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Abstract

Obijective: Sleep is an important determinant of various health outcomes, and insufficient sleep
and sleep disorders are a public health crisis in the United States. The objective of this review is
to provide an update on scientific contributions to our understanding of the social/built
environmental determinants of sleep health. In particular, this review focuses on the diverse
measurements of neighborhood characteristics and sleep outcomes, as well as analytic approaches
for quantifying the effect of neighborhood on sleep health.

Methods: Two major electronic databases were searched and reviewed for relevant articles that
examined the associations of social/built environments with sleep health. Inclusion criteria
included peer-reviewed empirical studies on neighborhood-level characteristics and sleep health
among adult populations.

Results: Systematic searches in MEDLINE/PubMed and SCOPUS identified 52 eligible articles
(out of 11,084). Various social/built environmental characteristics of neighborhoods were
identified as potential determinants of sleep health, and the majority of studies examined
neighborhood social capital, safety, and environmental stressors. However, 88% of included
articles employed cross-sectional study designs, limiting causal identification. We found
substantial differences in neighborhood measures, variations in sleep health measurements with
the majority employing self-reported methods, and inconsistent model specifications. While the
majority of articles (48%) utilized perceived neighborhood conditions as the main exposure, more
recent studies (23%) employed geographic information systems to measure neighborhood
characteristics.

Conclusions: To establish the causal relationships between social/physical neighborhood

characteristics and sleep health, more studies should be conducted with longitudinal, quasi-



experimental, and randomized trial designs coupled with objectively measured neighborhood and

sleep health parameters.

Keywords: systematic review, neighborhood, social determinants, spatial analysis, sleep health,

study design



Introduction

Sleep has been recognized as a major determinant of physical and mental health.* Laboratory
and epidemiological studies demonstrate that sleep deficiency may contribute to a variety of
adverse chronic conditions and outcomes among adults, including cardiovascular diseases (CVDs),
neurocognitive disorders, and psychiatric disorders. Laboratory and physiologic studies suggest
that insufficient sleep disrupts neuroendocrine controls, glucose regulation and metabolism,? 3 and
biological pathogenesis models of circadian rhythm and neurodegenerative process are suggested.*
® Epidemiological studies show that adults who report short sleep duration (less than 5-6 hours per
day) have increased body mass index (BMI),® and higher risks of hypertension,’ type-2 diabetes,®
and other CVDs.? Neurocognitive disorders related to sleep deficiency include decreased executive
functions, impaired vigilant attention, and memory loss, which may be due to reduced neuroplastic
processes during sleep that are important for functional recovery.® Lastly, observational studies
demonstrate reciprocal relationships between multiple sleep disorders and psychiatric illnesses.%-
12 Specifically, short sleep duration is associated with depression, anxiety,'® and risk of developing
post-traumatic stress disorder.** Despite such importance of sleep, nocturnal sleep duration among
adults in the United States (U.S.) has declined from 1960, and in 2014, more than one third of U.S.
population had short sleep duration, defined as sleep less than 7 hours.'® Another study from a
national representative sample estimated that more than 70 million U.S. adults had less than 6

hours of sleep duration in 2012.

Emerging studies recognize social and physical environmental factors as important
determinants of sleep health.!”-'® The theory of social production of disease discusses social and

structural barriers as major determinants of health outcomes and health behaviors.® Similar to



other chronic conditions and health outcomes examined under the “social production of disease”
theory, sleep health is also socially patterned by economic and political factors.” Sleep is
comprised of three components; sleep need (i.e. biological requirement for sleep), sleep
opportunity (i.e. the amount of time an individual can make available for sleep), and sleep ability
(i.e. the amount of sleep an individual can achieve),?° and these components are modified by the
society to which an individual belongs. In addition, the psychosocial theory suggests that adverse
environmental factors can create a vulnerability to physical and psychological stress?* which may
influence sleep health consequently.?? Studies have reported that physical and psychological stress,
operationalized as allostatic load and stress biomarkers, are associated with sleep health.?>?* In a
similar vein, the socioecological model of sleep health suggests the interwoven interactions of
individual-level characteristics, including age, sex, race/ethnicity and occupation, with supra-

individual factors of sleep health, such as familial, and social/built environments.?®

In fact, various built and social environmental factors have been documented as potential risk
factors for poor sleep health: ambient noise, artificial light, air pollution, obesogenic environments,
neighborhood disinvestment, lack of green space and recreational facilities, limited social cohesion
and social capital, and neighborhood violence.*® 26 Some definitions of neighborhood stressors are
interchangeably used indicating different measures of neighborhood conditions. For example, the
term “neighborhood disadvantage” refers to adverse socioeconomic status of a neighborhood. In
addition, the methods of measuring neighborhood characteristics are substantially different across
studies. The utilization of diverse methods to assess neighborhood is not a problem in itself, as
each method has its own strengths and limitations. However, the splintered nature of quantifying

neighborhood factors makes it difficult or even impossible to assess the consistency of findings



across studies, and it is important to discuss the most appropriate approaches for sleep health
research. Self-reported measures (i.e. survey-based questions) of neighborhood characteristics
which are commonly employed in studies on neighborhood and sleep health have strengths in
capturing subjective perceptions closely related to the lived reality,?” however such measures are
susceptible to recall bias and same-source bias when sleep outcomes are measured via self-report

as well, threatening the reliability and validity issues of the collected data.?” 2

To overcome the above-mentioned limitations, objective methods for defining and measuring
neighborhood characteristics have been widely employed in sleep epidemiology. Such objective
methods include systematic field observations, use of census data to characterize administrative
neighborhoods, and geographic information system (GIS) techniques. Such objectively-measured
social/built environments have strengths in objectively capturing actual neighborhood
conditions.?” The findings based on objectively measured neighborhood characteristics may
deliver feasible and effective place-based interventions and policy implications. However, the use
of administrative boundaries may introduce inadequate assessment of exposure areas and spatial
misclassifications which is attributable to potential biases due to the artificial aggregation of point-
based data.?® *° For example, a census tract has heterogeneity within its boundary due to the shape
and scale of the aggregation unit, therefore the aggregated data is limited in capturing specific and
actual exposure within the unit, and the quality of these variables also depends on where the

participant lives in an area.

In addition, the measurements of sleep health vary across studies. While polysomnography, a

multi-parametric measure that includes assessment of brain wave activity, blood oxygen level,



heart rate and breathing, as well as eye and leg movements during sleep, is considered the gold
standard, most of the current studies on neighborhood and sleep health employed self-reported
sleep health or actigraphy-based measurements (i.e. monitoring sleep/active cycles via wristwatch-
like accelerometer devices) of sleep duration and quality, due to logistic difficulties of utilizing

polysomnography in population-based studies.

Moreover, there is little consensus on the analytic approaches and model specifications to
employ. It is expected that the selection of covariates can be heterogeneous based on different
research questions and conceptual models, however omitting relevant factors or including potential
mediators/colliders as covariates may result in biased estimates or different interpretations. For
example, beyond individual-level confounders (e.g. age and gender), family-level characteristics,
such as family socio-demographic or household structure, have been identified as salient factors
in the relationship between neighborhood and sleep health,®* which should be adjusted for. In
addition, a large body of literature has suggested that psychological stress can play important
mediating roles in neighborhood and sleep health,®* as neighborhood stressors may cause
psychosocial stress and cumulative biological risks.®> 3 Epidemiological studies have also
reported close relationships between sleep and physical activity, and physical and social
environments can significantly change individuals’ levels of physical activity.3* % 3In these cases,
adjusting these potential mediators (i.e. psychological stress and physical activity) as confounders
without careful considerations of hypothesized causal mechanisms will yield biased estimates

and/or different interpretations.



There are a few published systematic reviews?® ® as well as narrative reviews®’-° on this topic,
however, the extant reviews did not provide specific information on neighborhood definitions and
model specifications, thus did not fully address these methodological concerns. Therefore, the
objective of this systematic review is to synthesize the recent literature on the associations between
neighborhood characteristics and sleep health and to critically assess the evidence derived from
empirical studies. The present systematic review assesses the methodological differences in
measurements of neighborhood features and sleep heath as well as evaluates inconsistent model
specifications and covariate selections across studies. We also discuss future research directions

and caveats in examining neighborhood effects on sleep health.

Methods
Search Strategy and Study Selection

This systematic review was based on the literature that was identified and referenced from
a systematic search for papers published between January 2000 and February 2021, using two
large data bases, PubMed and SCOPUS. PubMed has relatively wider coverage than other
databases in the biomedical science, including public health and neuroscience, in which sleep
health has been widely studied. SCOPUS covers a comprehensive range of journals, encompassing
variety of social science studies where characteristics of social and built environments are
extensively investigated. Additional relevant articles were identified and included from the
reference lists of selected articles as well as from relevant review articles. The PRISMA Statement
was utilized to guide the conduct of the review.*® The neighborhood characteristics were captured
from a set of terms [neighborhood, social environment, built environment, spatial, geospatial], and

then we included multiple dimensions of sleep health as the outcome: [sleep, sleep disorder, sleep



quality, sleep hygiene, sleep deprivation, sleep problem, obstructive sleep apnea (OSA), insomnia].

The search criteria required at least one term present from the exposure and from the outcome.

No filters or language restriction was applied within the databases. The search process was
limited to empirical studies on neighborhood social/built environments and sleep, disregarding
reviews or theoretical articles. The search strategy also limited the scope to studies focusing on
adult populations. The neighborhood characteristics may affect children’s and adolescents’ sleep
health via disparate mechanisms from adults, as the sleep epidemiology and etiologic processes of
an individual systematically vary across life course.” In addition, perceptions, experiences, and
potential health effects of a similar neighborhood may differ by the developmental stages, even
for people residing in the same dwelling. Sequential inclusion screens were conducted based on
title, abstract, and full-text review (Figure 1). The detailed inclusion criteria were the following:
(1) investigation of neighborhood-level characteristics (no indoor environments), (2) investigation
of human sleep health, (3) empirical study with findings published in peer-reviewed original
research journals (i.e. no reviews, editorial letters, protocols, book chapters), (4) no ethnographic

or qualitative studies, and (5) adult populations only (exclude infant, child, and adolescent studies).

Data Extraction

The title/abstract reviews of selected abstracts from initial web search was conducted by one
reviewer (BK) based on the inclusion criteria. One additional reviewer (DTD) assessed potential
misclassifications of the selected studies from the first screening. The lead reviewer performed
full-text reviews and data extraction, followed by quality checks of final 52 publications by the

second reviewer. Articles that met the inclusion criteria were reviewed and classified according to



study design, target population, measurements of the exposure and the outcome variables as well
as variable selection strategies. The main findings of each study were extracted. Specifically, data
were extracted from each paper on the study characteristics including country, year of publication,
study design, and sample profile (e.g. sample size and specific sub-population of studies). Detailed
information on exposure and outcome assessments, such as neighborhood characteristics assessed,
definitions of neighborhood (e.g. perception or residence-based boundaries), measurement tools
of neighborhood exposures (e.g. survey, secondary dataset, or field observation) and outcomes
(e.g. survey, objective measures), as well as covariates and intermediary variables were examined.
In case of missing methodological information, further articles explaining the study design were

retrieved.

Neighborhood characteristics were classified into several categories to facilitate the
interpretations of study findings. To illustrate, measurements of neighborhood-level social capital
and social cohesion, commonly measured from questionnaires on group memberships,
neighborhood belonging, trust, and shared-values,** were grouped as “social capital” as the two
dimensions of social environments are not fundamentally different from each other.*?
Neighborhood-level socioeconomic status, including poverty, mother-only households,
unemployment, education attainment, and crowding was classified as “neighborhood disadvantage”
referring to the landscape of economic and social resources.*® A set of physical and social
conditions of neighborhoods, such as vacant lots and housings, litters on streets, graffiti/vandalism,
selling/using drugs or drinking in public, loud noise, neighborhood stigma, as well as
neighborhood disinvestment was classified as “neighborhood disorder”.** The neighborhood

disorder category comprised objectively measured neighborhood conditions, investment in

10



neighborhoods, as well as perceived neighborhoods. “Neighborhood safety” included reported
crime rates as well as perceived safety and observed violence collected from questionnaire.
Perceived safety is commonly included as one of items for neighborhood disorder, and it was
classified as neighborhood safety along with crime rates, in case the perceived safety was
independently analyzed as a single exposure variable. A set of physical characteristics that
provides pleasant walking environments and facilitates physical activity, such as urban design (e.g.
street connectivity and sidewalk condition), accessibility to amenities and parks, and green space
was classified as “walkability” category.*® Walkability also included survey-measured perceived
conditions and quantitatively assessed physical environments. Other measures, such as
neighborhood noise, light pollution, air quality, as well as urbanicity linked with aforementioned

stressors were grouped as “environmental stressors”.

Results

The database search and screening resulted in 52 empirical studies from the year of 2000 to
February 2021. (Figure 1) The first searches provided a total of 11,084 papers, and after excluding
duplicates, 5,508 studies remained. Titles were first screened to determine eligibility. Following
this, 757 abstracts were reviewed, with the full-text retrieved for 214 papers. The majority of the
excluded studies from the 214 studies was targeting infants, children, and adolescents sleep health.
In total, 52 studies were identified to be included in this systematic review (Figure 1). Table 1

illustrates the characteristics of the included studies.

Study Characteristics

11



Most of the empirical studies on neighborhood effects on sleep health have emerged from the
mid-2000s and have increased in the recent years. Among the 52 included papers, 46 articles (88%)
employed cross-sectional study designs whereas 6 studies (12%) utilized longitudinal settings.
Among the 6 longitudinal studies, only one recent study employed a quasi-experimental design
comparing two similar neighborhoods with repeated measures of sleep health. The majority of
studies (71%) on this topic was conducted in the U.S. followed by European countries (12%: 6
studies) and Asian countries (8%: 4 countries). Many of these studies focused on specific sub-
populations, such as Black or Hispanics (29%), middle to older aged populations (12%), and other

vulnerable populations (4%) including sexual minorities and mothers.

Among the 52 articles, there were three neighborhood characteristics commonly studied: social
capital (14 studies: 27%), neighborhood safety (14 studies: 27%), and neighborhood disorder (14
studies: 27%). Neighborhood disadvantage was examined as potential determinants of sleep health
in 7 studies (15%). Environmental stressors, such as neighborhood noise, light and air pollution
were investigated in 10 studies (19%), and 6 studies (12%) analyzed neighborhood walkability as

the main exposure of interests.

Neighborhood Definitions and Measurements

Most of the studies (73%) investigated participants’ residential neighborhoods, and 13 studies
(25%) did not specifically mention how participants should define their neighborhoods when
answering the surveys. For example, most of the surveys in this category asked questions such as
“In your neighborhood, is violent crime a problem?” rather than defining neighborhood as “Within

10 minutes walking distance from your home”. Only one study specified neighborhoods as areas
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of residence, work, and socializing to capture diverse experiences in daily life. In terms of the
geographical boundaries of neighborhood definitions, about a half of the articles (25 studies: 48%)
used perceived neighborhood boundaries without specified geographic borders, whereas 14 studies
(27%) employed small administrative boundaries, such as census tract or postal codes, and 3
studies (6%) used boundaries of larger areas (e.g. city and county levels). Twelve studies (23%)
used GIS-based measures involving no administrative boundaries, yet the methods for defining
neighborhood boundaries were varied. For example, ego-centric circular buffers, defined as a
radius around a particular point of interest, based on participants’ home addresses were used in 7
studies (13%), whereas proximity (i.e. distance) to certain points of interests was employed in 5

studies (10%).

As the majority of studies employed perceived neighborhood definitions, survey-based
questionnaires were the major measurement tools of neighborhood characteristics (33 studies:
63%). Beyond such perceived neighborhood characteristics, 22 studies (42%) utilized secondary
datasets, such as census data, point-level crime data and noise measures, and 6 studies (12%) used

direct measures including field observation and direct noise measurements from sensors.

Sleep Outcomes and Measurements

The most common sleep outcomes among selected studies were sleep duration including
insufficient sleep (32 studies: 62%). Among the 32 studies on sleep duration, 78% (25 studies)
utilized self-reported sleep duration, whereas only 10 studies used quantitatively evaluated sleep
duration through actigraphy. Among the studies with self-reported sleep duration, different sets of

questionnaires were utilized including questions developed by the investigators and validated
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questionnaires such as Pittsburgh Sleep Quality Index. Twenty-four studies (46%) investigated
sleep quality, and among those 16 studies (67%) employed self-reported sleep quality, such as
Patient-Reported Outcomes Measurement Information System (PROMIS) sleep disturbance and
sleep-related impairment questionnaires, whereas 8 studies (33%) utilized actigraphy-based sleep
efficiency as an indicator of sleep quality. Sleep problems (e.g. sleep disturbances, wake up after
sleep onset (WASO), etc.) were examined in 16 studies (29%), and among those 16 studies, 5
studies (31%) utilized WASOQO based on actigraphy. Three studies investigated insomnia using self-
reported survey items, and sleep apnea (obstructive sleep apnea) was examined in 4 studies using
polysomnography or home sleep apnea testing devices. No other clinically significant sleep
disorders, such as restless leg syndrome or narcolepsy, were examined pertaining to neighborhood

characteristics.

Analytic Approaches

All studies adjusted the associations of interest for basic individual characteristics, such as age
and sex. Education attainment (43 studies: 83%), and household/individual income or poverty
status (47 studies: 90%) were controlled in the majority. Only 12 studies (23%) included
race/ethnicity as a covariate, but most of the studies in which the individual characteristics were
not controlled were based on racially/ethnically homogenous populations (e.g. Black community,
Hispanic, or Asian countries). A few papers (4 studies) examined the heterogenous effects of
neighborhood characteristics by selected sociodemographic characteristics within the contexts of
U.S. The selection of additional covariates and confounders showed substantial inconsistency.
Particularly, family characteristics and household size/type (e.g. marital status and number of

household members) are potential confounders in the associations between neighborhood and
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sleep, as family structure over different life courses can determine sleep health,*® as well as
preferences of neighborhood characteristics.*” However, among 52 included studies, 20 studies

(38%) omitted such measures in the analysis, which introduces residential confounding issues.

Pertaining to potential mediators between neighborhood and sleep health, 23 studies (44%)
controlled for psychological factors such as stress, depression, and anxiety as confounders (i.e.
adjusting for the variables in the regression analysis) posing potential risk of bias due to
conditioning on a mediator. Only 3 studies examined the psychological factors as potential
mediators or effect modifiers with appropriate analytic approaches and modeling rather than
conditioning on them, and the methods used included mediation analysis or adding interaction
terms.34 48 4% |n addition, seventeen studies (33%) controlled for physical activity as a covariate
(i.e. treating as a confounder), potentially resulting in biased estimates of the main effects, and
none of the included articles examined its mediating role. Such psychological and behavioral
factors may be salient mediators and/or effect modifiers (but not confounders) on the associations
between neighborhood and sleep, but most of the studies misspecified the causal models without
careful considerations on theoretical mechanisms. Similarly, inclusion of body mass index and

health behaviors, such as smoking status and alcohol use, were not consistent across studies.

Study findings

Most of the studies (51 studies: 98%) reported associations between neighborhood exposures
of interest and sleep health. However, 15 studies reported inconsistent findings within the studies
for specific neighborhood measures whereas other measures showed expected effects. For example,

one paper found positive association between neighborhood crime and sleep disturbance (e.g.
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WASO) yet null associations with sleep duration.®® In general, neighborhood social capital,
physical/social disorders, safety, and walkability were associated with sleep duration, sleep quality,
and sleep problems after adjusting for potential confounders and relevant risk factors. However,
the model specifications varied considerably across studies. For example, low social capital was
associated with short sleep durations in 9 cross-sectional studies. Ten cross-sectional studies
reported safe neighborhood condition as a protective factor of sleep duration, and the associations
were ranged from 0 to 10 minutes increase sleep durations. Neighborhood disorder was associated
with decreased sleep duration ranging from 7 to 14 minutes in 5 cross-sectional studies.
Walkability measures were reported as a protective factors of short sleep duration in 6 cross-
sectional studies. Overall, most of the desirable neighborhood environments showed positive
effects on sleep duration and quality. However, the results from cross-sectional studies cannot be
directly interpreted as causal associations without well-defined temporal orders between the
exposure and outcomes. Two longitudinal studies with repeated sleep assessments reported
associations between neighborhood disorder and short sleep duration. Lastly, two cross-sectional
studies attempted to examine mediating mechanisms between neighborhood characteristics and
sleep health considering psychological distress as a mediator, yet those finding may not be

interpreted as a causal relationship due to the cross-sectional study design.

Discussion

This systematic review provided comprehensive and in-depth information related to reported
associations of social and physical neighborhood characteristics with sleep outcomes. Various
social and physical neighborhood features have been identified as potential determinants of sleep

health, and the studies that make up this knowledge space contain diverse sample populations and
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locations of study suggesting greater catchment and possible generalizability of the associations
reported. Neighborhood social capital and social cohesion, neighborhood safety, and physical and
social disorders were frequently examined using different measures and metrics, and the desirable

characteristics had positive associations with sleep health

The use of different measurement strategies to capture neighborhood characteristics and other
differences in study designs could have contributed to varied effect sizes across studies, despite
the similar directions of the various study estimates. Most of the studies employed perceived
neighborhood conditions based on residential areas, whereas several studies utilized secondary
datasets using residential administrative boundaries such as census tracts or ZIP codes to define
residential neighborhoods. Considering the potential spatial misclassification issues related to
static administrative boundaries, several recent studies utilized ego-centric neighborhood
definitions with point-level exposure measures and GIS techniques. >!Perceived neighborhood
conditions may reflect real experiences among study participants, while some of the objective
measures of neighborhood characteristics may portend modifiable risk factors and feasible place-
based interventions. Optimal study design would consider both objective and subjective measures
of neighborhood environments, and could model the latter as mediators of the effect of the former.
Lastly, only one study defined neighborhood as areas of residence, work, and socializing.*® This
scant study on neighborhood exposures based on daily mobility pattern indicates potential areas

of further investigations.

In addition, divergent measures of sleep health outcomes (e.g. self-reported vs. objectively

measured sleep health) make it difficult to compare the findings across studies. Furthermore, the
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questionnaires for measuring self-reported sleep were varied across studies (e.g. total sleep time,
time spent in bed, daily sleep time log, etc.), hindering consolidation of findings even among
studies with self-reported sleep. While most of the studies used self-reported sleep duration and
sleep quality which are susceptible to recall bias and same-source bias, recent studies started
employing actigraphy-measured sleep duration and efficiency, which may be regarded as
improved methods from self-reported sleep. Again, optimal studies may be those collecting both
objective and self-reported measurements of sleep. Except a few studies investigated clinically
significant sleep disorders such as obstructive sleep apnea and insomnia, most of the studies
examined sleep duration, quality, and efficiency. Some of clinical sleep disorders may not directly
associated with neighborhood conditions as closely as commonly used sleep variables, however,
this scarcity remains as research gap, particularly for preventable sleep disorders through physical

activity and psychological well-being in relations with neighborhood characteristics.

This systematic review also compared the various model specifications used and found
substantial differences in covariate selection and multivariable model building strategies across
studies. Specifically, mediators and effect modifiers in the hypothesized associations were
controlled without careful considerations of their causal mechanisms, and several papers omitted
critical confounders in the analyses. The divergent nature of these models together with the
different measurement strategies may result in inconsistent effect sizes that cannot be readily

compared across studies.

This systematic review is not without limitations. The search strategy based on the two major

scientific databases might miss some relevant studies in other databases and did not include a
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potential grey literature of unpublished studies, such as thesis and report, as well as non-English
studies. Restricting the search to studies with individual-level exposure may have missed
publications which employed ecological study designs for large-scale ambient environmental
characteristics (e.g. air pollution and noise). Such environmental stressor measures were

commonly estimated with aggregated data in larger contexts, for instance city- and county-levels.

Future directions

Twelve percent of the included articles employed longitudinal study settings, and only one
study used a natural experimental design. In order to more fully investigate the causal relationships
between social/physical neighborhood characteristics and sleep health, more studies should be
conducted with longitudinal designs (i.e., with repeated sleep assessments) and experimental study
designs coupled with objectively measured neighborhood and sleep health addressing above
mentioned limitations of self-reported measures when those are used alone (but optimal studies
may collect both objective and subjective data). Due to ethical and feasibility limitations of random
assignments of neighborhood characteristics, quasi-experimental designs with recent
neighborhood changes would be preferred. Also, repeated measures of neighborhood
characteristics over longer period of time and utilizations of rigorous neighborhood definitions are
critical in establishing valid causal inferences and suggesting feasible place-based interventions,
given the limited numbers of articles that examined changes in neighborhood characteristics with

refined definitions of a neighborhood.

Future studies should especially consider daily mobility patterns and activities of daily living

of individuals when defining neighborhood, as neighborhood stressors not only exist in
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administratively defined areas but are perhaps more accurately measured in individually-defined
neighborhood spaces experienced on a per person basis over daily activities. For example, utilizing
activity space definitions based on global positioning system (GPS) as neighborhood boundaries

can provide more accurate exposure measures reflecting daily mobility patterns *°.

Most importantly, given the distal causal pathways from neighborhood characteristics to sleep
health relative to individual-level behavioral factors such as physical activity and psychological
factors, studies should carefully consider hypothesized mechanisms based on literature and
elaborate on identifying causal diagrams (e.g. directed acyclic graphs). We found considerable
inconsistency in model specifications across studies, which is not a problem in itself and expected
contingent on research questions. However, we found several model misspecifications which may
result in biased estimates. To address this issue, conceptual diagrams or directed acyclic diagrams
can assist identifying confounders, mediators, effect modifiers, and colliders. Based on such well-
defined exposures, outcomes, and model specifications, greater empirical, and certainly
experimental, evidence is needed to reveal how neighborhood features more accurately modify

sleep health of individuals.

Lastly, the intercorrelation and co-occurrence of multiple neighborhood characteristics as well
as their multicollinearity should be carefully considered, particularly aiming for possibilities to
separate effects of each exposure. Most of the time, it is almost impossible to disentangle such
interwoven correlations of neighborhood characteristics, and potential alternative would be using
mixture modeling to explore neighborhood influences with an index for overall effects addressing

multicollinearity issue. In some rare cases, such as a sharp increase of one particular exposure
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when other correlated environments remain same, it would be possible to evaluate the separate
effect of interest by a quasi-experimental design. Only one quasi-experimental study utilized such
opportunity to evaluate the impact of neighborhood investments comparing intervention and
control groups,® and more of such advanced studies, including clustered randomized trial designs,
will be helpful in providing rigorous evidences on effects of specific place-based interventions,
addressing the issues of co-occurring neighborhood environmental factors from observational

studies.

Conclusion

High-quality evidence regarding the impact of neighborhood effects on sleep health is required
to further inform place-based preventative and policy interventions to meaningfully address
potentially inequitable variation in sleep health at the neighborhood level. Quasi-experimental
studies or longitudinal designs are required to improve the quality of evidence as well as
utilizations of objective measures for sleep health and neighborhood characteristics that can better
inform intervention strategies. Studies which examine the direct impact of neighborhoods without
careful considerations of causal mechanisms will continue to miss important mediating variables
and result in potentially biased estimates, hindering our understanding and response to

neighborhood effects and poor sleep health.

21



Acknowledgements:
This research did not receive any specific grant from funding agencies in the public, commercial,
or not-for-profit sectors.

22



Reference

1. Czeisler CA. Duration, timing and quality of sleep are each vital for health, performance
and safety. Sleep Health. Mar 2015;1(1):5-8. doi:10.1016/j.sleh.2014.12.008
2. Mullington JM, Haack M, Toth M, Serrador JA, Meier-Ewert HK. Cardiovascular,

Inflammatory, and Metabolic Consequences of Sleep Deprivation. Prog Cardiovasc Dis. Jan-Feb
2009;51(4):294-302. d0i:10.1016/j.pcad.2008.10.003

3. Van Cauter E, Holmback U, Knutson K, et al. Impact of sleep and sleep loss on
neuroendocrine and metabolic function. Horm Res. 2007;67 Suppl 1:2-9.
do0i:10.1159/000097543

4, Lal C, Strange C, Bachman D. Neurocognitive impairment in obstructive sleep apnea.
Chest. Jun 2012;141(6):1601-1610. doi:10.1378/chest.11-2214
5. Wu H, Dunnett S, Ho Y-S, Chang RC-C. The role of sleep deprivation and circadian

rhythm disruption as risk factors of Alzheimer’s disease. Frontiers in neuroendocrinology.
2019;54:100764.

6. Ford ES, Li C, Wheaton AG, Chapman DP, Perry GS, Croft JB. Sleep duration and body
mass index and waist circumference among U.S. adults. Obesity (Silver Spring). Feb
2014;22(2):598-607. doi:10.1002/0by.20558

7. Gangwisch JE, Heymsfield SB, Boden-Albala B, et al. Short sleep duration as a risk factor
for hypertension: analyses of the first National Health and Nutrition Examination Survey.
Hypertension. May 2006;47(5):833-9. do0i:10.1161/01.HYP.0000217362.34748.e0

8. Cappuccio FP, D'Elia L, Strazzullo P, Miller MA. Quantity and quality of sleep and
incidence of type 2 diabetes: a systematic review and meta-analysis. Diabetes Care. Feb
2010;33(2):414-20. doi:10.2337/dc09-1124

9. Cohen DA, Roy A. Sleep and Neurological Disorders. Sleep, Health, and Society. 2 ed.
Oxford University Press; 2018.

10. Ford DE, Kamerow DB. Epidemiologic study of sleep disturbances and psychiatric
disorders. An opportunity for prevention? JAMA. Sep 15 1989;262(11):1479-84.
doi:10.1001/jama.262.11.1479

11. Benca RM, Obermeyer WH, Thisted RA, Gillin JC. Sleep and psychiatric disorders. A
meta-analysis. Arch Gen Psychiatry. Aug 1992;49(8):651-68; discussion 669-70.

12. Sateia MJ. Update on sleep and psychiatric disorders. Chest. May 2009;135(5):1370-
1379. doi:10.1378/chest.08-1834

13. van Mill J, Vogelzangs N, van Someren E, Hoogendijk W, Penninx B. Sleep duration, but
not insomnia, predicts the 2-year course of depressive and anxiety disorders. Journal of Clinical
Psychiatry. 2014;75(2):119-126.

14. MccCall CA, Turkheimer E, Tsang S, Avery A, Duncan GE, Watson NF. Sleep duration and
post-traumatic stress disorder symptoms: a twin study. Sleep. Dec 24
2019;42(12)d0i:10.1093/sleep/zs2179

15. Liu Y, Wheaton AG, Chapman DP, Cunningham TJ, Lu H, Croft JB. Prevalence of Healthy
Sleep Duration among Adults - United States, 2014. Mmwr-Morbid Mortal W. Feb 19
2016;65(6):137-141. doi:DOI 10.15585/mmwr.mm6506al

16. Ford ES, Cunningham TJ, Croft JB. Trends in Self-Reported Sleep Duration among US
Adults from 1985 to 2012. Sleep. May 1 2015;38(5):829-+. d0i:10.5665/sleep.4684

23



17. Dustin DT, Kawachi |, Redline S. The social epidemiology of sleep. Oxford University
Press; 2019:pages cm.

18. Billings ME, Hale L, Johnson DA. Physical and Social Environment Relationship With
Sleep Health and Disorders. Chest. Dec 21 2019;d0i:10.1016/j.chest.2019.12.002

19. Conrad P. The sociology of health and illness : critical perspectives. 6th ed. Worth
Publishers; 2001.:viii, 546 p.

20. Grandner M. Sleep and health. 1st edition. ed. Elsevier; 2019:pages cm.

21. Brunner E, Marmot M. Social organization, stress, and health. Social determinants of
health. 2006;2:17-43.

22. Hill TD, Burdette AM, Hale L. Neighborhood disorder, sleep quality, and psychological
distress: Testing a model of structural amplification. Health Place. Dec 2009;15(4):1006-1013.
doi:10.1016/j.healthplace.2009.04.001

23. Chen XL, Redline S, Shields AE, Williams DR, Williams MA. Associations of allostatic load
with sleep apnea, insomnia, short sleep duration, and other sleep disturbances: findings from
the National Health and Nutrition Examination Survey 2005 to 2008. Ann Epidemiol. Aug
2014;24(8):612-619. doi:10.1016/j.annepidem.2014.05.014

24. Mancuso M, Bonanni E, LoGerfo A, et al. Oxidative stress biomarkers in patients with
untreated obstructive sleep apnea syndrome. Sleep Med. Jun 2012;13(6):632-636.
d0i:10.1016/j.sleep.2011.10.030

25. Grandner MA. Social-ecological model of sleep health. Sleep and Health. Elsevier;
2019:45-53.

26. Hunter JC, Hayden KM. The association of sleep with neighborhood physical and social
environment. Public Health. Sep 2018;162:126-134. doi:10.1016/j.puhe.2018.05.003

27. Duncan DT, Goedel WC, Chunara R. Quantitative methods for measuring neighborhood
characteristics in neighborhood health research. Neighborhoods and Health; Oxford University
Press: Oxford, UK. 2018:57-90.

28. Roux AVD. Neighborhoods and health: where are we and were do we go from here? Rev
Epidemiol Sante. Feb 2007;55(1):13-21. doi:10.1016/j.respe.2006.12.003

29. Duncan DT, Kawachi I, Subramanian S, Aldstadt J, Melly SJ, Williams DR. Examination of
how neighborhood definition influences measurements of youths' access to tobacco retailers: a
methodological note on spatial misclassification. American journal of epidemiology.
2014;179(3):373-381.

30. Wong D. The modifiable areal unit problem (MAUP). In: Fotheringham AS, Rogerson PA,
eds. The SAGE handbook of spatial analysis. SAGE; 2009:105-123:chap 7.

31. Billings ME, Cohen RT, Baldwin CM, et al. Disparities in Sleep Health and Potential
Intervention Models: A Focused Review. Chest. Sep 30 2020;d0i:10.1016/j.chest.2020.09.249
32. Theall KP, Drury SS, Shirtcliff EA. Cumulative Neighborhood Risk of Psychosocial Stress
and Allostatic Load in Adolescents. American Journal of Epidemiology. Oct 1 2012;176:5164-
S174. doi:10.1093/aje/kws185

33, King KE, Morenoff JD, House JS. Neighborhood Context and Social Disparities in
Cumulative Biological Risk Factors. Psychosom Med. Sep 2011;73(7):572-579.
d0i:10.1097/PSY.0b013e318227b062

24



34, Kredlow MA, Capozzoli MC, Hearon BA, Calkins AW, Otto MW. The effects of physical
activity on sleep: a meta-analytic review. J Behav Med. Jun 2015;38(3):427-49.
do0i:10.1007/s10865-015-9617-6

35. Ding D, Sallis JF, Kerr J, Lee S, Rosenberg DE. Neighborhood Environment and Physical
Activity Among Youth A Review. Am J Prev Med. Oct 2011;41(4):442-455.
doi:10.1016/j.amepre.2011.06.036

36. Tomfohr-Madsen L, Cameron EE, Dhillon A, et al. Neighborhood socioeconomic status
and child sleep duration: A systematic review and meta-analysis. Sleep Health. 2020;6(5):550-
562.

37. Hale L, Emanuele E, James S. Recent updates in the social and environmental
determinants of sleep health. Current sleep medicine reports. 2015;1(4):212-217.

38. Johnson DA, Al-Ajlouni YA, Duncan DT. Connecting Neighborhoods and Sleep Health.
The Social Epidemiology of Sleep. 2019:409.

39. Billings ME, Hale L, Johnson DA. Physical and Social Environment Relationship With
Sleep Health and Disorders. Chest. May 2020;157(5):1304-1312.
do0i:10.1016/j.chest.2019.12.002

40. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate health care interventions: explanation and
elaboration. Journal of clinical epidemiology. 2009;62(10):e1-e34.

41. Veenstra G. Social capital, SES and health: an individual-level analysis. Social science &
medicine. 2000;50(5):619-629.

42, Klein C. Social capital or social cohesion: What matters for subjective well-being? Social
Indicators Research. 2013;110(3):891-911.

43, Ross CE, Mirowsky J. Neighborhood disadvantage, disorder, and health. J Health Soc
Behav. Sep 2001;42(3):258-76.

44, Sampson RJ, Raudenbush SW, Earls F. Neighborhoods and violent crime: A multilevel
study of collective efficacy. science. 1997;277(5328):918-924.

45, Frank LD, Sallis JF, Saelens BE, et al. The development of a walkability index: application
to the Neighborhood Quality of Life Study. British journal of sports medicine. 2010;44(13):924-
933.

46. McHale SM. Family contexts of sleep and health across the life course. Springer
Science+Business Media; 2017:pages cm.
47. Chen C, Lin H. Decomposing residential self-selection via a life-course perspective.

Environment and Planning A. 2011;43(11):2608-2625.

48. Richardson AS, Troxel WM, Ghosh-Dastidar M, et al. Violent crime, police presence and
poor sleep in two low-income urban predominantly Black American neighbourhoods. J
Epidemiol Community Health. Jan 2021;75(1):62-68. doi:10.1136/jech-2020-214500

49, Johnson DA, Lisabeth L, Hickson D, et al. The Social Patterning of Sleep in African
Americans: Associations of Socioeconomic Position and Neighborhood Characteristics with
Sleep in the Jackson Heart Study. Sleep. Sep 1 2016;39(9):1749-59. doi:10.5665/sleep.6106
50. Chaix B, Meline J, Duncan S, et al. GPS tracking in neighborhood and health studies: a
step forward for environmental exposure assessment, a step backward for causal inference?
Health Place. 2013;21:46-51.

25



51. Dubowitz T, Haas A, Ghosh-Dastidar B, et al. Does Investing in Low-income Urban
Neighborhoods Improve Sleep? Sleep. Jan 8 2021;d0i:10.1093/sleep/zsaa292

52. Alhasan DM, Gaston SA, Jackson WB, 2nd, Williams PC, Kawachi |, Jackson CL.
Neighborhood Social Cohesion and Sleep Health by Age, Sex/Gender, and Race/Ethnicity in the
United States. Int J Environ Res Public Health. Dec 17 2020;17(24)d0i:10.3390/ijerph17249475
53. Beutel ME, Brahler E, Ernst M, et al. Noise annoyance predicts symptoms of depression,
anxiety and sleep disturbance 5 years later. Findings from the Gutenberg Health Study. Article.
European Journal of Public Health. 2020;30(3):516-521. doi:10.1093/eurpub/ckaa015

54, Dong L, Dubowitz T, Haas A, et al. Prevalence and correlates of obstructive sleep apnea
in urban-dwelling, low-income, predominantly African-American women. Sleep Med. Sep
2020;73:187-195. d0i:10.1016/j.sleep.2020.06.022

55. Troxel WM, Haas A, Ghosh-Dastidar B, et al. Broken Windows, Broken Zzs: Poor Housing
and Neighborhood Conditions Are Associated with Objective Measures of Sleep Health. J Urban
Health. Apr 2020;97(2):230-238. doi:10.1007/s11524-019-00418-5

56. Watanabe M, Shobugawa Y, Tashiro A, et al. Association between Neighborhood
Environment and Quality of Sleep in Older Adult Residents Living in Japan: The JAGES 2010
Cross-Sectional Study. Int J Environ Res Public Health. Feb 21
2020;17(4)d0i:10.3390/ijerph17041398

57. Xiao Q, Gee G, Jones RR, Jia P, James P, Hale L. Cross-sectional association between
outdoor artificial light at night and sleep duration in middle-to-older aged adults: The NIH-AARP
Diet and Health Study. Environ Res. Jan 2020;180:108823. doi:10.1016/j.envres.2019.108823
58. Yang L, Ho JYS, Wong FKY, et al. Neighbourhood green space, perceived stress and sleep
quality in an urban population. Article. Urban Forestry and Urban Greening. 2020;54126763.
do0i:10.1016/j.ufug.2020.126763

59. Murillo R, Ayalew L, Hernandez DC. The association between neighborhood social
cohesion and sleep duration in Latinos. Ethn Health. Aug 28 2019:1-12.
do0i:10.1080/13557858.2019.1659233

60. Robbins R, Jean-Louis G, Gallagher RA, et al. Examining social capital in relation to sleep
duration, insomnia, and daytime sleepiness. Sleep Med. Aug 2019;60:165-172.
do0i:10.1016/j.sleep.2019.03.019

61. Bierman A, Lee Y, Schieman S. Neighborhood Disorder and Sleep Problems in Older
Adults: Subjective Social Power as Mediator and Moderator. Gerontologist. Jan 18
2018;58(1):170-180. doi:10.1093/geront/gnx049

62. Johnson BS, Malecki KM, Peppard PE, Beyer KMM. Exposure to neighborhood green
space and sleep: evidence from the Survey of the Health of Wisconsin. Sleep Health. Oct
2018;4(5):413-419. doi:10.1016/j.sleh.2018.08.001

63. Johnson DA, Hirsch JA, Moore KA, Redline S, Diez Roux AV. Associations Between the
Built Environment and Objective Measures of Sleep: The Multi-Ethnic Study of Atherosclerosis.
Am J Epidemiol. May 1 2018;187(5):941-950. doi:10.1093/aje/kwx302

64. Mellman TA, Bell KA, Abu-Bader SH, Kobayashi |. Neighborhood stress and autonomic
nervous system activity during sleep. Sleep. Jun 1 2018;41(6)d0i:10.1093/sleep/zsy059

65. Nam S, Whittemore R, Jung S, Latkin C, Kershaw T, Redeker NS. Physical neighborhood
and social environment, beliefs about sleep, sleep hygiene behaviors, and sleep quality among
African Americans. Sleep Health. Jun 2018;4(3):258-264. d0i:10.1016/j.sleh.2018.03.002

26



66. Ruff RR, Ng J, Jean-Louis G, Elbel B, Chaix B, Duncan DT. Neighborhood Stigma and
Sleep: Findings from a Pilot Study of Low-Income Housing Residents in New York City. Behav
Med. Jan-Mar 2018;44(1):48-53. doi:10.1080/08964289.2016.1203754

67. Troxel WM, DeSantis A, Richardson AS, et al. Neighborhood disadvantage is associated
with actigraphy-assessed sleep continuity and short sleep duration. Sleep. Oct 1
2018;41(10)d0i:10.1093/sleep/zsy140

68. Win T, Yamazaki T, Kanda K, Tajima K, Sokejima S. Neighborhood social capital and sleep
duration: a population based cross-sectional study in a rural Japanese town. BMC Public Health.
Mar 12 2018;18(1):343. doi:10.1186/s12889-018-5204-4

69. Xiao Q, Hale L. Neighborhood socioeconomic status, sleep duration, and napping in
middle-to-old aged US men and women. Sleep. Jul 1 2018;41(7)d0i:10.1093/sleep/zsy076

70. Young MC, Gerber MW, Ash T, Horan CM, Taveras EM. Neighborhood social cohesion
and sleep outcomes in the Native Hawaiian and Pacific Islander National Health Interview
Survey. Sleep. Sep 1 2018;41(9)d0i:10.1093/sleep/zsy097

71. Duncan DT, Park SH, Goedel WC, et al. Perceived Neighborhood Safety Is Associated
with Poor Sleep Health among Gay, Bisexual, and Other Men Who Have Sex with Men in Paris,
France. J Urban Health. Jun 2017;94(3):399-407. d0i:10.1007/s11524-017-0148-z

72. Evandt J, Oftedal B, Hjertager Krog N, Nafstad P, Schwarze PE, Marit Aasvang G. A
population-based study on nighttime road traffic noise and insomnia. Sleep. 2017;40(2)

73. Johnson DA, Simonelli G, Moore K, et al. The Neighborhood Social Environment and
Objective Measures of Sleep in the Multi-Ethnic Study of Atherosclerosis. Sleep. Jan 1
2017;40(1)d0i:10.1093/sleep/zsw016

74. Simonelli G, Dudley KA, Weng J, et al. Neighborhood Factors as Predictors of Poor Sleep
in the Suefio Ancillary Study of the Hispanic Community Health Study/Study of Latinos. Sleep.
Jan 12017;40(1)d0i:10.1093/sleep/zsw025

75. Billings ME, Johnson DA, Simonelli G, et al. Neighborhood Walking Environment and
Activity Level Are Associated With OSA: The Multi-Ethnic Study of Atherosclerosis. Chest. Nov
2016;150(5):1042-1049. doi:10.1016/j.chest.2016.06.012

76. Chambers EC, Pichardo MS, Rosenbaum E. Sleep and the Housing and Neighborhood
Environment of Urban Latino Adults Living in Low-Income Housing: The AHOME Study. Behav
Sleep Med. 2016;14(2):169-84. doi:10.1080/15402002.2014.974180

77. DeSantis A, Troxel WM, Beckman R, et al. Is the association between neighborhood
characteristics and sleep quality mediated by psychological distress? An analysis of perceived
and objective measures of 2 Pittsburgh neighborhoods. Sleep Health. Dec 2016;2(4):277-282.
doi:10.1016/j.sleh.2016.08.001

78. Douglas O, Murphy E. Source-based subjective responses to sleep disturbance from
transportation noise. Environ Int. Jul-Aug 2016;92-93:450-6. doi:10.1016/j.envint.2016.04.030
79. Fuller-Rowell TE, Curtis DS, El-Sheikh M, Chae DH, Boylan JM, Ryff CD. Racial disparities
in sleep: the role of neighborhood disadvantage. Sleep Med. Nov-Dec 2016;27-28:1-8.
doi:10.1016/j.sleep.2016.10.008

80. Hill TD, Trinh HN, Wen M, Hale L. Perceived neighborhood safety and sleep quality: a
global analysis of six countries. Sleep Med. Feb 2016;18:56-60. doi:10.1016/j.sleep.2014.12.003
81. Michaud DS, Feder K, Keith SE, et al. Effects of Wind Turbine Noise on Self-Reported and
Objective Measures of Sleep. Sleep. Jan 1 2016;39(1):97-109. doi:10.5665/sleep.5326

27



82. Perron S, Plante C, Ragettli MS, Kaiser DJ, Goudreau S, Smargiassi A. Sleep Disturbance
from Road Traffic, Railways, Airplanes and from Total Environmental Noise Levels in Montreal.
Int J Environ Res Public Health. Aug 11 2016;13(8)d0i:10.3390/ijerph13080809

83. Chen-Edinboro LP, Kaufmann CN, Augustinavicius JL, et al. Neighborhood physical
disorder, social cohesion, and insomnia: results from participants over age 50 in the Health and
Retirement Study. International psychogeriatrics. 2015;27(2):289-296.

84. Fang SC, Subramanian SV, Piccolo R, et al. Geographic variations in sleep duration: A
multilevel analysis from the Boston Area Community Health (BACH) survey. Article. Journal of
Epidemiology and Community Health. 2015;69(1):63-69. doi:10.1136/jech-2013-203256

85. Grigsby-Toussaint DS, Turi KN, Krupa M, Williams NJ, Pandi-Perumal SR, Jean-Louis G.
Sleep insufficiency and the natural environment: Results from the US Behavioral Risk Factor
Surveillance System survey. Preventive medicine. 2015;78:78-84.

86. Holt JB, Zhang X, Sizov N, Croft JB. Airport noise and self-reported sleep insufficiency,
United States, 2008 and 2009. Prev Chronic Dis. Apr 16 2015;12:E49. doi:10.5888/pcd12.140551
87. Johnson DA, Brown DL, Morgenstern LB, Meurer WJ, Lisabeth LD. The association of
neighborhood characteristics with sleep duration and daytime sleepiness. Sleep Health. Sep
2015;1(3):148-155. doi:10.1016/j.sleh.2015.06.002

88. Johnson DA, Drake C, Joseph CLM, Krajenta R, Hudgel DW, Cassidy-Bushrow AE.
Influence of neighbourhood-level crowding on sleep-disordered breathing severity: Mediation
by body size. Article. Journal of Sleep Research. 2015;24(5):559-565. d0i:10.1111/jsr.12305

89. Bassett E, Moore S. Neighbourhood disadvantage, network capital and restless sleep: is
the association moderated by gender in urban-dwelling adults? Soc Sci Med. May
2014;108:185-93. do0i:10.1016/j.socscimed.2014.02.029

90. Frei P, Mohler E, R66sli M. Effect of nocturnal road traffic noise exposure and
annoyance on objective and subjective sleep quality. Int J Hyg Environ Health. Mar 2014;217(2-
3):188-95. doi:10.1016/j.ijheh.2013.04.003

91. Hall Brown T, Mellman TA. The influence of PTSD, sleep fears, and neighborhood stress
on insomnia and short sleep duration in urban, young adult, African Americans. Behav Sleep
Med. 2014;12(3):198-206. doi:10.1080/15402002.2013.784704

92. Matsumoto S, Yamaoka K, Inoue M, Muto S. Social ties may play a critical role in
mitigating sleep difficulties in disaster-affected communities: a cross-sectional study in the
Ishinomaki area, Japan. Sleep. Jan 1 2014;37(1):137-45. doi:10.5665/sleep.3324

93. Astell-Burt T, Feng X, Kolt GS. Does access to neighbourhood green space promote a
healthy duration of sleep? Novel findings from a cross-sectional study of 259 319 Australians.
Article. BMJ Open. 2013;3(8)e003094. doi:10.1136/bmjopen-2013-003094

94. De Santis AS, Roux AVD, Moore K, Baron KG, Mujahid MS, Javier Nieto F. Associations of
neighborhood characteristics with sleep timing and quality: The multi-ethnic study of
atherosclerosis. Article. Sleep. 2013;36(10):1543-1551. doi:10.5665/sleep.3054

95. Hale L, Hill TD, Friedman E, et al. Perceived neighborhood quality, sleep quality, and
health status: Evidence from the Survey of the Health of Wisconsin. Article. Social Science and
Medicine. 2013;79(1):16-22. doi:10.1016/j.socscimed.2012.07.021

96. Bakker RH, Pedersen E, van den Berg GP, Stewart RE, Lok W, Bouma J. Impact of wind
turbine sound on annoyance, self-reported sleep disturbance and psychological distress. Sci
Total Environ. May 15 2012;425:42-51. doi:10.1016/j.scitotenv.2012.03.005

28



97. Zanobetti A, Redline S, Schwartz J, et al. Associations of PM10 with sleep and sleep-
disordered breathing in adults from seven US urban areas. American journal of respiratory and
critical care medicine. 2010;182(6):819-825.

98. Hill TD, Burdette AM, Hale L. Neighborhood disorder, sleep quality, and psychological
distress: testing a model of structural amplification. Health Place. Dec 2009;15(4):1006-13.
doi:10.1016/j.healthplace.2009.04.001

99. Johnson SL, Solomon BS, Shields WC, McDonald EM, McKenzie LB, Gielen AC.
Neighborhood violence and its association with mothers’ health: assessing the relative
importance of perceived safety and exposure to violence. Journal of urban health.
2009;86(4):538-550.

100. Hale L, Do DP. Racial differences in self-reports of sleep duration in a population-based
study. Sleep. Sep 2007;30(9):1096-103. doi:10.1093/sleep/30.9.1096

29



Figure 1. Study selection process

11,084 references imported from search
- PUBMED: 5,743
-SCOPUS: 5,341

\ 4

5,576 duplicates removed

A 4
5,508 studies screened against
title/abstract

5,296 publications excluded

4
214 full-texts reviewed

164 publications excluded

- Not adult population (e.g. infants or children) (n=64)

- Individual, familial or interpersonal factors (n=60)

- Not related to neighborhood-level characteristics (n=29)
- Reviews, editorial, letters, protocol, book chapter (n=19)
- Indoor environment (n=15)

- Not related to human sleep health (n=10)

- Ethnographic or qualitative studies (n=4)

- No full-text available (n=1)

A

52 publications included in systematic
review

30




Table 1. Summary of studies on social/physical environment on sleep
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design context . definition outcomes | measures | factor | factor behav | factor
studied factors
. Cross- Adults . . Residential . Low social capital-short sleep
68
Win et al.®®|2018 sectional| (n=12,321) Rural Japan | Social capital area Perception | Survey DUR Survey No | Yes | Yes | Yes | No PR: 122
. . Middle-older . . High NBHD disadvantage—
)I-(IEILZ ;”d 2018 Loinr?;;[Ud adults 8 sites in US disaNd?/ynEt)age Res;(riggtlal Census tract ngf:s DUR Survey No | Yes | Yes | Yes | Yes | shortsleep RR: 1.46 (men),
(n=208,537) 1.72 (women)
NHOPI . . .
Young et Cross- United . . e - DUR, Low social capital-short sleep
al. 2018 sectional (nidzuzl1t654) States Social capital | Unspecified | Perception | Survey quality Survey | Yes | Yes | No | Yes | Yes OR: 1.14, quality OR: null
: Sexual . DUR, Unsafe NBHD-short sleep
Ellirfcan et 2017 gz?grial minority men If er:z;e Safety Unspecified | Perception | Survey quality, Survey No No No No No | RR:1.92, poor sleep quality
' sect! (n=580) r problems RR:1.6, problems RR:1.57
Evandt et Cross- Adults Oslo, Residential | Geographic | Noise . Noise—insomnia symptoms OR:
al.”? 2017 sectional | (n=13,019) Norway Env. stressor area coordinates | modeling Insomnia | Survey No | Yes | No | Yes | Yes 1.04~1.06
_ . . : - - High social capital-DUR: 6.1
Johnson et || Cross Adults g qites in ug| Social capital, | Residential | 20-min g\ o |oUR EFF|Actigraphy| Yes | No | Yes | Yes | Yes | mins, high safety-6.1 mins,
al. sectional | (n=1,949) safety area walking EFF: null
. . } Hispanic DUR, - Unsafety NBHD-short sleep
Stl r;ogelh 2017 sg:rt(i)c?rial adults 4 sites in US Sasfter te);’sg?v' Unspecified | Perception | Survey EFF, Acgl?rr\?ghy Yes | No | No | No | No | risk: +7.7%, noise—insomnia
) (n=2,156) insomnia | ° y risk: +4.4%
Billings et Cross- Adults L - Residential . Low walkability—apnea
al.s 2016 sectional| (n=1,896) 6 sites in US| Walkability area Perception | Survey Apnea PSG Yes | Yes | Yes | Yes | No hypopnea index: 3.21 events/h
) Hispanic . . DUR, NBHD disorder—short sleep
;h;%b ers 2016 seccrt(iJc?rSmI adults Bronx, NY | NBHD disorder Res;?s;tlal Perception Survey quality, Survey No No No | Yes | Yes | OR: null, poor sleep quality
) (n=385) problems OR: 2.12
. _ | Mostly black | . Social capital, . . Street High social capital — sleep
Etealsin“s 2016 sg:rt(i)c??\al adults Pltts;)xrgh, NBHD disorder, Res;crj::tlal e?ggfiir(’m Audit, Quality Survey Yes | No | Yes | No | Yes | quality rate: 0.08, safety: 0.13,
' (n=873) safety percep survey NBHD disorder: null
Douglas, Cross- Adults Dublin, Residential - Noise Sleep disturbance in high noise
Murphy 78 2016 sectional|  (n=208) Ireland Env. stressor area Proximity measure Problems | Survey No No No No No levels (32% vs 2%)
Fuller- Middle aged - . . DUR .
Cross- Milwaukee NBHD Residential Census K . NBHD disadvantage — DUR:
R07\gvell et [2016 sectional agults Midwest disadvantage area Census tract data EFF, |Actigraphy| No | Yes | Yes | Yes | Yes null, EFF: null, WASO: 3.54
al. (n=426) WASO
DUR, Safety—short sleep OR:
. Cross- Adults . e - quality 0.44~1.25, insomnia OR:
80 ’ y
Hill et al.®° | 2016 sectional | (n=39,590) 7 countries Safety Unspecified | Perception | Survey insomnia, Survey No No No No No 0.22~0.73. poor sleep quality
sleepiness OR: 0.49~0.79
Socll\z;lll?)ﬁlgltal, Residential, Social capital, NBHD
Johnson et Cross- | Black adults . work, Perception, | Survey, DUR, disadvantage: null, low safety—
al.®® 2016 sectional| (n=5,301) Jackson, MS| disadvantage, socializing | Census tract|census data| quality Survey | Yes | Yes | Yes | No | Yes | pip gg2 mins, NBHD
NBHD disorder, . . .
areas disorder— DUR: -11.18 mins

safety
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DUR,

Mlg(ihaUd ®12016 Cross- édults Canada Env. stressor Residential Proximity Secondary EFF, Actigraphy No | No | Yes | Yes | No | Noise-sleep measures: null
al. sectional | (n=1,238) area data quality , survey
Perron et Cross- Adults Montreal, Residential Secondary Near noise sources—sleep
al 82 2016 sectional| (n=4,336) Canada Env. stressor area Postal code data Problems | Survey No | No | No | No | No problems PR: 1.85~3.76
. NBHD Measure of
Reference | Year Stu_dy Population Geographic characteristic | NBHD type NBHD NBHD Sleep Sleep Psy. | PA BMI Health) Fam. Main effect estimates
design context - definition outcomes | measures | factor | factor behav | factor
studied factors
Chen- . . . . . . . NBHD disorder—insomnia OR:
Edinboro {2015 Lo_ngltud Oldfr adults United Social capital, Residential 20'”."” Survey | Insomnia | Survey | Yes | No | Yes | Yes | No | 1.05~1.09, low social capital
a3 inal (n=7,231) States NBHD disorder area walking . -
et al. OR: 1.06~1.09
Fang et Cross- Adults NBHD Residential Census NBHD disadvantage—short
a1.84 2015 sectional| (n=3,591) Boston, MA| . dvantage area Census tract data DUR Survey | Yes | Yes | Yes | Yes | Yes sleep OR: 2.08
Grigsby- . S -
) Cross- Adults United - Residential Secondary More natural amenities—short
;I'to;s::\mt 2015 sectional | (1=255,171) States Walkability area County data DUR Survey No No | Yes | Yes | Yes sleep OR: 0.91~0.78
Cross- Adults United Residential Secondary .
86 " .
Holt et al.?¢| 2015 sectional | (n=745,868) States Env. stressor area ZIP code data DUR Survey No No | Yes | Yes | No | Noise-short sleep: null
) Mostly NBHD . - Survey, NBHD disadvantage, safety—
i‘l’[;” son et 2015 sgz?i)grial Hispanic CP?r ?srtFi)u'T'x disadvantage, Res;crieegnal Ce:ritf Hgﬁt' Census sIeDeUiEéss Survey Yes | No | Yes | Yes | No | DUR: null, safety—sleepiness
: (n=760) ' safety percep data P OR: 0.82
Johnson et Cross- Adults . NBHD Residential Census High NBHD crowding-apnea
al 88 2015 sectional| (n=1789) Detroit, Ml disadvantage area Census tract data Apnea PSG No No | Yes | No | Yes hypopnea index: 0.4
_ Social capital, . . . Survey, Low social capital-poor sleep
'\Bﬂa;;e;tgagnd 2014 gt?grs\al néguézsg I\/(I:c;r;]t;gzl, NBHD Re5|crjs;1t|al gee;cepttloargt Census Quality Survey No No No No | Yes | quality OR: 1.25 (men), NBHD
r secti (n=2,643) disadvantage a sustr data disadvantage OR: 1.18 (women)
DUR .
. . . . ' - Noise-DUR: null, EFF: -4.1%,
Frei et al.®° | 2014 Lof‘g't“d éd“'ts I_3ase|, Env. stressor Residential Geogr_aphlc Secondary | EFF, | Actigraphy Yes | Yes | Yes | Yes | Yes | sleep problem score: -0.44,
inal (n=1,122) | Switzerland area coordinates data problems, | , survey - .
; sleepiness: null
sleepiness
Black young . . .
Brown and Cross- Washington . o - DUR, NBHD disorder—Insomnia
Mellman o1 2014 sectional (rzﬁgl;g) DC. NBHD disorder | Unspecified | Perception | Survey insomnia Survey Yes | No No No No severity index: +0.002
Matsumoto Cross- Adults Ishinomaki, . . Residential - High social capital-sleep
ot al 2 2014 sectional| (n=4,176) Japan Social capital area Perception | Survey | Problems | Survey No No No No | Yes problems OR: 0.42~0.74
New South N
Astell-Burt Cross- Adults - Residential Census | Secondary More green space—short sleep
etal % 2013 sectional | (1=259,319) A\{vaatlriia Walkability area district data DUR Survey | Yes | Yes | Yes | Yes | Yes RR: 0.68
. _ Social capital, . . . Survey, DUR, NBHD disorder-DUR: -0.11hr,
eDteaIS%T'S 2013 sg:rt?c??ml (nécliu‘:gs(s) 6 sites in US| NBHD disorder, Res;trjs:tlal gggzgttll?ar::’t Census |sleepiness,| Survey Yes | No | Yes | No No | safety: 0.12hr, social capital:
’ - safety, walkable data insomnia 0.08hr
Hale et al. Cross- Adults - . | NBHD disorder, . - - NBHD disorder—poor sleep
5 2013 sectional| (n=1297) Wisconsin safety Unspecified | Perception | Survey Quality Survey Yes | No | Yes | Yes | Yes quality: 1.42
Bal;!; er et 2012 Cross- Afiults Netherlands| Env. stressor Residential ZIP code Secondary Problems | Survey | Yes | No | No | No | No | Noise-sleep problems OR: 2.98
al. sectional|  (n=725) area data
. - - - High particulate matter (PM) 10
Zanobetti Cross- Adults L Residential City Secondary | EFF, L .
otal. 9 |2010|sectional| (n=3,030) |6 SitesiNUS| Env.stressor area boundary data Apnea PSG No | No | Yes | Yes | No | -sleep-disordered breathing

index: 12.9%, EFF:-1.2%
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Adults

Residential

NBHD disorder—sleep quality

Hill et al. %8 2009 sgzrt.(i)grsmzal (n=1504) Texas NBHD disorder area Unspecified| Survey | Quality | Survey | Yes | No | No | Yes | Yes score: -0.7

i?hggson et 2009 sgzrtci]griél '(\:l]gg]gg Ballt\l/lngore, Safety Unspecified | Perception | Survey prlgl;JIeRr;ws Survey No No No | Yes | Yes Iz_%v(\i/ safety-short sleep OR:
Hale and Cross- Adults United Residential Living in urban area—short sleep
Do 100 2007 sectional| (n=32,749) States Env. stressor area MSA Survey DUR Survey | Yes | Yes | Yes | Yes | Yes OR: 143

NBHD: neighborhood, Psy.: psychological, PA: physical activity, Behav.: behavior Fam.: family, OR: odds ratio, RR: risk ratio, DUR: sleep duration, EFF: sleep efficiency, WASO: wake up after sleep
onset, PSG: Polysomnography, NHOPI: Native Hawaiian or Pacific Islander. Six types of neighborhood characteristics: (1) social capital - shared values and trusts among community members including
social cohesion, (2) neighborhood disadvantage - aggregated socioeconomic status, including poverty, mother-only households, unemployment, education attainment, and crowding, (3) neighborhood
disorder - physical and social conditions of neighborhoods, such as vacant lots and housings, litters on streets, graffiti/vandalism, selling/using drugs or drinking in public, load noise, neighborhood
stigma, as well as neighborhood (dis)investment (4) safety - crime rates, perceived safety, and observed violence, (5) walkability - street connectivity, sidewalk condition, accessibility to amenities and

parks, and green space (6) environmental stressors - outdoor noise, light pollution, air quality, and urbanicity
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