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Abstract

Why does living in a disadvantaged neighborhood predict poorer mental and physical health?
Recent research focusing on the Southwestern United States suggests that disadvantaged
neighborhoods favor poor health, in part, because they undermine sleep quality. Building on
previous research, we test whether this process extends to the Midwestern United States.
Specifically, we use cross-sectional data from the Survey of the Health of Wisconsin (SHOW), a
statewide probability sample of Wisconsin adults, to examine whether associations among
perceived neighborhood quality (e.g., perceptions of crime, litter, and pleasantness in the
neighborhood) and health status (overall self-rated health and depression) are mediated by overall
sleep quality (measured as self-rated sleep quality and physician diagnosis of sleep apnea). We
find that perceptions of low neighborhood quality are associated with poorer self-rated sleep
quality, poorer self-rated health, and more depressive symptoms. We also observe that poorer self-
rated sleep quality is associated with poorer self-rated health and more depressive symptoms. Our
mediation analyses indicate that self-rated sleep quality partially mediates the link between
perceived neighborhood quality and health status. Specifically, self-rated sleep quality explains
approximately 20% of the association between neighborhood quality and self-rated health and
nearly 19% of the association between neighborhood quality and depression. Taken together, these
results confirm previous research and extend the generalizability of the indirect effect of perceived
neighborhood context on health status through sleep quality.
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Introduction

Studies consistently show that residence in neighborhoods characterized by socioeconomic
disadvantage and social disorganization is associated with poorer mental and physical health
(Aneshensel & Sucoff, 1996; Burdette & Hill, 2008; Hale, Hill et al., 2010; Hill, Burdette et
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al., 2009; Hill & Maimon, 2013; Hill, Ross et al., 2005; Robert, 1999; Ross & Mirowsky,
2001, 2008). Although previous research has made significant contributions to our
understanding of the health consequences of neighborhood disadvantage and neighborhood
disorder (e.g., resident perceptions of structural dilapidation, pollution, noise, crime, public
intoxication, and other incivilities), we have only begun to explore underlying mechanisms
explaining these patterns. Why does living in a disadvantaged neighborhood predict poorer
mental and physical health? Various structural (e.g., socioeconomic status), social (e.g.,
neighborhood social ties), psychological (e.g., the sense of control), behavioral (e.g.,
substance use), and physiological (e.g., allostatic load) mechanisms have been proposed to
answer this question (Cutrona, Wallace et al., 2006; Diez Roux, 2003; Hill & Maimon,
2013; Hill, Ross et al., 2005; Mirowsky & Ross, 2003; Robert, 1999; Ross & Jang, 2000;
Ross & Mirowsky, 2001, 2009), but only a few of these links have been formally tested, and
to this point, none are firmly established. In this article, we consider whether associations
among perceived neighborhood quality and health status are mediated by overall sleep
quality.

How might neighborhood context affect sleep?

Recent research suggests that socioeconomically disadvantaged neighborhoods are
associated with poorer physical and mental health in part because they undermine sleep
quality (Hale, Hill et al., 2010; Hill, Burdette et al., 2009). Data indicate that residence in
disadvantaged and urban neighborhood environments is associated with lower sleep quality
and shortened sleep duration (Hale & Do, 2007; Hale, Do et al., 2009; Hale, Hill et al.,
2010; Hill, Burdette et al., 2009; Steptoe, O’Donnell et al., 2008). In addition, research in a
pediatric population shows that severe neighborhood socioeconomic disadvantage is
associated with increased risk of pediatric obstructive sleep apnea (OSA), even after
adjustment for known risk factors of OSA, such as obesity, African-American ethnicity, and
premature birth (Spilsbury, Storfer-Isser et al., 2006). Other research indicates that air
pollution, which tends to be worse in low-income neighborhoods, could play a role in
increasing sleep apnea (Zanobetti, Redline et al., 2010).

We offer three general pathways through which neighborhood context may be associated
with sleep: ambient hazards and physical exposures, psycho-physiological pathways, and
health behavior.

First, there is the direct effect of physical and environmental stress of neighborhood
elements on an individual’s ability to sleep. For example, living in a neighborhood that is
characterized by high levels of noise (e.g., from neighbors or highly trafficked streets) or
high levels of artificial light (e.g., from street lamps) may directly undermine the initiation
or maintenance of sleep (Chepesiuk, 2009; Fyhri & Aasvang, 2010; Muzet, 2007; Pirrera,
De Valck et al., 2010). In addition, substandard housing with inadequate heating or air
conditioning could impair sleep quality (Valham, Sahlin et al., 2012; Zanobetti, Redline et
al., 2010). For example, one study found that among sleep apnea patients, the apnea—
hypopnea index is higher at cooler temperatures (16 °C compared to 24 °C), even though
sleep quality and efficiency is better in cooler temperatures (VValham, Sahlin et al., 2012).
Finally, particulate matter due to pollution could alter optimum lung function, affect
breathing and sleep quality, especially sleep apnea (Zanobetti, Redline et al., 2010).

Secondly, psychological and physiological pathways are a possible mechanism through
which neighborhood context may affect sleep. Individuals that live in disadvantaged
neighborhoods may have a heightened need for vigilance, which has been deemed an
opponent process of sleep (Dahl, 1996). This need for vigilance may be due to fear of crime
or mistrust of neighbors, or it may be caused by greater uncertainty over financial and
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personal futures. Physiologically, such concerns may lead to chronic activation of the
physiological stress response and overexposure to stress hormones (Bird, Seeman et al.,
2010; Hill, Ross et al., 2005; McEwen, 1998). For example, a highly disadvantaged living
environment could elicit short-term feelings of annoyance, fear, and hopelessness (Hale &
Do, 2007; Muzet, 2007; Spilsbury, Storfer-1sser et al., 2006). These feelings could activate
the stress response and trigger the release of stress hormones (e.g., epinephrine and cortisol)
that promote mental and physiological arousal and impair sleep (Espie, 2002; Karren, Hafen
et al., 2006; McEwen, 2006; Sapolsky, 2004; Selye, 1978; Steiger, 2002; Van Reeth, Weibel
et al., 2000). In addition, neighborhood and social environment may alter cellular
functioning through epigenetic modifications to the DNA that may affect gene expression
(Meaney, 2010), although specific connections to sleep are not known.

Finally, there are health behavioral mechanisms through which neighborhood context may
be associated with impaired sleep. That is, disadvantaged neighborhoods may be less
conducive to health behaviors that are associated with both lower body mass index and
better sleep. For example, more disadvantaged neighborhoods may not be amenable to
physical activity (e.g., due to concerns about safety and lack of pleasant places to walk) or
healthy eating practices (e.g., due to limited availability and consumption of fresh fruits and
vegetables (Dubowitz, Heron et al., 2008)). Similarly, alcohol consumption may be higher in
more disadvantaged neighborhoods (e.g., due to availability of liquor shops) and this could
lead to impaired sleep (Hill & Angel, 2005). Studies are beginning to better understand that
healthy eating and physical activity are also modified by individual perceptions and cultural
influences (Blacksher & Lovasi, 2012).

If living in a disadvantaged neighborhood environment can disrupt or impair sleep, and poor
sleep can undermine mental and physical health, the association between perceived
neighborhood quality and health status could be partially mediated or explained by sleep
quality. Building on previous studies of the Southwestern United States (Hale, Hill et al.,
2010; Hill, Burdette et al., 2009), we attempt to replicate these findings using data collected
from a Midwestern sample of Wisconsin adults.

How might sleep quality affect health?

In this paper, we test the hypothesis that sleep quality is a mediating pathway that helps to
explain the association between perceived neighborhood quality and health. In order to
establish the existence of this indirect process, we must demonstrate that poor sleep is
associated with poorer health. Substantial prior research indicates that poor sleep, as
indicated by self-reported sleep quality, short sleep duration, or presence of a sleep disorder,
is associated with a wide range of health risks, including increased body weight,
cardiovascular morbidity, and overall mortality (Ayas, White et al., 2003; Benca, 2005;
Ferrie, Shipley et al., 2007; Kapur, Redline et al., 2002; Katz & McHorney, 2002; Knutson,
2010; Knutson & Van Cauter, 2008; Kripke, Garfinkel et al., 2002; Patel & Hu, 2008; Roth,
Hajak et al., 2001; Spiegel, Leproult et al., 2004; Tamakoshi & Ohno, 2004; Young, Finn et
al., 2008; Young, Peppard et al., 2002; Young, Skatrud et al., 2004). In addition, numerous
studies indicate that poor sleep quality is associated with poorer mental health, including
higher rates of depression, anxiety, and non-specific psychological distress (Breslau, Roth et
al., 1996; Ford & Kamerow, 1989; Hamilton, Nelson et al., 2007; Lustberg & Reynolds,
2000; McEwen, 2006; Meerlo, Sgoifo et al., 2008; Moore, Adler et al., 2002; Roberts,
Shema et al., 2000; Taylor, 2003).
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The Survey of the Health of Wisconsin (SHOW) protocol and informed consent documents
are approved by the UW-Madison Health Sciences Institutional Review Board. In addition,
the data are collected under a Certificate of Confidentiality obtained from the US
Department of Health and Human Services. SHOW sampling and data collection protocols
have been described in detail previously (Nieto, Peppard et al., 2010). The SHOW sampling
frame is Wisconsin non-institutionalized/non-active duty adult residents, aged 21-74 years
at the time of initial selection. Every year, beginning in 2008, a two-stage cluster sampling
approach is used. First, a stratified random sample of census block groups is selected;
stratification is by congressional district and percent of households below 100% of the
poverty level. Second, a random sample of household addresses is selected from identified
census block groups. Recruitment of SHOW participants begins with in-person contact by
study staff at selected households. Inclusion criteria for participation in the survey are: 1)
selected households are participants’ usual place of residence (full-time residence greater
than six months per year); 2) participants are age 21-74 years; and 3) participants are
mentally capable of giving written informed consent and communicating answers to
interview questions. Exclusion criteria include: 1) residents of nursing homes, Indian
reservations (except for the Menominee Tribal territory), hospitals, penal institutions, or
other institutional settings; 2) full-time members of the armed forces or activated units of the
National Guard; and 3) residents who voluntarily disclose a diagnosis of mental incapacity
with no representative available to be a proxy respondent. While absolute participation rates
are hard to compute since the number of eligible participants in non-respondent households
is unknown, response rates among eligible participants who agreed to be screened was 46%
in 2008-2009 and 56% in 2010.

Data collection

Data collection protocols are multimodal including in-home interviews, a self-administered
questionnaire, and an in-clinic exam (at a mobile or fixed-site exam center). The in-clinic
exam includes a brief physical exam and additional audio computer-assisted interview data.
For the following analyses, we rely on exposure and outcome data from the self-
administered questionnaire for the data collected between 2008 and 2010.

Outcome variable #1: self-rated health

Our outcome variable is self-rated health, which is a commonly used measure of general
physical health that has been shown to consistently be an independent predictor of mortality
risk across a wide range of studies (ldler & Benyamini, 1997). Respondents were asked:
“How would you rate your physical health at the present time? Would you say it is excellent,
very good, good, fair, or poor?” Response categories ranged from (1) excellent to (5) poor.
We dichotomize the variable to fair—poor health (=1) versus excellent—very good—-good
health (=0) for use with logistic regression analyses. We explored the possibility of treating
the variable as five ordered categories, but the data failed to meet assumptions of
proportionality required for an ordered logistic regression.

Outcome variable #2: depression

Depression symptomatology, our second outcome variable, is assessed with the Depression
Anxiety Stress Scale (DASS) depression module (Lovibund & Lovibund, 1993) and has
been validated for use in adult samples (Brown, Chorpita et al.,1997). Higher scores on the
DASS indicate greater depressive symptoms. For ease of interpretation, we use the
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standardized z-score as our dependent variable, which in this sample has a mean of -0.23
and standard deviation of 0.96.

Sleep measure

Self-rated sleep quality is measured through the self-rating of usual sleep quality in the past
month with the question, “Over the past month, how would you rate your sleep quality
overall?” This item has been used in our previous work and has demonstrated good
construct validity through associations with both mental and physical health (Hale, Hill et
al., 2010; Hill, Burdette et al., 2009). This five-point response to this question — excellent,
very good, good, fair, and poor — is then dichotomized into individuals who report fairepoor
sleep, versus all else. Approximately 26 percent of the sample is categorized into the fair—
poor category. We chose the fair—poor cutoff point because this is a qualitatively different
group of sleepers than those who are reporting good, very good, or excellent sleep. Others
have clustered the fair and poor categories together in a similar manner (Foley, Ancoli-Israel
et al., 2004; Qiu, Sautter et al., 2011).

Perceptions of neighborhood quality

We create a mean index of perceived neighborhood quality similar to Ross and Mirowsky’s
scale of perceived neighborhood disorder (Ross & Mirowsky, 1999). The Ross and
Mirowsky scale is composed of three items addressing perceptions of neighborhood safety,
noise, and graffiti, using a self-administered questionnaire with Likert-style questions. Our
variation on the perceived neighborhood quality measure also includes questions about
pleasantness for physical activity and interestingness. Specifically, the items address
perceptions of pleasantness for physical activity, safety from crime, safety from traffic,
“interestingness,” community maintenance, and lack of litter. Each of these variables is
coded on a scale of 1-4, with lower values representing lower perceived neighborhood
quality (e.g., for the safety from crime and safety from traffic questions, the answers are (1)
not at all safe, (2) not very safe, (3) somewhat safe and (4) very safe; for the pleasantness for
physical activity question, the answers are (1) not at all pleasant, (2) not very pleasant, (3)
somewhat pleasant, (4) very pleasant). The median response for all of these items is 3.33,
with an interquartile range between 3 and 3.5. We then create a dichotomous variable for
perceived neighborhood environment with scores below 3 indicating low neighborhood
quality. This categorization scheme, while broad, does have construct validity, with 18% of
residents of low quality neighborhoods reporting fair or poor health compared to only 9% of
other neighborhoods. Similarly, residents of perceived low quality neighborhoods have
above average depression (mean standardized DASS score = 0.03) and residents of other
neighborhoods are nearly a third of a standard deviation below the mean (mean standardized
DASS score = —0.29).

Additional covariates

Based on prior research, subsequent analyses adjust for additional demographic and health
covariates known to be associated with neighborhood context and sleep (Hale, Hill et al.,
2010; Hill, Burdette et al., 2009). Specific covariates include interview- and questionnaire-
assessed race/ethnicity (Black, White, other race), educational attainment (categorized as
high school, some college or college, any graduate school), marital status (married, not
married), annual household income (<$25,000, $25,000-$44,999, $45,000-$74,999,
$75,000-$124,999, =$125,000), history of smoking (a dichotomous measure of whether the
respondent had smoked 100 cigarettes in his/her life), and clinically-measured body mass
index (BMI, weight in kilograms divided by height in meters squared) divided into typical
categories of normal (<25), overweight (25-29.9) and obese (=30). An indicator variable for
missing data on the income measure is also included in the models.
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Statistical analysis

Weighting

Results

We use Stata 11.0 to estimate whether self-reported sleep quality contributes to the
association between neighborhood quality and both self-rated health and depression, using
both adjusted and unadjusted regression models (logistic regression for the self-rated health
outcome and ordinary least squares for the depression outcome). First, we test for a cross-
sectional association between sleep quality and perceptions of high neighborhood quality.
Then, we use a Sobel-Goodman test of mediation (the Stata command sgmediation), for the
continuous outcome variable (i.e. the depression measure). With our dichotomous outcome
variable (i.e. self-rated health), we use an algorithm available by Nathaniel Herr online
(http://nrherr.bol.ucla.edu/Mediation/logmed.html) and developed by others (MacKinnon &
Dwyer, 1993). In the fully adjusted models, we adjust for the following additional
covariates: age, sex, race, education, marital status, smoking history, and body mass index.
For each outcome, (1) self-rated health and (2) depression, we estimate three models. The
first model shows the direct association between neighborhood quality and each of these
outcomes. Model 2 adds the covariates described above. Model 3 adds self-rated sleep
quality. The Sobel test of mediation allows us to formally test the indirect effect of
neighborhood quality on health (self-rated and depressive symptomology) through the
proposed mediator variable of self-reported sleep quality.

The SHOW has individual-level sampling weights for each of the three sections of the
survey that take into consideration the complex survey design and demographic correlates of
non-response. The sampling weights for the initial in-home part of the survey (time 1) are
the product of the inverse of the probability of selection for the sample, weighting class
nonresponse adjustment with adjustment cells determined by CHAID (Chi-squared
Automatic Interaction Detection), and post-stratification calibration to age by gender
categories from the American Community Survey estimates over the same time period. The
weights for the subsequent parts of the survey are equal to the time 1 weights multiplied by
an additional weighting class non-response adjustment factor and post-stratification factor
based on age by gender categories. All analyses presented in Tables 2—4 adjust for weighting
using the STATA command, svyset, with pweights, and singleunit (certainty) (Heeringa,
West et al., 2010).

Sample characteristics

Association

Descriptive characteristics of our sample are shown in Table 1. Using only complete cases,
we analyze data from 1298 participants with 45% male; 68% married; 4% Black; 4% other
race/ethnicity; 63% with some college, a bachelor’s degree or an associate degree; and 11%
with some graduate education. Approximately 72% of the sample is either overweight or
obese. Approximately 11% of the population reports having fair or poor health, and the
standardized depression zscore is —0.23, with higher scores indicating more depression.

between neighborhood quality and sleep

As shown in Table 2, fair—poor sleep quality is associated with increased odds of the
respondent living in a perceived low neighborhood quality (OR = 1.76, p < 0.001). After
adjustment for the sociodemographic and health characteristics included in Table 1 (age,
race, education, gender, weight, marital status, and household income), the association OR
reduces to 1.42 (p < 0.05).
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between perceived neighborhood context and self-rated health

Table 3 displays the unadjusted and adjusted associations between perceived neighborhood
quality measure and self-rated health. As shown in Model 1, there is a positive association
between low neighborhood quality and fair—poor health. Compared to living in a
neighborhood perceived to have high neighborhood quality, those perceiving their
neighborhood quality to be low report 2.3 fold odds of fair—poor health (5= 0.84, OR =
2.32, p<0.001). As shown in Model 2, with the addition of sociodemographic and health
variables, the g coefficient drops from 0.84 to 0.52 (OR = 1.68, p < 0.05). Model 3 adds in
self-rated sleep quality and results in an additional reduction in the low neighborhood
quality 8to 0.42 (OR = 1.52, p< 0.05). The Sobel test for binary mediation meets a
significance level of p=0.02, indicating that adjustment for self-rated sleep quality reduces
the association between neighborhood disorder and self-rated health sufficiently to justify a
partial mediation interpretation. Specifically, self-rated sleep quality mediates about 20% of
the association of neighborhood disorder and self-rated health.

Other variables in Model 3 that have a strong association with self-rated health include
education, income, weight, smoking history, and sleep quality variables. Both college and
graduate education and higher incomes are associated with higher self-rated health (results
not shown). In addition, obesity and history of smoking are associated with poorer self-rated
health (results not shown). Fair or poor quality sleep is also directly associated with fair or
poor self-rated health, with a g-coefficient of 1.63 (OR = 5.10, p< 0.001), a much larger
magnitude than the coefficient for neighborhood quality.

between perception of neighborhood environment and depression

Table 4 shows the associations between neighborhood quality and depression. As shown in
Model 1, residents of perceived low quality neighborhoods compared to high quality
neighborhoods have a 0.37 (p < 0.001) standard deviation higher depressive DASS zscore.
The addition of sociodemographic and health variables reduces this larger depression z
score to 0.27 (p < 0.01). As with the outcome of self-rated health, the addition of self-rated
sleep quality to Model 3, reduces the low neighborhood quality coefficient to 0.21 (p<
0.01), with the Sobel test of mediation being significant at the p= 0.01 level. As with the
self-rated health outcome, the Sobel test finds statistically significant mediation with the
self-rated sleep quality variable, which explains about 19% of the association between
perceived neighborhood quality and depressive symptoms.

Other statistically significant predictors of depression include being obese, being unmarried,
low income, and having fair or poor sleep. As with self-rated health, the magnitude of the
coefficient of fair or poor sleep quality on predicting depression is larger (8= 0.63, p<
0.001) than the magnitude of perceived low quality neighborhood environment.

Discussion

The aim of this study was to test the potential role of sleep quality in mediating the
association between neighborhood context, measured by self-reported measures of
neighborhood quality and health. Consistent with prior investigations, we observed that self-
rated sleep quality may be a partial mediator of both self-rated health and depression (Hale,
Hill et al., 2010; Hill, Burdette et al., 2009). By replicating these previous findings in
another population-based sample, we extend the generalizability these findings (Hale, Hill et
al., 2010; Hill, Burdette et al., 2009). Specifically, one prior study found that self-reported
sleep quality mediated about 11% of the association between neighborhood disorder and
self-rated health (Hale, Hill et al., 2010), which is less than the mediation size between
neighborhood quality and self-rated health found in the present analysis of 20%. The
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previous study found that self-reported sleep quality mediates approximately 22% of the
association between high neighborhood disorder and psychological distress (Hill, Burdette et
al., 2009), which is similar to the 19% mediation size between neighborhood quality and
depression found in this study.

In ancillary analyses, we tested two other measures of sleep quality — specifically sleep
apnea diagnosis and an index of insomnia symptoms — and failed to find mediation with
both outcomes of self-rated health and depression (results not shown). However, lack of
mediation may be due to the limitations of the sleep measures. For example, sleep apnea is
widely under-diagnosed (Young, Palta et al., 1993), which would likely lead to an
underestimation of the potential mediating effects of sleep apnea on health. Future research
should seek to replicate this type of mediation analysis using better measures of sleep
disorders, such as obstructive sleep apnea and insomnia.

One implication of our finding that self-reported sleep quality mediates the association
between neighborhood quality and health is that directed efforts to improve sleep quality
may partially interrupt the putative causal chain from perceptions of poor neighborhood
environment to poor health. This may be important for persons living in neighborhood
environments that are crowded, noisy, and otherwise not conducive to sleep and for whom
relocation is not feasible. Further research is necessary to further understand what aspects of
sleep quality mediate the association.

As with our prior research, limitations of this work include that the analyses are based on
cross-sectional data, and therefore it is impossible to tease apart the causal directions
between perceptions of the neighborhood environment, sleep quality, and health outcomes.
Future research might utilize longitudinal data to better establish causal associations among
neighborhood context, sleep, and health outcomes. In particular, we need to understand
whether the associations between neighborhood context and sleep are driven by physical
differences in neighborhoods (e.g., traffic, environmental toxins, crowdedness of housing),
psychological factors (e.g., fear for one’s safety or financial insecurity, individual
perceptions versus reality), or sociocultural factors. The important role of sociocultural
factors (e.g., timing of evening meals, dietary and behavioral preferences, and noise levels in
household) in determining sleep patterns should not be overlooked and may present barriers
or opportunities to effecting change in high-risk communities.

It is both a strength and a limitation of this research that we rely upon self-reported measures
of sleep, health, and neighborhood context. Self-reported measures, such as perceptions of
neighborhood context, may capture otherwise unobservable characteristics of a
neighborhood experience that may affect the body’s physiological functioning and ability to
sleep that an objective measure would miss. As far as limitations, however, there are
concerns that the measures of sleep and neighborhood context we use have not yet been
validated. For example, although our measure of sleep quality is identical to the one-item
Overall Sleep Quality subscale of the Pittsburgh Sleep Quality Index (PSQI), the item in the
SHOW survey has an answer range that extends one point higher than in PSQI; the SHOW
scale ranges from 1 to 5, whereas PSQI ranges from 1 to 4. Future investigations should also
explore direct measures of physiological health, sleep, and environmental factors.

In summary, by closely replicating results from an independent regional sample, these
results support the generalizability of an indirect process that links neighborhood quality and
health status through sleep quality. Future research should examine ways to translate these
findings into meaningful interventions that aim to simultaneously improve neighborhood
context, sleep quality, and health.

Soc Sci Med. Author manuscript; available in PMC 2014 February 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 9

Acknowledgments

The authors thank all the current and former SHOW staff that makes this project possible, including, but not limited
to, Kathy Massoth, Kathy Roberg, Susan Wright, Lulu Zhang, Phoebe Frenette, Mary Farrell-Stieve, Christine
McWilliams, Bev Scullion, Jennifer Tratnyek, and Matt Walsh.

Funding sour ces The Survey of the Health of Wisconsin is supported by funding from the Wisconsin Partnership
Program (233 PRJ 25DJ), a National Institutes of Health’s Clinical and Translational Science Award (5UL
1RR025011), and a Grand Opportunities grant from the National Heart, Lung, and Blood Institute (1 RC2
HL101468). Additional support for this analysis was provided by NIH/NIA grant ROLAG036838.

References

Aneshensel CS, Sucoff CA. The neighborhood context of adolescent mental health. Journal of Health
and Social Behavior. 1996; 37(4):293-310. [PubMed: 8997886]

Ayas NT, White DP, et al. A prospective study of sleep duration and coronary heart disease in women.
Archives of Internal Medicine. 2003; 163(2):205-209. [PubMed: 12546611]

Benca RM. Diagnosis and treatment of chronic insomnia: a review. Psychiatric Services. 2005; 56(3):
332-343. [PubMed: 15746509]

Bird CE, Seeman T, et al. Neighbourhood socioeconomic status and biological ‘wear and tear’ in a
nationally representative sample of US adults. Journal of Epidemiology & Community Health.
2010; 64(10):860-865. [PubMed: 19759056]

Blacksher E, Lovasi GS. Place-focused physical activity research, human agency, and social justice in
public health: taking agency seriously in studies of the built environment. Health & Place. 2012;
18(2):172-179. [PubMed: 21940195]

Breslau N, Roth T, et al. Sleep disturbance and psychiatric disorders: a longitudinal epidemiological
study of young adults. Biological Psychiatry. 1996; 39(6):411-418. [PubMed: 8679786]

Brown TA, Chorpita BF, et al. Psychometric properties of the Depression Anxiety Stress Scales
(DASS) in clinical samples. Behaviour Research and Therapy. 1997; 35(1):79-89. [PubMed:
9009048]

Burdette AM, Hill TD. An examination of processes linking perceived neighborhood disorder and
obesity. Social Science & Medicine. 2008; 67(1):38-46. [PubMed: 18433964]

Chepesiuk R. Missing the dark: health effects of light pollution. Environmental Health Perspectives.
2009; 117(1):A20-A27. [PubMed: 19165374]

Cutrona CE, Wallace G, et al. Neighborhood characteristics and depression: an examination of stress
processes. Current Directions in Psychological Science. 2006; 15(4):188-192. [PubMed:
18185846]

Dahl RE. The regulation of sleep and arousal: development and psychopathology. Development and
Psychopathology. 1996; 8:3-27.

Diez Roux AV. Residential environments and cardiovascular risk. Journal of Urban Health. 2003;
80(4):569-589. [PubMed: 14709706]

Dubowitz T, Heron M, et al. Neighborhood socioeconomic status and fruit and vegetable intake among
whites, blacks, and Mexican Americans in the United States. American Journal of Clinical
Nutrition. 2008; 87(6):1883-1891. [PubMed: 18541581]

Espie CA. Insomnia: conceptual issues in the development, persistence, and treatment of sleep disorder
in adults. Annual Review of Psychology. 2002; 53:215-243.

Ferrie JE, Shipley MJ, et al. A prospective study of change in sleep duration: associations with
mortality in the Whitehall 11 cohort. Sleep. 2007; 30(12):1659-1666. [PubMed: 18246975]

Foley D, Ancoli-Israel S, et al. Sleep disturbances and chronic disease in older adults: results of the
2003 National Sleep Foundation Sleep in America Survey. Journal of Psychosomatic Research.
2004; 56(5):497-502. [PubMed: 15172205]

Ford DE, Kamerow DB. Epidemiologic study of sleep disturbances and psychiatric disorders. An
opportunity for prevention? Journal of the American Medical Association. 1989; 262(11):1479-
1484. [PubMed: 2769898]

Soc Sci Med. Author manuscript; available in PMC 2014 February 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hale et al.

Page 10

Fyhri A, Aasvang GM. Noise, sleep and poor health: modeling the relationship between road traffic
noise and cardiovascular problems. Science of the Total Environment. 2010; 408(21):4935-4942.
[PubMed: 20708214]

Hale L, Do DP. Racial differences in self-report of sleep duration in a population-based study. Sleep.
2007; 30(9):1092-1099.

Hale L, Do DP, et al. Does mental health history explain gender disparities in insomnia symptoms
among young adults? Sleep Medicine. 2009; 10(10):118-123. [PubMed: 18083629]

Hale L, Hill TD, et al. Does sleep quality mediate the association between neighborhood disorder and
self-rated physical health? Preventive Medicine. 2010; 51(3-4):275-278. [PubMed: 20600254]

Hamilton N, Nelson C, et al. Sleep and psychological well-being. Social Indicators Research. 2007;
82:147-163.

Heeringa, SG.; West, B., et al. Applied survey data analysis. Chapman and Hall/CRC, Taylor and
Francis Group; Boca Raton: 2010.

Hill TD, Angel RJ. Neighborhood disorder, psychological distress, and heavy drinking. Social Science
& Medicine. 2005; 61(5):965-975. [PubMed: 15955398]

Hill TD, Burdette AM, et al. Neighborhood disorder, sleep quality, and psychological distress: testing
a model of structural amplification. Health & Place. 2009; 15(4):1006-1013. [PubMed: 19447667]

Hill, TD.; Maimon, D. Neighborhood context and mental health. In: Aneshensel, CS.; Bierman, A.;
Phelan, J., editors. Handbook of the sociology of mental health. Springer; New York: 2013. p.
479-501.

Hill TD, Ross CE, et al. Neighborhood disorder, psychophysiological distress, and health. Journal of
Health and Social Behavior. 2005; 46(2):170-186. [PubMed: 16028456]

Idler EL, Benyamini Y. Self-rated health and mortality: a review of twenty-seven community studies.
Journal of Health and Social Behavior. 1997; 38(1):21-37. [PubMed: 9097506]

Kapur VK, Redline S, et al. The relationship between chronically disrupted sleep and healthcare use.
Sleep. 2002; 25(3):289-296. [PubMed: 12003159]

Karren, K.; Hafen, B., et al. Mind/body health: The effects of attitudes, emotions, and relationships.
Pearson Education; San Francisco: 2006.

Katz DA, McHorney CA. The relationship between insomnia and health-related quality of life in
patients with chronic illness. Journal of Family Practice. 2002; 51(3):229-235. [PubMed:
11978233]

Knutson KL. Sleep duration and cardiometabolic risk: a review of the epidemiologic evidence. Best
Practice & Research Clinical Endocrinology & Metabolism. 2010; 24(5):731-743. [PubMed:
21112022]

Knutson KL, Van Cauter E. Associations between sleep loss and increased risk of obesity and
diabetes. Annals of the New York Academy of Sciences. 2008; 1129:287-304. [PubMed:
18591489]

Kripke DF, Garfinkel L, et al. Mortality associated with sleep duration and insomnia. Archives of
General Psychiatry. 2002; 59(2):131-136. [PubMed: 11825133]

Lovibund, S.; Lovibund, P. Manual for the Depression Anxiety Stress Scales (DASS). University of
New South Wales; 1993.

Lustberg L, Reynolds CF. Depression and insomnia: questions of cause and effect. Sleep Medicine
Reviews. 2000; 4(3):253-262. [PubMed: 12531168]

MacKinnon DP, Dwyer JH. Estimating mediated effects in prevention studies. Evaluation Review.
1993; 17:144-158.

McEwen BS. Protective and damaging effects of stress mediators. The New England Journal of
Medicine. 1998; 338(3):171-179. [PubMed: 9428819]

McEwen BS. Sleep deprivation as a neurobiologic and physiologic stressor: allostasis and allostatic
load. Metabolism. 2006; 55(10 Suppl. 2):S20-S23. [PubMed: 16979422]

Meaney MJ. Epigenetics and the biological definition of gene x environment interactions. Child
Development. 2010; 81(1):41-79. [PubMed: 20331654]

Soc Sci Med. Author manuscript; available in PMC 2014 February 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hale et al.

Page 11

Meerlo P, Sgoifo A, et al. Restricted and disrupted sleep: effects on autonomic function,
neuroendocrine stress systems and stress responsivity. Sleep Medicine Reviews. 2008; 12(3):197—
210. [PubMed: 18222099]

Mirowsky, J.; Ross, CE. Social causes of psychological distress. Aldine de Gruyter; New York: 2003.

Moore PJ, Adler NE, et al. Socioeconomic status and health: the role of sleep. Psychosomatic
Medicine. 2002; 64(2):337-344. [PubMed: 11914451]

Muzet A. Environmental noise, sleep and health. Sleep Medicine Reviews. 2007; 11(2):135-142.
[PubMed: 17317241]

Nieto FJ, Peppard PE, et al. The Survey of the Health of Wisconsin (SHOW), a novel infrastructure for
population health research: rationale and methods. BMC Public Health. 2010; 10:785. [PubMed:
21182792]

Patel SR, Hu FB. Short sleep duration and weight gain: a systematic review. Obesity (Silver Spring).
2008; 16(3):643-653. [PubMed: 18239586]

Pirrera S, De Valck E, et al. Nocturnal road traffic noise: a review on its assessment and consequences
on sleep and health. Environment International. 2010; 36(5):492-498. [PubMed: 20406712]

Qiu L, Sautter J, et al. Age and gender differences in linkages of sleep with subsequent mortality and
health among very old Chinese. Sleep Medicine. 2011; 12(10):1008-1017. [PubMed: 22036598]

Robert SA. Neighborhood socioeconomic context and adult health. The mediating role of individual
health behaviors and psychosocial factors. Annals of the New York Academy of Sciences. 1999;
896:465-468. [PubMed: 10681952]

Roberts RE, Shema SJ, et al. Sleep complaints and depression in an aging cohort: a prospective
perspective. American Journal of Psychiatry. 2000; 157(1):81-88. [PubMed: 10618017]

Ross CE, Jang SJ. Neighborhood disorder, fear, and mistrust: the buffering role of social ties with
neighbors. American Journal of Community Psychology. 2000; 28(4):401-420. [PubMed:
10965384]

Ross CE, Mirowsky J. Disorder and decay — the concept and measurement of perceived neighborhood
disorder. Urban Affairs Review. 1999; 34(3):412-432.

Ross CE, Mirowsky J. Neighborhood disadvantage, disorder, and health. Journal of Health and Social
Behavior. 2001; 42(3):258-276. [PubMed: 11668773]

Ross CE, Mirowsky J. Neighborhood socioeconomic status and health: context or composition? City
& Community. 2008; 7:163-179.

Ross CE, Mirowsky J. Neighborhood disorder, subjective alienation, and distress. Journal of Health
and Social Behavior. 2009; 50(1):49-64. [PubMed: 19413134]

Roth T, Hajak G, et al. Consensus for the pharmacological management of insomnia in the new
millennium. International Journal of Clinical Practice. 2001; 55(1):42-52. [PubMed: 11219318]

Sapolsky, RM. Why zebras don’t get ulcers/Robert M. Sapolsky. Times Books; New York: 2004.

Selye, H. The stress of life. McGraw-Hill; New York: 1978.

Spiegel K, Leproult R, et al. Leptin levels are dependent on sleep duration: relationships with
sympathovagal balance, carbohydrate regulation, cortisol, and thyrotropin. Journal of Clinical
Endocrinology & Metabolism. 2004; 89(11):5762-5771. [PubMed: 15531540]

Spilsbury JC, Storfer-1sser A, et al. Neighborhood disadvantage as a risk factor for pediatric
obstructive sleep apnea. Journal of Pediatrics. 2006; 149(3):342-347. [PubMed: 16939744]

Steiger A. Sleep and the hypothalamo-pituitary-adrenocortical system. Sleep Medicine Reviews. 2002;
6(2):125-138. [PubMed: 12531148]

Steptoe A, O’Donnell K, et al. Positive affect, psychological well-being, and good sleep. Journal of
Psychosomatic Research. 2008; 64(4):409-415. [PubMed: 18374740]

Tamakoshi A, Ohno Y. Self-reported sleep duration as a predictor of all-cause mortality: results from
the JACC study, Japan. Sleep. 2004; 27(1):51-54. [PubMed: 14998237]

Taylor, DJ. A cross-sectional analysis of depression, anxiety, and insomnia. University of Memphis;
Memphis: 2003.

Valham F, Sahlin C, et al. Ambient temperature and obstructive sleep apnea: effects on sleep, sleep
apnea, and morning alertness. Sleep. 2012; 35(4):513-517. [PubMed: 22467989]

Soc Sci Med. Author manuscript; available in PMC 2014 February 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hale et al.

Page 12

Van Reeth O, Weibel L, et al. Interactions between stress and sleep: from basic research to clinical
situations. Sleep Medicine Reviews. 2000; 4(2):201-219.

Young T, Finn L, et al. Sleep disordered breathing and mortality: eighteen-year follow-up of the
Wisconsin sleep cohort. Sleep. 2008; 31(8):1071-1078. [PubMed: 18714778]

Young T, Palta M, et al. The occurrence of sleep-disordered breathing among middle-aged adults. The
New England Journal of Medicine. 1993; 328(17):1230-1235. [PubMed: 8464434]

Young T, Peppard PE, et al. Epidemiology of obstructive sleep apnea: a population health perspective.
American Journal of Respiratory and Critical Care Medicine. 2002; 165(9):1217-1239. [PubMed:
11991871]

Young T, Skatrud J, et al. Risk factors for obstructive sleep apnea in adults. Journal of the American
Medical Association. 2004; 291(16):2013-2016. [PubMed: 15113821]

Zanobetti A, Redline S, et al. Associations of PM10 with sleep and sleep-disordered breathing in
adults from seven U.S. urban areas. American Journal of Respiratory and Critical Care Medicine.
2010; 182(6):819-825. [PubMed: 20508218]

Soc Sci Med. Author manuscript; available in PMC 2014 February 01.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Hale et al. Page 13

Table 1
Selected descriptive statistics (7= 1298) (unweighted).

Range % or Mean (SD.)

Outcome variables

Depression -0.91-5.1 -0.23(0.96)

Fair—poor health 0-1 11%
Neighborhood quality

Low 0-1 19%

Moderate-high 0-1 81%
Sleep quality

Fair or poor 0-1 31%
Age (vears) 21-74 47.70 (14.39)
Race

Black 0-1 4%

White 0-1 92%

Other 0-1 4%
Education

High school 0-1 26%

College 0-1 63%

Graduate school 0-1 11%
Gender

Male 0-1 45%

Female 0-1 55%
Weight

Normal weight 0-1 28%

Overweight 0-1 33%

Obese 0-1 39%
Mearital status

Married 0-1 68%

Unmarried 0-1 32%

Annual household income

<$25,000 0-1 19%
$25,000-$44,999 0-1 18%
$45,000-$74,999 0-1 27%
$75,000-$124,999 0-1 23%
2$125,000 0-1 6%
Income unknown 0-1 4%
Smoking history
100+ cigarettes (Y/N) 0-1 45%
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Table 2

Unadjusted and adjusted associations between low neighborhood quality and fair or poor sleep quality (7=
1298) (weighted).

OR 95% CI

kA

Low neighborhood quality (unadjusted) 1.76 1.33-2.31

Low neighborhood quality (adjusted) 1.42% 1.07-1.87

p<0.05.

HokA

p<0.001.
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Table 3

Logistic regression coefficients for self-rated health (7= 1298) (weighted).

Focal measure Model 1 Model 2 Model 3
B SE B SE B SE
Low neighborhood g gg4*** 022 gp* 024 042 0.28
quality
Fair or poor sleep 1637 024
quality

Sobel test of mediation: z-score = 2.34, p=0.02

% Explained by addition of sleep quality = 20%

p<0.05.

HokA

p<0.001.

Note: Coefficients are unexponentiated. Model 1 adjusts only for neighborhood quality. Model 2 adds in adjustment of sociodemographic and
health factors, including age, race, education, gender, weight category, marital status, smoking history, and annual household income. Model 3
adds in adjustment for fair or poor sleep quality.
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Table 4

Linear regression models for depression score (n7=1297) (weighted).

Focal measure Model 1 Model 2 Model 3
B SE B SE B SE
Low neighborhood 0.37 **% - 0.07 0.27 **0.08 0.22 el 0.08
quality
Fair or poor sleep 0.63¥* 0.06
quality

Sobel test of mediation: zscore = 2.43, p=0.01

% Explained by addition of

sleep quality = 19%

Aok

p<0.01.

HokA

p<0.001.
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Note: Model 1 adjusts only for neighborhood quality. Model 2 adds in adjustment of sociodemographic and health factors, including age, race,
education, gender, weight category, marital status, smoking history, annual household income. Model 3 adds in adjustment for fair or poor sleep

quality.
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