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Abstract

Obijective: Children with severe asthma are underrepresented inistudies of the relationship of sleep-disordered breathing
(SDB) and asthma and little is known about sex differences of these relationships. We sought to determine the
relationship of SDB with asthma control and lung funetion'among boys and girls within a pediatric severe asthma cohort.

Methods: Patients attending clinic visits at the Boston Children’s Hospital Pediatric Severe Asthma Program completed
the Pediatric Sleep Questionnaire (PSQ), Asthma Control Test (ACT) and Spirometry. The prevalence of SDB was
defined as a PSQ score >0.33. We analyzedithe association between PSQ score and both ACT score and spirometry
values in mixed effect models, testing interactions for age and sex.

Results: Among 37 subjects, mean.age was 11:8 years (4.4) and 23 (62.2%) were male, the prevalence of SDB was
43.2% (16/37). Including all 80 observations, there was a moderate negative correlation between PSQ and ACT scores
(r=-0.46, p<0.001). Multivariable linear regression models revealed a significant sex interaction with PSQ on asthma
control (p=0.003), such that for each 0.10 point increase in PSQ there was a 1.88 point decrease in ACT score for females
but only 0.21 point,decrease in ACT score for males. A positive PSQ screen was associated with a 9.44 point (Cl 5.54,
13.34, p<0.001) lower A€T score for females and a 3.22 point (CI 0.56, 5.88, p=0.02) lower score for males.

Conclusions: SDB isicommon among children with severe asthma. Among children with severe asthma, SDB in girls
portends to significantly worse asthma control than boys.
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Abbreviation list:
SDB - sleep-disordered breathing

OSA - obstructive sleep apnea
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PSQ - pediatric sleep questionnaire

ACT - asthma control test

PSG - polysomnography

c-ACT - childhood asthma control test

FEV1 - forced expiratory volume in one second
FVC - forced vital capacity

FEF 25-75 - forced expiratory flow between the 25™-75" percentile
IgE - immunoglobulin E

ICS - inhaled corticosteroid

LABA - long-acting beta agonist

LAMA - long-acting muscarinic antagonist
LTRA - leukotriene receptor antagonist

BMI - body mass index

Introduction

Asthma and sleep-disordered breathing (SDB) are common respiratory disorders of childhood.
Asthma prevalence is 8.3% in children under 18 years of age in the United Sates(1) and is associated
with significant morbidity and healthcare utilization. Severe asthma, which accounts for only 4-5%
of pediatric asthma, contributes disproportionately to morbidity, healthcare costs and resource
utilization(2-5). Sleep-disordered breathing ranges in character from habitual snoring to obstructive
sleep apnea (OSA) of varying severity. ©OSA 1s common in childhood, with a prevalence estimated to
be 1-5%(6). Asthma and OSA frequently co-exist and share multiple risk factors, including obesity,
allergic rhinitis, atopy and race(7--9):-Children with asthma are more likely to have habitual snoring
and OSA than those without asthma(10,11). In general pediatric asthma cohort studies, the
relationship between asthma and SDB has been well established(12,13). SDB has also been shown to
be associated with asthma burden(14) and asthma control(15,16) in children. However, few studies
have focused specifically on children with severe asthma and its relationship with SDB. Given its
high risk for asthmasmorbidity, further understanding the relationship of SDB within this group is a
high priority. Furthermore, while asthma prevalence and severity are known to be influenced by
sex(17), little is known about how specifically sex differences affect the relationship of SDB and
severe asthma. Therefore, we sought to assess the relationship of SDB with asthma control and lung
function in a pediatric severe asthma cohort and determine if there was an age or sex difference in
the effect.

Methods

Patient population



Study participants were children referred to the Severe Asthma Program of Boston Children’s
Hospital for further evaluation of severe or difficult to treat asthma and who had consented to the
Pediatric Severe Asthma Registry. The Severe Asthma Program is a multidisciplinary clinical
program staffed by a pediatric pulmonologist, allergist, asthma nurse specialist, social worker, and
consultative services of pediatric gastroenterology, endocrinology and otorhinolaryngology, as
indicated. Patients are only accepted if referred by subspecialists (allergists, pulmonologists) or
intensivists following life-threatening exacerbations. Subjects included in this study had to be on
asthma medication step 3 or higher according to NHLBI Asthma Guidelines(18). Participants
completed the Pediatric Sleep Questionnaire (PSQ)(19), the age-appropriate Asthma Control Test
(ACT)(20,21), and performed spirometry at each clinic visit. Medical history, demographic,
anthropometric, and allergy sensitization data were extracted from the electronic medical record for
each clinical encounter. Written informed consent was obtained from the subjects’ guardians and
assent from subjects, when applicable, prior to enrollment. The Severe Asthma Program Registry is
an approved clinical research protocol by the investigational review board at Boston Children’s
Hospital (IRB-P00010053).

Assessments

Pediatric Sleep Questionnaire

The presence of SDB was assessed by using the PSQ(22) which is a validated 22<item questionnaire
that incorporates symptoms of SDB and subscale domains of snoring, daytime sleepiness and
behavioral symptoms. Each question is answered yes=1, no=0 or don’t know=missing. The
questionnaire is scored by dividing the items answered ‘yes’ by theéitotal-of non-missing items,
resulting in a scale of 0.0 to 1.0. A score of > 0.33 has sensitivity,of 0:85 and specificity of 0.87 for
the diagnosis of OSA by polysomnography (PSG)(19).

Asthma control

Children ages 4 to 11 completed the Childhood Asthma Control Test (c-ACT)(20) and children 12
years and older completed the standard ACT(21) to.measure asthma control. The c-ACT consists of
two parts, one of which is supplemented by the‘ehild and a second part which is completed by the
parent or guardian resulting in a scoredfrom 0.to 27. The ACT is completed by the adolescent and
consists of 5 items with a total scoresranging from 5 to 25. A score < 19 indicates uncontrolled
asthma on both versions.

Lung function

Spirometry was performed per ATS standards(23) using a Morgan rolling seal spirometer (Morgan
Scientific, Haverhill, MA; USA) at each clinic visit. We collected the following data: forced
expiratory volumesin one second (FEV1) percent predicted, forced vital capacity (FVC) percent
predicted, forced expiratory flow between the 25" and 75™ percentile of FVC (FEF25-75), and the
FEV1/FVC ratio. Percent predicted values were derived from the Global Lung Initiative normative
reference equations(24).

Covariates

Allergic sensitization was defined as at least one positive skin prick test or specific IgE for
aeroallergens. If subjects had a history of adeno -and/or tonsillectomy (T&A), the timing of the T&A
was dichotomized as occurring before or after each PSQ observation (previous T&A). Medication
step was determined from the participants’ current medications at the time of each encounter and
coded into step category to conform with current NHLBI categorizations(18). In cases where the



medications seemed to exceed one step but not achieve the next a half step was added. For example,
a medium dose inhaled corticosteroid (ICS)/long-acting beta agonist (LABA) combination plus a
long-acting muscarinic antagonist (LAMA) and/or leukotriene receptor antagonist (LTRA), were
considered in between step 3 and 4 and were given a numerical value of step 3.5 for use in analytic
models.

Statistical analyses

Descriptive statistics characterized the cohort and prevalence of SDB. We considered the PSQ score,
a continuous variable, and a positive PSQ screen, a dichotomous variable (score of > 0.33), as
predictors of ACT score and FEV1/FVC. Pearson correlation was used to evaluate the unadjusted
linear relationship of PSQ score with ACT score and spirometry measures. The primary analysis
estimated a linear mixed effects model with a random intercept for subject to evaluate the adjusted
predictor-outcome relationship between asthma control and lung function with continuous and binary
predictors. We used a compound symmetry covariance structure and robust standard errotsto
account for dependence across repeated observations clustered at the participant level. We ¢chose this
modelling approach due to its suitability for unbalanced repeated measures data(25). The following
covariates were considered for inclusion in adjusted models: body mass index (BM1), age;Sex,
allergic sensitization, asthma medication step, and prior T&A. Leukotriene receptor antagonist use
was considered separately due to its known effect on SDB(26).All models were adjusted for BMI,
and additional covariates were included if associated with PSQ or outcome-at alpha < 0.1. Interaction
terms were included for age and sex if significant in the model at alpha <'0:1. To further understand
the nature of the relationship between PSQ and ACT, we performed,the same multivariable
regression models between the three subscales of the PSQ (snoring, sleepiness, behavior) and ACT.
The linear mixed model assumes a Gaussian distribution of residual and random effects. For each
model, conditional and marginal residual plots were generated to assess distributional assumptions
and confirm that random and fixed effects were correctly.specified. Iterative influence analysis was
used to detect any highly influential clusters impacting model stability. FEV1/FVC ratios were
scaled by 100% and PSQ scores are scaled by 10% (i.e-*change in outcome per 0.1 unit change PSQ
score) for modelling. Results were considered significant if two-tailed p-values <0.05 (SAS 9.4, SAS
Institute, Cary NC).

Results

Eighty observations for thirty-seven subjects were included for analysis. Subjects had up to six
repeated observations as follows: T0:(n=37), T1 (n=19), T2 (n=13), T3 (n=8), T4 (n=2), and T5
(n=1) (e-Figure 1). Sixteen (43.2%) subjects had at least one positive PSQ. The subjects’ clinical
characteristics are shown in Table 1. The mean age was 11.8 (4.4) and there were 23 males (62.2%).
About 40% of the subjectshad adeno- and/or tonsillectomy performed prior to the observation period
and none during.the study period. Roughly half of the subjects were overweight or obese, 21.6% and
32.4% respectively.’/A.majority (83.8%) of the patients had aeroallergen sensitization, and average
medication step was step 5 (0.8), as expected for severe asthma(3); most (78.4%) were prescribed an
LTRA. Across the study period, the mean PSQ score was 0.2 (0-0.9). The mean ACT score was 18.8
(4.6), reflecting poorly controlled asthma. The mean FEV1/FVC was borderline low at 0.82 (0.08),
consistent with the diagnosis of asthma, however FEV1, FVC and FEF25-75 were within normal
range.

On univariate analyses we found a moderate inverse correlation between PSQ score and ACT score
(r=-0.46, p<0.001). There was a significant inverse correlation between PSQ score and FEF25-75%
(r=-0.30, p=0.006), and FEV1/FVC (r=-0.37, p<0.001), but no correlation with FEV1% (r=-0.17,
p=0.13) or FVC% (r=0.04, p=0.69).



After adjusting for sex, age, BMI class, allergic sensitization, asthma medication step and prior
T&A, the association between PSQ score and ACT score was significantly different for females
compared to males (p=0.003, Table 2, Figure 1). For each 0.10 point increase in PSQ score there
was a 1.88 point decrease in ACT score for females (p<0.001, 95%CI 1.03, 2.72), compared to a
0.21 point decrease in ACT score for males (p=0.43, 95%CI -0.32, 0.75). Multivariable linear
models did not reveal any significant association between PSQ score and lung function outcomes (e-
Table 1) and there was no age-related interaction with either outcome. We did not detect any
influential clusters or departures from the assumptions of the linear mixed model.

We further assessed the dichotomized PSQ (positive >0.33, indicative of OSA) in multivariable
linear regression models with ACT and spirometry outcomes. While adjusting for sex, age, BMI
class, allergic sensitization, asthma medication step and prior T&A, we found that a positive PSQ
screen predicted significantly lower ACT scores for males and females. Again, we observed a
significant interaction between PSQ screen and sex (p=0.007, Figure 2, e-Table 2). Among girls, the
mean ACT score for those with a positive PSQ screen was 12.59 + 1.11 compared to those with a
negative screen where average ACT score was 22.03 + 1.44, with a mean difference of 9.44 (95%ClI
5.54, 13.34, p<0.001). For boys with a positive PSQ screen the mean ACT score was 16.46.+1.01
compared to a mean ACT score of 19.68 + 0.89 for those with a negative screen, with aimean
difference of 3.22 points (95%CI 0.56, 5.88, p=0.02). There was no significant association,between a
positive PSQ screen and any lung function outcomes.

Some of the symptoms assessed in the PSQ may overlap with the ACT. Therefore, we further
evaluated whether the association between PSQ score and asthma control was driven primarily by
any one of the three subscales of the PSQ. While adjusting for the.same covariates as in the overall
analysis, we found that each subscale was inversely associated with /ACT scores, though only the
behavioral subscale was statistically significant (Table 3).

Discussion

Little is known about how SDB specifically affects children with severe asthma, who represent a
small group with the highest asthma morbidity. Here we demonstrate that there is a high rate of SDB
in a dedicated severe asthma clinic and a novelsex-specific association of SDB with poor asthma
control that is far greater for girls than bays. Within our pediatric severe asthma cohort, SDB
identified on the validated PSQ was highly prevalent at 43%. We extend previous health outcome
findings to identify a novel sex-dependent relationship between PSQ and ACT where the magnitude
of the association was significantly greater for females compared with males. Girls with a positive
PSQ scored 9 points lower on the ACT and boys scored 3 points lower, both clinically meaningful
differences in asthma control.

This study highlights how common SDB is among children with severe asthma. Forty-three percent
of the subjects had"SDB;, which is on the higher end of the range of previous reports. Pediatric
studies have consistently shown that SDB is more common among children with asthma, though
with wide variation of prevalence ranging 7.1% to 77.3%(27) due to methodologic differences
between studies. Additionally, SDB has been associated with asthma severity(10,14) which may
explain the high prevalence in our cohort. To our knowledge, this is the first study to focus
exclusively on children with severe asthma. We specifically evaluated this relationship in children
with physician-diagnosed severe asthma, followed in a severe asthma clinic and prescribed a high
asthma medication step for therapy. Our findings are in line with two pediatric studies which
included children with severe asthma but that differ in regard to number of subjects with, and
definitions of, severe asthma. In a recent study, Goldstein and colleagues reported the prevalence of
SDB based on positive PSQ screen was 25.9% among 263 asthmatic patients and 10.6% among 266
controls(10). They also noted that children with severe asthma had higher odds of SDB with a “dose



effect” but included only 7 children with severe asthma. Ross et al. found an overall prevalence of
SDB among children with asthma to be 29.6% and about 50% for severe asthmatics(14). The
definition of severe asthma in that study was based on low ACT scores, medication burden, or high
exacerbation frequency which may have enriched for a more poorly controlled cohort; only a third of
severe asthma subjects met medication step criteria. Our cohort of participants included all children
referred to a subspecialty asthma clinical program with high medication step and included those with
severe asthma regardless of symptom or exacerbation burden, likely including a broader spectrum of
well-controlled and poorly-controlled children with severe asthma. Moreover, this sample reflects
the real-world population of children presenting to severe asthma clinical programs for evaluation.

We found a significant association between SDB and asthma control within a unique cohort of
children with severe asthma whose disease was relatively poorly controlled and were on average step
5 asthma medication based on NHLBI guidelines. A potential reason for this finding may be a
common inflammatory pathway for SDB and asthma(11,28,29). Even after adjusting for important
potential confounders in our models the relationship between PSQ and asthma control remained
strong. Our findings are consistent with two studies which utilized the PSQ and ACT. In a'study of
408 children with mostly mild to moderate asthma the presence of SDB was associated with a6-fold
higher odds of not-well-controlled asthma(15). Another study of 140 children with asthma, asthma
and allergic rhinitis or allergic rhinitis alone, the authors found an inverse correlation between PSQ
and ACT (r=-0.356)(30) which is slightly lower than in our study. However, pnly 9'patients had
poorly controlled asthma and patients were not classified based on asthma.severity. We extend these
finding from general pediatric asthma cohorts to a well-characterized group-of.children with
pediatric severe asthma. In addition, our repeated measures analysis allowedfor variability in the
relationship between SDB symptoms and asthma control over time compared to a more restrictive
cross-sectional study design.

The finding of a sex-dependent relationship of SBD and,asthma eontrol in our study is novel and
warrants further discussion. The presence of SDB was associated with significantly worse asthma
control for girls compared to boys. We observed a mean, difference in ACT score of 9.44 for girls
with positive PSQ screens compared to those with negative screens and a mean difference of 3.22 for
boys with positive PSQ screens compared to those with negative screens. It is worth highlighting that
the differences in ACT scores for both girls and bays are above the clinically minimal important
difference of 3 points on the ACT(31). It is.known that the prevalence of asthma and OSA differ
among males and females depending-on age.”/Asthma is more common among younger boys than
girls and then prevalence and severity,shift towards females after puberty(17). Both asthma control
and lung function may be influenced by sex specific hormones, where male hormones may have a
protective effect and female hormanes a deleterious effect(32). OSA is more common(33) and more
severe(34) among males after puberty whereas in younger children, where tonsil and adenoid size are
major determinants of OSA(35), the prevalence is relatively equal. Interestingly, among asthmatic
adults, females are more likely than males to have OSA which is opposite of the general
population(28):*As this.relationship of SDB and asthma control among females in our study held true
despite adjusting for covariates which could all influence this relationship, it seems plausible that this
dynamic relationship is too, driven by hormonal effects. It will be important to replicate this in other
asthma and severe asthma cohorts.

Finally, the lack of association between SDB and lung function parameters in our analysis is
consistent with most prior studies that have assessed asthmatic children(14,15,30). Only one study
has reported a significant relationship between OSA and lung function in 85 asthmatic children in
which subjects with asthma and OSA had significantly lower FEV1% predicted compared to those
with asthma alone(36). Based on the theory that SDB and asthma share a common inflammatory
pathway, we hypothesized that SDB would be associated with worse obstruction on spirometry.
However, we did not find a relationship between the PSQ and any lung function outcome. We
conducted a post hoc power analysis to determine if statistical power influenced our ability to



observe an effect of SDB on FEV1/FVC, the primary lung function measure, in our cohort. Based on
this analysis, the power to detect an observed mean difference in FEV1/FVC of 2% with a standard
deviation of 4% is limited; and specifically is 66% (T0, n=37), 31% (T1, n=19), 18% (T2, n=13), and
9% (T3, n=8) (paired sample t-test, alpha = 0.05/4 = 0.0125). Due to small sample size, T4 (n=2) and
T5 (n=1) were excluded from this power analysis. It is therefore plausible that the sample was
underpowered to detect true statistical differences in FEV1/FVC and related measures of lung
function. Alternatively, the absence of an observed association may reflect differential effects of the
comorbidity on individual domains of pediatric severe asthma(37), consistent with the pediatric
asthma literature that SDB has a specific effect on asthma symptom control without measurably
affecting airway caliber.

Asthma and SDB appear to have a bidirectional relationship and can affect or modify disease
expression. Asthma increases the likelihood of needing CPAP among children with severe OSA
compared to those without asthma(38) and treatment of OSA with adenotonsillectomy can improve
asthma outcomes. Children with asthma and OSA who undergo adenotonsillectomy have fewer
exacerbations(39) and improved asthma control(40). OSA is a known risk factor for asthma
exacerbations among adults with difficult to treat asthma(41) and children with asthmaand OSA are
at higher risk of longer hospital stay than those with asthma alone(42). These factors highlight the
importance of assessing for SDB among children with severe asthma for whom identifying,and
treating comorbidities is particularly important.

One of our study’s main strengths is the rigorous diagnosis of severe asthmawhich was
accomplished in two ways. First, the severe asthma program primarily takes-referrals only from
pulmonologists and allergists who have sent patients for further evaluation of refractory asthma and
second, we cross-validated participants by medication burden and only included those patients who
were on high asthma medication step. We also used objectivesmeasures with validated questionnaires
to assess presence of SDB and asthma control. Many questionnaires rely heavily, and sometimes
exclusively, on snoring for diagnosis of SDB which may leadto misclassification since asthmatic
patients with OSA may only have snoring as a presenting symptom half of the time(39). Given the
potential overlap of symptoms on the PSQ and. ACT we specifically assessed the subdomain
associations with our main outcomes and found that each was consistent with the overall risk
relationship found with the overall PSQ score,.and not just the breathing subscale. Therefore, we are
confident that the association is not merely.due to survey similarities. In addition, the PSQ is highly
correlated with OSA based on polysomnography(19). Due to potential confounding of risk factors
common to both asthma and SDB swe,specifically included obesity(43) and allergic
sensitization(44), which are known,to be associated with SDB in children, in all models. We also
adjusted for LTRA(26) use and.adenotonsillectomy(45), which are known treatments for OSA in
children. Despite adjustingforthese confounders, along with age and sex, the relationships of PSQ
and asthma control remained Strong. Our use of repeated measures allowed for assessment of the
relationship between SDB and asthma control, which both may vary across encounters. There are
some limitations-as well.“Given that our study cohort includes only patients that have been referred
because of severe asthma and therefore a selected patient population, this could introduce
prevalence-incidence bias which may overestimate the association between SDB and ACT. As this
was a single center study with a relatively small sample size, it will be important to replicate these
findings in other severe asthma cohorts in the future. While the PSQ is a validated and highly utilized
tool in assessing SDB, utilizing a questionnaire may result in misclassification of SDB compared to
the gold standard, PSG, which may affect relationships with asthma control. We were careful to
include previously identified factors related to SDB and asthma in our analyses. However, we did not
have systematic assessments of nasal obstruction or gastroesophageal reflux, which may be
considered possible confounders to the association of asthma and SDB. It is also possible that other
unmeasured confounders could have affected our study results.



Conclusions

We found that SDB is highly prevalent among children with severe asthma and that there is a strong
and important association between SDB and asthma control. Clinicians caring for children with
severe asthma should remain highly vigilant in assessing this common comorbidity, especially for
those with poorly controlled disease. This appears to be particularly true for females and this
relationship warrants further investigation in future studies. Prompt diagnosis and appropriate

management of SDB among children with severe asthma may lead to improved asthma control, in
addition to other well-known direct effects of treatment of SDB or OSA.
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Table 1. Subject characteristics

Subject Characteristics N ~ 37
subjects
Age in Years, Mean (SD) 11.8 (4.4)
Sex, N (%) Male 23 (62.2%)
Female 14 (37.8%)
Race, N (%) White 16 (43.2%)
Black 6 (16.2%)
Other 10 (27.0%)
Unknown 5 (13.5%)
BMI Category, N (%) Normal 17 (45.9%)
Overweight 8 (21.6%)
Obese 12 (32.4%)
Previous T&A, N (%) Yes 15 (40.5%)
No 22 (59.5%)
Any Sensitization, N (%) 31 (83.8%)
IgE Sensitization, N (%) 13 (35.1%)
Skin Sensitization, N (%) 20 (54.1%)
Medication Step, Mean (SD) 5.2 (0.8)
LTRA (Montelukast), N (%) 29 (78.4%)
Time-Varying Covariates glb;e?\(/)ations
ACT Score, Mean (SD) 18.8 (4.6)
ACT Score (4-11 Years), Mean (SD) 18.9(4.2)
ACT Score (12+ Years), Mean (SD) 18.7 (5.2)
FEV1% Predicted, Mean (SD) 95.7 (15.3)
FVC% Predicted, Mean (SD) 102.2 (12.6)
FEF25-75% Predicted, Mean (SD) 88.0 (32.7)
FEV1/FVC, Mean (SD) 81.9 (8.0)
PSQ Score, Median (Range) 0.2 (0.0, 0.9)
-Snoring, Median (Range) 0.3 (0, 1.0)
-Daytime Sleepiness, Median (Range) 0.3(0, 1.0)
-Inattention, Median (Range) 0.2 (0, 1.0)
PSQ Screen, N (%) Positive Screen | 34 (42.5%)
Negative Screen | 46 (57.5%)

Abbreviations: BMI'=Body mass index; T&A — Adenotonsillectomy; IgE — Immunoglobulin E;
LTRA — Leukotriene receptor antagonist; ACT — Asthma control test; FEV1 — Forced expiratory
volume in 1 second; FVC — Forced vital capacity; FEF 25-75 — Forced expiratory flow at 25 to 75%
of forced vital capacity; PSQ — Pediatric sleep questionnaire (positive screen defined as PSQ score
>0.33); Any sensitization defined as specific IgE to acroallergen >0.35 or wheel size 3mm greater
than saline control on skin prick test for aeroallergen.



Table 2. Adjusted Linear model predicting ACT score from PSQ score

B 95% ClI P-Value

PSQ Score? -0.21 -0.75, 0.32 0.43
Obese 0.10 -4.33, 4.54 0.93
BMI Overweight -1.31 -5.61, 2.99 0.32
Underweight 1.20 -1.46, 3.87 0.19

Normal 0
Any Sensitization T\I%S 0'38 -2:32,2.69 0.88
Medication Step -0.15 -1.89, 1.59 0.86
Sex Female 3.72 -0.85, 8.30 0.11

Male 0
Age -0.22 -0.59, 0.15 0.24
Previous T&A Yes 1.35 -1.12, 3.82 0.27

No 0
Female -1.66 -2.72,-0.61 0.003

* ’
PSQ Score * Sex Male 0

Abbreviations: BMI — Body mass index; T&A — Adenotonsillectomy

PSQ score - The questionnaire is scored by dividing the items answered ‘yes’ by the total of mon-missing items, resulting
in a score of 0.0to 1.0.

Any sensitization defined as specific IgE to aeroallergen >0.35 or wheel'size3mm greater than saline
control on skin prick test for aeroallergen.

B coefficient reflects each 0.1 point increase in PSQ score



Table 3. Adjusted linear model predicting ACT score from Snoring, Sleepiness and Behavioral

subscales
Snoring Sleepiness Behavior
B 95% ClI V:I-ue B 95% CI |P-Value| B 95% ClI  |P-Value
Subscale Score? -0.17 | -0.55,0.20 | 0.36 |-0.02|-0.44,0.39| 0.90 |-0.13| -0.46,0.20 | 0.42
Obese -0.39| -5.16,4.37 | 0.76 |-0.68|-5.48,4.11| 0.60 |-1.03| -5.89,3.83 | 0.46
BMI Overweight |-1.45| -6.30,3.39 | 0.33 |-1.40|-5.62,2.82| 0.29 |-1.62| -6.45,3.20 | 0.28
Underweight | 0.74 | -1.49,2.96 | 0.29 | 0.43 |-1.26,2.12| 0.39 | 0.37 | -1.92,2.66 | 0.56
Normal 0 0 0
e Yes -0.21|-3.02,260 | 0.88 |-0.21|-3.67,3.26| 0.90 | 1.14 | -2.13,4.41 0.48
Any Sensitization No 0 0 0
Medication Step -0.23|-2.43,196 | 083 |-0.44|-258,1.71| 0.68 |-0.72| -2.52,1.08 | 0.42
Female 0.50 | -3.80,4.80 | 0.81 | 0.35 |-3.05,3.75| 0.84 | 1.00 | -3.37,5.38 | 0.64
Sex
Male 0 0 0
Age -0.12 | -0.55,0.31 | 059 |-0.15|-0.59,0.30| 051 |-0.29| -0.70,0.13 | 0.17
. Yes 0.03 | -3.23,3.29 | 0.99 |-0.48(-3.38,2.41| 0.74 |-0.194 -2.86, 2.47 0.88
Previous T&A No 0 0 0
Subscale Score * Female -0.55|-1.35,0.25 | 0.17 |-0.31|-0.84,0.23| 0.25 |-0.50|*1.16,0.15 | 0.13
Sex Male 0 0 0

Abbreviations: BMI — Body mass index; T&A — Adenotonsillectomy

Subscale score - The subscale is scored by dividing the items answered “yes*by the total of non-
missing items within the subscale, resulting in a score of 0.0 to 1.0.

Any sensitization defined as specific IgE to aeroallergen >0:35,0r wheel size 3mm greater than saline
control on skin prick test for aeroallergen.

2B coefficient reflects each 0.1 point increase in PSQ subscale score




Figure 1. Plot of PSQ with ACT with sex interaction
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Multivariable linear regression with interaction for sex. PSQ - Pediatric Sleep Questionnaire(19);
ACT — Asthma Control Test(21) or childhood Asthma Control Test (cACT)(20). Shading

represents the 95% confidence intervals.



Figure 2. Comparison of ACT scores for girls and boys with positive vs negative PSQ screens

p=0.018 p<0.001
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Comparing adjusted means of ACT scores for boys and girls with positive orinegative PSQ screens.
Mean ACT score is 12.59 (1.1) for girls with a positive PSQ screen and mean ACT score is 22.03
(1.44) for girls with a negative PSQ screen. Difference in mean ACT seores for girls is 9.44 (Cl 5.54,
13.34, p<0.001). Mean ACT score is 16.46 (1.01) for boys with a pesitive\PSQ screen and mean
ACT score is 19.68 (0.89) for boys with a negative PSQ screen. Difference in mean ACT scores for
boys is 3.22 (C1 0.56, 5.88, p=0.02). PSQ — Pediatric Sleep Questionnaire(19) (Positive screen
defined as PSQ score >0.33); ACT — Asthma Control Test(21) or childhood Asthma Control Test
(cACT)(20).



