantly indirectly associated with short sleep duration (vs
recommended) via total PA (OR [Paths ab] = 1.06, 95% BC CI = 1.02,
1.12; OR = 1.04, 95% BC CI = 1.01, 1.07, and OR = 0.95, 95% BC CI
=0.91, 0.99, respectively) (Table 5). Higher neighborhood violence
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Table 1. Demographic characteristics, health-related factors, psychosocial factors, and census-tract level variables (n = 4705)

Overall, n (%) Short (< 6 hours) Recommended Long (> 9 Pc High sleep Low sleep Pc
n = 2543 (%) (7-8 hours) hours) n = 251 quality, n = 3087 quality, n = 1618
n =1911 (%) (%) (%) (%)

Demographic characteristics

Age (years), M (+5D) 5504 (+12.82) 54.15 (+12.46) 55.64 (+12.97) 59.54 (14.07) <0001 5571 (+12.77) 5377 (x12.81) <0001
Female 2983 (63.40) 1577 (62.01) 1235 (64.63) 171 (68.13) 0.0561 1904 (61.68) 1079 (66.69) 0.0007
Education <.0001 0.0087
High school 3769 (80.11) 2066 (81.24) 1530 (80.06) 173 (68.92) 2507 (81.21) 1262 (78.00)
graduate or more
Less than high 936 (19.89) 477 (18.76) 381 (19.94) 78 (31.08) 580 (18.79) 356 (22.00)
school
Income 0.0001 <.0001
>$50,000 1391 (29.56) 777 (30.55) 571 (29.88) 43 (17.13) 1005 (32.56) 386 (23.86)
<$50,000 2608 (55.43) 1382 (54.35) 1053 (55.10) 173 (68.92) 1626 (52.67) 982 (60.69)
Not reported 706 (15.01) 384 (15.10) 287 (15.02) 35 (13.94) 456 (14.77) 250 (15.45)
Health-related factors
Sleep duration in 6.43 (+1.50) 5.33 (20.88) 7.47 (£0.50) 9.71 (1.16) <.0001 6.89 (+1.31) 5.56 (+1.46) <.0001
hours, M (+SD)
Body Mass Index, 31.78 (+7.29) 32.05 (+7.42) 31.52 (+7.17) 31.11 (6.74) 0.019 31.34 (+7.01) 32.63 (+7.72) <.0001
M (+SD)
Total physical 6.53 (+1.99) 6.48 (+1.97) 6.64 (+2.00) 6.23 (2.00) 0.0011 6.63 (+2.02) 6.33 (+1.92) <.0001
activity, M (+SD)
Smoking status 0.0291 0.0028
Never 3221 (68.46) 1733 (68.15) 1337 (69.96) 151 (60.16) 2151 (69.68) 1070 (66.13)
Past 886 (18.83) 491 (19.31) 337 (17.63) 58 (23.11) 580 (18.79) 306 (18.91)
Current 598 (12.71) 319 (12.54) 237 (12.40) 42 (16.73) 356 (11.53) 242 (14.96)
Drinking alcohol in 2163 (45.97) 1212 (47.66) 869 (45.57) 82 (32.67) <.0001 1395 (45.19) 768 (47.47) 0.1367
the past 12 months
History of previous 2891 (61.45) 1555 (61.15) 1160 (60.70) 176 (70.12)  0.0142 1849 (59.90) 1042 (64.40) 0.0026
chronic diseases
Psychosocial factors
Lifetime 2.96 (+2.13) 3.18 (+2.14) 2.79 (+2.09) 2.08 (1.91) <.0001 2.81 (2.09) 3.24 (x2.17) <.0001
discrimination, M
(£SD)
Everyday 2.08 (£1.02) 217 (+1.05) 2.00 (x0.96) 1.84 (1.00) <.0001 1.99 (£0.95) 2.26 (£1.11) <.0001
discrimination, M
(+SD)
Perceived stress, 5.15 (+4.39) 5.66 (+4.53) 463 (+4.13) 3.95 (4.06) <.0001 440 (+3.97) 6.58 (+4.78) <.0001
M (+SD)
Depressive
symptoms
High (CES-D216) 606 (12.88) 370 (14.55) 196 (10.26) 40 (15.94)  <.0001 276 (8.94) 330 (20.40) <.0001
Low (CES-D<16) 2442 (51.90) 1267 (49.82) 1053 (55.10) 122 (48.61) 1739 (56.33) 703 (43.45)
Not reported 1657 (35.22) 906 (35.63) 662 (34.64) 89 (35.46) 1072 (34.73) 585 (36.16)
Census-tract level variables, M (+SD)
Perceived neighborhood social environment?
Violence 1.26 (x0.13) 1.26 (x0.13) 1.26 (20.13) 1.28 (0.12) 0.1366 1.26 (£0.12) 1.27 (x0.13) 0.0182
Problems 1.56 (+0.19) 1.56 (£0.19) 1.56 (+0.19) 1.59 (0.17) 0.0539 1.56 (+0.19) 1.57 (£0.19) 0.0192
Social cohesion 3.01 (+0.12) 3.01(0.12) 3.01 (£0.12) 3.00 (0.12) 0.3997 3.01 (+0.12) 3.00 (+0.12) 0.0038
Objectively measured 81659 (x489.52) 81249 (x487.77)  818.39 (+488.27)  844.38(516.90)  0.6027  806.63 (x487.96)  835.60 (+492.06) ~ 0-0538

population density”

Note: M: Mean. SD: Standard Deviation. CES-D: Center for Epidemiologic Studies Depression.

Each perceived social environment variable was based on unconditional empirical Bayes estimation adjusting for age and sex.

"Population density was measured around 1 mile from participant’s residence.

P-values were based on t-tests for continuous variables and chi-square tests for categorical variables. For three categorical sleep duration, the ANOVA test was
used for continuous variables. Depressive symptoms score was based on the total score of the 20 CES-D items while removing an item on restless sleep, a range
between 0 and 57 for the analyses.
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Table 2. Demographic characteristics, health-related factors, psychosocial factors, and census-tract level variables based on
neighborhood social environment factors (n = 4705)

Neighborhood violence Neighborhood problems Neighborhood social cohesion

High n =2363 Low n = 2342 Pc High n = 2358 Low n = 2347 Pc High n = 2355 Low n = 2350 Pc

Demographic characteristics

Age (years), M (+SD) 5771 (+12.83) 5235 (x12.23)  <.0001  57.19 (+12.76)  52.89 (+12.51) <.0001  54.25(+12.48) 5584 (+13.10) <-0001
Female 1541 (65.21) 1442 (61.57)  0.0095 1535 (65.10) 1448 (61.70)  0.0154 1468 (62.34) 1515 (64.47) ~ 0-1289
Education <.0001 <.0001 <.0001
High school 1714 (72.53) 2055 (87.75) 1715 (72.73) 2054 (87.52) 2003 (85.05) 1766 (75.15)
graduate or more
Less than high 649 (27.47) 287 (12.25) 643 (27.27) 293 (12.48) 352 (14.95) 584 (24.85)
school
Income <.0001 <.0001 <.0001
=$50,000 442 (18.71) 949 (40.52) 430 (18.24) 961 (40.95) 907 (38.51) 484 (20.60)
<$50,000 1585 (67.08) 1023 (43.68) 1581 (67.05) 1027 (43.76) 1098 (46.62) 1510 (64.26)
Not reported 336 (14.22) 370 (15.80) 347 (14.72) 359 (15.30) 350 (14.86) 356 (15.15)
Health-related factors
Sleep duration in 6.45 (+1.61) 642 (£139)  0.5422 6.42 (£1.57) 645 (+1.44) 06226 6.46 (+1.46) 6.41 (x1.55) 02536
hours, M (+SD)
Body Mass Index, M 32.04 (+7.44) 3152 (+7.12)  0.0148  31.91(+7.37)  3165(+7.20) 02261  31.50 (+7.09) 32.06 (+7.47) ~ 0-0087
(+SD)
Total physical 6.25 (+1.96) 6.81(x1.98)  <.0001 6.28 (+1.97) 6.78 (+1.98)  <.0001  6.73 (+2.00) 6.32 (+1.95) <0001
activity, M (+SD)
Smoking status <.0001 <.0001 <.0001
Never 1525 (64.54) 1696 (72.42) 1528 (64.80) 1693 (72.13) 1694 (71.93) 1527 (64.98)
Past 487 (20.61) 399 (17.04) 484 (20.53) 402 (17.13) 402 (17.11) 483 (20.55)
Current 351 (14.85) 247 (10.55) 346 (14.67) 252 (10.74) 258 (10.96) 340 (14.47)
Drinking alcohol in 975 (41.26) 1188 (50.73)  <.0001 993 (42.11) 1170 (49.85)  <.0001 1148 (48.75) 1015 (43.19) ~ 0.0001
the past 12 months
History of previous 1611 (68.18) 1280 (54.65)  <.0001 1587 (67.30) 1304 (55.56)  <.0001 1350 (57.32) 1541 (65.57) ~ <-0001
chronic diseases
Psychosocial factors
Lifetime 2.76 (+2.10) 3.17 (+2.14)  <.0001 2.77 (£2.11) 315 (x2.12) <0001  3.07 (x2.11) 2.85 (+2.14) ~ 0.0004
discrimination, M
(+SD)
Daily discrimination, 2.04 (+1.04) 213 (x0.99)  0.0051 2.07 (+1.05) 2.10 (+0.98)  0.3005 2.08 (+0.97) 2,08 (+1.06) 09391
M (+SD)
Perceived stress, M 5.19 (+4.60) 512 (+4.16)  0.5998 5.15 (£4.57) 5.15 (+4.19) 09965  4.97 (+4.18) 5.33 (x4.58)  0.0043
(+SD)
Depressive symptoms, M (+SD)
High (CES-D=16) 338 (14.30) 268 (11.44)  <.0001 338 (14.33) 268(1142)  <.0001 272 (11.55) 334 (14.21) <0001
Low (CES-D<16) 1128 (47.74) 1314 (56.11) 1101 (46.69) 1341 (57.14) 1321 (56.09) 1121 (47.70)
Not reported 897 (37.96) 760 (32.45) 919 (38.97) 738 (31.44) 762 (32.36) 895 (38.09)

Census-tract level variables, M (+SD)

Perceived neighborhood social environment?

Violence 1.36 (+0.09) 1.16 (+0.06)  <.0001 1.35 (+0.10) 1.17 (£0.07)  <.0001  1.19 (+0.07) 134 (+0.12) ~ <.0001
Problems 1.71 (£0.12) 1.41 (+0.10) <.0001 1.72 (+0.11) 1.41 (0.10) <.0001 1.45 (x0.13) 1.68 (x0.16) ~ <0001
Social cohesion 2.94 (0.12) 308 (x0.08)  <.0001 2.92 (20.09) 310 (:0.08) <0001  3.11 (£0.06) 291 (0.09) <0001
Objectively measured 1082.78 (372.91)  548.02 (+444.42) <.0001 1086.74 (386.57) 54517 (x428.12) <.0001 63401 (+482.82) 999.56 (423.49) <0001

population density®

Note: M: Mean. SD: Standard Deviation. CES-D: Center for Epidemiologic Studies Depression.

2Each perceived social environment variable was based on unconditional empirical Bayes estimation adjusting for age and sex.

*Population density was measured around 1 mile from participant’s residence.

P-values were based on t-tests for continuous variables and chi-square tests for categorical variables. Depressive symptoms score was based on the total score of
the 20 CES-D items while removing an item on restless sleep, a range between 0 and 57 for the analyses.

£z0z Aenuepr go uo poddns Ag G9G10/9/2s0oedZ/1/¢/0101E/S9oURApPRdSS|S/WO0D dNO"dlWapeoe.//:sdjy woly papeojumoq



| 7

Tamura et al.

Downloaded from https://academic.oup.com/sleepadvances/article/3/1/zpac032/6701565 by support on 08 January 2023

‘sasAleue au) 10J /G pue O Usam13q d3Uel & ‘daa[s SSI[1Sa1 U0 W) Uk SUIAOWAL [IUM SWSIT (-SID 07 2YI JO 3100S (101 ) UO Paseq sem 2100s swoldwihs aarssardad '8p0¢ = (IN) swoidwihs aatssaidap 10j azis ajdures.
%56 Jo A111qeqoid ' Uy3im JUedYTUSIS A[[ROTISTIE)S ST [D DF %SG6 S91BDIPUL ,,,, ‘100 > d,,, ‘T0° > d,, (S0 > d, :sonyea-d :930N

0TS ‘¥S0- €60 €0'T STEL 0EFH- 8971 €991~ 0E¥1 ‘0E '€V~ 6971 0S¥1- 8S°T- ‘8%'8- 9,1 «€0'G" 60°0 ‘050" ST0 0c0- UOIS2Y0D [B1D0S

Ge'0- ‘0T H 960  wu¥6T-  9E'EE 806 ¢80T  PlCl o¥'1€‘10TI- 180T 6101 S9'T- /58" 91 w16 090910 IT0  w8€0 Swa[qoId

<7'0-‘60'S-  ¥CT  wwClT 19VETCSC  STST OLF 6€°CE TV LC-  STSL 8b¢ SST-P8 T WLI0G SLO0ET0 910 PO 30U
+(IN) swordwAs aarssardaq eIpn

£%'S ‘v0°0- LE'T 19°¢C 1¥Cl‘1L€g- 911 S9°0T- ¥1'S1'eC’Te- €81l S0'8- 6¥'8- 'Sh¥1- ¢S'T AR 10°0- 'S¥°0- 110 ££C°0- UOISaY0d [BI1D0S

870-‘scp- €0  wwllC- ISTCELCL- €48 6EY Y6l ‘86 vl-  8/8 €Ce 8’8~V ¥l-  TST w9V TI- S€°0°C00 800 610 sw=[qoid

1%°0- ‘02°9- 1 e 80°C7 SS°0C ‘S$8°9¢- 60°¢Cl Ste 65°/1 '90°0¢- stet €C9- ¥¥'8- 0V ¥1- ¢St wsCV T 050 ‘%00 c1o «LC0 SDUS[OIA
(N) ssans paarddId BIA

/ST vzo- O0F0 Se0 PeL'1Lee- 9411 S901- S/cl9gee-  9L11 0€0T- 0,09~ 4 8C'C~ L00°/€°0- 110 ST'0-  uoIsayod [0S

/10 '16°0- LC°0 €Cco- 1812 €Tl €L'8 6eY 8C'1C 'S6°CL- €L'8 [TY 1/0°SCS- ¢St LCC 92°0 °£L0°0- 800 0T'0 SWwIa[q0Id

09°0‘69'0- €0 €00-  SS0C's89c-  60Cl  Slg- ¢S0C°68°9¢c-  60CL  8l'e- L0 VTS ¢St 9t ¥201C0-  C10 100 SDUS[OIA
() uoneurwiLdsIq AepArang ein

71°0-‘og'c- 980  ww/8T-  TFCLTLEE- 9411 S901-  SSOL‘T9SE-  //T1  €5Cl- 086 €06 IST  ,.9C9 250800  IT0 w080  uoISayod [B1OS

$6°C ‘€60 LL0 wnSCTC 1ste'eLcl- €L 6EY 9L°€C [V Ol- €L S99 0€€-vC6 IST  wlC9" 0C0-C50- 800  «9€0- sws[qoid

08'% ‘€60 00T ok L9°C SS°0C 'S$8°9¢- 60°¢Cl Ste- [1°€C'STYE- 0T°¢ct ¥5°0- [£°€-'0€°6" 1sT w88 9" 81°0- ‘¥9°0- clo s LV 0" SDUS[OIA
(W) uonEUIILIDSIA SWNAYIT BIA

S6'7°ST0 CLO0 wmlV'T TPeL1Lee- 9411 S901-  ¥8EL‘IeCe-  LLT11 €C6" 8/°¢'60°T 690  wbPC L0600 SC0 +85°0 UOTS3Y0D [R1D0S

/2°0-‘SS'Z- 850 A 1912 eLCT- eL'8 6eY 62°0C '96°¢1- 7.8 [T°E 8/'¢€'80'T 690 &V C ¥1°0- /80" 610 090" SWwIA[qoId

09°0-'9/°c- (80  wwl61-  SS0CS89C-  60CL  SLE- 6981 °C8'8Cc-  60CL  CL'S- SLE90T 690  l¥C 1€°0-C€T- 920 +C8°0" SDUS[OIA
(W) vd [e30L B1A

ID D9 %S6 as €1q ID %S6 as e1Rq ID %56 as €19q 1D %S6 as e1Rq 1D %S6 as €19q
(q x & syped) 109p37 10911pU] (o yred) ay3 waIig (> yed) 10ap37 [e10L (q yred) Ag uo N Jo 12T (e yped) W uo AT Jo 109137

(S0£%=N) (IN) s101eIpaW BlA (AQ) S9INUIW UL UoneInp doa[s pue (AI) JUSUIUOIIAUS [BID0S pOOYIOqUSIaU Usam13q SUOTIBIDOSSE 1031Ip PUR 1031IpU] '€ S[qeL



8 | Sleep Advances, 2022, Vol. 3, No. 1

Table 4. Indirect and direct associations between neighborhood social environment (IV) and sleep quality (DV) via mediators (M) (N =

4705)
Effect of IV on M (path a) Effect of M on DV (path b)  Direct Effect (path c’) Indirect Effect (paths
axb)
beta SE 95% CI OR 95% CI OR 95% CI OR 95% BC CI

Via Total PA (M)

Violence -0.82" 0.26 -1.32,-031 1.10" 1.06,1.14 1.04 0.58,1.87 0.93"* 0.87,0.97

Problems -0.50" 0.19 -0.87,-0.14 1.10" 1.06,1.14 1.04 0.68,1.59 0.95% 0.92,0.99

Social cohesion 0.58 0.25 0.09, 1.07 1.10% 1.06,1.14 0.96 0.54,1.71 1.06™ 101,111
Via Lifetime Discrimination (M)

Violence ~0.41" 0.12 ~0.64,-0.18 0.91 0.85,0.98 1.04 0.58,1.87 1.047 1.00,1.08

Problems -0.36"* 0.08 -0.52,-0.20 0.91* 0.85,0.98 1.04 0.68, 1.59 1,03+ 1.01,1.07

Social cohesion 030" 0.11 0.08,0.52 0.91* 0.85,0.98 0.96 0.54,1.71 0.97" 0.94,1.00
Via Everyday Discrimination (M)

Violence 0.01 0.12 -0.21,0.24 0.95 0.88, 1.02 1.04 0.58,1.87 1.00 0.98, 1.02

Problems 0.10 0.08 -0.07,0.26 0.95 0.88,1.02 1.04 0.68,1.59 0.99 0.98,1.01

Social cohesion -0.15 0.11 -0.37,0.07 0.95 0.88,1.02 0.96 0.54,1.71 1.01 1.00,1.03
Via Perceived Stress (M)

Violence 0.27* 0.12 0.04, 0.50 0.68" 0.63,0.73 1.04 0.58,1.87 0.90% 0.82,0.99

Problems 0.19* 0.08 0.02,0.35 0.67* 0.63,0.73 1.04 0.68,1.59 0.93" 0.86,0.99

Social cohesion -0.23* 0.11 -0.45,-0.01 0.68"* 0.63,0.73 0.96 0.54,1.71 1.0+ 1.00,1.20
Via Depressive Symptoms (M)*

Violence 0.44* 0.16 0.13,0.75 0.65** 0.59,0.71 1.68 0.77,3.63 0.83"* 0.70,0.95

Problems 0.38"* 0.11 0.16, 0.60 0.65* 0.59,0.71 156 0.90,2.71 0.85"* 0.76,0.94

Social cohesion -0.20 0.15 -0.50, 0.09 0.65"* 0.59,0.71 0.84 0.40,1.77 1.09 0.95,1.26

Note: P-values: *p < .05; *p < .01; *p < .001; *** indicates 95% BC CI is statistically significant with a probability of 95%.
aSample size for depressive symptoms (M) = 3,048. Depressive symptoms score was based on the total score of the 20 CES-D items while removing an item on

restless sleep, a range between 0 and 57 for the analyses.

and problems were significantly associated with lower total PA
(Path a: violence: p = -0.87, SE = 0.26, 95% CI = -1.38, -0.35; prob-
lems: p = -0.52, SE = 0.19, 95% CI = -0.90, -0.15, respectively) and
higher social cohesion was associated with higher total PA (social
cohesion: B=0.68,SE=0.26,95% CI=0.17,1.18, all p < .01). In turn,
higher total PA appeared to be protective effects for short sleep
duration (Path b: OR = 0.93, 95% CI = 0.91, 0.97, all p < .01). None
of the PNSE variables were associated with short sleep duration
(Path ¢’ [direct effect] and Path c [total effect]). Each PNSE fac-
tor was neither directly nor indirectly associated with long sleep
duration, mediated through total PA (Table 6).

To further elucidate each PA domain (active living, home/
life, and sport indices), sensitivity mediation analyses were per-
formed to investigate associations between each PNSE factor and
sleep outcomes and mediated by each PA domain (Supplemental
Tables 1-4). Overall, the results indicated that significant indirect
mediation was generally driven by active living and sport/exer-
cise activities, but not home/life activities for sleep quality and
short sleep outcomes. Mediation of the relationship of PNSE fac-
tors with sleep duration (minutes) was driven by sports index,
whereas no mediation was found for a long sleep outcome.

Lifetime discrimination as a mediator on
associations between PNSE and sleep outcomes
Neighborhood violence, problems, and social cohesion were signifi-

cantly indirectly associated with sleep duration (minutes/night) via
lifetime discrimination (B [Paths ab] = 2.61,95% BC CI =0.93,4.80; B

=2.25,95%BCCI=0.93,3.94,and B =-1.87,95% BC CI =-3.86,-0.42,
respectively) (Table 3). Neighborhood violence and problems were
significantly associated with lower lifetime discrimination (Path
a [violence]: p = -0.41, SE = 0.12, 95% CI = -0.64, —0.18; problems: B
=-0.36,SE =0.08, 95% CI = -0.52, -0.20, both p < .001, respectively),
while higher social cohesion was related to higher lifetime discrimi-
nation (social cohesion: 3=0.30,SE=0.11,95% CI=0.08,0.52,p<.01).
In turn, higher lifetime discrimination was significantly associated
with shorter sleep duration (Path b [Violence]: p = -6.33, SE = 1.51,
95% CI=-9.30,-3.37; Problems: B =-6.27,SE =1.51,95% CI = -9.24,
—-3.30; and social cohesion: B=-6.26,SE=1.51,95% CI =-9.23,-3.30,
allp <.0001). None of the PNSE variables were associated with sleep
duration (Path ¢’ [direct effect] and Path c [total effect]). Similar pat-
terns of associations for each path were demonstrated for binary
sleep quality and long sleep outcomes (Tables 4 and 6). Associations
between each PNSE and both sleep quality and long sleep were sig-
nificantly mediated by lifetime discrimination.

Neighborhood violence, problems, and social cohesion were
significantly indirectly associated with short sleep (versus recom-
mended) via lifetime discrimination (OR [Paths ab] = 0.95, 95% BC
CI =0.91, 0.99; OR = 0.96, 95% BC CI = 0.93, 0.99, and OR = 1.03,
95% BC CI = 1.01, 1.08, respectively) (Table 4). Higher neighbor-
hood violence, problems, and social cohesion were significantly
associated with lower lifetime discrimination (Path a [violence]: B
=-0.43, SE = 0.12, 95% CI = =0.66, —0.19; problems: § = -0.36, SE =
0.09, 95% CI = -0.53, -0.19, both p < .001, respectively) and higher
lifetime discrimination (social cohesion: p = 0.30, SE = 0.12, 95%
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Table 5. Indirect and direct associations between neighborhood social environment (IV) and short sleep ([<6h] vs recommended

[7-8h]) (DV) via mediators (M) (N = 4454)

Effect of IV on M (path a) Effect of M on DV (path b)  Direct Effect (path c’) Indirect Effect (paths
axb)
beta SE 95% CI OR 95% CI OR 95% CI OR 95% BC CI

Via total PA (M)

Violence -0.87* 0.26 -1.38,-0.35 0.93"* 0.91,0.97 117 0.66,2.07 1.06+ 1.02,1.12

Problems -0.52" 0.19 -0.90,-0.15 0.93* 0.90,0.96 1.00 0.67,1.51 1,047 1.01,1.07

Social cohesion 0.68" 0.26 0.17,1.18 0.93* 0.90,0.96 1.27 0.73,2.21 0.95% 0.91,0.99
Via lifetime discrimination (M)

Violence ~0.43" 0.12 -0.66,-0.19 1.12% 1.04,1.20 1.17 0.66,2.07 0.95% 0.91,0.99

Problems -0.36" 0.09 -0.53,-0.19 1.12% 1.04,1.20 1.00 0.67,1.51 0.96%* 0.93,0.99

Social cohesion 0.30* 0.12 0.07,0.53 1.12% 1.04, 1.20 1.27 0.73,2.21 1.03% 1.01,1.08
Via Everyday Discrimination (M)

Violence 0.02 0.12 -0.22,0.25 1.03 0.96,1.11 1.17 0.66, 2.07 1.00 0.99,1.01

Problems 0.11 0.09 -0.06,0.28 1.03 0.96, 1.11 1.00 0.67,1.51 1.00 0.99,1.02

Social cohesion -0.17 0.12 -0.40, 0.06 1.03 0.96,1.11 1.27 0.73,2.21 0.99 0.98,1.01
Via Perceived Stress (M)

Violence 0.27* 0.12 0.03,0.50 1.20% 1.11,1.29 1.17 0.66,2.07 1.05% 1.00,1.11

Problems 0.18"* 0.09 0.01,0.35 1.207 1.11,1.29 1.00 0.67,1.51 1,03+ 1.00,1.07

Social cohesion -0.24* 0.12 -0.47,-0.02 1.20" 1.12,1.29 1.27 0.73,2.21 0.96"* 0.91,1.00
Via Depressive Symptoms (M)?

Violence 0.41* 0.16 0.09,0.73 1.12% 1.03,1.23 1.19 0.57,2.47 1,05+ 1.00,1.12

Problems 0.38* 0.11 0.15, 0.60 1.13% 1.03,1.23 0.94 0.56, 1.57 1,055+ 1.01,1.10

Social cohesion -0.15 0.16 -0.46,0.15 1.13* 1.03,1.23 1.20 0.60, 2.42 0.98 0.93,1.02

Note: P-values: *p < .05; *p < .01; ™p < .001; *** indicates 95% BC CI is statistically significant with a probability of 95%.
2Sample size for depressive symptoms (M) = 2886. Depressive symptoms score was based on the total score of the 20 CES-D items while removing an item on

restless sleep, a range between 0 and 57 for the analyses.

CI=0.07,0.53,p <.05). In turn, higher lifetime discrimination was
significantly associated with shorter sleep duration (Path b: OR =
1.12, 95% CI = 1.04, 1.20, all p < .01). None of the PNSE variables
were associated with short sleep duration (Path ¢’ [direct effect]
and Path c [total effect]).

Everyday discrimination as a mediator on
associations between PNSE and sleep outcomes
When everyday discrimination was examined as a mediator, none
of the associations of each PNSE for each path were significantly
associated with any sleep outcomes (Tables 3-6).

Perceived stress as a mediator on associations
between PNSE and sleep outcomes

Neighborhood violence and problems were significantly indirectly
associated with sleep duration (minutes/night) via perceived
stress (B [Paths ab] =-3.08,95% BC CI = -6.20, -0.41; and B =-2.17,
95% BC CI = -4.33, -0.28, respectively) (Table 3). Higher neighbor-
hood violence and problems were significantly associated with
higher perceived stress (Path a [violence]: = 0.27, SE = 0.12, 95%
CI = 0.04, 0.50; problems: p = 0.19, SE = 0.08, 95% CI = 0.02, 0.35,
both p <.05, respectively), and higher social cohesion was also sig-
nificantly associated with lower perceived stress (social cohesion:
B =-0.23,SE=0.11, 95% CI = -0.45, —0.01, p < .05). In turn, higher
perceived stress was significantly associated with shorter sleep
duration (Path b-Violence: p = -11.42, SE = 1.52, 95% CI = —14.40,
—8.44; Problems: B = -11.46, SE = 1.52, 95% CI = —-14.44, -8.48; and

social cohesion: B =-11.47, SE = 1.52, 95% CI = -14.45, -8.49, all p
< .0001). None of the PNSE variables were associated with sleep
duration (Path ¢’ [direct effect] and Path c [total effect]). Similar
patterns of associations for each path were shown for binary
sleep quality outcome (Table 4). Yet only associations of neighbor-
hood violence and problems (but not social cohesion) and sleep
quality were significantly mediated by perceived stress.

Neighborhood violence and problems were significantly indi-
rectly associated with short sleep (versus recommended) via per-
ceived stress (OR [Paths ab] = 1.05,95% BC CI=1.00, 1.11; OR = 1.03,
95% BC CI = 1.00, 1.07) (Table 5). Higher neighborhood violence
and problems were significantly associated with higher perceived
stress (Path a [violence]: B = 0.27, SE = 0.12, 95% CI = 0.03, 0.50;
problems: p=0.18,SE =0.09, 95% CI = 0.01, 0.35; p < .05), and higher
social cohesion was significantly associated with lower perceived
stress (social cohesion: B =-0.24, SE =0.12, 95% CI = -0.47,-0.02, p
<.05). In turn, higher perceived stress was significantly associated
with shorter sleep duration (Path b: OR = 1.20, 95% CI = 1.11 or
1.12,1.29, all p < .001). None of the PNSE variables were associated
with sleep duration (Path ¢’ [direct effect] and Path c [total effect]).
Each PNSE variable was neither directly nor indirectly associated
with long sleep, mediated by perceived stress (Table 6).

Depressive symptoms as a mediator on
associations between PNSE and sleep outcomes

Using the subset of the total analytic sample, neighborhood vio-
lence and problems were significantly indirectly associated with
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sleep duration (minutes/night) via depressive symptoms (8 [Paths
ab] = -2.22, 95% BC CI = -5.09, -0.25; and B = -1.94, 95% BC CI =
—4.10, —0.35) (Table 3). Higher neighborhood violence and prob-
lems were significantly associated with higher depressive symp-
toms (Path a [violence]: B = 0.44, SE = 0.16, 95% CI = 0.13, 0.75, p
< .01; problems: B = 0.38, SE = 0.11, 95% CI = 0.16, 0.60, p < .001).
In turn, higher depressive symptoms were significantly associ-
ated with shorter sleep duration (Path b-Violence: B = -5.01, SE
=1.76,95% CI = -8.47, —-1.55; Problems: B = -5.11, SE = 1.76, 95%
CI = -8.57, —-1.65; and social cohesion: B = -5.03, SE = 1.76, 95%
CI = -8.48, -1.58, all p < .01). None of the PNSE variables were
associated with sleep duration (Path ¢’ [direct effect] and Path
c [total effect]). Similar patterns of associations for each path
were observed for binary sleep quality outcome (Table 4). Only
associations of neighborhood violence and problems (but not
social cohesion) and sleep quality were significantly mediated by
depressive symptoms.

Neighborhood violence and problems were significantly
indirectly associated with short sleep duration (versus recom-
mended) via depressive symptoms (OR [Paths ab] = 1.05, 95% BC
CI = 1.00, 1.12; and OR = 1.05, 95% BC CI = 1.01, 1.10) (Table 5).
Higher neighborhood violence and problems were significantly
associated with higher depressive symptoms (Path a [violence]:
B =0.41,SE=0.16,95% CI = 0.09, 0.73, p < .05; problems: B = 0.38,
SE = 0.11, 95% CI = 0.15, 0.60, p < .01). In turn, higher depressive
symptoms were significantly associated with shorter sleep dura-
tion (Path b: OR = 1.12 or 1.13, 95% CI = 1.03, 1.23, all p < .01).
None of the PNSE variables were associated with sleep duration
(Path ¢’ [direct effect] and Path c [total effect]). Similar patterns
of associations for each path were shown for binary long sleep
outcome (Table 6).

Discussion

This study of JHS participants, the largest community-based
cohort study of African Americans, examined PA and psychoso-
cial stressors as mediators of the relationships between PNSE
factors and sleep duration and quality. The results showed the
complex mechanisms in the associations between PNSE and
sleep outcomes. When total PA, perceived stress, and depressive
symptoms were examined as mediators in the separate models,
this study demonstrated that those who reported higher per-
ceived neighborhood violence and problems had shorter sleep
duration, lower sleep quality, and a greater likelihood of reporting
short duration (vs. recommended). In the case of lifetime discrim-
ination as a mediator, higher neighborhood violence and prob-
lems were associated with longer sleep duration and high sleep
quality, while higher social cohesion was related to shorter sleep
duration and lower sleep quality. Furthermore, lifetime discrim-
ination significantly and negatively mediated the associations of
violence and problems with short sleep (vs. recommended), and
positively mediated the association between social cohesion and
short sleep. Opposite directions of mediated relationships were
demonstrated for long sleep outcome. Furthermore, everyday
discrimination did not mediate the associations between PNSE
factors and sleep outcomes.

This study is one of the first to investigate the mediating role
of PA on the associations between each PNSE and sleep outcomes,
specifically among African American adults. Demonstrating the
indirect mediation association between PA and sleep outcomes is
crucial, especially in light of the evidence considering individuals
who engage in higher PA had longer sleep duration, compared
with those being sedentary [46].
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The findings of path a--associations between each PNSE and
PA, were consistent with the previous study [9], indicating that
higher perceived violence and problems were related to lower PA
levels, whereas higher social cohesion was linked to higher PA [9].
Consistent with what would be hypothesized (e.g. being physically
active contributing to better sleep outcomes [47]), path b revealed
that higher PA was associated with longer sleep duration, high
sleep quality, and lower likelihood of engaging in short sleep (vs
recommended). Mediation effects, path axb, may uncover the key
role of PA for African American adults resulting to longer sleep
duration, better sleep quality, and lower likelihood of engaging in
short sleep, but not for long sleep (vs recommended). Despite the
findings with small effect sizes, future research should also com-
pare the findings from objectively measured PA and sleep, such
as accelerometers, compared to self-reported sleep measure [48].
Furthermore, local efforts investing the development of PA pro-
motion strategies implemented in a community could potentially
yield a substantial impact at the population level. For example,
local public health practitioners might offer information about
PA resources such as group fitness classes and opportunities
for PA participation at home for individuals perceiving adverse
neighborhood conditions [47], which in turn, may contribute to
better sleep health. From a neighborhood standpoint, vacant and
blighted land use in a city has been perceived as risky and vio-
lent environments, experienced by many individuals in the U.S.
Public health officials and policymakers could consider target-
ing to restore such vacant lots and spaces in a neighborhood to
reduce violence, crime, and the perceived fear and increase safety
in a community. These targeted community efforts could, in turn,
increase PA levels among residents [49].

The results indicated unexpected directions of the associa-
tions between PNSE and sleep outcomes when testing for lifetime
discrimination as a potential mediator. In the case of path a, par-
ticipants who reported greater violence and problems had lower
lifetime discrimination. In contrast, higher social cohesion was
associated with greater lifetime discrimination. These findings
might link to neighborhood socioeconomic position (SEP) [50] or
neighborhood racial composition (i.e., similar to racial residen-
tial segregation) [51, 52]. For example, in a prior study, African
American women who resided in the most deprived neighbor-
hoods reported lower racial discrimination (through lifetime
experience) and, in this cohort, women with lower education
attainment appeared not to report racial discrimination [50].
A potential explanation for the opposite direction might also
be that African Americans who reported greater violence and
problems that may occur in more socioeconomically disadvan-
taged neighborhoods, may not encounter as much interpersonal
racial discrimination due to less contact with individuals with
different races [50]. In the case of path b, findings that higher
lifetime discrimination with shorter sleep duration, lower sleep
quality, greater likelihood of engaging short sleep (vs recom-
mended), and lower likelihood of engaging in long sleep (vs rec-
ommended) were consistent with the previous studies [53, 54].
For example, a study using perceived discrimination and sleep
quality in African American and White adults demonstrated that
African Americans had lower sleep quality, compared to White
adults, which was in part due to experiencing more discrimina-
tion [53]. Keeping this finding in mind, individuals experiencing
discrimination as a source of stress could result in shorter sleep
duration or low sleep quality, especially African American adults.
Though mediation analyses reached statistical significance, the
effect sizes were small. Overall positive mediation mechanism
of paths axb reveals the complexity of mediation analyses that
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individuals reporting greater violence and problems had better
sleep outcomes, while opposite association was observed for
social cohesion. It is possible that individuals who experience less
discrimination within a homogeneous community, particularly
African Americans, may feel safe in their neighborhoods. In turn,
individuals with low level of discrimination can sleep better than
those with experiencing greater discrimination within a heteroge-
neous neighborhood. Future research should consider accounting
for the degree of heterogeneity of the residential neighborhood or
segregation within a community [55].

Contrary to what would be expected, neither direct nor indirect
mediation associations between each PNSE and sleep outcome
were significant when testing for everyday discrimination media-
tor (e.g. being threatened or harassed). For null findings for every-
day discrimination, a potential explanation may be accounted by
the duration of residency in which participants reside in a cer-
tain neighborhood (e.g., racially segregated neighborhood [51, 52]
or homogenous neighborhood SEP [50]). As a potential mediator,
such chronicity of neighborhood contexts could impact the asso-
ciations between PNSE and sleep outcomes. Furthermore, previ-
ous work has shown that disadvantaged neighborhood conditions
(defined by neighborhood socioeconomic deprivation) yielded
differential associations with cardiometabolic health outcomes
based on duration of residence given the certain neighborhood
[56].

The findings of path a--associations of each PNSE with per-
ceived stress [57, 58] and depressive symptoms [59, 60], were con-
sistent with previous studies. For instance, two studies using a
sample of African American women demonstrated that women
reporting greater perceived neighborhood physical disorder [58]
and lower neighborhood social quality [57] reported greater per-
ceived stress. Similarly, another study demonstrated that adverse
neighborhood social context (e.g. exposure to chronic traffic
noise) was associated with greater depressive symptoms among
adults in Miami, Florida [59]. Taken together, the result from the
previous studies [57-60] and the present study may suggest that
living in adverse neighborhood social conditions (e.g. physical
disorder, violence, problems) may have detrimental effects on
perceived stress and depressive symptoms. In the case of path
b, similar to what was demonstrated for lifetime discrimination
[61], those reporting higher perceived stress and depressive symp-
toms had unfavorable sleep outcomes, which was consistent with
prior research investigating the associations chronic stress [62]
and depressive symptoms [63] with sleep outcomes. Collectively,
the results from the prior studies and this study may imply that
experiencing greater perceived stress and depressive symptoms
may have harmful psychological impacts on sleep outcomes [20].
Overall mechanisms of indirect mediation effects, paths axb,
were consistent with what would be postulated, where exposure
to adverse neighborhood violence and problems were negatively
associated with sleep outcomes through perceived stress and
depressive symptoms, but not for social cohesion. In particular,
the null finding of the association between social cohesion and
sleep quality was inconsistent with the previous research [21].
The previous study indicated that lower neighborhood social
cohesion was significantly associated with better sleep quality
among African Americans [21]. Subsequently, the association
was fully mediated by psychological distress, suggesting that low
sleep quality due to increased psychological stress, which may
lead to increased risk for depression and high states of vigilance
[21]. These findings from previous research and the present study
support chronic stress and depression as mechanisms connect-
ing neighborhood violence and problems and sleep health, and

such psychosocial stressors likely serve a crucial role impacting
duration and quality of sleep among African American adults.
However, these findings should be interpreted with caution due
to the relatively small effect sizes. Future interventions could be
tailored to provide information about accessible neighborhood
resources to learn or improve how to manage and reduce stress
for those perceiving neighborhood problems [64]. Thus, these pro-
grams and strategies may reduce individual’s stress levels, which
could improve sleep health.

There are several ways to test for mediation on the associa-
tion between certain exposure and a certain outcome [44]. For
instance, one JHS study on type 2 diabetes [30] tested media-
tion effects of PA, eating behavior, and BMI on the associations
between neighborhood factors and type 2 diabetes. Analyses were
performed by sequentially adding these mediators in the mod-
els. The authors found that adding BMI slightly attenuated the
hypothesized associations [30]. They suggested using time-var-
ying mediators and more rigorous mediation methodologies to
understand the mechanism by which neighborhood factors are
associated with type 2 diabetes and determine potential medi-
ators. Another study investigated the associations between
neighborhood conditions and sleep quality, and whether these
associations may be mediated by psychosocial stressors among
African Americans [21]. They used Baron and Kennys suggestion
for conducting mediation analyses [65] with the Sobel test [66]
(called “the normal theory approach” assuming the sampling dis-
tribution of axb being normal [44]) to determine statistical signif-
icance of the mediation. The normal theory approach has been
widely used and fairly easily computed by hand; it is incorporated
in structural equation modeling (SEM) programs [44]. However,
the previous study had shown that the normal theory approach is
less reliable compared to other alternative methods, such as the
bootstrap confidence interval also known as resampling methods,
which have more power than the normal theory approach [44].

Strengths and limitations

The strength of this study is that it contributes new knowledge to
current literature by testing mediating roles of PA and psychoso-
cial stressors on the links between each PNSE and sleep outcomes
among the JHS participants. This study also utilizes a large, com-
munity-based cohort for the mediation analyses and uses stand-
ardized scales for data collection on PNSE, validated PA, and
psychosocial stressors with high internal consistencies [35]. This
study has several limitations that need to be addressed. First, the
findings from this study may not be comparable to other African
American adults, because the study sample was middle-aged and
resides in a tri-county area of Jackson, Mississippi. Thus, the find-
ings are not based on a nationally representative sample. Second,
the baseline data were collected between 2000 and 2004. Thus,
the generalizability of the findings from this study may not be
reflected in the current social/cultural norms on sleep health (i.e.
long screen time [67] due to smartphone use and tablet devices).
Third, due to cross-sectional study design, this mediation study
cannot infer causality of direct and indirect associations between
PNSE and sleep outcomes. Fourth, multiple imputations may
not be appropriate for the interpretation of the results. Thus, in
the future, the full information maximum likelihood estimation
in structural equation modeling may be alternative method to
address missing values when performing mediation analyses.
Lastly, this study used self-reported sleep duration and quality,
which may lead to under- or overestimation, compared to objec-
tively measured sleep duration [48]. Future research on sleep out-
comes should also consider utilizing objective measures of sleep
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outcomes. Yet, these neighborhood contextual measures were
developed based on the application of empirical Bayes estimates
at the census tract level [9]. Thus, this procedure has provided
more suitable neighborhood-level contextual measures to reduce
measurement errors at individual-level measures [29].

Conclusions

This study utilizing a large cohort of the JHS participants inves-
tigated the role of PA and psychosocial stressors as mediators.
The results showed significant indirect mediation effects on sleep
outcomes in relation to each PNSE through PA and psychosocial
stressors. The present study revealed complex mechanisms of
mediation effects on the associations between PNES and sleep
outcomes, which need to be replicated in other large cohort stud-
ies, including longitudinal studies, to confirm such mediation
effects on sleep health among African Americans.
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