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Abstract

Objectives To identify children demonstrating “good” sleep health in a sample of urban children

with persistent asthma; to compare sociocontextual, asthma clinical characteristics, and sleep be-

haviors in children with “good” versus “poor” sleep health; and to examine protective effects of

family-based health behaviors on sleep health. Methods Participants were 249 Black (33%),

Latino (51%) and non-Latino White (16%) children with asthma, ages 7–9 years, and their primary

caregivers. Results 32 percent of children had “good” sleep health. Well-controlled asthma and

better lung function were more likely in this group. In the context of urban risks, sleep hygiene ap-

peared to be a protective factor associated with better sleep quality. The protective effect of asthma

management functioned differently by ethnic group. Conclusions This study identifies protec-

tive processes that may guard against urban risks to optimize sleep health in children with asthma.

Intervention programs can be tailored to consider specific supports that enhance sleep health in

this high-risk group.
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Introduction

Urban Minority Children With Asthma: At Risk for
Asthma Morbidity and Poor Sleep
Urban minority children with asthma are at greater
risk for poor asthma outcomes (Centers for Disease
Control and Prevention, 2007), particularly Black
children, and Latino children from Puerto Rican and
Dominican backgrounds (Lara, Akinbami, Flores, &
Morgenstern, 2006). More ethnic minority children
and families reside in urban areas, and these groups
are exposed to poverty, environmental triggers
(Kattan et al., 1997), acculturative stress,
discrimination (Koinis Mitchell et al., 2007), and

language and medication barriers (McQuaid et al.,
2012), which affect asthma morbidity (Canino et al.,
2006; Koinis Mitchell et al., 2007; McQuaid et al.,
2012). Poorly controlled asthma can negatively affect
all aspects of children’s daily functioning and behav-
iors, including sleep (Boergers & Koinis Mitchell,
2010).

Sleep Health Plays an Important Role in Children’s
Functioning and Health
A child can achieve good sleep health when s/he ob-
tains undisturbed, restorative sleep of sufficient dura-
tion according to developmental level (Buysse, 2014).
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Buysse (2014) has defined good sleep health as a mul-
tidimensional pattern of sleep-wakefulness character-
ized by subjective satisfaction, appropriate timing,
adequate duration, high efficiency, and sustained
alertness during waking hours. For the purposes of
this article, given many studies with pediatric samples
have not assessed sleep using multiple indicators, we
focus on those including one or more of these sleep
quality indicators to provide support for our study
questions.

Good sleep health is essential for children’s optimal
daytime functioning and physical health (Beebe, 2011;
Dewald, Meijer, Oort, Kerkhof, & Bogels, 2010;
Frederiksen, Rhodes, & Reddy, 2004; Hart, Palermo,
& Rosen, 2005; McNeil, Doucet, & Chaput, 2013;
Sadeh, Gruber, & Raviv, 2002). Children who have a
chronic illness with a variable symptom presentation,
particularly those not adherent to their treatment regi-
men, are at risk for poor sleep (Boergers & Koinis
Mitchell, 2010). For example, poor asthma (increased
symptoms and poor lung function) and poor quality
sleep (e.g., sleep efficiency measured via actigraphy) is
associated with difficulties with schoolwork and
greater school absences (Koinis Mitchell et al., 2014).

Poor quality sleep also contributes to illness-related
symptoms in children in other disease groups, such as
juvenile rheumatoid arthritis (Bloom et al., 2002).
Although, in general, there are few studies focusing on
sleep in urban and ethnically diverse children, shorter
sleep duration and inconsistent bedtimes have been
found in children from urban and low income settings
(Sheares et al., 2013; Spilsbury et al., 2004). This is of
concern, given short sleep duration can have deleteri-
ous effects on children’s concurrent and future health
outcomes (e.g., diabetes, obesity; Chaput, Brunet, &
Tremblay, 2006; McNeil et al., 2013; Nixon et al.,
2008). Further, risks associated with urban poverty
(e.g., family stress affecting bedtime routines, crowded
housing) can affect children’s sleep environment
(noise, sleep disruptions; see Boergers & Koinis
Mitchell, 2010) and sleep behaviors (e.g., inconsistent
sleep/wake times; Spilsbury et al., 2004). Healthy mi-
nority children also are found to have short sleep du-
ration and patterns (e.g., later bedtimes; LeBourgeois,
Giannotti, Cortesi, Wolfson, & Harsh, 2005). Given
urban children with chronic illnesses are prone to
poor sleep, it is important to better understand what
key factors related to illness and sleep serve as future
intervention targets in this high-risk group.

Poor Sleep Health in Urban Children With Asthma
Children with asthma may wake often during the
night when their asthma is poorly controlled (e.g.,
Daniel, Boergers, Kopel, & Koinis-Mitchell, 2012;
Fagnano, Bayer, Isensee, Hernandez, & Halterman,
2011; Strunk, Sternberg, Bacharier, & Szefler, 2002).

Nocturnal symptoms occur often with persistent levels
of asthma and can disrupt children’s sleep continuity
(e.g., Fitzpatrick et al., 1991; Lewis, Fagnano,
Koehler, & Halterman, 2014). Cross-sectional studies
have shown associations between reports of missed
sleep related to symptoms and increased daytime
sleepiness (Calhoun et al., 2011; Janson et al., 1996),
poorer school performance, and more school absences
(e.g., Diette, Markson, Skinner, Nguen, & Algatt-
Bergstrom, 2000). Results from a few small studies us-
ing polysomnography also have shown that adults
with asthma have longer sleep onset latency, than
healthy controls (Crenshaw & Edinger, 1999).

Poor sleep also may affect the occurrence of asthma
symptoms, although research to date is sparse and on
small samples (Ballard, 1999). For example, in a small
experimental study of adults with asthma, acute sleep
restriction increased bronchoconstriction (Catterall
et al., 1986). Thus, asthma can affect sleep, and
sleep curtailment may influence nocturnal asthma
(Ranjbaran, Keefer, Stepanski, Farhadi, &
Keshavarzian, 2007).

Multilevel factors (pathophysiological, environ-
mental, illness, and family-related) can contribute to
the link between nocturnal asthma and sleep disrup-
tion (see review, Koinis Mitchell, Craig, Esteban, &
Klein, 2012; Koinis Mitchell et al., 2015). Briefly, sub-
optimal controller medication adherence (Garrison,
Lozano, & Christakis, 2011; McQuaid et al., 2012),
and increased exposure to home environmental trig-
gers (Morgan et al., 2004), pollen counts, and sleep
posture, can facilitate mucus production and inflam-
mation, symptoms, and awakenings (Martin &
Banks-Schlegel, 1998; Meijer et al., 1995).

Good Sleep Health for Urban Children With Asthma
Although the risks contributing to poor sleep in urban
children with asthma are well-described (Boergers &
Koinis Mitchell, 2010; Koinis Mitchell, Craig, et al.,
2012), our previous work emphasizes the importance
also of studying characteristics of urban children and
families who are functioning well in the face of height-
ened risk (Koinis Mitchell, McQuaid, et al., 2012).
Identifying protective factors offers targets for cultur-
ally tailored interventions to meet the needs of specific
ethnic groups, by incorporating characteristics that
families already use and draw upon to manage an ill-
ness successfully (e.g., utilizing family connections to
support children’s effective asthma management;
Koinis Mitchell, McQuaid, et al., 2012). We have ap-
plied a strength-based approach to identify protective
factors associated with optimal asthma outcomes, de-
spite the presence of risks related to urban poverty
(Koinis Mitchell, McQuaid, et al., 2012; Koinis
Mitchell, Murdock, & McQuaid, 2004). Such
approaches also have been applied in studies of other
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chronic diseases, such as diabetes (Hilliard, Harris, &
Weissberg-Benchell, 2012) and sickle cell disease
(Simon, Barakat, Patterson, & Dampier, 2009).

The definitions of resilience, risk, and protective fac-
tors involved in this strength-based, theoretical ap-
proach have been detailed elsewhere (Luthar, Cicchetti,
& Becker, 2000), and these descriptions help to mini-
mize the incorrect use of the terms. Briefly, resilience is
defined as “a dynamic process encompassing positive
adaptation within the context of significant adversity”
(p. 543, Luthar et al., 2000). Resilience is demonstrated
when positive outcomes occur in the presence of one or
more risks (Hauser, Allen, & Golden, 2006; Luthar &
Brown, 2007). Resilient-based outcomes (e.g., psycho-
social competence) are achieved when protective fac-
tor(s) (e.g., self-competence, social support) minimize
the effect of risk factors to contribute to a more optimal
outcome (Deb & Arora, 2008; Luthar et al., 2000;
Luthar & Goldstein, 2004; Masten, 2001). This frame-
work has been used to study urban minority families of
children with asthma (e.g., Koinis Mitchell, McQuaid,
et al., 2012; Koinis Mitchell & Murdock, 2005), with a
focus on protective factors across individual (e.g., child
adaptability), family/cultural (e.g., family connected-
ness), and illness-related (e.g., child asthma manage-
ment self-efficacy) levels that minimize asthma
morbidity in the context of cumulative urban and
asthma-related risks.

The Current Study
We apply this strength-based framework to understand
what constitutes “good” sleep health in this high-risk
group. We also focus on family-level protective factors,
given childhood asthma is managed in the context of
the family (e.g., McQuaid, Walders, Kopel, Fritz, &
Klinnert, 2005), and children’s sleep health is most ef-
fectively supported by developmentally appropriate,
healthy and consistent family sleep practices (e.g., con-
sistent family bedtime routines, family support and
monitoring of minimal bedtime distractions) (Mindell,
Meltzer, Carskadon, & Chervin, 2009; Morgenthaler
et al., 2006). Two potential illness and sleep-related
processes particularly relevant for improving sleep
health for children with asthma include family asthma
management and sleep hygiene. Effective asthma man-
agement strategies (identification of symptoms, appro-
priate trigger control, consistent medication use) are
necessary to minimize asthma morbidity (McQuaid
et al., 2009; National Heart Lung and Blood Institute,
2007). An important indicator in the assessment of
asthma control and severity is the extent to which
nighttime asthma symptoms promote nocturnal awak-
enings (National Heart Lung and Blood Institute,
2007). Given that nocturnal awakenings related to
asthma can disrupt sleep, effective asthma management
strategies, particularly those strategies most relevant to
optimal sleep (e.g., use of rescue inhaler in response to

nighttime symptoms, trigger control), become an im-
portant modifiable target for intervention for urban
children with asthma.

Sleep hygiene, the extent to which children and
families practice consistent sleep behaviors and habits
(e.g., consistent bedtime and wake time, removing dis-
ruptions in the child’s bedroom, eliminating caffeine
before bedtime), has been found to influence sleep
problems (Owens, Jones, & Nash, 2011) and self-re-
ported sleep quality in children (LeBourgeois et al.,
2005). Urban children may be at an increased risk for
poor sleep hygiene, as poverty may increase exposure
to risk factors that challenge families’ abilities to prac-
tice optimal sleep hygiene (Spilsbury et al., 2004).
Sleep hygiene has been shown to have a protective ef-
fect on caregiver-reported sleep problems, in the con-
text of asthma symptoms in urban children (Koinis
Mitchell et al., 2015). To our knowledge, no pub-
lished studies have examined the protective role of
family-based health behaviors in the association be-
tween urban risks and sleep health measured through
objective methods in urban children.

The current study involved two goals. We first
sought to describe school-aged children (7–9 years)
who have “good” sleep health in an urban sample of
families from Black, Latino and non-Latino White
(NLW) backgrounds, using objective methods and
standard sleep quality indictors to characterize sleep
health (Buysse, 2014). Using an approach applied in
previous resilience research (Hauser et al., 2006), we
then compared sociocontextual, and asthma clinical
characteristics, as well as asthma-related and sleep be-
haviors in children with “good” versus “poor” sleep
health, to identify risks, resources, and protective pro-
cesses that may promote or challenge sleep health in
this high-risk group. Asthma and sleep-related risk
and protective factors were selected based on prior
work, suggesting their relevance for optimal sleep and
asthma in urban children (Koinis Mitchell, Craig,
et al., 2012; Koinis Mitchell et al., 2015).

The second goal was to examine whether, in the en-
tire sample, family-related asthma management and
sleep hygiene behaviors served protective functions in
their association with sleep health, in the context of ur-
ban risks. We expected higher levels of family asthma
management and sleep hygiene would each exert a pro-
tective function on sleep health for all children, regard-
less of ethnic background. However, we expected these
associations to be more robust in NLW children, given
Latino and Black children face higher levels of asthma
morbidity and more urban risks compared with their
NLW peers (Koinis Mitchell et al., 2007).

Methods

Data for this study were collected from a larger study,
Project Nocturnal Asthma and Performance in School,
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that assesses the co-occurrence of asthma and allergic
rhinitis (AR) symptoms, sleep quality, and academic
functioning in urban children (7–9 years of age), with
persistent asthma (R01 HD057220, Koinis Mitchell, PI)
across one academic year. The current study includes
data from asthma participants who completed study
participation in one of the first 4 years of the study.

Recruitment of participants occurred in the four
largest and adjacent urban school districts in an urban
Northeastern US city, in hospital-based, ambulatory
pediatric clinics, and in a hospital-based asthma edu-
cational program. “Consent-to-contact” forms (signed
by caregivers providing permission for study personnel
to call the family) were distributed across recruitment
settings. Research assistants screened families by
phone to determine eligibility.

Eligibility criteria for the study required that the
child’s age be between 7 and 9 years, child’s legal
guardian is willing to participate, caregiver ethnicity is
self-identified as Latino (Dominican or Puerto Rican),
NLW, or Black, child attended public school in one of
four targeted school districts, and that the child had
physician-diagnosed asthma or breathing problems in
the previous 12 months. Additionally at screening,
each child met persistent asthma status, either by cur-
rent prescription of an asthma controller medication,
and/or by parent-reported recurrent daytime or night-
time symptoms, activity limitation, rescue medication
use, or two or more oral steroid bursts in the previous
12 months (National Heart Lung and Blood Institute,
2007). Exclusionary criteria included moderate to se-
vere cognitive impairment as determined by school
placement, use of stimulant medication for attention
deficit/hyperactivity disorder, another pulmonary or
chronic health condition, or a diagnosed sleep disorder
(e.g., restless leg syndrome) that would confound the
primary hypotheses of the larger study.

Data included in the current study were collected
during the fall/ early winter period of each study year
(Figure 1). The initial study visit included the informed
consent (parents) and assent (children) process, collec-
tion of demographic information, review of child’s
prescribed medications, and a standardized interview
about the family’s asthma management practices. The
second session occurred at a hospital-based asthma
and allergy clinic at least 2 weeks later. Asthma and
AR diagnosis and severity, and allergy status were
evaluated by the study clinicians, and asthma and AR
medication use was confirmed. Immediately following
this visit, children and their caregiver participated in a
4-week home-monitoring period in which they logged
the child’s asthma symptoms twice daily in a diary,
and during which the child wore an actigraph and
used a handheld spirometer to assess sleep quality and
lung function, respectively. Midway through the mon-
itoring period, study staff conducted a home visit to
download and review electronic sleep and lung

function data and to administer the sleep hygiene mea-
sure. Staff implemented standard procedures to en-
courage protocol adherence and to insure the
appropriate use of the electronic devices and daily di-
ary completion.

All research visits except the clinical evaluation
were completed in families’ homes. Free transporta-
tion to the clinic visit was available. Assessments were
administered verbally in English or Spanish according
to participant preference. Standardized procedures
were used for measure translation (Canino & Bravo,
1994). Compensation was provided at all visits. The
study was approved by the local institutional review
board.

Measures
Sociocontextual Risks: Demographic and Descriptive
Information
Primary caregivers provided key demographic infor-
mation (see Table I). Poverty status was determined by

Session 0/Enrollment 
• Child age & sex (249) 
• Parent ethnicity (249) 
• Poverty status (239) 
• Family’s neighborhood risk (249) 
• People in household (248) 

Session 1: Asthma and AR evaluation 
• Asthma Severity (249) 
• Asthma Control (212) 
• AR severity (214) 
• AR Control (189) 
• Asthma & AR medications (216) 

Fall monitoring period 
• Sleep health indicators/actigraphy (212) 
• Lung function/FEV1 (180) 
• Daily self-reported asthma symptoms (221) 
• Children’s Sleep Hygiene (218) 

Enrolled = 249 

Figure 1. Data Collection Time Points and Number of Cases
with Valid Data, by Assessment.
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dividing the family’s annual income by the US federal
per capita poverty threshold for a family of that size
(Brooks-Gunn & Duncan, 1997; U.S. Department of
Health and Human Services, 2005).

Neighborhood Risks
A neighborhood risk score was computed based on
participant home address, which was geocoded for
census block group membership. Data from the 2010

census characterizing the block groups were used to
identify presence of each of eight risk factors: per cap-
ita income, less than high school education, unem-
ployment, racial/ethnic minority status, vacant
housing, small housing, poverty status, and non-
English speaking. Each participant could receive a risk
score from 0 to 8, based on the number of risk charac-
teristics identified. This variable has been used in our
previous pediatric asthma disparities research and it

Table I. Sociocontextual, Asthma Clinical Characteristics, and Family-Based Behaviors of Participants

Characteristics of sample Sample Latino Black Non-Latino
White

Ethnic group
differencesa

Effect
sizesb

n 249 127 83 39 – –
Sociocontextual characteristics
Child age in years, M (95% CI) 8.3 (7.9–8.5) 8.3 (8.1–8.5) 8.3 (8.1–8.5) 8.2 (7.9–8.5) F(2,246)<1.0 x2

P¼ .01
Male (%) 53 51 60 39 v2¼5.1 /c¼ .14
Caregiver race/ethnicity (%)

Black 33 – – – – –
Latino 51 – – – – –
Non-Latino White 16 – – – – –

At/below poverty threshold (%) 69 81 64 38 v2¼ 26.1** /c¼ .33
Neighborhood Risk Index,

M (95% CI)
5.1 (4.8–5.3) 5.6 (5.3–5.9) 5.3 (4.9–5.8) 3.0 (2.2–3.8) F(2,242)¼ 26.2** x2

P¼ .17

Total number of people in
household, M (95% CI)

4.6 (4.4–4.8) 4.7 (4.4–5.0) 4.5 (4.1–5.0) 4.4 (4.0–4.9) F(2,245)<1.0 x2
P¼ .00

Asthma clinical characteristics
Asthma severity (%) v2¼6.6 /c¼ .12

Mild persistent 55 57 50 63
Moderate persistent 32 32 30 34
Severe 13 11 20 3

Asthma poorly controlled (%) 42 35 53 38 v2¼5.6 /c¼ .16
Allergic rhinitis severity (%) v2¼1.8 /c¼ .06

Mild 21 19 21 27
Moderate 58 59 55 59
Severe 22 22 24 15

Rhinitis symptoms poorly
controlled (%)

38 39 42 24 v2¼2.7 /c¼ .12

Asthma medications (%)
Any controller medication 80 79 84 74 v2¼1.5 /c¼ .08
Inhaled corticosteroid 72 72 77 63 v2¼2.4 /c¼ .10

Medication adherence
(FAMSSc), M (95% CI)

5.4 (5.1–5.6) 5.5 (5.2–5.8) 5.1 (4.7–5.5) 5.4 (4.7–6.0) F(2,223)¼1.1 x2
P¼ .01

Allergic rhinitis medications (%)
First-generation antihistamine 18 19 19 11 v2¼1.1 /c¼ .07

Family-level asthma and sleep
behaviors

Family asthma management,
M (95% CI)

4.8 (4.6–4.9) 4.9 (4.7–5.1) 4.7 (4.4–5.0) 4.6 (4.2–5.0) F(2,226)¼1.5 x2
P¼ .00

Children’s sleep hygiene,d

M (95% CI)
4.5 (4.4–4.6) 4.3 (4.3–4.5) 4.5 (4.3–4.6) 4.7 (4.5–4.9) F(2,215)¼3.4* x2

P¼ .02

Sleep health indicators
Sleep efficiency (%),

M (95% CI)
86.5 (86.1–87.1) 86.9 (86.2–87.6) 85.8 (84.9–86.6) 87.1 (85.9–88.3) F(2,209)¼2.6 x2

P¼ .02

Sleep duration (hours),
M (95% CI)

9.3 (9.2–9.3) 9.1 (9.0–9.2) 9.3 (9.1–9.4) 9.6 (9.4–9.8) F(2,209)¼9.6** x2
P¼ .08

Mean number of awakenings
per night, M (95% CI)

5.4 (5.0–5.7) 5.2 (4.7–5.7) 5.6 (5.0–6.2) 5.2 (4.4–6.0) F(2,211)<1.0 x2
P¼ .01

aAnalyses of variance effect sizes are partial omega squared (x2
P); chi square effect sizes are Cramer’s Phi (/c).

bIn all statistically significant ethnic group analyses, the NLW group significantly differed from the other groups.
cFamily Asthma Management System Scale. Scores range from 1 to 9. Higher ratings indicate better management on each domain and the

total score.
dSleep hygiene total score is the mean across items ranging from 1 to 6. Higher scores indicate better hygiene.

*p< .05; **p< .01; ***p< .001.
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has been shown to correlate with asthma outcomes in
urban children (Canino et al., 2009; 2012).

Clinical Characteristics: Asthma and AR Diagnosis
and Severity Classification
The clinic study visit consisted of a medical history
and physical examination, allergy testing, and pulmo-
nary function testing. Confirmation of asthma and
classification of severity were made by a study clini-
cian using standard NHLBI EPR-3 guidelines
(National Heart Lung and Blood Institute, 2007).
Current asthma and allergy medication use was docu-
mented, and caregivers provided ratings indicating
how often their child missed doses of daily controller
medications on a scale from 1 (misses doses all of the
time) to 5 (never misses doses). AR status and severity
level were evaluated using standard clinical guidelines
(Bender & Milgrom, 2004; Bousquet et al., 2008) and
study procedures that are detailed elsewhere (Esteban
et al., 2014). Two hundred and seventy-seven children
with asthma enrolled in the study, of which 249 had
persistent asthma. The 28 enrollees omitted owing to
intermittent asthma status did not differ from those re-
tained by sex, age, poverty level, or racial/ethnic
background.

Physician Query
Child participants’ primary care providers and (when
applicable) asthma/allergy specialists completed a
checklist detailing the date of child’s last office visit
and previous and current medical status. The query
was used by the study clinician to evaluate the child’s
current asthma and allergy status (Esteban et al.,
2014; Koinis Mitchell et al., 2015).

Asthma Control
Parents and children completed the Asthma Control
Test (Liu et al., 2007), a well-validated questionnaire
of asthma-related impairment. Using standardized
procedures (Nathan et al., 2004), we dichotomized
scoring using a total cutoff score of 19; those below
were considered to have poor asthma control, and
those above to have well controlled asthma. Internal
consistency in our sample was moderate (Cronbach’s
a¼ .70).

AR Control
Parents completed the Rhinitis Control Assessment
Test (Schatz et al., 2010), a well-validated question-
naire that assesses rhinitis disease control in children.
Respondents rate on a 5-point scale the frequency of
common symptoms and symptom control (e.g., nasal
congestion) in the previous week. A dichotomous vari-
able (well/not well controlled) also was computed for
descriptive purposes as in our previous work (Koinis
Mitchell et al., 2015), using a cutoff value of 21

(Schatz et al., 2010). Sample internal consistency was
good (Cronbach’s a¼ .78).

Daily Self-Reported Asthma Symptoms
Families completed a diary twice daily to document
the child’s breathing problems during the night or day
using standard procedures (Esteban et al., 2014;
Koinis Mitchell et al., 2015). Diary-reported asthma
symptoms were summarized as the proportion of
monitored days during the fall monitoring period dur-
ing which any breathing problems were noted (Koinis
Mitchell et al., 2015).

Lung Function: FEV1 Percent Predicted
Children’s lung function was measured twice daily by
a hand-held computerized spirometer (Jaeger AM2;
VIASYS Healthcare; Yorba Lina, CA). The best of
three FEV1 % predicted values per trial were retained.
A series of data cleaning and reduction steps were em-
ployed (Koinis Mitchell et al., 2009). Data were
downloaded at the home during the mid-point and
end of the monitoring period. Parents and children
were oriented to the proper use of the device as well as
how to conduct spirometry, using standard procedures
(Koinis Mitchell et al., 2009). Participants were in-
structed to complete three “blows” before any asthma
or allergy medications in the morning and at night.

Sleep Health Indicators
Participants wore an actigraph on their non-dominant
wrist for the monitoring period (MiniMitter Company,
Bend, OR, USA). One-minute epochs were estimated as
sleep or wakefulness with Actiware-Sleep V 2.53 soft-
ware using activity levels produced in the surrounding
2-minute interval (medium sensitivity). This algorithm
was applied to portions of the record identified as sleep
through a combination of diary reports and actigraph
event markers set by participants at “lights-off” and
“lights-on.” In comparison with polysomography, this
algorithm shows high overall epoch-by-epoch agree-
ment and is excellent in detecting sleep (sensitiv-
ity¼94%); however, it overestimates wake during the
sleep period (specificity¼ 69%) (Meltzer, Walsh,
Traylor, & Westin, 2012). To inform scoring of sleep
data, families recorded in the aforementioned daily di-
ary instances when the child was sick with an illness
other than asthma, plus morning wake times and eve-
ning bedtimes, and times when the actigraph was not
worn (Acebo et al., 1999). Standard scoring rules were
then applied to each sleep episode (Acebo et al., 2005).
Episodes were excluded when (1) the actigraph was off
for all/part of the sleep period, (2) the concurrent diary
report was not available, or (3) there was a diary-re-
ported illness other than asthma that could have af-
fected sleep on a given night. Actigraphy data were not
available for 37 children due to protocol nonadherence
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(n¼34) or device loss/technical failure (n¼ 3). There
were no differences between those with and without
sleep data on demographic (sex, age, ethnicity, poverty)
or clinical (asthma and AR severity) characteristics.
Actigraphy data were available for 212 children,
with an average of 18 scorable nights (SD¼ 8,
range¼ 2–40).

Three sleep quality variables were computed as the
aggregate across the monitoring period, specifically,
sleep efficiency, defined as the % time asleep/total
time in bed; sleep duration, defined as total time be-
tween evening sleep onset and morning waking, and
mean # of awakenings per night of at least 3 minutes
in duration.

Sleep Health Categories
To address our first question, we identified children
who qualified for “good” sleep health using two meth-
ods. We identified cut-points using two sleep quality
indicators from our actigraphy measurement: sleep ef-
ficiency and sleep duration (Buysse, 2014). We based
our cut-points on results from studies that have used
actigraphy both with healthy children and urban sam-
ples. Published norms for this age range are 90–95%
(Aronen, Paavonen, Soininen, & Fjallberg, 2001;
Scholle et al., 2011). For sleep duration, guidelines
recommend that children between the ages of 7 and 9
years should sleep 10.5–11 hr per night (Ferber, 1996;
Mindell & Owens, 2003). Further, children in this
age-group who sleep fewer than 9 hr per night have
been found to be at an increased risk for poor health
outcomes (Paavonen et al., 2009). The other method
we used for developing cut-points involved examining
sample means for sleep efficiency (87%) and duration
(9 hours). We set lower thresholds for “good” sleep
health on both indicators than what is suggested for
healthy children of this age-group, given the urban
context of our sample and the persistent nature of
their asthma. Of note is that only 33 (16%) of children
in our sample met the criterion for healthy sleep effi-
ciency (90%) based on previous studies, and no chil-
dren met both this and the criterion of at least 10.5 hr
sleep duration based on recommended guidelines. A
categorical variable was created to characterize chil-
dren as having “good” and poor sleep health. Good
sleepers were defined as having (1) a mean sleep effi-
ciency score from the actigraphy data �87% and (2)
mean sleep duration of �9 hr per night.

Family-Based Behaviors: Family Asthma Management
The Family Asthma Management System Scale
(FAMSS; Klinnert, 1997; McQuaid et al., 2005) is a
semistructured interview covering multiple domains of
asthma management, including symptom recognition,
response to symptoms, medication adherence, and en-
vironmental trigger control. Trained interviewers

rated participants on each domain, using a scale from
1 (poor) to 9 (optimal); a total score is the mean across
domains. The FAMSS has been used in cross-sectional
and treatment outcome studies, and has been validated
with minority samples (Celano, Klinnert, Holsey, &
McQuaid, 2011) and in English and Spanish (Canino
et al., 2009). The domains and the total score correlate
with objectively measured controller medication ad-
herence (McQuaid et al., 2005). Internal consistency
has been very good in prior studies (Cronbach’s
a¼ .84, McQuaid et al., 2005) and in the current sam-
ple (Cronbach’s a¼ .76).

Children’s Sleep Hygiene Scale
This 22-item measure examines parent report of sleep
hygiene (Harsh, Easley, & LeBourgeois, 2002), with
items covering behaviors relating to hygiene and be-
haviors affecting sleep initiation and maintenance.
Responses are on a 6-point scale, from never to al-
ways. Higher scores indicate better hygiene. The scale
has acceptable internal consistency when used with
school-aged children (Cronbach’s a¼ 0.76; Harsh
et al., 2002) and in our sample (Cronbach’s a¼ .70).

Analysis Plan
We first evaluated the proportion of children in the
sample exhibiting “good” sleep quality, defined as
those with a mean sleep efficiency of >87% and who
typically slept at least 9 hr per night during the moni-
toring period. Cases that did not meet both criteria
were classified as having “poor” sleep quality. We
then sought to assess the extent to which sociocontex-
tual risk factors (e.g., poverty status, neighborhood
risk, environmental trigger control), asthma indicators
(e.g., asthma severity, asthma control lung function),
and family-based, asthma-related, and sleep behaviors
(family asthma management and sleep hygiene) dif-
fered as a function of good/poor sleep health, using
analyses of variance.

We then assessed whether family asthma manage-
ment or sleep hygiene functioned as protective factors
in their association with sleep quality indicators (effi-
ciency, duration, wakings) in the face of urban risks
using a standard approach involving testing the mod-
erating role of each process (Luthar et al., 2000). This
allows for identification of both resource (i.e., indi-
cated by a main effect) and protective factors (i.e., in-
dicated by an interaction effect).

Pearson’s correlations and chi square tests were
also used to evaluate child age, sex, asthma, and AR
severity as potential covariates in associations with
protective factors and sleep health variables. Family-
level poverty and primary caregiver education level
(Table I) are related to components of the risk index
development and thus were not assessed as potential
covariates. Given our plan involved testing the
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moderational models proposed by ethnic group, we
did not include ethnicity as a covariate; however, we
note ethnic differences in poverty, severity, and in
each of the predictor and outcome variables studied
(Table I). Using hierarchical regression analyses and
adjusting for covariates as appropriate, the separate
contribution of each protective process (e.g., asthma
management, sleep hygiene) on each sleep health indi-
cator was tested. Specifically, neighborhood risk (geo-
code) was entered first, to control for level of risk.
Next entered was the potential protective process (i.e.,
the family asthma management total score or the sleep
hygiene total score, indicating a main effect or that the
process was a “resource factor”), followed by the
mean-centered interaction term of risk and that pro-
tective factor in the final step. Lastly, we probed sig-
nificant interaction effects (e.g., did the levels of
protective process differ for individuals under low,
medium, or high levels of neighborhood risk?; Koinis
Mitchell, McQuaid, et al., 2012; Koinis Mitchell
et al., 2004; Luthar et al., 2000). Analyses were con-
ducted for the overall sample and stratified by ethnic
group.

Before analyses, variables found to violate assump-
tions of normality were transformed using appropriate
procedures (Tabachnick & Fidell, 1996). Offending
variables were Neighborhood Risk and Diary-
Reported Symptoms, both of which remained signifi-
cantly non-normally distributed after data transforma-
tion. In analyses examining group differences (i.e.,
ethnic group and sleep health categories), results did
not change based on the use of the transformed or
untransformed variables. Hence, to facilitate interpre-
tation of analyses by group, we retained these vari-
ables in their original form for all analyses. An alpha
level of p< .05 was used for all statistical tests, which
were conducted with SPSS Version 20. Effect sizes for
analyses of variance were expressed as partial omega
squared (x2

P), interpreted as small (0.01), medium
(0.06), or large (0.14; Cohen & Williamson, 1998).
Chi square effect sizes are expressed as Cramer’s Phi
(/c), the interpretation of which is akin to a point-
biserial correlation. R2-adjusted are presented for mul-
tiple regression results.

Results

Preliminary Analyses
Table I details sociocontextual and clinical character-
istics of 249 participants with persistent asthma, with
a mean age of 8.3 years (SD¼ 0.90) and 53% male.
Forty-two percent of children had poorly controlled
asthma. There were no differences in sleep efficiency
or duration by asthma severity. There was a trend for
those with severe asthma to have more night awaken-
ings (M¼ 6.2, SD¼3) relative to those with mild

persistent (M¼ 5.0, SD¼2.2) and moderate persistent
(M¼ 5.7, SD¼ 2.8) asthma (F(2, 196)¼3.0, p¼ .05,
x2

P¼ .02).

Ethnic Differences in Participant Characteristics
A smaller proportion of NLWs (38%) were below the
poverty threshold, compared with Black (64%) and
Latino (81%) participants (v2¼26.1, p< .001,
/c¼ .33). NLW participants had the lowest levels of
neighborhood risk (M¼ 3, SD¼ 2.3) relative to Blacks
(M¼ 5.3, SD¼ 2.0) and Latinos (M¼5.6, SD¼ 1.7;
(F(2, 242)¼ 26.2, p< .001, x2

P¼ .17). Modest but sig-
nificant group differences also emerged for the sleep
hygiene total score, specifically, scores were highest in
NLWs (M¼ 4.7, SD¼0.6) compared with Blacks
(M¼ 4.5, SD¼ 0.6) and Latinos (M¼4.4, SD¼ 0.6;
F(2, 216)¼ 3.4, p< .05, x2

P¼ .02). No ethnic group
differences were found for asthma severity or for fam-
ily asthma management.

Participant Characteristics by Good/Poor Sleep
Health Categories
We first examined the proportion of our sample char-
acterized as having good or poor sleep health by our
study definitions. Over two-thirds of participants
(68%) were classified as having poor sleep health. We
next evaluated whether there were differences in soci-
ocontextual, asthma clinical characteristics, and fam-
ily-based behaviors by sleep health category (Table II).
While no sociocontextual variables differed by group,
there was a trend for race/ethnicity, with 47% of
NLWs being classified into the good sleep group, ver-
sus 31% of Latinos and 25% of Blacks (v2¼ 4.7,
p¼ .07, /c¼ .15). Of the asthma indicators, lung func-
tion was higher in participants with good sleep health
(M FEV1¼87% predicted, SD¼12%) relative to
those with poor sleep health (M¼ 81%, SD¼ 13%;
F(1, 171)¼ 6.3, p< .05, x2

P¼ .03). Asthma control dif-
fered across groups (v2¼5.7, p< .05, /c¼ .17), spe-
cifically 46% of those with poor sleep health had poor
asthma control, relative to 27% of those achieving
good sleep health.

Identification of Resources/Protective Factors
Associated With Good Sleep Quality in the
Context of Neighborhood Risk
As a preliminary step, Pearson’s correlations were ex-
amined between demographic variables and clinical
characteristics (child sex, age, asthma, and AR sever-
ity) and the proposed protective factors (family
asthma management and sleep hygiene total scores)
and sleep quality indicators, to identify potential co-
variates for moderation analyses. Variables correlated
both with a potential protective factor and a sleep
health indicator were controlled in subsequent analy-
ses when warranted. AR severity was correlated with

Sleep Health and Resilience in Pediatric Asthma 895

1
Prior to
<0.
(&omega;2p),
)
a
. 
1
&equals;
&equals;
&equals;
&equals;
&equals;
&equals;
&equals;
)&equals;
&equals;0.
&omega;2p&equals;.
d
participant characteristics.  
to African American
&equals;
<0.
&equals; .
 Non-Latino white
&equals;
&equals;
African Americans
&equals;
&equals;
&equals;
&equals;
)&equals;
<.
&omega;2p&equals;.
&equals;
&equals;.
to African Americans
&equals;
&equals;.
&equals;
&equals;.
)&equals;
<.
&omega;2p&equals;.
c
good/poor sleep health categories. 
2
Black/African Americans
&equals;
&equals;0.
&equals; .
&equals;
&equals;
&equals;
&equals;
)&equals;
<.
&omega;2p&equals;.
&equals;
<0.
&equals; .
resources/protective factors associated with good sleep quality
c
neighborhood risk.  
Allergic rhinitis


the sleep hygiene score (r¼�.14, p< .05), sleep effi-
ciency (r¼�.23), and number of night awakenings
(r¼ .22, p values< .01). In analyses by ethnicity,
asthma severity was associated with the family asthma
management score (r¼ .36, p< .05) and number of
night awakenings (r¼ .35, p< .05) in NLWs. AR and
asthma severity were thus treated as covariates in spe-
cific models.

Family-Related Behaviors: Family Asthma
Management
In analyses examining family asthma management, this
process did not emerge as a resource or protective fac-
tor in the sample as a whole or in the Latino and Black
subsamples. In the NLW group, family asthma man-
agement emerged as a significant protective factor, as
evidence by a significant interaction with neighborhood
risk in models examining sleep efficiency (b¼�.44,
p< .05, R2 adjusted¼ .12) and night awakenings (con-
trolling for asthma severity, b¼ .51, p< .01, R2 ad-
justed¼ .36). In the model assessing sleep efficiency,
post hoc probing was undertaken by dichotomizing
neighborhood risk by median split and then conducting
follow-up regression analyses examining the relation-
ship between asthma management and sleep efficiency

at lower and higher levels of risk. In participants below
the risk median, there was a strong positive relationship
between asthma management and sleep efficiency
(b¼ .62, p< .05, R2 adjusted¼ .33), whereas there was
a weaker, nonsignificant relationship in participants
above the median (b¼�.27, ns), Figure 2. In the model
assessing awakenings, a similar pattern emerged from
post hoc tests of the significant interaction between
asthma management and neighborhood risk (Table III).

Sleep Hygiene
Results of regression analyses appear in Table III. In
the full sample, sleep hygiene exerted a resource func-
tion in its relationship with sleep duration, as evi-
denced by a significant main effect (b¼ .25, p< .001;
R2 adjusted¼ .06). There also was support for sleep
hygiene as a protective factor, indicated by a signifi-
cant interaction with neighborhood risk on the last
step (b¼�.14, p< .05; R2 adjusted¼ .07). To further
explore the interaction, neighborhood risk was dichot-
omized by median split, and follow-up regression
analyses were conducted examining sleep hygiene and
sleep duration at lower and higher levels of risk
(Figure 3). For participants below the median, better
sleep hygiene was related to longer sleep duration

Table II. Sociocontextual, Asthma Clinical Characteristics, Family-Based Behaviors by and Across Sleep Health

Characteristics of sample Sample Good sleep
health

Poor sleep
health

Sleep group
differences

Effect sizesa

Cases with valid sleep data, n (%) 212 67 (32) 145 (68) – –
Sociocontextual factors
At/below poverty (%) 69 (63–76) 67 (55–79) 70 (62–78) F(1,202)< 1.0 x2

P¼ .00
Neighborhood risk index, M (95% CI) 5.1 (4.8–5.4) 5.0 (4.5–5.5) 5.1 (4.8–5.5) F(1,209)< 1.0 x2

P¼ .00
Ethnicity (%) v2¼ 4.7† /c¼ .15

Latino – 31 69
Black – 25 75
NLW – 47 53

Caregiver education in years, M (95% CI) 12.2 (11.9–12.5) 12.1 (11.5–12.7) 12.2 (11.8–12.6) F(1,209)< 1.0 x2
P¼ .00

Number of people in household, M (95% CI) 4.7 (4.4–4.9) 4.9 (4.4–5.3) 4.6 (4.3–4.9) F(1,210)¼ 1.1 x2
P¼ .00

FAMSS environmental control, M (95% CI) 3.9 (3.6–4.3) 3.8 (3.2–4.5) 4.0 (3.5–4.4) F(1,197)< 1.0 x2
P¼ .01

Smoke exposure (%) v2¼ .13 /c¼ .03
None 61 62 61
Intermittent 13 12 14
Regular 25 26 68

Asthma indicators
Asthma severity (%) v2¼ 5.1† /c¼ .02
Mild persistent 55 67 50
Moderate persistent 31 24 35
Severe 14 10 16

Diary-reported asthma symptoms,
% monitored days (95% CI)

13 (11–16) 11 (7–14) 14 (11–17) F(1,208)¼ 2.3 x2
P¼ .01

FEV1 % predicted, M (95% CI) 83.2 (81.2–85.1) 86.5 (83.2–89.8) 81.4 (79.1–83.8) F(1,171)¼6.3* x2
P¼ .03

Poor asthma control (%) 40 27 46 v2¼ 5.7* x2
P¼ .17

Prescribed asthma controller medication (%) 80 76 81 v2¼ .5 /c¼ .05
Medication adherence, M (95% CI) 5.3 (5.1–5.6) 5.4 (4.9–5.9) 5.3 (5.0–5.6) F(1,193)< 1.0 x2

P¼ .00
Asthma and sleep behaviors
Family asthma management, M (95% CI) 4.8 (4.7–5.0) 4.7 (4.4–5.0) 4.9 (4.7–5.0) F(1,195)< 1.0 x2

P¼ .00
Sleep hygiene total score, M (95% CI) 4.5 (4.4–4.6) 4.6 (4.4–4.7) 4.5(4.4–4.5) F(1,207)¼ 2.6 x2

P¼ .01

aAnalyses of variance effect sizes are partial omega squared (x2
P); chi square effect sizes are Cramer’s Phi (/c).

†p< .08; *p< .05; **p< .01; ***p< .001.
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Figure 2. Family Asthma Management and Sleep Efficiency by Neighborhood Risk (Median Split)—Non-Latino White
Participants.

Table III. Neighborhood Risk, Family-Based Resource/Protective Factors, and Sleep Health Outcomesa

Sleep duration Sleep efficiency Number of awakenings

Neighborhood risk and family-level
protective factors

b B 95% CI
for B

R2

adjusted
b B 95% CI

for B
R2

adjusted
b B 95% CI

for B
R2

adjusted

Sleep hygiene (full sample)
Neighborhood risk index �.03 �.01�.04–.03 .06
Sleep hygiene total score .25** .26 .12–.40
Risk� hygiene �.14* �.06�.13–.00 .07

Sleep hygiene (Blacks)
Neighborhood risk index �.08 �.02�.09–.04 .08
Sleep hygiene total score .31** .32 .09–.56
Risk� hygiene �.05 �.03�.16–.10 .07

Sleep hygiene (NLWb)
Neighborhood risk index .38* .09 .01–.18 .16
Sleep hygiene total score .39* .38 .04–.72
Risk� hygiene �.41* �.16�.29–�.04 .30

Family asthma management (NLWc)
Neighborhood risk index �.11 �.17 �.83–.48 �.05 .11 .12 �.13–.55 .10
family asthma management .08 .24 �.94–1.4 �.26 �.49�1.3–.35
Risk� hygiene �.44*�.55�1.0–�.09 .12 .51** .44 .17–.72 .36

aResults for models with nonsignificant results are not shown.
bNon-Latino White.
cAsthma severity was a covariate in the model assessing mean number of nightly awakenings and in the NLW group.
*p< .05; **p< .01.

Figure 3. Sleep Hygiene and Sleep Duration by Neighborhood Risk (Median Split).
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(b¼ .37, p< .001; R2 adjusted¼ .12), whereas no rela-
tionship emerged in the group with risk scores above
the median (b¼ .15; R2 adjusted¼ .01).

In analyses stratified by ethnic group, NLWs evi-
denced the same protective and resource relationships
between sleep hygiene and sleep duration as in the full
sample (Table III). In the Black group, there was a sig-
nificant main effect for sleep hygiene in its relationship
with sleep duration (b¼ .31, p< .01, R2 ad-
justed¼ .08). The interaction in this model was not
significant (b¼�.05), suggesting that level of neigh-
borhood risk did not impact the relationship for Black
participants. There were no significant main effects or
interactions in the Latino group.

Discussion

The current study applies a resilience-based approach
to characterize urban children with asthma who dem-
onstrate “good” sleep health in the context of persis-
tent asthma and urban risks. We applied two methods
used in resilience research to characterize those who
demonstrate an optimal outcome, and to identify risk
and protective factors that may be associated with op-
timal outcomes in children. Identifying which children
do well and how in the face of risks are fundamental
questions to pursue in studies applying a resilience-
based, theoretical approach (Hauser et al., 2006;
Luthar et al., 2000; Masten, 2001). Thirty-two per-
cent of urban children with asthma in our sample
qualified for good sleep health based on our study cri-
teria. It is noteworthy that eligibility for inclusion in
our larger study was not based on sleep but on persis-
tent asthma and urban status. In light of this, the fact
that a third of participants met both criteria for good
sleep health suggests that some urban families imple-
ment healthy sleep behaviors, even in the context of
urban poverty and managing a chronic illness.

Following guidelines set by Hauser and colleagues
(2006), we then described the sociocontextual and
asthma clinical characteristics, as well as the family-
based behaviors relevant to asthma and sleep that dis-
tinguished good versus poor sleepers. This is a useful
first-step in understanding which factors may function
as risk and resources for specific outcomes in high-risk
groups (Hauser et al., 2006). Results from these efforts
suggest that the likelihood of children meeting criteria
for good sleep health in our sample based on potential
differences in financial resources was low, as socio-
contextual factors did not differ in the two groups.
Further, children who demonstrated good sleep health
were more likely to have better lung function and bet-
ter asthma control than their peers who had poorer
sleep health.

Our findings also suggest that, even when control-
ling for risks, sleep hygiene exerted a protective effect
on sleep quality in our entire sample. Thus, even in the

context of multiple urban risks, developmentally ap-
propriate and effective sleep hygiene practices were as-
sociated with more optimal sleep health as measured
by objective methods. This is in line with results from
intervention studies showing that more effective sleep
hygiene improves sleep quality in children (Tan,
Healey, Gray, & Galland, 2012).

Although family-level poverty did not differ in the
groups of children who demonstrated good versus
poor sleep health, it is unclear the extent to which the
child’s sleep environment differed (multiple children
in one room, etc.). The association between sleep hy-
giene and more optimal sleep health appeared to be
stronger in the context of lower levels of neighbor-
hood risks. In our future work, we will identify which
specific family sleep practices are supportive of more
effective sleep hygiene behaviors to apply this infor-
mation to structure tailored sleep interventions for
this group. For example, it would be useful to identify
which strategies help some families administer bed-
time routines and bedtimes consistently, even in the
midst of everyday stress. Better asthma control was
also demonstrated in the “good” sleepers of this sam-
ple, although sleep hygiene did not differ in children
who demonstrated good versus poor control. It may
be that maintaining better asthma control allows chil-
dren and families to concentrate on better sleep hy-
giene practices.

Contrary to our expectations, in the entire sample,
more effective family asthma management strategies
did not exert a protective effect on sleep quality, in the
context of risks. Consistent with our prediction, how-
ever, higher levels of family asthma management were
associated with more optimal sleep quality in children
of NLW backgrounds, despite the presence of risks. It
is important to note that there were no differences in
how families managed asthma by ethnic group. On av-
erage, families across the sample exhibited less than
optimal asthma management strategies (the average
score of our sample was 4.8 on a 9-point scale with
higher scores indicating better management). Scores
were also less than optimal (and consistent across eth-
nic groups) on this measure’s asthma medication ad-
herence domain. This suggests that in our sample,
there may have been limited variability in the family
asthma management scores, which may have affected
the protective effect of family asthma management on
sleep quality. Further, families from NLW back-
grounds had lower community-level risk scores, rela-
tive to the ethnic minority families in the sample,
which may have played a role in why family asthma
management exerted a protective effect on sleep in the
NLW children of our sample. In light of previous re-
search showing how caregivers’ perceptions of neigh-
borhood risks may challenge families’ abilities to
manage asthma effectively (Coutinho, McQuaid, &
Koinis-Mitchell, 2013; Everhart et al., 2011), our
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community-level multiple risk indicator may have cap-
tured risks that were beyond some families’ abilities to
control.

Moreover, asthma severity differed by ethnic group
in our sample; children from Latino and Black back-
grounds had more severe levels of persistent asthma
than NLW children. This suggests that a higher fre-
quency of symptoms experienced in Latino and Black
families may have induced more frequent wakings, as
demonstrated by actigraphy. It may be that there are
specific aspects of asthma management that are more
important for nocturnal asthma symptoms, and this
may have a bearing on specific aspects of sleep quality.
For example, differences in access and use of asthma
medications by ethnic groups have been shown, and
minority children tend to have less optimal medication
adherence (McQuaid et al., 2012). It is possible that
there are differences in nighttime asthma management
practices that may be relevant to nocturnal symptoms
and sleep, and more closely tied to sleep quality (e.g.,
is the rescue inhaler ready and available for use if the
child is symptomatic).

Study Limitations and Suggestions for Future
Research
Several limitations of this study should be considered
and addressed in future research. First, the thresholds
for defining sleep quality in this sample were, in part,
based on the average sleep duration and quality indica-
tors for this sample, so they may not be generalizable to
all groups. Although our work contributes to what is
currently known about sleep quality in urban children
with asthma using a daily, objective measurement, we
did not include a comprehensive assessment of sleep
health as suggested by Buysse (2014). Our future work
will include additional assessments of sleep including
sleep satisfaction, bedtime/wake times, and alertness
during waking hours. Finally, although we identified a
proportion of children with good quality sleep, it is im-
portant to examine how they fare in terms of other as-
pects of functioning, such as academic performance.

Moreover, although we collected daily measure-
ments of sleep and asthma, we used summary variables
(means across the monitoring period) for each indica-
tor. Therefore, the cross-sectional design of this study
poses limitations for testing important causal associa-
tions. There are other processes across multiple levels
(biological, environmental, family/cultural, illness-re-
lated) that may affect sleep quality, which were not as-
sessed in this study. As noted earlier, future work
should assess risk and protective processes closely
linked to nighttime sleep, such as risks for increasing
nocturnal asthma (e.g., environmental triggers in the
child’s bedroom and exposure to secondhand tobacco
smoke in the household, rescue medication use and
availability, medication adherence). Family and cultural

beliefs about sleep behaviors, and specific aspects of the
sleep environment (sleep location, noise) that may sup-
port effective sleep hygiene and quality need to be fur-
ther assessed in this group.

Participating families of this study were a conve-
nience sample, which could have introduced sample
bias on the study results. Although we considered the
role of AR control on study questions, other co-mor-
bid conditions of asthma need to be considered, which
may be relevant to children’s sleep, such as sleep disor-
dered breathing and obesity (Desager, Nelen, Weyler,
& De Backer, 2005; Stingone, Ramirez, Svensson, &
Claudio, 2011). In our sample, 46% of the child par-
ticipants were at risk for sleep disordered breathing by
caregiver report (Redline, Tichler, Hans, Tosteson, &
Strohl, 1997), and 40% were overweight or obese; in-
vestigation of these co-morbidities on sleep quality
will be important. We also recognize that some medi-
cations for AR cause sleepiness; 16% of our partici-
pants were taking these medications, by caregiver
report. Future research needs to track adherence to
both daily and as needed asthma and AR medications
by objective methods, and their potential side effects,
to examine their effects on sleep quality in this group.

Given children with asthma, particularly those liv-
ing in urban contexts, are at risk for poor sleep, our
findings underscore the importance of sleep as a po-
tential modifiable target of intervention for this high-
risk group. Results also suggest that family-based in-
terventions integrating both asthma management and
sleep hygiene strategies may be useful for improving
sleep in urban children. Specifically, asthma manage-
ment strategies relevant to optimal sleep (e.g., better
trigger control in the child’s bedroom, availability and
use of rescue inhaler if needed before and during bed-
time) may improve both day-to-day lung function and
overall asthma control, two important asthma indica-
tors relevant to optimal sleep health in this group, as
indicated by our study’s results. Sleep hygiene strate-
gies should involve what is in the families’ abilities to
modify and administer consistently, with consider-
ation of asthma, family, and urban stressors. Similar
strength-based approaches can be applied to other pe-
diatric samples to identify risk and protective pro-
cesses associated with sleep, given much of the
literature still applies risk-based approaches in the ex-
amination of children’s sleep outcomes. Pediatric re-
search that applies resilience-based approaches to
study sleep provides an opportunity to describe the
positive characteristics of high-risk families, and can
demonstrate that despite challenges, better quality
sleep can be promoted in children.
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