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Abstract African Americans and socioeconomically
disadvantaged individuals have higher rates of a
variety of sleep disturbances, including short sleep
duration, poor sleep quality, and fragmented sleep.
Such sleep disturbances may contribute to pervasive
and widening racial and socioeconomic (SES) dis-
parities in health. A growing body of literature
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demonstrates that over and above individual-level
SES, indicators of neighborhood disadvantage are
associated with poor sleep. However, there has been
scant investigation of the association between sleep
and the most proximal environments, the home and
residential block. This is the first study to examine
the association between objective and self-reported
measures of housing and block conditions and sleep.
The sample included 634 adults (mean age=
58.7 years; 95% African American) from two low-
income urban neighborhoods. Study participants re-
ported whether they experienced problems with any
of seven different housing problems (e.g., broken
windows) and rated the overall condition of their
home. Trained data collectors rated residential block
quality. Seven days of wrist actigraphy were used to
measure average sleep duration, efficiency, and
wakefulness after sleep onset (WASO), and a sleep
diary assessed sleep quality. Multivariate regression
analyses were conducted for each sleep outcome
with housing or block conditions as predictors in
separate models. Participants reporting “fair” or
“poor” housing conditions had an adjusted average
sleep duration that was 15.4 min shorter than that of
participants reporting “good” or “excellent” condi-
tions. Those reporting any home distress had
15.9 min shorter sleep and .19 units lower mean
sleep quality as compared with participants who
did not report home distress. Poor objectively mea-
sured block quality was associated with 14.0 min
shorter sleep duration, 1.95% lower sleep efficiency,
and 10.7 additional minutes of WASO. Adverse


http://crossmark.crossref.org/dialog/?doi=10.1007/s11524-019-00418-5&domain=pdf
http://orcid.org/0000-0002-2147-8041

Broken Windows, Broken Zzs: Poor Housing and Neighborhood Conditions Are Associated with Objective Measures... 231

housing and proximal neighborhood conditions are
independently associated with poor sleep health.
Findings highlight the importance of considering
strategies that target upstream determinants of sleep
health disparities.

Keywords Sleep - Housing conditions -
Neighborhoods - Disparities

Introduction

Sleep is a critical contributor to health and well-being
[1-4]. There are significant racial/ethnic and socioeco-
nomic disparities in Americans’ sleep. African Ameri-
cans and socioeconomically disadvantaged individuals
have higher rates of a variety of sleep disturbances,
including short sleep duration, poor sleep quality, and
fragmented sleep [5, 6]. Sleep disturbances may con-
tribute to racial and socioeconomic (SES) disparities in
health. Therefore, understanding socio-environmental
determinants of sleep health disparities is a public health
imperative.

A growing body of literature demonstrates that, over
and above individual-level SES, neighborhood-level
factors including neighborhood SES and perceptions
of neighborhood safety, cohesion, and disorder are as-
sociated with poor sleep [7-11]. However, the extant
research has focused on fairly broad definitions of
neighborhoods and sleep, while failing to consider more
proximal neighborhood conditions, such as residential
block quality, or the most proximal environment, the
home [12-14]. Distressed housing conditions and poor
residential block quality could negatively influence
sleep by disrupting physical comfort and by heightening
feelings of vigilance and psychological distress, which
are opponent processes of sleep [7]. In contrast, well-
maintained homes and residential blocks may contribute
to feelings of safety and comfort, which should facilitate
healthy sleep.

In a study of 371 low-income Latino residents,
Chambers and colleagues [12] found that self-
reported building problems (e.g., unpleasant smells;
dark stairwells) were associated with more self-
reported sleep disturbances, poor sleep quality, and
longer time to fall asleep (i.e., sleep latency). A
study of Latino farmworkers working in North Car-
olina [15] examined associations between a number
of observer-coded housing problems (e.g., type of

dwelling, presence of air conditioning) and self-
reported sleep quality, and found that only air con-
ditioning was associated with better sleep quality.
This study is notable for its use of objective mea-
sures of housing conditions; however, the generaliz-
ability of the sample is limited as findings may not
apply to other low-income individuals, African
Americans, or urban residents. Only one study of
indicators of housing conditions and sleep has in-
volved African American and Caucasian adults [13].
The findings indicate that African American men
and women living in houses/apartments were more
likely to report being “short sleepers” (i.e., sleep
duration <7 h) relative to Caucasian counterparts.
This study especially points to the need for further
research on African Americans’ sleep in particular,
since they disproportionately live in disadvantaged
neighborhoods characterized by suboptimal housing.
Moreover, the small, extant literature on housing
conditions and sleep has exclusively focused on
self-reports of sleep, which provides a limited char-
acterization of sleep [16]. Current conceptualizations
of “sleep health” provide a more holistic view of
sleep, which may be particularly relevant for identi-
fying disparities in sleep. Specifically, sleep health is
characterized by multiple domains of sleep charac-
teristics, including duration, continuity, and quality,
rather than isolated symptoms or the presence of
disorders [17, 18].

In short, no one study has combined objective and
subjective measures of sleep with measures of housing
and proximal neighborhood conditions. The current
study addresses this gap by examining the relationship
between housing and residential block conditions and
sleep among a sample of urban, low-income African
Americans. We include important indicators of sleep
health that are associated with health outcomes in prior
work, including self-reported sleep quality, and
actigraphy-assessed sleep duration, efficiency, and
wakefulness after sleep onset (WASO) [19, 20]. We
hypothesize that both resident perceptions of poor hous-
ing conditions and independent observations of poor
block conditions would be associated with poorer sleep
quality, shorter sleep duration, poorer sleep efficiency,
and longer WASO, independent of known correlates of
sleep problems and/or poor housing conditions includ-
ing sociodemographics, body mass index (BMI), psy-
chological distress, neighborhood-level crime, and
neighborhood safety.
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Methods
Study Design

Data for this study came from the PHRESH Zzz Study
(Pittsburgh Hill/Homewood Research on Neighbor-
hoods, Sleep, and Health), part of a longitudinal study
that examines the effect of the built and social environ-
ment on health behaviors and risk factors in two low-
income, predominantly African American Pittsburgh
neighborhoods: the Hill District and Homewood.
Households were randomly selected in each neighbor-
hood at baseline (2011) and were followed through three
follow-up waves of data collection (2013, 2014, 2016).
The present analyses are based on data from 2016, when
measures of housing quality were added to the survey
and data collectors rated participants’ residential blocks.
Details of the study design, recruitment, and data col-
lection procedures are described elsewhere [21, 22].
Data for the current analysis were collected via in-
home interviews with participants (recruited originally
as the main food shopper for the household), measured
participant height and weight, actigraphy, sleep diaries,
and data collector observations of residential blocks. All
study protocols were approved by the RAND
Corporation’s Institutional Review Board.

Sleep Outcomes

The Actigraph GT3x+, a wrist-worn device that has
been validated to measure sleep/wake rhythms relative
to both polysomnography and Actiwatch, was used to
provide objective assessments of sleep duration, effi-
ciency, and WASO [23, 24].

As previously reported [11], participants were asked
to wear the actigraph for seven consecutive days. Par-
ticipants with fewer than four nights of actigraphy data
were excluded from analyses, consistent with recom-
mendations for the minimum nights required to establish
reliable sleep-wake patterns via actigraphy [16]. Sleep
outcomes were averaged across all available nights. The
average number of nights of actigraphy for the analytic
sample was 6.8, SD=0.6, range =4.0-7.0. Diary-
reported bedtimes and waketimes were used to define
the sleep interval, and further verified by visual inspec-
tion of the actigraphy tracings. Actigraphic data were
scored using the GGIR R-Package which uses the raw
accelerometer signal to identify sleep and wake periods.
This scoring method has been validated against
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polysomnography and demonstrated 83% accuracy for
identifying sleep and wake periods [25].

Sleep duration is the total amount of time spent
sleeping during the participant’s time in bed, assessed
by actigraphy. Primary analyses treated sleep duration as
a continuous variable. Secondary analyses examined a
dichotomous “healthy sleep range” (i.e., 7-9 h; N=80)
versus short sleep duration (<7 h; N=552), given prior
literature showing that short sleep duration is associated
with adverse health outcomes [2]. Although long sleep
duration (>9 h) is also associated with adverse health
outcomes, the sample size was too small to examine
objectively measured “long sleepers” (N=2). There-
fore, in these secondary analyses, the two long sleepers
were excluded.

Sleep efficiency is the total duration of actigraphy-
measured sleep divided by the total time in bed (x 100)
as reported in sleep diaries and visual inspection of
actigraphy records. Higher values (expressed in percent)
indicate better sleep continuity.

WASO is the total number of minutes scored as wake
after sleep onset in actigraphy records. WASO was
analyzed as a continuous variable, with higher values
indicating more WASO.

Sleep quality. Participants completed daily diaries
each morning upon awakening to provide assessments
of sleep quality and to report their bedtimes and
waketimes. Sleep quality was based on responses to a
question asking participants to rate “how well you slept
last night” on a 5-point Likert scale from “very poorly”
to “very well,” averaged across available nights. The
average number of nights of sleep diary data was 6.9,
SD = 0.4, range =4.0-7.0.

Perceived Housing Conditions and Observations
of Residential Block Quality

Perceived housing conditions and housing distress were
captured using items drawn from the Moving to Oppor-
tunity study, a randomized controlled trial examining
the impact of changes in neighborhoods (via housing
vouchers) on recipients’ health and well-being [26].
General perceived housing conditions were assessed
using a single survey item that asks, “Overall, how
would you describe the condition of your current
home?” Due to the skewed distribution, response op-
tions were dichotomized by combining “Fair” and
“Poor” versus “Excellent” and “Good.” Participants
were also asked if each of seven housing issues was “a
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big problem”, “a small problem”, or “no problem at all”
in their homes or apartments. The issues were [1] peel-
ing paint or broken plaster, [2] plumbing that does not
work, [3] rats or mice, [4] cockroaches, [5] broken locks
or no locks on door to unit, [6] broken windows or
windows without screens, and [7] a heating system that
does not work. Due to low base rates for some of the
individual items, we used a measure of any housing
distress, scored as 1 if a participant reported that one
or more of these seven issues was a small or big problem
and 0 if a participant reported that all seven were no
problem at all. Frequencies of individual housing items
are reported in Table 1.

Objectively Measured Residential Block Conditions

Trained data collectors completed four items that rate
the condition of each respondent’s residential block to
provide an objective assessment of proximal neighbor-
hood conditions. Items were dichotomized as poor vs.
not poor as follows: (1) “poor/badly deteriorated build-
ing condition” (peeling paint, broken windows) vs.
“well-kept/good/fair condition”; (2) metal bars on win-
dows on one or more buildings vs. no bars on windows;
(3) poor street condition (e.g., potholes and other evi-
dence of neglect) vs. “very good,” “moderate,” or “fair”
street conditions (e.g., recent resurfacing, smooth; evi-
dence of keeping in good repair; minor repairs needed
but not rough surface); and (4) presence of major or
minor trash accumulation vs. none. We created an over-
all measure of observed “poor block condition,” scored
as 1 if one or more items are rated as “poor” and 0 if no
items were scored as “poor.”

Covariates

Variables that are known to be associated with sleep
disturbances and/or housing/neighborhood conditions
were selected a priori as covariates, including household
sociodemographics, psychological distress, measured
BMI, perceived safety, and neighborhood-level crime.
Sociodemographic covariates collected through sur-
veys included age, gender, household annual income,
marital/cohabitation status (married or living with a
partner versus living alone), education (categorized into
less than high school, high school diploma (referent),
some college, and college/bachelor’s degree), presence
of children in the home (any/none), and years lived in
the neighborhood. We also statistically adjusted for

Table 1 Sample characteristics including objective and subjective
sleep, housing conditions, block quality, and covariates

Mean (SD) or %

Sleep measures

Sleep duration, minutes 337.9 (75.6)
Efficiency, percent 73.5(11.8)
WASO, minutes 109.7 (62.3)
Self-reported sleep quality (range 1-5) 3.7 (0.8)
Housing quality
Self-reported overall housing conditions “Fair” 29.5%
and “Poor” (vs. “Excellent” and “Good”)
Participant reported any measure of housing 44.5%
distress
Participant reports any problem with:
Peeling paint or broken plaster 32.0%
Plumbing that does not work 17.4%
Rats or mice 9.8%
Cockroaches 4.1%
Broken locks or no locks on door to unit 5.5%
Broken windows or windows without screens 12.3%
A heating system that does not work. 9.1%
At least 1 of 4 objectively measured block 64.3%
quality items rated “poor”
Objective measures rated “poor”:
General condition of buildings is “poor” or 12.3%
“badly deteriorated”
Metal bars on windows 15.0%
Condition of the street is poor 8.8%
Any trash accumulation 58.1%
Covariates
Age 58.7 (15.1)
Male 20.0%
Household annual income ($1000s) 21.3(18.3)
Married/living with partner 15.9%
Education
< High school 12.8%
High school 41.5%
Some college 33.4%
College 12.3%
Any children in household 22.7%
Years in neighborhood 31.1(21.9)
BMI 30.9 (7.7)
Psychological distress (K6 scale) 44 4.5)
Neighborhood
Hill 70.0%
Homewood 30.0%
Perceived safety 3.0 (0.7)
Annual crimes within 1/10th of a mile of resi- 23.8(17.0)

dence in 2016

Descriptives are reported for the sample (N = 634) with actigraphy.
There were no significant differences in sample characteristics
reported in Table 1 for the sample with sleep diaries (N = 666)
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participants’ neighborhood (Hill District or Home-
wood). We did not include race/ethnicity as a covariate
because 95% of the sample self-identified as Black or
African American.’

Psychological distress was measured using the
Kessler 6 (K6) [27] scale, a well-validated self-report
instrument. Respondents were asked how often in the
past 30 days they felt [1] nervous, [2] hopeless, [3]
restless or fidgety, [4] so depressed that nothing could
cheer them up, [5] that everything was an effort, and [6]
worthless. Response options ranged from 0 (None of the
time) to 4 (All of the time). Responses were summed to
create an overall score; higher scores indicate greater
psychological distress (alpha = 0.85).

BMI was calculated from measured height (without
shoes) and weight as weight in kg divided by height in
m [3].

Perceived neighborhood safety was assessed using
four items (i.e., “You feel safe walking in your neigh-
borhood during the day,” “You feel safe walking in your
neighborhood during the evening,” “Your neighborhood
is safe from crime,” and “Violence is a problem in your
neighborhood”) [28]. Response options for each item
ranged from 1 (Strongly disagree) to 5 (Strongly agree).
Items were reverse coded as necessary, and the compos-
ite was the mean of responses across items. Higher
scores indicate higher perceived neighborhood safety
(alpha=0.67).

Total reported crime was estimated using incident-
level data on crimes reported to the Pittsburgh Police
Department and street network distances from each
household to each approximate crime scene using
ArcGIS 10.2 software. Total reported crime was the
number of violent and property crimes that occurred
within 1/10th mile of each participant’s home in the
study year.

Analytic Sample

A total of 751 participants in the Hill District and
Homewood were part of the study in 2016. For analyses
of actigraphy outcomes, we excluded 117 participants
with less than 4 nights of actigraphy data. For analyses
of sleep quality, we excluded 85 participants with less

! We ran sensitivity analyses excluding the N = 35 participants who did
not self-report race/ethnicity or who reported a race/ethnicity other than
African American, and results were similar as with the full sample.
Therefore, we present the analyses in the full sample.
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than 4 nights of sleep diary data. Therefore, the analytic
sample size was 634 for objective sleep measures and
666 for self-reported sleep quality. Characteristics of
study participants excluded due to missing or invalid
data were not significantly different from those in the
analytic sample.

Covariates were missing for between 0 and 5% of the
sample, and missing values were imputed. Primary pre-
dictors were not imputed due to low rate of missingness
(0—1.2% missing).

Statistical Analysis

First, we conducted descriptive statistics for all study
measures. Second, we conducted separate multiple lin-
ear regression models predicting each sleep outcome by
each housing or block condition measure, controlling
for covariates. Third, we ran sensitivity analyses with
either of the perceived housing measures and block
conditions entered simultaneously to determine the in-
dependent effects of perceived housing and block con-
ditions on sleep. Finally, we examined the relationship
between housing or block conditions and the probability
of being in the healthy sleep (7-9 h of sleep duration)
versus short sleep range (less than 7 h of sleep duration),
using logistic regression modeling. P value of 0.05 or
less was used to determine statistical significance.

Results

Table 1 describes the sample characteristics for all study
variables.

As shown in Table 2, self-reported “fair” or “poor”
overall housing conditions were associated with
15.4 min shorter sleep duration, on average, compared
with “excellent” or “good” conditions. Any home dis-
tress was associated with 15.9 min shorter sleep duration
and 0.19 units lower sleep quality. Objectively measured
poor block quality was associated with 14.0 min shorter
sleep duration, worse sleep efficiency (1.95% lower)
and higher WASO (10.7 min more), compared with
good block quality. In sensitivity analyses that simulta-
neously entered either of the perceived housing mea-
sures and block conditions, results were similar to the
original models, suggesting independent associations
between housing and block conditions and sleep (anal-
yses not shown). There were no statistically significant
associations between any of the housing measures and
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Table 2 Multiple linear regression models predicting sleep outcomes®

Actigraphy sleep outcomes (1 = 634)

Sleep diary (N =666)

Sleep duration
(minutes) (%)

WASO
(minutes)

Efficiency Sleep quality

Self-reported overall housing conditions “Fair” and ‘“Poor”
compared with “Excellent” and “Good”
Any housing distress

Poor objectively measured block quality

1591 (6.72)* —0.72 (1.04)
—13.96 (6.63)* —1.95(0.99)* 10.69 (5.17)* —0.10 (0.07)

—15.42 (6.76)* —0.05(1.08) —0.35(5.78) —0.14(0.07)

3.52(5.58) —0.19 (0.07)**

Note. Cells are B (SE); *p <.05, **p <.01; SE, standard error. Sample size may vary slightly in different models due to different rates of
missingness for specific covariates; however, rates of missingness were low

#Results from separate models. Coefficients from only predictors of interest are shown

Covariates include age, gender, household annual income, marital/cohabitation status, highest level of education, presence of children in the
home, length of time in neighborhood, neighborhood, psychological distress, BMI, perceived safety, and total crime

likelihood of being a short sleeper in logistic regression
modeling (analyses not shown).

Discussion

The home environment is central to individuals’ health
and well-being. On average, Americans spend about
70% of their time inside their homes, with older adults
being especially likely to spend more time inside their
homes [29]. Substandard housing is more common in
low-SES neighborhoods, and among African
Americans—who disproportionately live in low-SES
neighborhoods—are also more likely than whites to live
in low-quality housing. This may also contribute to the
Black/white health gap [30, 31]. Prior research has
further demonstrated that suboptimal housing condi-
tions are associated with adverse health conditions that
disproportionately affect African Americans, including
respiratory illnesses, cardiovascular diseases, and type 2
diabetes [30, 32]. Although there has been growing
investigation of how broader neighborhood conditions
associate with sleep [8, 10, 33], there has been relatively
little emphasis on associations between more proximal
neighborhood environments, such as housing or resi-
dential block conditions, and sleep. To our knowledge,
this study is the first to show that the home
environment—including perceived measures of housing
conditions and observed residential block conditions—
are independently and equally associated with objec-
tively measured sleep duration and poor sleep quality
among urban, African American residents.

Poor sleep health and poor housing and block condi-
tions were prevalent in this sample. Average actigraphy-
assessed sleep duration in this predominantly African
American sample was 5.6 h. This is lower than the sleep
duration reported in other national studies using
actigraphy, but consistent with prior reports showing
that African Americans have shorter sleep duration than
non-Hispanic whites [34]. Residents’ sleep was also
fragmented, as indicated by an average sleep efficiency
0f 73% and over an hour and a half of wakefulness after
sleep onset. To provide context, sleep efficiency less
than 85% 1is often considered a threshold of treatment
response in insomnia treatment studies [35].

Residents reported a variety of problems with hous-
ing conditions: most commonly peeling paint or plaster,
problems with plumbing, and broken windows or win-
dows without screens. Presence of trash accumulation
and bars on windows were the most commonly objec-
tively measured poor block conditions. Perceived hous-
ing problems or objectively rated poor block conditions
could influence sleep by influencing physical comfort as
well as feelings of safety and psychological well-being,
which are critical for healthy sleep.

Indeed, multiple linear regression models showed
that perceived housing distress and poor perceived
housing conditions were associated with shorter sleep
duration. Housing distress was also associated with
poorer self-reported sleep quality. Our study was the
first to include observations of the residents’ housing
block as well as objective measures of sleep, finding that
poor block conditions were associated with shorter sleep
duration, poorer sleep efficiency, and longer WASO.
Importantly, these significant associations were
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independent of other known factors that covary with
sleep disturbances and/or suboptimal housing, including
socioeconomic status, perceived safety, crime, and psy-
chological distress. Further, significant associations be-
tween perceived housing and sleep persisted, even after
adding block conditions to the model. However, it is
possible that other unmeasured variables contributed to
observed associations.

The current findings are consistent with the limited
prior literature on housing conditions and self-reported
sleep [12-15, 36, 37], and extend the literature by also
demonstrating significant associations with objectively
measured sleep duration and continuity. In addition, the
current study is unique in that it focuses on residents
from two predominantly African American, urban
neighborhoods. Our focus on these neighborhoods in
Pittsburgh is important because they are racially and
socioeconomically segregated areas—a fundamental
cause of health disparities. Finally, by including a host
of individual and neighborhood-level covariates that
may account for associations between housing and
block conditions and sleep, our findings provide robust
support for the contention that proximal neighborhood
environments are an independent correlate of sleep
health in a vulnerable population, and therefore, an
important target of future intervention efforts.

The study has several limitations. First, while we
included perceived measures of housing conditions,
our objective measure of block quality provides an
assessment of the proximal environment, but is not a
direct measure of the exterior or interior of participants’
individual homes. Further, the perceived and observa-
tional measures did not measure all housing conditions
that are relevant for sleep. For instance, we did not have
a measure of air conditioning, which has previously
been associated with sleep quality [15]. Overcrowding
may also be important for sleep; however, we did not
expect this to be as important in this sample of middle-
aged and older adults, many of whom were living alone
and with less than 4% meeting the US Department of
Housing and Urban Development criteria for over-
crowding [38]. Although our inclusion of objective
measures of block conditions is a strength, and we hired
data collectors who were familiar with the neighbor-
hoods (many of whom were residents themselves), ob-
server ratings are also subject to bias and may be depen-
dent on factors such as time of day or day of the week.
Also, given the cross-sectional nature of the study, caus-
al relationships cannot be ascertained. Finally, the
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findings were based on a cohort comprised primarily
of African American women and may not generalize to
other populations.

These findings highlight potential upstream determi-
nants of sleep health disparities in African Americans,
which may in turn contribute to other health disparities,
including obesity-related morbidity and cardiovascular
disease. Increased investments in municipal housing
policies to reduce code violations, as well as grant and
low-interest loan programs for weatherizing and mod-
ernizing homes could help landlords of privately owned
affordable housing invest in the upgrades to make their
apartments more habitable for their low-income tenants.
While many cities offer variants of these programs with
federal, state, or local dollars, they are generally under-
funded [39, 40]. The current findings suggest that the
benefit-cost calculus of programs to rehabilitate substan-
dard housing should include sleep among the public
health benefits of housing investment, which may trans-
late into savings in health spending and a reduction in
health disparities.
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