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a b s t r a c t

Objective: Disparities in sleep duration and efficiency between Black/African American (AA) and White/
European American (EA) adults are well-documented. The objective of this study was to examine
neighborhood disadvantage as an explanation for race differences in objectively measured sleep.
Methods: Data were from 133 AA and 293 EA adults who participated in the sleep assessment protocol of
the Midlife in the United States (MIDUS) study (57% female; Mean Age ¼ 56.8 years, SD ¼ 11.4). Sleep
minutes, onset latency, and waking after sleep onset (WASO) were assessed over seven nights using wrist
actigraphy. Neighborhood characteristics were assessed by linking home addresses to tract-level socio-
economic data from the 2000 US Census. Multilevel models estimated associations between neighbor-
hood disadvantage and sleep, and the degree to which neighborhood disadvantage mediated race
differences in sleep controlling for family socioeconomic position and demographic variables.
Results: AAs had shorter sleep duration, greater onset latency, and higher WASO than EAs (ps < 0.001).
Neighborhood disadvantage was significantly associated with WASO (B ¼ 3.54, p ¼ 0.028), but not sleep
minutes (B ¼ -2.21, p ¼ 0.60) or latency (B ¼ 1.55, p ¼ 0.38). Furthermore, race was indirectly associated
with WASO via neighborhood disadvantage (B ¼ 4.63, p ¼ 0.035), which explained 24% of the race
difference. When measures of depression, health behaviors, and obesity were added to the model, the
association between neighborhood disadvantage and WASO was attenuated by 11% but remained
significant.
Conclusion: Findings suggest that neighborhood disadvantage mediates a portion of race differences in
WASO, an important indicator of sleep efficiency.

© 2016 Elsevier B.V. All rights reserved.
Sleep is a fundamental biological process that plays a critical
role in the maintenance of mental and physical health. Insufficient
or low quality sleep has been consistently associated with adverse
health outcomes including pre-disease markers of physiologic
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dysregulation such as inflammation [63], glucose metabolism [57],
and hypothalamic-pituitary-adrenal axis functioning [83]. Sleep
problems have also been linked with increased disease risk,
including for cancer [89], diabetes [37], and heart disease [8], as
well as life expectancy and mortality [24]. Furthermore, mounting
evidence suggests that sleep is a consequential mediator of estab-
lished associations between social/physical environment factors
and health [90]. With respect to mental health and psychosocial
functioning, insufficient sleep has been heavily associated with
negative mood states [56], decreased ability to regulate thoughts
and behaviors [80], and diminished productivity and learning [3].
All told, sleep problems are a significant impediment to health and
well-being, which collectively, in the United States alone, carries an
economic burden of hundreds of billions of dollars each year [32].

Recent meta-analyses and reviews of the literature reveal that
Black/African American (AA) adults show consistently poorer sleep

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:tom.fullerrowell@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sleep.2016.10.008&domain=pdf
www.sciencedirect.com/science/journal/13899457
www.elsevier.com/locate/sleep
http://dx.doi.org/10.1016/j.sleep.2016.10.008
http://dx.doi.org/10.1016/j.sleep.2016.10.008
http://dx.doi.org/10.1016/j.sleep.2016.10.008


T.E. Fuller-Rowell et al. / Sleep Medicine 27-28 (2016) 1e82
than Whites/European Americans (EAs) [27,64,74]. In particular,
studies indicate fewer total sleep minutes, poorer sleep efficiency,
greater onset latency, and worse overall sleep quality among AAs
relative to EAs.

These differences have been documented using self-reported
data and studies using objective measures, which have generally
found larger racial disparities [27,64]. Furthermore, prior findings
indicate that race differences in sleep are partially accounted for,
but endure after measures of socioeconomic status (SES) are
controlled [26,27,93].

Beyond SES, themechanisms for race differences in sleep are not
well understood and analyses considering life course determinants
of group differences are profoundly needed [27,42,64]. Possible
candidate mechanisms include discrimination [22,82], chronic
stress [13], health behaviors [84], and exposure to environmental
toxins [39]. Neighborhood contexts represent an additional candi-
date mechanism, likely to operate through a range of individual-
level variables [14,28,31]. For example, living in a disadvantaged
neighborhood with higher crime rates, less access to healthy food,
and greater exposure to toxins has been associated with higher
rates of obesity, stress, and physiologic dysregulation [15]; all of
these conditions have been associated with low sleep quality
[34,54,85]. Furthermore, more ambient noise in disadvantaged
neighborhoods has also been linked to obesity, psychological
distress, and sleep problems [7,29]. Neighborhood location and,
therefore, availability of health-promoting resources such as parks
and community centers, may influence physical activity and psy-
chosocial factors related to sleep quality [40].

A large number of studies have indicated that, on thewhole, AAs
live in far less advantaged neighborhoods than EAs [23,60,72,73].
The historical factors underlying race differences in neighborhood
quality (eg, discriminatory policies) are well understood [12], as are
the related processes of stigma and racism that have played a role in
creating and sustaining neighborhood segregation [52]. Of note,
racial differences in neighborhood quality are substantial even after
accounting for individual-level socioeconomic variables [73,79].
One recent study found that AA families making upwards of
$100,000 typically live in the kinds of neighborhoods inhabited by
EA families making $30,000 or less [79]. Although neighborhood
factors generally account for a portion of the association between
family socioeconomic status and health outcomes, each of these
variables have been found to exert independent effects on health
and often account for unique variance in racial health disparities
[10,23,70,73].

Recent literature on neighborhoods and sleep has shown that
self-reports of neighborhood safety and quality are associated with
several sleep outcomes, including duration [14], efficiency [2],
daytime sleepiness [33], and overall sleep quality [28,31]. However,
very few studies have considered objective measures of neighbor-
hood disadvantage. Two such studies found evidence of neighbor-
hood effects on sleep duration [62,91], and another showed links to
sleep efficiency [2]. Whether neighborhood disadvantage might
account for racial disparities in sleep between AAs and EAs has not,
to our knowledge, been previously examined. In addition, the de-
gree to which mental health, health behaviors, and obesity might
account for neighborhood effects on sleep have rarely been
considered. This omission is notable, given established links be-
tween these health factors and neighborhood context [4,35,48,68]
and sleep [9,25,53].

The overarching hypotheses of this study were that (1) AAs
would obtain shorter and more disrupted sleep (measured objec-
tively) than EAs, (2) neighborhood disadvantage (measured
objectively) would be associated with sleep parameters net of
family-level socioeconomic status and other demographic factors,
and (3) neighborhood disadvantage would partially account for
racial disparities in sleep. Lastly (4), we hypothesized that neigh-
borhood effects on sleep would be partially attenuated after
adjusting for measures of health behaviors, obesity, and
depression.

1. Methods

1.1. Data and sample

Analyses draw on data from the Midlife in the United States
(MIDUS) Study [5,47]. MIDUS is a national study of health and aging
begun in 1995 with 7000 non-institutionalized adults from the 48
contiguous states [5,66]. The second wave (MIDUS 2) began in
2004, with 75% of surviving MIDUS 1 respondents participating. An
oversample of AAs from Milwaukee, WI (N ¼ 592) was added at
MIDUS 2 to increase representation of AAs and facilitate analysis of
racial disparities in health [81]. Participants in the biomarker
project visited one of three data collection sites: University of
Wisconsin (UW), University of California, Los Angeles, and Geor-
getown University (see Ref. [47] for a detailed description of the
biomarker protocol). Travel arrangements and costs were provided,
with assignments to the specific site based on approximate
geography.

All subjects who participated in the biomarker project at the
UW site (2004e2009) were also invited to take part in a sleep sub-
study. This study involved seven nights of home-based actigraphy
sleep assessment, and an accompanying daily sleep survey. A total
of 441 participants (83% of UW biomarker sample) were included in
the sleep study. Due to our focus on Black- White disparities in
sleep, 15 individuals not categorized at AA or EA were excluded
from analyses. The final analytic sample (N ¼ 426; 31% AA, 69% EA)
included a wide range of ages (35e85 years; M ¼ 56.8; SD ¼ 11.4)
and was 61% female. Sample characteristics for each racial/ethnic
group are presented in Table 1. All data collection and analysis was
approved by an Institutional Review Board, and all participants
provided written, informed consent.

1.2. Measures

1.2.1. Sleep assessment
Beginning on the Tuesday following their biomarker data

collection visit, participants were asked to wear a Mini Mitter
Actiwatch®-64 water-resistant activity monitor (Respironics, Inc.,
Bend, OR) for 7 nights. Measurements of nighttime sleep minutes,
onset latency, and waking after sleep onset (WASO) were derived
from actigraphy data using Actiware® Software (Version 5.0)
[44,55]. Detailed information about the scoring protocol used to
compute sleep and wake periods is publicly available at http://
www.midus.wisc.edu/midus2/project4/. In brief, actigraphy de-
vices were configured to collect data over 30 s epochs, a time-scale
that has been validated against polysomnography and used in other
large studies [43,45]. Epochs were scored as wake based on a
threshold of 40 activity counts or greater using a weighted average
of the epoch in question and those surrounding it, with epochs
below this threshold being scored as sleep. To supplement actig-
raphy measurements, MIDUS participants completed diaries each
night and within ten minutes of waking up to report bedtime, time
out of bed and other sleep-related items. Consistent with best
practices for the coding of actigraphy data [46], bedtimes and rise
times were used to define sleep periods fromwhich calculations of
sleep onset latency, WASO, and sleep minutes (defined as total
sleep minutes between sleep onset and wake time) were deter-
mined. Summary statistics that aggregate nightly sleep and wake
epochs were produced by Actiware software, and daily summary
statistics were averaged across all nights of available data to

http://www.midus.wisc.edu/midus2/project4/
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T.E. Fuller-Rowell et al. / Sleep Medicine 27-28 (2016) 1e8 3
compute sleep-related outcomes. Ninety-six percent of partici-
pants had at least six nights of actigraphy data with all remaining
participants having three or more nights of data. Consistent with
current research, sleep indicators were considered separately in all
analyses. Correlations between sleep measures were as follows:
sleep minutes and sleep onset latency (r ¼ �0.35), sleep minutes
and wake after sleep onset (r ¼ �0.09), sleep onset latency and
WASO (r ¼ 0.38).

Actigraphy is a well-established method for assessing a variety
of sleep parameters, including sleep minutes, onset latency, and
WASO, each of which has good correspondence with poly-
somnography [51,86]. Although actigraphy has been shown to
overestimate sleep (ie, low specificity to detect wakefulness), the
inclusion of several nights of data leads to more reliable estimation
of sleep parameters [88]. Further, actigraphy has good validity and
reliability in community-based samples [75] and is generally
considered a reasonable estimation method for several sleep
characteristics.

1.2.2. Sleep aids
Participants reported each morning whether any medication or

supplements were taken to help with sleep. The use of sleep aids
(prescription, over-the-counter, or supplement) was coded as a
dummy variable to control for possible sleep disorders such as
insomnia.

1.2.3. Neighborhood economic disadvantage
Neighborhood characteristics were geocoded by linking home

addresses at the time of participation to tract-level data from the
2000 US Census. An aggregate index of neighborhood disadvantage
was then created as the mean of five standardized neighborhood
level economic characteristics: percentage of residents below
poverty line, percentage on public assistance, percentage with
highest level of education less than high school graduation, median
household income (reverse-coded), percent with highest level of
Table 1
Sample characteristics.

African American (n ¼ 133)

Mean ± SD %

Level 1 sleep outcomes:
Sleep time (minutes) 340.6 ± 73.9
Onset latency (minutes) 43.8 ± 33.9
Waking after sleep onset (minutes) 59.0 ± 26.8

Level 1 predictors:
Age (years) 54.9 ± 10.2
Female 72
Partnered (married or cohabiting) 43
Sleep aids 3.9
Education
High school diploma or less 44
Some college attendance 32
Four year college degree or more 23

Income (in thousands) 39.4 ± 33.3
Body mass index (kg/m2) 33.1 ± 8.1
Depressive symptoms 11.82 ± 9.56
Cigarette smoker 24
Alcohol consumption (drinks per day) 0.44 ± 0.97
Physical activity (minutes per day) 35.5 ± 65.2

Level 2 neighborhood predictors:
Population density 17.5 ± 2.7
Neighborhood disadvantage 0.96 ± 0.95
Median income (in thousands) 30.9 ± 10.2
Poverty rate (%) 24.3 ± 16.2
Household public assistance (%) 6.0 ± 4.5
Less than high school degree (%) 26.4 ± 12.5
Four-year degree or higher (%) 13.7 ± 8.1
education of a four-year college degree or more (reverse-coded).
These indicators were highly correlated (r's between 0.43 and 0.82)
and created a reliable composite scale (a ¼ 0.91). Comparable in-
dexes of neighborhood disadvantage have been used in prior
research [6,61,62,71].
1.2.4. Population density
Using established methods, population density was calculated

from census data as the population per squaremile at the tract level
[77]. This variable was then coded on a 20-point scale (using
quantiles) ranging from less than 21 to greater than 10600 persons
per square mile. The reason for coding into 20 quantiles was to
meet requirements for protecting participant confidentiality while
also maintaining meaningful variance in the data. Population
density was included as a covariate in all models.
1.2.5. Health behaviors
Cigarette smoking, alcohol consumption, and physical activity

were assessed via self-report. Smoker status was assessed in the
MIDUS II survey and was dichotomously coded (1 ¼ current
smoker, 0 ¼ nonsmoker). Alcohol consumption and physical ac-
tivity were reported each night in daily sleep diaries. Alcohol
consumption was measured as, “How many alcoholic drinks did
you have today?”with information for participants that one drink is
equivalent to one bottle of beer or wine cooler, one glass of wine, or
one shot of liquor. Due to known dose-response associations be-
tween alcohol use and sleep parameters [16], alcohol consumption
was coded as the average number of drinks per day across the
seven-day sleep study. Physical activity was assessed using the
following item, “How many minutes of moderate or vigorous ex-
ercise did you get today?”, and coded as the average number of
minutes reported per day. Although using a single item offers a
coarse measure of physical activity, it is likely to have high validity
due to the short recall period and repeated measurement [76].
European American (n ¼ 293) Race difference

Mean ± SD % P value

381.3 ± 62.9 <0.001
24.8 ± 21.7 <0.001
44.4 ± 19.7 <0.001

57.6 ± 11.8 0.016
.9 54.9 <0.001
.2 75.8 <0.001

6.8 0.20

.4 26.0 <0.001

.3 27.7 0.34

.3 46.2 <0.001
74.1 ± 56.1 <0.001
29.4 ± 5.8 <0.001
6.34 ± 6.26 <0.001

.8 10.9 0.001
0.51 ± 0.85 0.50
39.6 ± 46.0 0.47

10.0 ± 5.5 <0.001
�0.18 ± 0.64 <0.001
48.8 ± 17.1 <0.001
8.0 ± 6.6 <0.001
2.3 ± 2.3 <0.001
13.9 ± 8.2 <0.001
26.6 ± 16.7 <0.001
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1.2.6. Body mass index
Nursing staff collected measurements of weight and height as

part of the biomarker protocol, the week prior to the sleep
assessment. Body mass index (BMI) was calculated using the
standard formula: weight (kg)/height (m)2.

1.2.7. Depression
Depressive symptoms were assessed using the Center for

Epidemiologic Studies Depression Scale (CES-D [67]); during the
biomarker protocol visit. To avoid overlap with sleep measures, one
item relating to restless sleep was omitted when computing the
total score. This adaptation from the original twenty-item scale did
not affect the reliability of the scale (a ¼ 0.89). Depression is
robustly associated with sleep parameters [87], and thus is
important to consider in sleep research.

1.2.8. Sociodemographic covariates
Controls included sex (coded as 0 ¼ female, 1 ¼ male), age (in

years), race (0 ¼ White, 1 ¼ Black and/or African American),
cohabitation status (1 ¼ married or living with partner, 0 ¼ else),
household income, and educational attainment. Total household
income was calculated from a series of items that assessed wages,
pension, social security, and government assistance for all house-
hold members [21]. Education was reported using a twelve-item
categorical scale that was coded into dichotomous variables rep-
resenting high school degree or less (reference category), some
college attendance, and four-year college degree or greater.

1.3. Analysis plan

Multilevel models were estimated in Mplus Version 7.4 to
examine neighborhood influences on sleep [59]. The use of multi-
level modeling is necessary to account for clustering of individuals
within neighborhoods and to correctly estimate standard errors of
neighborhood variables. Consistent with established guidelines
[69], two-level models were used in which individuals (level 1)
were nested within neighborhood census tracts (level 2). Partici-
pants were from 307 tracts (AAs from 23 and EAs from 284). Due to
the city-specific recruitment of AA participants in Milwaukee, AAs
were clustered in more densely populated neighborhoods, while
EAs were distributedmore broadly across theMidwestern region in
both metro and non-metro areas. This reflects the MIDUS sampling
strategy, but is also largely consistent with the racial demographics
of the region [58]. Missing data on predictor variables were handled
using Full Information Maximum Likelihood (FIML) estimation, a
robust missing data approach which uses all available data while
also providing unbiased standard errors [19]. Of the 426 individuals
included in analyses, three percent had missing data for physical
activity, two percent for alcohol use, and less than one percent for
all other variables considered.

Initial empty models were used to estimate the proportion of
variance in each sleep outcome at level 1 and level 2. A series of
models was then estimated for each sleep outcome, respectively
(sleep minutes, latency, WASO). Model 1 estimated the magnitude
of race differences in sleep controlling for age, sex, cohabitation,
income, education, and use of a sleep aid (H1). Because AAs were
more likely to live in urban areas, Model 1 and all subsequent
models controlled for population density. This ensured that
neighborhood effects on sleep were not confounded by population
density. Model 2 added neighborhood disadvantage to consider
associations with sleep and the degree to which racial disparities
were attenuated (H2, H3). As an illustration, the Model 2 equation
used to consider neighborhood disadvantage as a predictor of
WASO was as follows:
Level l: WASOij ¼ b0j þ b1 (ageij) þ b2 (sexij) þ b3 (raceij) þ b4
(cohabitationij) þ b5 (incomeij) þ b6 (some collegeij) þ b7 (four-year
college degreeij) þ b8 (sleep aidij) þ rij

Level 2: B0j ¼ g00 þ g01 (population densityj) þ g02 (neighborhood
disadvantagej) þ u0j

The subscript j is for neighborhood census tracts and i is for
individuals. In the level 1 equation, b0j is the intercept, b1 � b8 are
the level 1 regression coefficients for each of the controls, and rij is
the residual error term. The level 2 equation then shows that the
intercept, b0j, is allowed to vary across neighborhoods, u0j, and as a
function of neighborhood economic deprivation, g01, and popula-
tion density, g02. The combined model therefore estimates sleep
minutes for individual i in neighborhood j as a function of neigh-
borhood disadvantage, while also accounting for the effects of in-
dividual- and neighborhood-level variables and the clustering of
individuals within neighborhoods.

Two further models (Models 3 and 4) were estimated to
consider additional control variables expected to attenuate race
differences or neighborhood effects (H4): Model 3 adjusted for
health behaviors (alcohol consumption, current smoking status,
and moderate/vigorous physical activity) and BMI, and Model 4
added depressive symptoms. Sensitivity analyses were conducted
to consider all model results when population density was not
included as a control. Findings from these models showed the same
pattern of results and inference as those reported. Unstandardized
parameter estimates and standard errors are reported in Table 2 for
all models, and 95% confidence intervals (CIs) and exact p-values
are reported in the text.
2. Results

2.1. Preliminary analyses

Initial descriptive analyses indicated substantial race differences
in sleep indicators (Table 1). Specifically, as compared to EAs, AA
adults obtained 40.7 min less total sleep per night (95%
CI: �55.3, �26.1; p < 0.001), took 19 min longer to fall asleep (95%
CI: 12.7, 25.3; p < 0.001), and experienced an additional 14.6 min of
waking after sleep onset (95% CI: 9.5, 19.7; p < 0.001). With respect
to neighborhood environments, AAs generally came from neigh-
borhoods characterized by greater socioeconomic disadvantage
(p < 0.001), equivalent to 1.24 standard deviation (SD) units dif-
ference. Race differences in other sociodemographic and health
characteristics were also detected, as documented in Table 1. Initial
empty models indicated that the intraclass correlation coefficients
(ICCs)dthe proportion of the total variance in each outcome that
existed across neighborhoodsdwas 0.13, 0.05, and 0.14 for minutes,
latency, and WASO respectively.
2.2. Primary analyses

2.2.1. H1: sleep disparities
After adjusting for sex, age, cohabitation status, education, in-

come, use of sleep aids, and population density, race differences in
each sleep indicator remained substantial (see Model 1 in Table 2).
In particular, AA adults obtained less total sleep (B ¼ �36.11,
p < 0.001, 95% CI: �54.15, �18.06), had greater sleep onset latency
(B ¼ 16.33, p < 0.001, 95% CI: 10.30, 22.36), and greater WASO
(B ¼ 13.30, p < 0.001, 95% CI: 7.26, 19.33) than EAs.

Effect sizes of estimated racial disparities in sleep time, onset
latency, and WASO were equivalent to 0.52, 0.59, and 0.58 SD units
of the sleep parameter, respectively. There was no evidence for sex



Table 2
Estimates from a series of multilevel regression models testing predictors of minutes spent awake after sleep onset in a sample ofWhite/European American and Black/African
American adults living in the Midwest (N ¼ 426).

Outcome: Wake after Sleep Onset (WASO) Model 1 Model 2 Model 3 Model 4

Estimate SE Estimate SE Estimate SE Estimate SE

Intercept, g00 41.37*** 7.55 38.93*** 7.42 25.57** 9.92 21.66** 10.17
Age, b1 0.02 0.10 0.05 0.10 0.13 0.10 0.15 0.10
Sex (female ¼ 0; male ¼ 1), b2 5.55* 2.17 5.57** 2.15 4.08 2.15 3.88 2.17
Race (White ¼ 0; Black ¼ 1), b3 13.30*** 3.08 10.06** 3.48 8.86** 3.31 7.56* 3.11
Cohabitation, b4 �2.36 2.21 �2.34 2.25 �2.06 2.17 �2.03 2.14
Income, b5 �0.42 0.26 �0.33 0.26 �0.31 0.26 �0.28 0.26
Education (reference is high school graduate)
Some college attendance, b6 5.70* 2.36 6.25* 2.41 5.79* 2.31 6.03* 2.33
Four-year college degree, b7 2.33 2.52 3.67 2.61 4.36 2.56 4.54 2.56

Sleep aids, b8 7.20 3.81 7.04 3.77 7.51* 3.57 7.64* 3.43
Body mass index, b9 0.25 0.18 0.26 0.18
Current smoker, b10 5.81 3.16 4.75 3.15
Alcohol consumption, b11 2.95* 1.25 3.12* 1.24
Physical activity, b12 �0.02 0.02 �0.01 0.02
Depression symptoms, b13 0.28 0.17

Population density, g01 0.10 0.21 0.08 0.22 0.11 0.21 0.13 0.21
Neighborhood disadvantage, g02 3.54* 1.61 3.21* 1.57 3.16* 1.60

Note. Unstandardized parameter estimates and standard errors are shown. Units of the outcome are minutes spent awake between sleep onset and rise time. ***p < 0.001,
**p < 0.01, *p < 0.05.
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moderation of racial disparities in sleep (all race by sex interaction
ps � 0.30).

2.2.2. H2,3: neighborhood disadvantage as predictor of sleep and
sleep disparities

In Model 2, neighborhood disadvantage was added as a pre-
dictor of each of the sleep indicators and the extent to which racial
disparities in sleep were attenuated was considered. Results indi-
cated that neighborhood disadvantage was associated with WASO
(B ¼ 3.54, p ¼ 0.028, 95% CI: 0.39, 6.68) but not total sleep time
(B ¼ �2.21, p ¼ 0.60, 95% CI: �10.38, 5.96) or sleep onset latency
(B ¼ 1.55, p ¼ 0.38, 95% CI: �1.88, 4.98). Further, the disparity in
WASO between AAs and EAs was attenuated by 24% when con-
trolling for neighborhood disadvantage (Table 2). In order to
formally test mediation using established methods [65], a multi-
level structural equation model was also estimated to consider the
indirect effect of race on WASO through neighborhood disadvan-
tage controlling for age, sex, cohabitation, income, education, use of
a sleep aid, and population density. Results of this model indicated
a significant indirect effect (B ¼ 4.63, p ¼ 0.035, 95% CI: 0.34, 8.92),
confirming that attenuation of race differences after adding
neighborhood disadvantage to themodel is indicative of mediation.

2.2.3. H4: health measures as explanatory covariates
To consider potential explanations or confounders of the asso-

ciation between neighborhood disadvantage and WASO, health
behaviors, obesity, and depressive symptoms were added as cova-
riates. First, after adjusting for health behaviors (smoker status,
alcohol use, physical activity), and BMI (Model 3 in Table 2), the
association between neighborhood disadvantage and WASO was
attenuated by nine percent but remained significant (B ¼ 3.21,
p ¼ 0.041, 95% CI: 0.13, 6.29). Examination of Model 3 parameter
estimates indicated that greater alcohol use was associated with
more WASO (B ¼ 2.95, p ¼ 0.018, 95% CI: 0.51, 5.40), and smoker
status was a marginally significant predictor (B ¼ 5.81, p ¼ 0.066,
95% CI:�0.40,12.01), such that thosewho smoke experiencedmore
WASO. Additional analyses (not shown) indicated that neighbor-
hood disadvantage was associated with risk of being a smoker
(B ¼ 0.65, p ¼ 0.001, 95% CI: 0.26, 1.05), but not number of alcoholic
drinks consumed (B ¼ 0.03, p ¼ 0.39, 95% CI: �0.04, 0.10). Model 4
further adjusted for depressive symptoms. Depressive symptoms
was marginally associated with WASO (B ¼ 0.28, p ¼ 0.09, 95%
CI: �0.05, 0.60) yet the association between neighborhood disad-
vantage and WASO remained similar in magnitude (B ¼ 3.16,
p ¼ 0.049, 95% CI: 0.02, 6.30). Specifically, the neighborhood
disadvantage coefficient was attenuated only by an additional two
percent when depressive symptoms were added (total of 11% drop
in the neighborhood disadvantage coefficient between Models 2
and 4). Together, neighborhood disadvantage, depression, health
behaviors, and obesity explained 43%, 25%, and 27% of the race
difference in time awake after sleep onset, sleep minutes, and sleep
onset latency, respectively. Full model results for sleep minutes and
sleep onset latency are shown in an Appendix (as supplemental
online material).
3. Discussion

Understanding mechanisms for racial health disparities is an
essential component of broader efforts to achieve health equity and
improve population health [38]. However, studies identifying social
determinants of racial disparities in sleep are scarce [27,64], despite
widely documented race differences in both neighborhood quality
and sleep problems. The principle aim of this study was to bring
together these two literature by examining associations between
neighborhood disadvantage and sleep and considering the degree
to which neighborhood disadvantage accounted for sleep
disparities.

Results indicated that Census tract neighborhood disadvantage
was significantly associated with waking after sleep onset
(WASO)dan important indicator of sleep efficiency with robust
links to subsequent health and well-being [41]. Furthermore,
neighborhood disadvantage accounted for a substantial portion of
race differences inWASO, attenuating racial disparities in this sleep
parameter by 24%. To our knowledge, this is the first study to show
that race differences in objectively measured sleep are partly
accounted for by neighborhood disadvantage. Results therefore
indicate that, with respect to race disparities in sleep, neighbor-
hoods are a consequential factor. These findings also converge with
other studies of neighborhood influences on health, to underscore
that the racial differences in neighborhood environments must be
viewed as essential for addressing and mitigating racial health
disparities [52,78].
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Limited prior research has studied objective neighborhood in-
fluences on sleep. [1]; demonstrate that neighborhood disadvan-
tage predicts sleep efficiency among adolescents, and the current
study extends these findings to show a similar association in an
adult sample. Our finding that neighborhood disadvantage was not
associatedwith sleepminutes is, however, consistent with the prior
finding that objective neighborhood measures are associated with
actigraphy assessments of sleep minutes among adolescents [1]
and measures of sleep duration among adults [62,91]. The reason
for nonsignificant effects on sleep minutes in the current study is
unclear; however, because sleep duration and quality provide
different information about an individual's sleep, it is not atypical
to have significant findings for sleep fragmentation (low efficiency
and wake episodes) and not duration (or smaller effects for dura-
tion). For example, in Ref. [2], concerns about community violence
were associated with sleep efficiency and long wake episodes in
expected directions, yet no effects for the full sample were
observed for duration. Furthermore, other recent research has
found stress exposure and psychological distress are often more
strongly linked to sleep efficiency (eg, wake episodes) than sleep
duration (eg, [17,18]). Additional studies are needed to further
explicate the specific neighborhood-level predictors of sleep effi-
ciency and total sleep duration, as well as the relative magnitude of
effects on these different sleep parameters.

Although BMI and health behaviors accounted for a small
portion of neighborhood effects (nine percent), the association
between neighborhood disadvantage and waking episodes was
largely independent of these variables, suggesting that other
pathways relating to psychosocial stress or the physical environ-
ment may be at play. One important future direction will be to
consider how neighborhood environments get under the skin to
influence sleep and sleep disparities. Possible avenues for such
inquiry include perceptions of safety, social cohesion, or exposure
to toxins [20,31,36]. For example, factors related to the physical
environment (eg, noise) as well as the social environment (eg,
presence of crime) are specific pathways that may further elucidate
the relationship between neighborhood disadvantage and sleep. In
addition, in light of longstanding antagonistic relationships be-
tween law enforcement and disadvantaged communities of color-
dan issue which has been more fully exposed in recent
yearsdfinding ways to quantify policing practices at the neigh-
borhood level and consider associations with sleep and other
health outcomes for minority residents may be another important
area of inquiry. Furthermore, understanding how racism-related
stresses and subsequent hyper-vigilance may interact with neigh-
borhood environment factors to adversely impact sleep outcomes
will also be crucial.

3.1. Limitations

There are several noteworthy limitations in this study. One
caveat is the use of a city-specific sample of AA participants, while
the EA sample was more broadly distributed across the region. Use
of different sampling strategies raises questions related to compa-
rability and generalizability, and will also give credence to potential
confounders (ie, population density). Analyses were considered
with population density as a control (shown) and without popu-
lation density (not shown). Findings did not support the notion that
race differences in sleep were accounted for by population density,
and are therefore consistent with our interpretation that neigh-
borhood disadvantage (not population density) is responsible for
some of the racial disparity in sleep. Furthermore, it should be
noted that the sampling strategy ensured participation of a sub-
stantial number of AAs and reflects the demographics of the region;
specifically, themajority of AAs in the region tend to reside in urban
areas, while EAs are more likely to inhabit rural and suburban lo-
cations. Nonetheless, additional research with larger and more
randomly obtained samples will be needed to establish the
generalizability of our findings.

Another caveat is that the broader MIDUS study did not sample
by census tract, meaning there were relatively few individuals
(level 1 units) per cluster (level 2 unit). Simulation studies
considering the influence of clustering and sample size on param-
eter estimates in multilevel models indicate that level 2 variance
components may be inflated with very few units per cluster [11].
However, fixed effect (b) estimates and their standard errors are
robust to these variations in clustering, evenwith a small number of
units per cluster and a sizable portion of clusters with only one unit
[11,49,50]. Furthermore, in datasets with a large number of clusters
(>100), confidence in parameter estimates is bolstered [49,50].
Overall, the methodological literature on multilevel modeling
provides confidence with the analytic strategy chosen, particularly
for the estimation of fixed effects.

A third limitation relates to the census tract measures of
neighborhood disadvantage. Although the objective nature of these
measures is a notable strength, census tract boundaries do not al-
ways map well onto an individuals' lived experience of their
neighborhood. Furthermore, important additional information is
likely to be captured by subjective self-report measures of neigh-
borhood characteristics [92]. Future work which codes observed
characteristics of neighborhoods (eg, street view data) and in-
corporates other neighborhood measures (eg, walkability, ambient
noise, crime rates, perceptions of neighborhood safety and chaos) is
therefore needed to identify additional consequential neighbor-
hood characteristics not captured by census tract measures.
Building on existing work [30], studies considering the degree to
which effects of census tract neighborhood measures on sleep may
operate through subjective perceptions and other objective mea-
sures of neighborhood environments are also warranted.

Despite these limitations, findings suggest that neighborhood
factors contribute to and may partially explain racial disparities in
waking episodesdan important indicator of sleep efficiency with
strong links to subsequent health and well-being. Addressing race
differences in neighborhood disadvantage andmitigating its effects
on sleep are therefore likely to be important targets in efforts to
reduce racial health disparities.
Conflict of interest

None.
The ICMJE Uniform Disclosure Form for Potential Conflicts of

Interest associatedwith this article can be viewed by clicking on the
following link: http://dx.doi.org/10.1016/j.sleep.2016.10.008.
Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.sleep.2016.10.008.
References

[1] E.J. Bagley, T.E. Fuller-Rowell, E.K. Saini et al., Neighborhood economic
deprivation and social fragmentation: Associations with children’s sleep
duration and quality. Behav Sleep Med, (in press).

[2] Bagley EJ, Tu KM, Buckhalt JA, et al. Community violence concerns and
adolescent sleep. Sleep Health 2016;2(1):57e62. http://doi.org/10.1016/j.sleh.
2015.12.006.

[3] Belenky G, Wesensten NJ, Thorne DR, et al. Patterns of performance degra-
dation and restoration during sleep restriction and subsequent recovery: a
sleep dose-response study. J Sleep Res 2003;12(1):1e12. http://dx.doi.org/
10.1046/j.1365-2869.2003.00337.x.

http://dx.doi.org/10.1016/j.sleep.2016.10.008
http://dx.doi.org/10.1016/j.sleep.2016.10.008
http://dx.doi.org/10.1016/j.sleep.2016.10.008
http://doi.org/10.1016/j.sleh.2015.12.006
http://doi.org/10.1016/j.sleh.2015.12.006
http://dx.doi.org/10.1046/j.1365-2869.2003.00337.x
http://dx.doi.org/10.1046/j.1365-2869.2003.00337.x


T.E. Fuller-Rowell et al. / Sleep Medicine 27-28 (2016) 1e8 7
[4] Brenner AB, Roux AVD, Barrientos-Gutierrez T, et al. Associations of alcohol
availability and neighborhood socioeconomic characteristics with drinking:
cross-sectional results from the multi-ethnic study of atherosclerosis (MESA).
Subst Use Misuse 2015;50(12):1606e17. http://dx.doi.org/10.3109/
10826084.2015.1027927.

[5] Brim OG, Ryff CD, Kessler RC. How healthy are we?: a national study of well-
being at midlife. University of Chicago Press; 2004.

[6] Brody GH, Conger R, Gibbons FX, et al. The influence of neighborhood
disadvantage, collective socialization, and parenting on African American
children's affiliation with deviant peers. Child Dev 2001;72(4):1231e46.

[7] Burdette AM, Hill TD. An examination of processes linking perceived neigh-
borhood disorder and obesity. Soc Sci Med 2008;67(1):38e46. http://
dx.doi.org/10.1016/j.socscimed.2008.03.029.

[8] Cappuccio FP, Cooper D, D'Elia L, et al. Sleep duration predicts cardiovascular
outcomes: a systematic review and meta-analysis of prospective studies. Eur
Heart J 2011;32:1484e92.

[9] Cappuccio FP, Taggart FM, Kandala N-B, et al. Meta-analysis of short sleep
duration and obesity in children and adults. Sleep 2008;31(5):619.

[10] Chen E, Paterson LQ. Neighborhood, family, and subjective socioeconomic
status: how do they relate to adolescent health? Health Psychol Official J Div
Health Psychol Am Psychol Assoc 2006;25(6):704e14. http://dx.doi.org/
10.1037/0278-6133.25.6.704.

[11] Clarke P, Wheaton B. Addressing data sparseness in contextual population
researchusing cluster analysis to create synthetic neighborhoods. SociolMethods
Res 2007;35(3):311e51. http://dx.doi.org/10.1177/0049124106292362.

[12] Coates TN. The case for reparations. Atlantic 2014;21:90e101.
[13] De Lange AH, Kompier MAJ, Taris TW, et al. A hard day's night: a longitudinal

study on the relationships among job demands and job control, sleep quality
and fatigue. J Sleep Res 2009;18(3):374e83. http://dx.doi.org/10.1111/j.1365-
2869.2009.00735.x.

[14] DeSantis AS, Diez Roux AV, Moore K, et al. Associations of neighborhood char-
acteristics with sleep timing and quality: the multi-ethnic study of atheroscle-
rosis. Sleep 2013;36(10):1543e51. http://dx.doi.org/10.5665/sleep.3054.

[15] Diez Roux AV, Mair C. Neighborhoods and health. Ann N Y Acad Sci
2010;1186(1):125e45. http://dx.doi.org/10.1111/j.1749-6632.2009.05333.x.

[16] Ebrahim IO, Shapiro CM, Williams AJ, et al. Alcohol and sleep I: effects on
normal sleep. Alcohol Clin Exp Res 2013;37(4):539e49.

[17] El-Sheikh M, Kelly R, Rauer A. Quick to berate, slow to sleep: interpartner
psychological conflict, mental health, and sleep. Health Psychol Off J Div
Health Psychol Am Psychol Assoc 2013;32(10):1057e66. http://dx.doi.org/
10.1037/a0031786.

[18] El-Sheikh M, Koss KJ, Kelly RJ, Rauer AJ. Longitudinal relations between
constructive and destructive conflict and couples' sleep. J Fam Psychol JFP J
Div Fam Psychol Am Psychol Assoc (Division 43) 2015;29(3):349e59. http://
dx.doi.org/10.1037/fam0000083.

[19] Enders CK. Applied missing data analysis. New York: The Guilford Press; 2010.
[20] Evans GW, Kantrowitz E. Socioeconomic status and health: the potential role

of environmental risk exposure. Annu Rev Public Health 2002;23(1):303e31.
http://dx.doi.org/10.1146/annurev.publhealth.23.112001.112349.

[21] Friedman EM, Herd P. Income, education, and inflammation: differential as-
sociations in a national probability sample (the MIDUS study). Psychosom
Med 2010;72(3):290e300. http://dx.doi.org/10.1097/PSY.0b013e3181cfe4c2.

[22] Fuller-Rowell TE, Curtis DS, El-Sheikh M. Racial discrimination mediates race
differences in sleep problems: a longitudinal analysis. Cult Div Ethn Minor
Psychol 2016. http://dx.doi.org/10.1037/cdp0000104.

[23] T.E. Fuller-Rowell, D.S. Curtis, P.K. Klebanov, et al., Racial disparities in blood
pressure trajectories of preterm children: the role of family and neighborhood
socioeconomic status. Am J Epidemiol, (in Press).

[24] Gallicchio L, Kalesan B. Sleep duration and mortality: a systematic review and
meta-analysis. J Sleep Res 2009;18(2):148e58. http://dx.doi.org/10.1111/
j.1365-2869.2008.00732.x.

[25] Garcia AN, Salloum IM. Polysomnographic sleep disturbances in nicotine,
caffeine, alcohol, cocaine, opioid, and cannabis use: a focused review. Am J
Addict 2015;24(7):590e8. http://dx.doi.org/10.1111/ajad.12291.

[26] Grandner MA, Petrov MER, Rattanaumpawan P, et al. Sleep symptoms, race/
ethnicity, and socioeconomic position. J Clin Sleep Med JCSM Official Publ Am
Acad Sleep Med 2013;9(9):897e905. http://dx.doi.org/10.5664/jcsm.2990.

[27] Grandner MA, Williams NJ, Knutson KL, et al. Sleep disparity, race/ethnicity,
and socioeconomic position. Sleep Med 2016;18:7e18. http://dx.doi.org/
10.1016/j.sleep.2015.01.020.

[28] Hale L, Hill TD, Friedman E, et al. Perceived neighborhood quality, sleep
quality, and health status: evidence from the Survey of the Health of Wis-
consin. Soc Sci Med 2013;79:16e22. http://dx.doi.org/10.1016/
j.socscimed.2012.07.021.

[29] Hill TD, Burdette AM, Hale L. Neighborhood disorder, sleep quality, and psy-
chological distress: testing a model of structural amplification. Health & Place
2009;15(4):1006e13. http://dx.doi.org/10.1016/j.healthplace.2009.04.001.

[30] Hill TD, Maimon D. Neighborhood context and mental health. In:
Aneshensel CS, Phelan JC, Bierman A, editors. Handbook of the sociology of
mental health. Netherlands: Springer; 2013. p. 479e501. Retrieved from,
http://link.springer.com/chapter/10.1007/978-94-007-4276-5_23.

[31] Hill TD, Trinh HN, Wen M, et al. Perceived neighborhood safety and sleep
quality: a global analysis of six countries. Sleep Med 2016;18:56e60. http://
dx.doi.org/10.1016/j.sleep.2014.12.003.
[32] Institute of Medicine (US) Committee on Sleep Medicine and Research. In:
Colten HR, Altevogt BM, editors. Sleep disorders and sleep deprivation: an
unmet public health problem. Washington (DC): National Academies Press
(US); 2006. Retrieved from, http://www.ncbi.nlm.nih.gov/books/NBK19960/.

[33] Johnson DA, Brown DL, Morgenstern LB, et al. The association of neighbor-
hood characteristics with sleep duration and daytime sleepiness. Sleep Health
2015;1(3):148e55. http://dx.doi.org/10.1016/j.sleh.2015.06.002.

[34] Juster R-P, McEwen BS. Sleep and chronic stress: new directions for allostatic
load research. Sleep Med 2015;16(1):7e8. http://dx.doi.org/10.1016/
j.sleep.2014.07.029.

[35] Karriker-Jaffe KJ, Liu H, Johnson RM. Racial/ethnic differences in associations
between neighborhood socioeconomic status, distress, and smoking among
U.S. adults. J Ethn Subst Abuse 2016;15(1):73e91. http://dx.doi.org/10.1080/
15332640.2014.1002879.

[36] Kim D, Subramanian SV, Kawachi I. Social capital and physical health. In:
Kawachi I, Subramanian SV, Kim D, editors. Social capital and health. New
York: Springer; 2008. p. 139e90. Retrieved from, http://link.springer.com/
chapter/10.1007/978-0-387-71311-3_8.

[37] Knutson KL. Sleep duration and cardiometabolic risk: a review of the epide-
miologic evidence. Best Pract Res Clin Endocrinol Metabolism 2010;24:
731e43. http://dx.doi.org/10.1016/j.beem.2010.07.001.

[38] Koh HK. A 2020 vision for healthy people. N. Engl J Med 2010;362(18):
1653e6. http://dx.doi.org/10.1056/NEJMp1001601.

[39] Kordas K, Casavantes KM, Mendoza C, et al. The association between lead and
micronutrient status, and children's sleep, classroom behavior, and activity.
Archives Environ Occup Health 2007;62(2):105e12. http://dx.doi.org/
10.3200/AEOH.62.2.105-112.

[40] KredlowMA, Capozzoli MC, Hearon BA, et al. The effects of physical activity on
sleep: a meta-analytic review. J Behav Med 2015;38(3):427e49. http://
dx.doi.org/10.1007/s10865-015-9617-6.

[41] Kyle SD, Morgan K, Espie CA. Insomnia and health-related quality of life. Sleep
Med Rev 2010;14(1):69e82. http://dx.doi.org/10.1016/j.smrv.2009.07.004.

[42] Laposky AD, Van Cauter E, Diez-Roux AV. Reducing health disparities: the role
of sleep deficiency and sleep disorders. Sleep Med 2016;18:3e6. http://
dx.doi.org/10.1016/j.sleep.2015.01.007.

[43] Lauderdale DS, Knutson KL, Rathouz PJ, et al. Cross-sectional and longitudinal
associations between objectively measured sleep duration and body mass
index the CARDIA sleep study. Am J Epidemiol 2009;170(7):805e13.

[44] Lemola S, Ledermann T, Friedman EM. Variability of sleep duration is related
to subjective sleep quality and subjective well-being: an actigraphy study.
PLoS One 2013;8(8). http://dx.doi.org/10.1371/journal.pone.0071292.

[45] Lichstein KL, Stone KC, Donaldson J, et al. Actigraphy validation with
insomnia. Sleep 2006;29(2):232.

[46] Littner M, Kushida CA, Anderson WM, et al. Practice parameters for the role of
actigraphy in the study of sleep and circadian rhythms: an update for 2002.
Sleep 2003;26(3):337e41.

[47] Love GD, Seeman TE, Weinstein M, et al. Bioindicators in the MIDUS national
study: protocol, measures, sample, and comparative context. J Aging Health
2010;22(8):1059e80. http://dx.doi.org/10.1177/0898264310374355.

[48] Ludwig J, Sanbonmatsu L, Gennetian L, et al. Neighborhoods, obesity, and
diabetes: a randomized social experiment. N. Engl J Med 2011;365(16):
1509e19. http://dx.doi.org/10.1056/NEJMsa1103216.

[49] Maas CJM, Hox JJ. Robustness issues in multilevel regression analysis. Statist
Neerlandica 2004;58(2):127e37. http://dx.doi.org/10.1046/j.0039-
0402.2003.00252.x.

[50] Maas CJM, Hox JJ. Sufficient sample sizes for multilevel modeling. Method-
ology 2005;1(3):86e92. http://dx.doi.org/10.1027/1614-2241.1.3.86.

[51] Marino M, Li Y, Rueschman MN, et al. Measuring sleep: accuracy, sensitivity,
and specificity of wrist actigraphy compared to polysomnography. Sleep
2013;36(11):1747.

[52] Massey DS. Categorically unequal: the American stratification system. Russell
Sage Foundation; 2007.

[53] McClain JJ, Lewin DS, Laposky AD, et al. Associations between physical ac-
tivity, sedentary time, sleep duration and daytime sleepiness in US adults.
Prev Med 2014;66:68e73.

[54] McEwen BS, Karatsoreos IN. Sleep deprivation and circadian disruption:
stress, allostasis, and allostatic load. Sleep Med Clin 2015;10(1):1e10. http://
dx.doi.org/10.1016/j.jsmc.2014.11.007.

[55] Mezick EJ, Wing RR, McCaffery JM. Associations of self-reported and
actigraphy-assessed sleep characteristics with body mass index and waist
circumference in adults: moderation by gender. Sleep Med 2014;15(1):
64e70. http://dx.doi.org/10.1016/j.sleep.2013.08.784.

[56] Minkel JD, Banks S, Htaik O, et al. Sleep deprivation and stressors: evidence for
elevated negative affect in response to mild stressors when sleep deprived.
Emot (Washington, DC) 2012;12(5):1015e20. http://dx.doi.org/10.1037/
a0026871.

[57] Morselli L, Leproult R, Balbo M, et al. Role of sleep duration in the regulation of
glucose metabolism and appetite. Best Pract Res Clin Endocrinol Metabolism
2010;24(5):687e702. http://dx.doi.org/10.1016/j.beem.2010.07.005.

[58] Murray CJL, Kulkarni S, Ezzati M. Eight americas: new perspectives on U.S.
Health disparities. Am J Prev Med 2005;29(5, Supplement 1):4e10. http://
dx.doi.org/10.1016/j.amepre.2005.07.031.

[59] Muth�en LK, Muth�en BO. Mplus: statistical analysis with latent variables.
User's guide (Version 7.11). Los Angeles, CA: Muthen and Muthen; 2013.

http://dx.doi.org/10.3109/10826084.2015.1027927
http://dx.doi.org/10.3109/10826084.2015.1027927
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref5
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref5
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref6
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref6
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref6
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref6
http://dx.doi.org/10.1016/j.socscimed.2008.03.029
http://dx.doi.org/10.1016/j.socscimed.2008.03.029
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref8
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref8
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref8
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref8
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref9
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref9
http://dx.doi.org/10.1037/0278-6133.25.6.704
http://dx.doi.org/10.1037/0278-6133.25.6.704
http://dx.doi.org/10.1177/0049124106292362
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref12
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref12
http://dx.doi.org/10.1111/j.1365-2869.2009.00735.x
http://dx.doi.org/10.1111/j.1365-2869.2009.00735.x
http://dx.doi.org/10.5665/sleep.3054
http://dx.doi.org/10.1111/j.1749-6632.2009.05333.x
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref16
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref16
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref16
http://dx.doi.org/10.1037/a0031786
http://dx.doi.org/10.1037/a0031786
http://dx.doi.org/10.1037/fam0000083
http://dx.doi.org/10.1037/fam0000083
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref19
http://dx.doi.org/10.1146/annurev.publhealth.23.112001.112349
http://dx.doi.org/10.1097/PSY.0b013e3181cfe4c2
http://dx.doi.org/10.1037/cdp0000104
http://dx.doi.org/10.1111/j.1365-2869.2008.00732.x
http://dx.doi.org/10.1111/j.1365-2869.2008.00732.x
http://dx.doi.org/10.1111/ajad.12291
http://dx.doi.org/10.5664/jcsm.2990
http://dx.doi.org/10.1016/j.sleep.2015.01.020
http://dx.doi.org/10.1016/j.sleep.2015.01.020
http://dx.doi.org/10.1016/j.socscimed.2012.07.021
http://dx.doi.org/10.1016/j.socscimed.2012.07.021
http://dx.doi.org/10.1016/j.healthplace.2009.04.001
http://link.springer.com/chapter/10.1007/978-94-007-4276-5_23
http://dx.doi.org/10.1016/j.sleep.2014.12.003
http://dx.doi.org/10.1016/j.sleep.2014.12.003
http://www.ncbi.nlm.nih.gov/books/NBK19960/
http://dx.doi.org/10.1016/j.sleh.2015.06.002
http://dx.doi.org/10.1016/j.sleep.2014.07.029
http://dx.doi.org/10.1016/j.sleep.2014.07.029
http://dx.doi.org/10.1080/15332640.2014.1002879
http://dx.doi.org/10.1080/15332640.2014.1002879
http://link.springer.com/chapter/10.1007/978-0-387-71311-3_8
http://link.springer.com/chapter/10.1007/978-0-387-71311-3_8
http://dx.doi.org/10.1016/j.beem.2010.07.001
http://dx.doi.org/10.1056/NEJMp1001601
http://dx.doi.org/10.3200/AEOH.62.2.105-112
http://dx.doi.org/10.3200/AEOH.62.2.105-112
http://dx.doi.org/10.1007/s10865-015-9617-6
http://dx.doi.org/10.1007/s10865-015-9617-6
http://dx.doi.org/10.1016/j.smrv.2009.07.004
http://dx.doi.org/10.1016/j.sleep.2015.01.007
http://dx.doi.org/10.1016/j.sleep.2015.01.007
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref43
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref43
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref43
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref43
http://dx.doi.org/10.1371/journal.pone.0071292
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref45
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref45
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref46
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref46
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref46
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref46
http://dx.doi.org/10.1177/0898264310374355
http://dx.doi.org/10.1056/NEJMsa1103216
http://dx.doi.org/10.1046/j.0039-0402.2003.00252.x
http://dx.doi.org/10.1046/j.0039-0402.2003.00252.x
http://dx.doi.org/10.1027/1614-2241.1.3.86
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref51
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref51
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref51
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref52
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref52
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref53
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref53
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref53
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref53
http://dx.doi.org/10.1016/j.jsmc.2014.11.007
http://dx.doi.org/10.1016/j.jsmc.2014.11.007
http://dx.doi.org/10.1016/j.sleep.2013.08.784
http://dx.doi.org/10.1037/a0026871
http://dx.doi.org/10.1037/a0026871
http://dx.doi.org/10.1016/j.beem.2010.07.005
http://dx.doi.org/10.1016/j.amepre.2005.07.031
http://dx.doi.org/10.1016/j.amepre.2005.07.031
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref59
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref59
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref59
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref59


T.E. Fuller-Rowell et al. / Sleep Medicine 27-28 (2016) 1e88
[60] Osypuk TL, Galea S, McArdle N, et al. Quantifying separate and unequal: racial-
ethnic distributions of neighborhood poverty in metropolitan America. Urban
Aff Rev (Thousand Oaks, Calif.) 2009;45(1):25e65. http://dx.doi.org/10.1177/
1078087408331119.

[61] Pabayo R, Belsky J, Gauvin L, et al. Do area characteristics predict change in
moderate-to-vigorous physical activity from ages 11 to 15 years? Soc Sci Med
2011;72(3):430e8. http://dx.doi.org/10.1016/j.socscimed.2010.09.039.

[62] Pabayo R, Molnar BE, Street N, et al. The relationship between social frag-
mentation and sleep among adolescents living in Boston, Massachusetts.
J Public Health 2014. http://dx.doi.org/10.1093/pubmed/fdu001.

[63] Patel SR, Zhu X, Storfer-Isser A, et al. Sleep duration and biomarkers of
inflammation. Sleep 2009;32(2):200e4.

[64] Petrov ME, Lichstein KL. Differences in sleep between black and white adults:
an update and future directions. Sleep Med 2016;18:74e81. http://dx.doi.org/
10.1016/j.sleep.2015.01.011.

[65] Preacher KJ, Zyphur MJ, Zhang Z. A general multilevel SEM framework for
assessing multilevel mediation. Psychol Methods 2010;15(3):209e33. http://
dx.doi.org/10.1037/a0020141.

[66] Radler BT, Ryff CD. Who Participates? Accounting for longitudinal retention in
the MIDUS national study of health and well-being. J Aging Health
2010;22(3):307e31. http://dx.doi.org/10.1177/0898264309358617.

[67] Radloff LS. The CES-D scale a self-report depression scale for research in the
general population. Appl Psychol Meas 1977;1(3):385e401.

[68] Ranchod YK, Roux AVD, Evenson KR, et al. Longitudinal associations between
neighborhood recreational facilities and change in recreational physical ac-
tivity in the multi-ethnic study of atherosclerosis, 2000e2007. Am J Epidemiol
2013. http://dx.doi.org/10.1093/aje/kwt263.

[69] Raudenbush SW, Bryk AS. Hierarchical linear models: applications and data
analysis methodsVol. 1. Sage; 2002. Retrieved from, https://books.google.com/
books?hl¼en&lr¼&id¼uyCV0CNGDLQC&oi¼fnd&pg¼
PR17&dq¼raudenbushþbrykþhierarchical
&ots¼qA4NSmV4QD&sig¼J7cESOK3bSXdWTfYL7tAlPnY0ZU.

[70] Robert SA. Community-level socioeconomic status effects on adult health.
J Health Soc Behav 1998;39(1):18e37.

[71] Ross CE, Mirowsky J. Neighborhood disadvantage, disorder, and health.
J Health Soc Behav 2001;42(3):258e76. http://dx.doi.org/10.2307/3090214.

[72] Rossen LM. Neighbourhood economic deprivation explains racial/ethnic dis-
parities in overweight and obesity among children and adolescents in the
USA. J Epidemiol Community Health 2013. http://dx.doi.org/10.1136/jech-
2012-202245.

[73] Roux AVD, Kiefe CI, Jacobs Jr DR, et al. Area characteristics and individual-level
socioeconomic position indicators in three population-based epidemiologic
studies. Ann Epidemiol 2001;11(6):395e405. http://dx.doi.org/10.1016/
S1047-2797(01)00221-6.

[74] Ruiter ME, DeCoster J, Jacobs L, et al. Normal sleep in african- Americans and
caucasian-americans: a meta-analysis. Sleep Med 2011;12:209e14. http://
dx.doi.org/10.1016/j.sleep.2010.12.010.

[75] Sadeh A. The role and validity of actigraphy in sleepmedicine: an update. Sleep
Med Rev 2011;15(4):259e67. http://dx.doi.org/10.1016/j.smrv.2010.10.001.

[76] Sallis JF, Saelens BE. Assessment of physical activity by self-report: status,
limitations, and future directions. Res Q Exerc Sport 2000;71(sup2):1e14.
[77] Sampson RJ, Raudenbush SW. Systematic social observation of public spaces:
a new look at disorder in urban neighborhoods. Am J Sociol 1999;105(3):
603e51. http://dx.doi.org/10.1086/210356.

[78] Sharkey P. Stuck in place: urban neighborhoods and the end of progress to-
ward racial equality. University of Chicago Press; 2013.

[79] Sharkey P. Spatial segmentation and the black middle class. AJS; Am J Sociol
2014;119(4):903e54.

[80] Shochat T, Cohen-Zion M, Tzischinsky O. Functional consequences of inade-
quate sleep in adolescents: a systematic review. Sleep Med Rev 2014;18(1):
75e87. http://dx.doi.org/10.1016/j.smrv.2013.03.005.

[81] Slopen N, Dutra LM, Williams DR, et al. Psychosocial stressors and cigarette
smoking among african american adults in Midlife. Nicotine Tob Res
2012;14(10):1161e9. http://dx.doi.org/10.1093/ntr/nts011.

[82] Slopen N, Lewis TT, Williams DR. Discrimination and sleep: a systematic re-
view. Sleep Med 2016;18:88e95. http://dx.doi.org/10.1016/
j.sleep.2015.01.012.

[83] Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on metabolic and
endocrine function. Lancet 1999;354(9188):1435e9. http://dx.doi.org/
10.1016/S0140-6736(99)01376-8.

[84] Strine TW, Chapman DP. Associations of frequent sleep insufficiency with
health-related quality of life and health behaviors. Sleep Med 2005;6(1):23e7.
http://dx.doi.org/10.1016/j.sleep.2004.06.003.

[85] Taheri S, Lin L, Austin D, et al. Short sleep duration is associated with reduced
leptin, elevated ghrelin, and increased body mass index. PLoS Med 2004;1(3).
http://dx.doi.org/10.1371/journal.pmed.0010062.

[86] Tryon WW. Issues of validity in actigraphic sleep assessment. Sleep
2004;27(1):158e65.

[87] Tsuno N, Besset A, Ritchie K. Sleep and depression. J Clin Psychiatry
2005;66(10):1254e69.

[88] Van De Water ATM, Holmes A, Hurley DA. Objective measurements of sleep
for non-laboratory settings as alternatives to polysomnography e a system-
atic review. J Sleep Res 2011;20(1pt2):183e200. http://dx.doi.org/10.1111/
j.1365-2869.2009.00814.x.

[89] Verkasalo PK, Lillberg K, Stevens RG, et al. Sleep duration and breast Cancer: a
prospective cohort study. Cancer Res 2005;65(20):9595e600. http://
dx.doi.org/10.1158/0008-5472.CAN-05-2138.

[90] Watson NF, Badr MS, Belenky G, et al. Joint consensus statement of the
american academy of sleep medicine and sleep research society on the rec-
ommended amount of sleep for a healthy adult: methodology and discussion.
J Clin Sleep Med JCSM Official Publ Am Acad Sleep Med 2015;11(8):931e52.
http://dx.doi.org/10.5664/jcsm.4950.

[91] Watson NF, Horn E, Duncan GE, et al. Sleep duration and area-level depri-
vation in twins. Sleep 2016;39(1):67e77. http://dx.doi.org/10.5665/
sleep.5320.

[92] Weden MM, Carpiano RM, Robert SA. Subjective and objective neighborhood
characteristics and adult health. Soc Sci Med 2008;66(6):1256e70. http://
dx.doi.org/10.1016/j.socscimed.2007.11.041.

[93] Whinnery J, Jackson N, Rattanaumpawan P, et al. Short and long sleep dura-
tion associated with race/ethnicity, sociodemographics, and socioeconomic
position. Sleep 2014;37(3):601e11. http://dx.doi.org/10.5665/sleep.3508.

http://dx.doi.org/10.1177/1078087408331119
http://dx.doi.org/10.1177/1078087408331119
http://dx.doi.org/10.1016/j.socscimed.2010.09.039
http://dx.doi.org/10.1093/pubmed/fdu001
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref63
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref63
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref63
http://dx.doi.org/10.1016/j.sleep.2015.01.011
http://dx.doi.org/10.1016/j.sleep.2015.01.011
http://dx.doi.org/10.1037/a0020141
http://dx.doi.org/10.1037/a0020141
http://dx.doi.org/10.1177/0898264309358617
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref67
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref67
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref67
http://dx.doi.org/10.1093/aje/kwt263
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
https://books.google.com/books?hl=en&amp;lr=&amp;id=uyCV0CNGDLQC&amp;oi=fnd&amp;pg=PR17&amp;dq=raudenbush+bryk+hierarchical&amp;ots=qA4NSmV4QD&amp;sig=J7cESOK3bSXdWTfYL7tAlPnY0ZU
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref70
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref70
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref70
http://dx.doi.org/10.2307/3090214
http://dx.doi.org/10.1136/jech-2012-202245
http://dx.doi.org/10.1136/jech-2012-202245
http://dx.doi.org/10.1016/S1047-2797(01)00221-6
http://dx.doi.org/10.1016/S1047-2797(01)00221-6
http://dx.doi.org/10.1016/j.sleep.2010.12.010
http://dx.doi.org/10.1016/j.sleep.2010.12.010
http://dx.doi.org/10.1016/j.smrv.2010.10.001
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref76
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref76
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref76
http://dx.doi.org/10.1086/210356
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref78
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref78
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref79
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref79
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref79
http://dx.doi.org/10.1016/j.smrv.2013.03.005
http://dx.doi.org/10.1093/ntr/nts011
http://dx.doi.org/10.1016/j.sleep.2015.01.012
http://dx.doi.org/10.1016/j.sleep.2015.01.012
http://dx.doi.org/10.1016/S0140-6736(99)01376-8
http://dx.doi.org/10.1016/S0140-6736(99)01376-8
http://dx.doi.org/10.1016/j.sleep.2004.06.003
http://dx.doi.org/10.1371/journal.pmed.0010062
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref86
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref86
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref86
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref87
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref87
http://refhub.elsevier.com/S1389-9457(16)30221-0/sref87
http://dx.doi.org/10.1111/j.1365-2869.2009.00814.x
http://dx.doi.org/10.1111/j.1365-2869.2009.00814.x
http://dx.doi.org/10.1158/0008-5472.CAN-05-2138
http://dx.doi.org/10.1158/0008-5472.CAN-05-2138
http://dx.doi.org/10.5664/jcsm.4950
http://dx.doi.org/10.5665/sleep.5320
http://dx.doi.org/10.5665/sleep.5320
http://dx.doi.org/10.1016/j.socscimed.2007.11.041
http://dx.doi.org/10.1016/j.socscimed.2007.11.041
http://dx.doi.org/10.5665/sleep.3508

	Racial disparities in sleep: the role of neighborhood disadvantage
	1. Methods
	1.1. Data and sample
	1.2. Measures
	1.2.1. Sleep assessment
	1.2.2. Sleep aids
	1.2.3. Neighborhood economic disadvantage
	1.2.4. Population density
	1.2.5. Health behaviors
	1.2.6. Body mass index
	1.2.7. Depression
	1.2.8. Sociodemographic covariates

	1.3. Analysis plan

	2. Results
	2.1. Preliminary analyses
	2.2. Primary analyses
	2.2.1. H1: sleep disparities
	2.2.2. H2,3: neighborhood disadvantage as predictor of sleep and sleep disparities
	2.2.3. H4: health measures as explanatory covariates


	3. Discussion
	3.1. Limitations

	Conflict of interest
	Appendix A. Supplementary data
	References


