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Capsule Summary:

Greater child daily global stress was associated with increased likelihood of awakening from
asthma that night. Asthma awakenings were followed by greater morbidity the next day.
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To the Editor:

Asthma guidelines use nocturnal awakenings to categorize asthma impairment. Even with
daily controller therapy in a clinical trial, nocturnal asthma symptoms occurred in the
absence of exacerbations and in up to 26% of children at least monthlyl. Since
psychological stress is associated with the risk of asthma exacerbations in children? and
affects sleep quality,? stress is a potential modifiable predisposing factor for nocturnal
asthma symptoms. We hypothesized that acute child and caregiver stress would be

associated with increased likelihood of nocturnal asthma symptom occurrence in school-age

children.

Nocturnal awakenings and measures of parental and child stress were assessed by daily
diary card. After development, pilot study and revision, the diary card included 42 self-
administered items (17 child, 9 caregiver, 16 caregiver with child input). Questions

addressed nocturnal awakenings attributed to asthma and to other reasons. The perception of
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the child’s daily global stress was indicated by response to the question “How was your day
today?” [question 6 Daily Diary Card (DDC), see table S1, online supplement]. Possible
responses included very bad, bad, good or very good and represent decreasing levels of daily
global stress. The child circled facial representations of his/her emotions that day (questions
18-22 DDC) and of how specified daily events made him/her feel* (questions 7-17 DDC).
Morbidity measures, including albuterol use, school absence, doctor contacts and prednisone
use (questions 25-28 DDC), were recorded. Daily caregiver stress was assessed by questions
about family, home, job/school, and financial demands® (questions 36-39 DDC). Child
worry and anxiety was assessed at baseline with the T score from the Revised Child
Manifest Anxiety Scale-25. (See the online supplement for instruments and questions used).

Diary cards were completed daily by 46 caregiver-child pairs for a median of 12 weeks
(range 1-12). Children were 6-11 years old, had a physician diagnosis of persistent asthma
for > 1 year, reported = 1 nocturnal asthma symptom in the past 6 months, and slept in the
same residence as their caregiver on 7 nights in a usual week. Exclusion criteria included
other chronic lung disease, prematurity (<34 weeks gestation), obstructive sleep apnea or
sleep-disordered breathing, GERD diagnosis or treatment, ADHD or other psychiatric
disorder, and psychostimulant or anticonvulsant medication use. This study was conducted
in accordance with the institutional review board with written informed consent and assent.

Descriptive statistics were performed for baseline characteristics. Comparisons of
categorical variables employed Chi-Square tests and continuous variables employed
Spearman correlation tests. Logistic regressions were also performed. All analyses were
performed with SAS version 9.3.

At enrollment, children were 8.9 £+ 1.7 years old, with 52% male, 61% Caucasian, and 28%
Medicaid (see Table S2 for baseline characteristics). 66% had baseline C-ACT score of = 20.
During the 12 weeks, 59% of children had =1 awakening from asthma. 80% of children had
>1 awakening for another reason besides asthma. Children who had =1 awakening at night
from asthma were younger (p=0.028) and reported more frequent controller use (p=0.038)
than children with no asthma awakenings. There were no significant associations between
nocturnal asthma awakenings and gender, insurance, step therapy, baseline C-ACT, allergic
rhinitis diagnosis or season of enrollment.

Daily global stress was rated as very bad 1.4%, bad 4.2%, good 46.3%, and very good
48.1% of days. 39.1% of children had =1 very bad day, 63.0% had =1 bad day, 97.8% had
>1 good day, and 93.5% had =1 very good day. Awakening from asthma that night was
similarly frequent after days rated as very bad, bad or good, but awakening was significantly
more likely after days rated as very bad, bad or good compared to days rated as very good
(OR 2.2, 95% CI 1.5-3.1) (Figure 1). This association remained significant when controlling
for prednisone use that day (OR 2.1, 95% CI 1.5-3.1) or for albuterol use that day (OR 1.8,
95% CI 1.19-2.6). There was no association between child daily global stress and
awakening for reasons besides asthma that night (p=0.69).

Greater child-reported worry and anxiety was associated with higher percentages of days
rated very bad (Spearman correlation=0.48, p=0.0025), days the child experienced negative
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emotions “a lot” (Spearman correlation=0.61, p=0.0011), and days that events made the
child feel “very bad” (Spearman correlation=0.83, p=0.011). Although there was no daily
measure that included all facets of anxiety, when children responded “today | was worried a
lot”, they had greater likelihood of rating their day as very bad (p<0.0001). When children
responded “today | was worried not at all”, they had lower likelihood of rating their day as
very good (p<0.0001). Children were also more likely to report daily global stress as very
bad when they experienced negative emotions “a lot” that day (p<0.0001). There was no
association between caregiver-reported stressful demands that day with child daily global
stress that day (p=0.47) or with child awakening from asthma that night (p=0.63).

Days following awakenings from asthma contained more morbidity events, including
daytime albuterol use, doctor contact, missed school day, and prednisone use (all p<0.0001).
There were no ED visits. The one child with hospitalization did not have asthma awakening
the prior nights.

The main study finding is that greater child-perceived daily global stress significantly
increases the odds of an asthma awakening that night, but not of awakening for other
reasons. Nights following days rated other than “very good” are more than twice as likely to
have awakenings from asthma. This association persists when adjusting for daytime asthma
symptom activity reflected by albuterol and prednisone use. Although prior studies have
linked chronic stress and negative life events to subsequent asthma symptoms,2: 7 this study
demonstrates a relationship between acute daily stress with proximate nocturnal awakenings.
It is possible that Corticotropin Releasing Hormone (CRH) is released in response to acute
stress. CRH outside the brain activates lung mast cells and causes mediator release and other
pro-inflammatory effects®. This mast cell activation in combination with the circadian
variation with lower lung function at night could lead to bronchoconstriction and obstruction
that triggers awakening from asthma. CRH also activates the HPA axis and stimulates
cortisol release. Children with altered glucocorticoid receptors and inflammatory cells from
chronic stress® may have a heightened inflammatory response with acute stress as described.
Surprisingly, our measures of caregiver stress were not associated with child daily global
stress. It is unclear whether caregiver stressors in general do not influence children or
whether other unmeasured stressors are more influential. Our baseline anxiety measure was
associated with increased daily stress measures and indicates the possibility of identifying
candidate children for stress-reduction intervention with a screening measure rather than
daily diaries. The associated morbidity after asthma awakenings confirms our previous
findings! and provides additional clinical utility for addressing nocturnal awakenings outside
of exacerbations.

The limited observational design with a lack of control participants is appropriate for our
proof-of-concept study. The lack of a gold standard by which to measure daily stressors
necessitated our utilization of a newly developed instrument. We used the child rating of
his/her day as a surrogate measure of child daily global stress and a general measure of
psychological perception of relative daily stress. We cannot specifically state what stressors
contributed to or did not contribute to the formation of this perception. This measure
correlated with the related measures of anxiety and negative emotions as a rough measure of
construct-related validity. An additional limitation is that a child’s understanding of
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questions about stress and anxiety may vary with the age of the child. The main statistical
limitation was lack of adjustment for repeated measures based on small sample size.
Replication in a larger prospective study is merited. Shortening the diary card to make it less
labor-intensive, while maintaining the focus on daily global stress and asthma symptoms,
might be more acceptable for use by families in a clinical setting.

In conclusion, child-reported greater daily global stress was associated with increased
likelihood of awakening from asthma that night but was not associated with awakening for a
reason other than asthma. Further investigation is warranted into screening tools that can be
used in clinical practice to identify children experiencing or being at risk for stressors related
to nocturnal asthma symptoms. These data support the utility of developing and studying
interventions that address reduction in acute stress to ultimately decrease nocturnal asthma
symptoms and their associated morbidity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Probability of awakening that night from asthma is related to child daily global stress that
day. * denotes that days with daily global stress of very bad, bad or good have significantly
greater frequency of nocturnal awakenings from asthma that night than days with daily
global stress of very good (OR 2.2, 95% CI 1.5-3.1).
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Figure 2.
Inter-relationships between hypothesized associations; p values are shown for statistical

associations between 2 measures connected by a line, e.g., child daily global stress was
significantly associated with nocturnal awakening from asthma, baseline worry and anxiety
and negative emotions that day. *p values without other accompanying values are for Chi
Square tests. Solid lines represent associations with significant p values. Dotted lines
represent associations with p values that are not significant.
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