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Abstract

Purpose—Neighborhood-level socioeconomic disadvantage and lower individual-level
socioeconomic status are associated with poorer sleep health in adults. However, few studies have
examined the association between neighborhood-level disadvantage and sleep in adolescents, a
population at high-risk for sleep disturbances.

Methods—The current study is the first to examine how objective (i.e. via census tract-level data)
and subjective measures of neighborhood disadvantage are associated with sleep in a racially/
ethnically and socioeconomically diverse sample of 2,493 youth [Non-Hispanic White (20%),
Hispanic (46%), Asian (21%), and Multiracial/ Other (13%)].
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Results—Findings indicated that greater perceived neighborhood-level social cohesion and lower
neighborhood-level poverty were associated with better sleep outcomes in adolescents. However,
there was some evidence that the magnitude of the associations differed according to family-level
socioeconomic status and race/ ethnicity.

Conclusions—Findings suggest that subjective and objective neighborhood characteristics may
affect the sleep health of older adolescents, with certain demographic subgroups being particularly
vulnerable.
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Sleep problems in youth are associated with a wide variety of adverse consequences,
including increased risk of depression and anxiety, poorer academic functioning, obesity,
cardiovascular risk factors, and motor vehicle accidents (Curcio et al., 2006; lvanenko et al.,
2005; Javaheri et al., 2011; Wong et al., 2015). In fact, the impact of driver sleepiness on
serious motor-vehicle related injuries and fatalities is comparable to that of driving under the
influence of alcohol (Powell et al., 2001). Adolescence is a critical time for examining sleep
health because this is a particularly vulnerable period for the development of sleep problems
and sleep patterns that can persist into adulthood (Carskadon et al., 2004). Findings indicate
that minority adolescents (primarily African American or Hispanic) and adolescents from
lower SES (socioeconomic status) families or single-parent homes, are at increased risk for
sleep problems, including insufficient sleep duration, poor quality sleep, and greater
variability in sleep patterns (Keyes et al., 2015; Matthews et al., 2014; Moore et al., 2011,
Troxel et al., 2014) as compared to their non-Hispanic white or higher SES counterparts.
Therefore, it is important to examine underlying social determinants of adolescent sleep
problems in order to identify high-risk groups and potential novel targets of intervention to
improve adolescent health trajectories and population health more generally.

Increasingly, it is recognized that beyond individual-level social determinants of health,
neighborhood level factors also contribute to diverse indicators of health. In particular, a
burgeoning literature suggests that neighborhood level factors (including neighborhood-level
SES), as well as subjective measures of neighborhood characteristics (including greater
social disorder and lower neighborhood cohesion), are associated with poorer sleep quality
in adults (Brouillette et al., 2011; Hale et al., 2010; Hale et al., 2013; Hill et al., 2009).
Theoretically, disadvantaged neighborhoods, which are characterized by low levels of social
cohesion and safety and high levels of neglect, disrepair, and crime, may lead to heightened
feelings of vigilance and psychological distress—opponent processes of sleep (Hale et al.,
2010; Hale et al., 2013). These negative affective states, in turn, may lead to chronic
activation of the physiological stress response and exposure to stress hormones associated
with impaired sleep. Such environmental influences on sleep may be particularly salient
among adolescents, as this is a time of increasing autonomy from parents and greater
influence from the broader social context, as well as dramatic changes in sleep and circadian
biology (Carskadon et al., 2004). As such, and consistent with the objectives of Healthy
People 2020 (2016), there have been increasing calls from researchers and policy-makers for
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greater consideration of neighborhood-level effects on child and adolescent health
disparities, including sleep health (Panel on High-Risk Youth et al., 1993).

However, only a handful of studies to date have investigated neighborhood-level factors and
adolescent sleep, and the existing studies have not included both objective and subjective
neighborhood characteristics, have limited assessments of sleep, and have not included
racially/ ethnically diverse samples, including Hispanics and Asians (Felden et al., 2015). In
particular, living in a low SES neighborhood is associated with increased risk of certain
sleep disorders, such as obstructive sleep apnea (OSA), which may reflect the direct effects
of exposures to environmental toxins that can increase risk of sleep-related breathing
disorders (Brouillette et al., 2011). Using data from the National Survey of Children’s
Health (NSCH) (Singh and Kenney, 2013; Smaldone et al., 2007) and the Mobile Youth
Survey (Umlauf et al., 2014), several studies found that neighborhood safety and exposure to
violence may be associated with increased frequency of inadequate sleep or sleep problems
in both children and adolescents. Importantly, however, although the NSCH data provides a
comprehensive assessment of a variety of neighborhood characteristics including social
conditions, and built environment characteristics, the validity of assessing inadequate sleep
via parent report is questionable particularly for older adolescents. Nevertheless, Bagley and
colleagues (2016) found similar results using objectively measured sleep efficiency (via
wrist actigraphy) and subjectively measured sleep quality and problems. The use of
objective and subjective measures of sleep are significant strengths of Bagley’s study;
however, several important questions remain as there was limited assessment of
neighborhood characteristics, and limited racial/ ethnic diversity in this sample which lacked
Asian and Hispanic youth. Considering broader racial/ethnic differences in the association
between neighborhood-level factors and sleep is important, given prior research showing
that racial/ ethnic minorities have higher rates of sleep problems (Matthews et al., 2014;
Roberts et al., 2006) as compared to non-Hispanic whites and Asians, and are more likely to
live in impoverished neighborhoods compared to non-Hispanic whites, even after accounting
for individual-level SES (Pattillo, 2005). Furthermore, as Jarrin and colleagues (2014)
articulate, families with lower socioeconomic status have less organized houses, with more
noise pollution, particularly in urban environments and less knowledge about sleep hygiene,
all of which can contribute to increased risk for sleep disturbance. Thus, there may be
important interactions between neighborhood-level disadvantage and family-level SES that
potentiate the risk for sleep disturbances in adolescents. Only a handful of studies exist on
neighborhood factors and sleep (as reviewed in Felden et al., 2015). Of these studies, few
have considered both objective and subjective neighborhood characteristics, most have
utilized samples of children and/ or younger adolescents and have limited racial/ ethnic
diversity, and few have examined multiple sleep outcomes germane to adolescent health and
development or examined the degree to which indicators of family-SES such as maternal
education or race/ ethnicity may moderate observed associations between neighborhood
characteristics and adolescent sleep.

Therefore, the purpose of the present study is to extend the limited existing literature on

neighborhood factors and sleep by examining both subjective (i.e., perceived neighborhood
social cohesion, safety, and monitoring) and objective (i.e., census-tract determined percent
living below the federal poverty level) neighborhood characteristics and sleep in a racially/
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ethnically diverse sample of older adolescents from Southern California. We include key
sleep domains that have been identified as particularly important for adolescent health and
functioning (National Sleep Foundation, 2000): self-reported sleep timing (bedtimes), sleep
duration and variability in sleep duration (weekdays vs. weekends), and sleep quality. We
expected that adolescents who lived in neighborhoods where they perceived greater
neighborhood disadvantage (as indicated by lower social cohesion, perceived safety, and
monitoring) and where a greater percentage of households were living below the federal
poverty line would report later bedtimes, shorter sleep duration, poorer sleep quality, and
would exhibit greater difference in weekend versus weekday sleep duration, as this
difference score may be an indicator of “weekend oversleep” for sleep-deprived teens
(Hasler and Clark, 2013). Furthermore, we explored whether the strength of the associations
between neighborhood-level characteristics and sleep characteristics differed by maternal
education, which has been used as an indicator of family-level SES in prior research
(Korupp et al., 2002) or the adolescent’s race/ ethnicity. Consistent with Jarrin and
colleagues’ work (2014), we hypothesized that the influence of neighborhood-level
disadvantage on sleep would be stronger among those adolescents who identify as Hispanic
or “other” or those who have a mother with lower educational attainment, by contributing to
increased stress in the home and potentially decreased parental involvement or education
concerning healthy sleep practices.

Adolescents from this study originated from 16 middle schools across three school districts
in southern California that were part of a large, ongoing longitudinal study with a school-
based intervention that occurred in 2008 (D’Amico et al., 2012). As previously reported
(D’Amico et al., 2012), 92% of parents returned a consent form at the baseline and 71%
gave permission for their child to participate in the baseline survey. Of consented students,
94% completed the baseline survey, which is higher or comparable to other school-based
survey completion rates with this population (Kandel et al., 2004). We continued to follow
two cohorts of youth (the original 61 grade cohort, and the original 7" grade cohort) as they
transitioned into high school. For this study, we used web surveys that were administered
from May 2014 to May 2015 when youth were on average 17.3 years old (n=2,493).
Missingness was less than 0.5% for all variables; (for mother’s education 7.4% of
respondents replied ‘Don’t Know’ and are excluded from the analyses). All research on
human subjects was approved by the institution’s IRB.

Race/ethnicity and maternal education (hypothesized effect modifiers)

At baseline, respondents classified themselves by ethnicity (Hispanic or not Hispanic) and
were then asked about their race (National Institutes of Health (NIH), 2001). These
responses were categorized as non-Hispanic white (20.2%), Hispanic (46.0%), Asian
(20.5%), and “Multiracial/Other” (13.3%; which included African American 2.3%,
American Indian 0.6%, Native Hawaiian 0.7%, Multiracial 9.8%). In addition to examining
racial/ethnic differences in observed associations, we also included a measure of educational
attainment of the participant’s mother (less than high school diploma/GED, high school
diploma, or greater than high school education) as an indicator of family-SES.
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We adjusted for covariates known to be associated with sleep such as age, gender, and
family structure (i.e., two-parent household versus single-parent household). We also
adjusted for mental health using the Mental Health Inventory (MHI-5) (Berwick et al., 1991)
which comprises five items focused on past month anxiety and depression symptoms. Scores
on the MHI-5 were scaled such that they ranged from 0 to 100, with higher scores indicating
better mental health (a=0.78). Finally, we included an indicator for whether the student had
attended one of the original intervention schools.

Sleep measures

Participants were asked when they “usually go to bed” and “wake up” separately for
weekdays and weekend days. Similar measures have been used in several prior studies with
adolescents (Larson et al., 2015; Pasch et al., 2010), and have been shown to significantly
correlate with diary and actigraphy assessments (Wolfson et al., 2003). Specific sleep
outcomes were chosen that have previously been linked with diverse indicators of adolescent
behavioral and physical health (National Sleep Foundation, 2000) and included: self-
reported bedtimes (weekdays and weekends), total sleep time (TST; derived from reported
bedtimes and wake times (weekdays and weekends)), the difference between weekend and
weekday sleep (i.e., weekend TST-weekday TST), and trouble sleeping assessed by a single
item from the Patient Health Questionnaire (PHQ) Somatic Symptom Severity Scale which
asked: “During the past 4 weeks, how much have you been bothered by any of the following
problems?”, with response options including: not bothered, bothered a little, bothered a lot
(Kroenke et al., 2002). Given the considerable variability in adolescent sleep patterns during
the school week and on the weekends, we analyzed weekday and weekend bedtimes and
TST separately.

Neighborhood measures

We utilized three subjective measures and one objective measure of neighborhood
disadvantage as predictors of our sleep outcomes. Neighborhood cohesion, monitoring, and
safety were our three subjective neighborhood measures. Neighborhood cohesion was
comprised of two positive (e.g. “people in my neighborhood are willing to help their
neighbor”) and two negative (e.g. “People in my neighborhood generally don’t get along
with each other”) items which were rated on a 5-point scale (1=Strongly agree, 5=Strongly
disagree), drawn from the Sampson Social Cohesion scale (Sampson et al., 1997). Positive
items were reverse coded and averaged for a neighborhood cohesion score where a higher
value indicates more cohesion (a=0.67). Three items from Sampson’s social control scale
(cite) assessed Neighborhood Monitoring (Sampson et al., 1997) (e.g. “If a group of
neighborhood children were skipping school and hanging out on a street corner, how likely
is it that your neighbors would do something about it?”). These items were rated on a 5-
point scale (1=very unlikely, 5=very likely) and averaged such that a higher score indicates
more monitoring (a=0.67). Six items assessed Neighborhood Safety (Winstanley et al.,
2008) (e.g., “There is a lot of crime in my neighborhood”) and were rated on a 5-point scale
(1=Strongly agree, 5=Strongly disagree). The six items were averaged such that a higher
score indicates more neighborhood safety (a=0.92). Our objective measure of
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Neighborhood-Level Poverty was defined as the percent of the population below the federal
poverty level in each census tract which we obtained from the American Community Survey
five-year average for 2009-2013. This variable was linked to respondent’s census tracts
which were geocoded using 2010-based Census geography definitions.

Analytic Strategy

Results

Descriptive statistics (mean/SD or percentage) are presented for sociodemographic
characteristics, and sleep outcomes. Additionally, we describe differences in subjective and
objective neighborhood measures separately by race/ethnicity and mother’s education. For
these comparisons we utilized analysis of variance (ANOVA) and post-hoc tests to examine
pairwise comparisons among the four racial/ethnic groups and the three mother’s education
categories. Due to the large number of post-hoc tests, we used the Benjamini and Hochberg
method to adjust p-values (Benjamini and Hochberg, 1995).

For our primary analyses, we conducted a series of models that regressed each individual
sleep outcome on each of the neighborhood measures in separate models, controlling for
sociodemographics, the intervention school indicator (0/1), and mental health symptoms.
Continuous sleep outcomes (bedtimes, TST, and weekend-weekday TST difference) were
modeled with general linear models. Multinomial logistic regression was employed for our
three-level categorical trouble sleeping outcome with “not at all bothered” by trouble
sleeping serving as the reference category. We expanded on this basic model by running two
additional sets of models, one set included the interaction of race/ethnicity with the
neighborhood predictors and the other set included the interaction of mother’s education
with the neighborhood predictors. This allowed us to test whether the association of the
neighborhood measures with the sleep outcomes differed by race/ethnicity and mother’s
education. All models were clustered by census tract to account for similarities among youth
in the same neighborhoods (i.e., tracts).

Our sample was 54.19% female, mostly Hispanic (45.97%; Asian=20.54%, non-Hispanic
White=20.14%, Multi-racial/other=13.36%), and approximately 17.31 (SD=0.67) years old
(Table 1). The majority of respondents had a mother with greater than a high school
degree/GED (67.78 %) and lived in a two parent household (65.06%). On average
respondents reported going to bed at 11:22pm during the week and TST during the week
was approximately 7.40 hours (SD=1.41). Average bedtime was later during the weekend
(12:34am) and TST was longer (9.09 hours, SD=1.63) than on weekdays. Slightly over half
(53%) of the respondents reported not being bothered by trouble sleeping, 31% said they
were bothered a little and 16% were bothered a lot.

Table 2 presents descriptive information for the subjective and objective neighborhood
measures overall and both by race/ethnicity and mother’s education. For race/ethnicity,
white respondents reported the most neighborhood cohesion, the most monitoring, the
greatest neighborhood safety and the lowest percentage below the federal poverty line.
Hispanic respondents had the lowest averages on neighborhood subjective measures and a
greater percentage fell below the federal poverty line. Those with a mother that had greater
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than a high school education had the highest neighborhood cohesion, monitoring and safety
scores, and the lowest percentage below the federal poverty line on average. All omnibus
tests for significance were significant at p<.0001.

Main effects

Results of multivariable main effects models showed that as neighborhood cohesion
increased, the odds of being bothered a little or bothered a lot by trouble sleeping decreased
(Table 3). Additionally, teens from neighborhoods with a greater percentage below the
federal poverty line reported earlier weekday and weekend bedtimes. There were no
significant main effects of neighborhood safety or monitoring on adolescent sleep outcomes.

Maternal education interactions

In multivariable models that included interaction terms between maternal education and
neighborhood-level predictors, we found a significant interaction between neighborhood
cohesion and maternal education on weekday TST (beta=0.28 (0.11), p=0.013).

As shown in Figure 1, for adolescents with maternal education less than high school, as
neighborhood cohesion increased, weekday TST time increased (after adjustment for
covariates). However, for adolescents with maternal education of high school or greater, as
neighborhood cohesion increased, the slope remained rather constant. Additionally, we
found a significant interaction between maternal education and social cohesion on trouble
sleeping such that for teens with mother’s with lower education there was a significant
association between neighborhood cohesion and trouble sleeping (OR=0.65(1.19), p=0.012).
To facilitate interpretation of this interaction effect, for graphical purposes only (Figure 2),
we collapsed the categories of bothered a little and bothered a lot into bothered at all. The
figure shows that there was a stronger, inverse association between neighborhood cohesion
and odds of trouble sleeping among those with lower maternal education as compared to
those with higher maternal education, after controlling for covariates.

Race/ethnicity interactions

We found one significant interaction between race/ethnicity and neighborhood-level factors
on sleep. Specifically, as shown in Figure 3, non-Hispanic white adolescents showed a
stronger positive association between living in more impoverished neighborhoods (i.e.,
greater percentage of households living below the federal poverty) and risk of trouble
sleeping compared to Hispanic and multi-racial/ other adolescents. However, it should be
noted that there was a constriction of range in the neighborhood-level poverty variable,
particularly for non-Hispanic whites where the average percent of households living below
the poverty line was 9.22% (compared to 16.47% for Hispanics, 11.40% for multi-racial/
other, and 9.37% for Asian youth).

Discussion

Consistent with objectives of Healthy People 2020 (2016), we examined the association
between broader social and environmental determinants of adolescent sleep health
disparities. Specifically, we assessed associations between subjective and objective
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indicators of neighborhood-level disadvantage and several key sleep outcomes in a racially/
ethnically diverse sample of older adolescents. Our work adds to the limited number of
studies that have examined neighborhood-level influences on adolescent sleep in several
ways. First, we include an older sample of adolescents, whereas much of the existing work
has focused on children and/ or younger adolescents. Second, we include key sleep
outcomes, including sleep timing, duration, variability, and quality, and we found different
patterns of associations for neighborhood measures in relation to these specific sleep
outcomes. Third, we examined both objective (via Census data) and subjective measures of
neighborhood characteristics as separate correlates of health behaviors, which is critical
given evidence of differential associations between objective and subjective neighborhood
characteristics and health behaviors and outcomes (DeSantis et al., 2016; Schultz et al.,
2013). Fourth, our inclusion of a large, racially/ ethnically and socioeconomically diverse
sample of youth allowed us to examine the degree to which race/ ethnicity or maternal
education moderated associations between neighborhood characteristics and sleep.

Consistent with our hypotheses, we found that lower neighborhood cohesion was associated
with increased risk of trouble sleeping. Furthermore, the inverse association between
neighborhood cohesion and trouble sleeping was stronger among adolescents who reported
lower maternal education (as an indicator of family SES). Findings are consistent with the
hypothesis that families with lower SES may have less organized houses, with more noise
and less knowledge about sleep hygiene (Jarrin et al., 2014). This home environment, in
conjunction with a less socially cohesive neighborhood, may potentiate the risk for poor
sleep via increased exposure to stress, including neighborhood-level crime and disruption,
lesser parental involvement around sleep-wake routines, lesser parental knowledge of
healthy sleep hygiene practices (e.g., removal of technology at bedtime). These findings are
consistent with a growing body of literature suggesting the importance of considering
neighborhood-level factors in influencing individual’s health behaviors (DeSantis et al.,
2016; Diez Roux and Mair, 2010). In contrast with prior work and our hypotheses, however,
we did not find evidence of associations between perceived neighborhood safety and
monitoring with adolescent sleep problems, duration, or timing. Perhaps the items we
included to assess neighborhood-level safety and monitoring were too distal to influence
sleep patterns, although they may be relevant for other adolescent risk behaviors, such as
alcohol use.

Contrary to expectations, we found that greater objectively measured neighborhood poverty
was associated with earlier rather than later bedtimes. Notably, however, there was no
statistically significant difference in total sleep time based on neighborhood poverty,
suggesting that adolescents from more impoverished neighborhoods were either waking up
earlier or having more awakenings in the night, resulting in a net null effect on total sleep
time, despite earlier bedtimes. These findings suggest the importance of considering other
neighborhood and community influences on sleep, including school start times, and noise
levels.

In addition, we found a significant interaction between neighborhood poverty and race/
ethnicity on trouble sleeping, such that there was a stronger, positive association between
living in more impoverished neighborhoods and risk of trouble sleeping for non-Hispanic
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Whites as compared to Hispanic or multi-racial/ other ethnic groups. This result should be
interpreted with caution, however, given that Hispanic and multi-racial/”other” adolescents
were significantly more likely to live in more impoverished neighborhoods than non-
Hispanic Whites, and there were fewer non-Hispanic Whites who lived in the most
impoverished neighborhoods. Nevertheless, findings are consistent with other work showing
that there are stronger effects of neighborhood poverty on health risk behaviors, such as
smoking in non-Hispanic white adolescents as compared to blacks (Nowlin and Colder,
2007), perhaps due to racial/ ethnic differences in susceptibility to both proximal (e.g.,
family) and distal (e.g, community) social influences on health behaviors. These findings
emphasize how critical it is to consider both neighborhood and family-level risk factors for
adolescent health behaviors.

Findings must be interpreted within the context of study limitations. In particular, given the
cross-sectional analysis, causal relationships cannot be inferred. An additional limitation is
the reliance on self-reported sleep, which may have introduced bias or common method
variance with the self-reported assessments of neighborhood characteristics. Although we
used multiple sleep measures, inclusion of both subjective and objective measures of sleep,
as well as other important indicators of sleep disturbance (e.g., social jetlag) may provide a
more comprehensive understanding of the links between neighborhoods and sleep in
adolescence. Our findings are strengthened by inclusion of objectively measured
neighborhood poverty via census tract data; however, examination of other objective
characteristics of the neighborhood, including crime data, or observations of neighborhood
disorder, such as graffiti, vacant lots, or broken windows is needed. Although this study was
unique in evaluating neighborhood disadvantage and sleep associations in four distinct
racial/ethnic groups, based on the distribution in the sample, the “Other” racial/ethnic group
was a heterogeneous group consisting of African Americans, American Indians, Native
Hawaiians, and Multi-ethnic respondents.

In summary, understanding both individual/ family-level and neighborhood level risk factors
that contribute to adolescent sleep problems is critical to inform novel prevention and
intervention efforts that consider the broader socio-environmental impacts on key health
behaviors, such as sleep. Future research is needed to extend these findings to consider how
sleep disturbances may mediate the effects of neighborhood disadvantage on downstream
health consequences. The current study provides an important contribution to the scant
literature in this area. Findings also have implications for policies that target both built and
social environmental characteristics of neighborhoods as a means to improve population
health and reduce pervasive health disparities, including disparities in sleep health.
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Implications and Contributions Statement

Our study is the first to examine both objectively and subjectively measured
neighborhood factors in relation to sleep in older adolescents. Findings highlight the
importance of considering how neighborhood environments influence sleep health,
particularly during critical developmental periods, such as adolescence.
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Highlights

Examines objective and subjective neighborhood factors and sleep in
adolescents.

Adolescence is a key period for studying socio-environmental influences on
sleep.

Maternal education and race/ethnicity are important moderators.
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Figure 1.
Interaction between maternal education and neighborhood cohesion on weekday total sleep
time (TST).
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Interaction between maternal education and neighborhood cohesion on the predicted

probability of having trouble sleeping.
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Table 1

Sample Descriptives

Overall

n=2493

Mean/ % SD

Demographics

Age 17.31 0.67
Female (%) 54.19
Race/Ethnicity ()
Asian 20.54
Hispanic 45.97
Multi-Racial/Other 13.36
White 20.14
Mother’s Education (%)
<High School/GED 14.60
High School Diploma 17.63
>High School/GED 67.78
Two Parent Household (%) 65.06
MHI-5 65.66 20.56

Sleep Outcomes

Weekday Bedtime? 11:22
Weekend Bedtime? 12:34
Weekday Total Sleep Time, Hours 7.40 141
Weekend Total Sleep Time, Hours 9.09 1.63
Difference in Total Sleep Time 1.69 1.92
Bothered By Trouble Sleeping (%)

A Little 31.00

A Lot 15.86

Not Bothered 53.14

Note.

a_ . . . . . . - .
Estimated average bedtimes are reported. Analyses conducted with the bedtime variables use minutes from midnight, scaled to every 10 minutes.

bCaIcuIated as weekend — weekday Bedtime
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