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Abstract

This study evaluated the extent to which the sleep is disrupted by nighttime awakenings in urban children with and
without asthma and examined racial/ethnic differences in sleep outcomes. Three hundred and seventy-nine urban
children aged 7 to 9 years with (n = 250) and without (n = 129) asthma were included. Participants were 45%
Latino, 34% black, and 21% non-Latino white (NLWV). Nighttime awakenings were assessed via actigraphy. Asthma
status was assessed by a clinically and via self-report. Children with asthma had significantly more awakenings than
those without. Latino children with asthma had more and longer awakenings compared to Latino children without
asthma; these effects were not observed among black or NLW participants. Poor asthma control was associated
with more awakenings. Urban children face higher risks for poor sleep and asthma outcomes. Multicomponent
interventions addressing asthma management and culturally tailored sleep hygiene strategies are necessary to
improve asthma and sleep outcomes in this highly burdened population.
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Introduction In this study, we assessed through objective methods
the extent to which nighttime awakenings disrupt sleep
in urban children with and without asthma, and whether
the differences in the number of awakenings between
these groups vary based on ethnicity. For children with
asthma, we examined whether the frequency and dura-
tion of nighttime awakenings and average length of time
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between awakenings differed based on asthma control
status. Based on prior research, we hypothesized that
children with asthma would have more frequent and lon-
ger nighttime awakenings compared to healthy peers.
Our prior work found a significant interaction between
race/ethnicity, asthma status, and sleep; Latinos with
asthma had a shorter sleep duration compared to non-
Latino whites (NLWs).% Given this, we hypothesized
that Latino and black participants would have more fre-
quent and longer awakenings compared to NLW partici-
pants, and this would correspond to poorly controlled
asthma.

Methods

All data were obtained from the larger study, Project
NAPS: Nocturnal Asthma and Performance in School
(RO1 HD057220, DK-M, PI). This Institutional Review
Board (IRB)-approved observational study assessed the
co-occurrence of asthma, sleep quality, and academic
functioning in children (7-9 years) with (N = 249) and
without asthma (N = 130) from an urban area of the north-
east United States between 2010 and 2014. Participants
were recruited from 4 of the largest urban school districts
in a Northeastern city, outpatient pediatric ambulatory
clinics, and a hospital-based asthma education program.
“Consent to Contact” forms were distributed in these loca-
tions; forms signed and returned by the caregiver allowed
study staff to call the family to describe the study and
determine the child’s eligibility and the family’s interest in
participating. Detailed information about the sample and
procedures was previously published.!8

Clinical research assistants contacted caregivers of
children with and without asthma to assess eligibility
and interest in the study. Eligibility requirements
included child age between 7 and 9 years old, black,
Latino, or non-Latino white ethnic/racial background,
and school attendance in 1 of 4 targeted urban cities. The
subsample of children with asthma had the following
additional eligibility requirements: persistent, physi-
cian-diagnosed asthma or breathing problems during the
previous 12 months defined by 1 or more of the follow-
ing: (a) the child was prescribed and adherent to a con-
troller asthma medication, (b) the caregiver endorsed
repeated daytime/nighttime asthma symptoms, limita-
tions on the child’s activity due to asthma, and/or
repeated rescue inhaler use, and/or (c) the child was
administered an oral steroid burst for asthma 2 or more
times in the past 12 months. Children in the “no-asthma”
control group had no asthma, allergies, or allergic skin
conditions. Children who were prescribed stimulant
medication for attention-deficit/hyperactivity disorder
(ADHD), had other pulmonary diseases or chronic
health conditions, and/or had a physician-diagnosed

sleep disorder or medical condition(s) that may con-
found study results were excluded. Each enrollee’s study
participation occurred throughout 1 academic year. Data
presented herein were collected during the fall and early
winter of a participant’s enrollment year. During the ini-
tial study visit, caregivers and children completed the
informed consent and assent process. Caregivers of chil-
dren in the clinical group provided information about
their child’s prescribed asthma and allergy medica-
tions." Caregivers in both groups completed a demo-
graphics questionnaire and other study assessments.'$2

The second research visit occurred approximately 2
weeks later. For asthma group participants, this visit took
place at the hospital-based asthma/allergy clinic, where
the study clinician evaluated children’s allergy and asthma
status. No-asthma controls completed a second home visit
where information about children’s sleep, medication use
and adherence, and asthma symptoms was collected. All
participants then completed a 4-week home-monitoring
period involving daily objective monitoring of sleep and
(for the asthma group) asthma status.?° Participants’ sleep
was monitored via an actigraphy device worn on the
child’s wrist (Actiwatch 2; Philips Respironics, Pittsburgh,
Pennsylvania). To monitor asthma status, Asthma group
participants used an AM2 handheld spirometer (ERT,
Yorba Linda, California). Procedures for training partici-
pants on the proper morning and evening use of both
devices, and procedures for reviewing values are detailed
elsewhere.'®?! The highest FEV1 value at each time point
was retained for analysis. Families also completed a diary
every morning and evening regarding the child’s daily
sleep behaviors (eg, bedtime, lights-out time, whether par-
ticipant awoke during night), and, for children with
asthma, information about the child’s asthma symptoms.
Participants in the asthma group completed an Asthma
Control Test at the end of the monitoring period. Trained
RAs checked in with participant families frequently dur-
ing monitoring to enhance protocol adherence and trou-
bleshoot technical problems or other challenges.

Families received compensation for all research vis-
its and, when needed, transportation to the clinic visit.
All study materials were available in English and
Spanish, and families received study materials in their
preferred language. Measures were translated from
English to Spanish using a standardized procedure.??

Measures

Demographic and Descriptive Information

During enrollment, caregivers completed a self-report
questionnaire concerning their family’s demographic
information, including ethnic origins, nationality, and
self-identified racial groups. (Table 1)
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Table |. Participant Characteristics: Full Sample and by Ethnicity/Racial Group.

Ethnic/racial

Study population Latino Black NLW group differences® Effect sizes®

N (%) 379 171 (45%) 129 (34%) 79 21%) — —
Age, M (SD) 8.3 (0.86) 8.3 (0.9) 8.3 (0.8) 82(0.8) 032 .08
Sex, Male (n, %) 201 (53%) 93 (54%) 73 (57%) 35 (44%) 0.20 .09
At/below poverty threshold (%) 235 (66%) 130 (80%) 79 (65%) 36 37%) <.001 .34
Asthma clinical characteristics

Asthma Control Score 20.60 (4.09) 20.76 (3.52) 19.86 (4.63) 21.57 (4.16) 0.06 A5
Asthma poorly controlled (n,%) 89 (36%) 36 (31%) 40 (46%) 13 (28%) 0.05 15
Asthma well-controlled (n,%) 160 (42%) 91 (53%) 43 (33%) 26 (33%) .0l .19
No asthma (n,%) 130 (34%) 44 (26%) 46 (36%) 40 (51%) .0l .19

Abbreviations: NLWV, non-Latino white.
2P-value
®Cohen’s d value.

Asthma Diagnosis and Control Status

Physician query. Caregivers provided the names and con-
tact information of their child’s asthma medical provid-
ers and signed an authorization form permitting research
staff to contact the physicians. Providers were asked to
complete a “physician query,” asking for the partici-
pants’ relevant medical history. Physicians of the chil-
dren in the clinical group also confirmed the participant’s
asthma diagnosis, triggers, and current asthma plan.
This information was used to confirm group assignment
of clinical and control participants.

Asthma control. During the clinic visit, the study clini-
cian confirmed asthma status and determined asthma
severity using established asthma clinical guidelines
(NHLBI EPR-3).5

At the end of the sleep monitoring period, parents
and children in the clinical group completed the
Childhood Asthma Control Test (C-ACT),** a well-vali-
dated questionnaire of asthma control for this age group.
Standardized procedures were used to classify clinical
group participants as having good or poor asthma con-
trol based on their C-ACT score.?® The C-ACT consists
of 7 items summed for a total score (0-27). A score of 20
or above was classified as good asthma control. A score
of 19 or below was classified as poor asthma control.?’
The daily diary for asthma group participants also
included a twice-daily self-report of the child’s asthma
symptoms to assess severity.

Sleep Outcomes

Researchers evaluated nighttime sleep outcomes using
actigraphy data from the 4-week home-monitoring period.
Children wore the actigraph on their nondominant hand at
all times except when bathing and swimming during the

monitoring period. Child participants were instructed to
create Actiwatch event markers by pushing a button at
“lights out” at night and “lights on” in the morning.
Research assistants scored participants’ sleep data using
established scoring rules,?**® Each 1-minute epoch during
monitoring was categorized as sleep or wakefulness.
Nighttime sleep outcomes included the number of night-
time awakenings (wake length during the sleep period of
at least 3 minutes in length), average time between, and
average length of each awakening.

Data were excluded from analysis for the following rea-
sons: (a) the Actiwatch was off wrist for all or a large part
of the sleep period, (b) a diary report for the time period
was not available, (c) the caregiver reported an illness
(other than asthma) in the diary that could have affected
sleep, and/or (d) the majority of the sleep period occurred
while the child was in external motion (eg, sleeping in a
car). Actigraphy data for 379 children were available, with
an average of 18 scorable nights per participant.

Analysis plan. Socio-demographic data were summa-
rized in the aggregate sample and compared between
children with and without asthma using #-tests (for con-
tinuous variables), chi-squared tests (for categorical
variables), and non-parametric tests as appropriate.
Mean daily awakenings were summarized in the full
sample, in children with vs without asthma, and in chil-
dren with poor vs well-controlled asthma.

A series of longitudinal mixed-effects models were
conducted to assess differences in sleep awakening
parameters (number and length of awakenings and
length in between awakenings) between asthmatic and
healthy children. Models included time effects (night of
monitoring) and random intercept and slope terms (to
account for individual trajectories of each child). A simi-
lar modeling strategy was used to compare the sleep
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Figure 1. Differences in mean number of night awakenings
between children with asthma and children without asthma.

outcomes (awakenings) of children with well-controlled
and poorly controlled asthma.

Finally, longitudinal mixed-effects models were used
to assess whether race/ethnicity moderated differences
in sleep outcomes between the asthma and control
groups. Models included the main effects of race/ethnic-
ity (effect-coded to allow for all pairwise comparisons),
no-asthma control vs asthma, time, all 2- and 3-way
interactions, and a subject-specific intercept to adjust for
repeated sleep measures within-child.

All analyses were run on the intent-to-treat sample,
with all enrolled children included in the analyses.
Models used a likelihood-based approach to estimation
and thus made use of all available data without directly
imputing missing outcomes. The significance level was
set at 5% a priori, and models were run in SAS 9.3.

Results

A full description of the study sample is presented in
Table 1. Participants (n = 379) had a mean age of 8.3
years (SD = 0.86), and 66% had asthma (64.4% well-
controlled vs 35.6% poorly controlled asthma). In the
aggregate sample, 45% identified as Latino, 34% black,
and 21% non-Latino white.

Overall, children awoke 4.44 times during the night
on average (SD = 0.42), with an adjusted average of 5.1
awakenings in the asthma group (SD = 0.34) compared
to 2.92 awakenings (SD = 0.39) among children with-
out asthma (controls). Models of differences in night-
time awakenings between children with asthma and
controls showed significantly more awakenings on aver-
age over time for children with asthma compared to con-
trols (b = 2.21, SE = .06, P =.05, Figure 1). There were
no significant group-based differences in average length
of awakening or bouts between awakenings (P = .54
and P = .62, respectively).

Within the sample of children with asthma, children
with poorly controlled asthma had a greater number of

Figure 2. Differences in mean number of night awakenings
between children with poorly controlled vs well-controlled
asthma adjusted for time and random intercept/slope terms.

awakenings (b = 2.40, SE = 1.07, P = .03, Figure 2)
compared to children with well-controlled asthma in
adjusted models. Furthermore, there was a trend sug-
gesting those with poorly controlled asthma had, on
average, a longer period of awakening (b = 1.15, SE =
.56, P = .09).

The next set of analyses examined whether race/eth-
nicity moderated the association between health status
(asthma vs control) and nighttime awakenings in our
sample of children. Results indicate a significant 3-way
interaction (P = .04). Specifically, among Latino chil-
dren, there was a significant difference in the mean
number of nighttime awakenings between children with
asthma vs control (b = 1.66, SE = .33, P = .01, Figure
3), with those with asthma having a higher number of
awakenings. There was no significant effect of health
status on night awakenings for black or NLW children
(P’s > .05). A similar significant interaction between
race/ethnicity and health status was identified (P = .04).
Specifically, among Latino children, there was a signifi-
cant association between health status and average
length of awakenings (b = —3.68, SE = .18, P = .01),
such that children with asthma were awake longer than
controls. These effects were not observed among black
or NLWs (P’s > .05). Table 2 summarizes the sleep
parameters by race/ethnicity and asthma status.

Discussion

This study examined the extent to which the nighttime
sleep period is disrupted by nighttime awakenings in
urban children with asthma compared to those without
asthma. We objectively examined the frequency and
duration of night awakenings and the time between
awakenings. Sleep is critical for optimal health, social
and emotional development, and overall functioning in
childhood, and disrupted sleep has a marked, negative
impact on children’s daily functioning.>* Understanding
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Figure 3. Differences in mean number of night awakenings between children with asthma and children without asthma by

ethnic group adjusted for time and random effects.

Table 2. Sleep Parameters by Race/Ethnicity and Asthma Group.

Ethnic/racial group

Latino Black NLW differences* Effect sizes?
N (%) 171 (45%) 129 (34%) 79 (21%) - -
Nighttime awakenings 4.98 (2.87) 5.17 (3.34) 5.10 (4.06) .03 .88
Length of awakenings 70.68 (20.22) 75.59 (21.05) 73.83 (19.51) .15 1
Bouts between awakenings 2.86 (2.59) 2.76 (2.29) 3.02 (2.83) .04 .76
Well-controlled Poorly controlled  No asthma Group differences*  Effect sizes®
N (%) 91 (53%) 36 31%) 44 (26%)
Nighttime awakenings 4.94 (2.74) 5.43 (3.23) 4.70 (1.92) .04 .18
Length of awakenings 72.52 (18.66) 80.97 (25.20) 68.54 (16.80) .0l 19
Bouts between awakenings 2.53 (2.10) 2.65 (2.42) 3.30 (2.93) .02 13

2Cohen’s d value.
*P-value.

which children are more vulnerable to awakenings dur-
ing the night and how sleep may be disrupted in specific
groups is valuable information that can be used to guide
future asthma and sleep interventions for those most
burdened.

In our current study, we found that children with
asthma had a higher number of awakenings during the
sleep period, on average, compared to their peers without
asthma. However, this association was only marginally
significant (p = .05) and should be interpreted as explor-
atory. In children with asthma, those with poorly con-
trolled asthma had more night awakenings than children
with well-controlled asthma. Children may have been

more likely to wake up due to asthma symptoms or other
factors related to urban status or the sleep environment.
Environmental irritants such as air pollution, allergens,
noise, and chemical pollutants can trigger respiratory
symptoms, increase airway inflammation, and directly
disturb the sleep-wake cycle, leading to more frequent
awakenings, reduced sleep efficiency, and increased risk
of sleep disorders.? The cause of awakenings should be
analyzed in future research and used to inform tailored
support provided to those more vulnerable to poor asthma
control and sleep disruption.

In this sample, ethnic/racial subgroup and health sta-
tus analyses showed that Latino children with asthma
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compared to all other sub-groups of children were more
likely to experience awakenings during the night, and
these awakenings tended to be longer, on average, in this
group. This might be due to additional cultural stress-
ors'® and frequency and duration of napping during the
daytime.?” More research is required to assess specific
factors related to children’s asthma management pro-
cess, sleep behaviors and the sleep environment, and
other sociocultural factors that may contribute to
increased night awakenings in children with asthma.

There are several limitations of the study that should
be noted. First, these data were collected between 2010
and 2014; it is important to replicate this study with a
larger sample to establish generalizability of the
reported findings in the current sociodemographic con-
text. Second, we did not assess sociocultural factors or
environmental exposures known to impact sleep
hygiene behaviors, the sleep environment, and/or
asthma control, which may have contributed to awak-
enings and should be assessed in future work. In this
study, we did not assess objective measures of environ-
mental irritants that can also impact asthma control and
sleep integrity. Our future work will focus on the inter-
action of sleep factors and asthma triggers in the sleep
environment in urban children to better understand the
impact of asthma and the sleep environment on sleep
health. The third limitation of this study is the restricted
generalizability of the findings, as the participant sam-
ple was limited to a narrow age range and drawn exclu-
sively from a single urban location. In addition, the
absence of a non-urban comparison group further con-
strains the applicability of the results to broader popu-
lations. Finally, our study was also limited by fall and
winter assessments and thus cannot be generalized to
other times of the year.

This study provides new, objective evidence that
urban children with asthma—particularly those with
poorly controlled asthma—experience significantly
more frequent nighttime awakenings compared to their
healthy peers. Notably, Latino children with asthma
were found to be especially vulnerable, exhibiting both
a higher frequency and longer duration of awakenings
than other ethnic groups. Proper assessment of nocturnal
asthma and discussing the impact of asthma on sleep
should be highlighted during clinical visits. The clinical
question “how often do you wake up at night because of
your asthma” remains an important question to ask chil-
dren and their families during clinic visits and is sup-
ported by the objective findings in this study.
Environmental irritants such as air pollution, allergens,
noise, and chemical pollutants are increasingly recog-
nized as important disruptors of sleep integrity in urban
children. Multicomponent interventions addressing

asthma management strategies prior to bedtime and dur-
ing sleep (eg, using rescue medication prior to bed if
needed, keeping this medication in proximity if needed)
as well as culturally tailored sleep hygiene strategies are
necessary to improve both asthma and sleep outcomes in
this high-burdened population.
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