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Abstract

Objectives: Childhood adenotonsillar hypertrophy (ATH) with sleep-disordered breathing (SDB) frequently occurs con-
comitant with asthma. Adenotonsillectomy and reduction in asthma severity association has been reported. We describe
changes in asthma control in nonobese or normal weight and obese/overweight children undergoing adenotonsillectomy for
SDB. Methods: This prospective, nonrandomized cohort trial with 6-month follow-up at a tertiary children’s hospital enrolled
41 children with persistent asthma undergoing adenotonsillectomy for SDB. Children with significant chronic medical con-
ditions, premature birth (< 28 weeks), or recent respiratory infection were excluded. Patients were stratified by baseline BMI
into nonobese or normal weight (BMI < 85 percentile) and obese/overweight (BMI > 85%). The primary outcome was change in
Childhood Asthma Control Test (cACT) scores 3 and 6 months following adenotonsillectomy. Secondary outcome examined
improvement in Pediatric Asthma Caregiver’s Quality of Life Questionnaire (PACQLQ) 3 and 6 months following
adenotonsillectomy. Results: Baseline characteristics were similar except for anthropometric measures and mean PACQLQ
(P = .03). Children with nonobese or normal weight (n = 26) had statistically significant improvement in change in cACT at 3
(22.80+£2.33vs. 17.86 £3.53,P<.001)and 6 (20.71+3.29 vs. 18.24 £ 4.16, P = .044) months compared with baseline. PACQLQ
scores also improved at 3 (6.20 + 0.87 vs. 4.56 + 1.12, P <.001) and 6 (6.36 + 0.72 vs. 4.93 £ 0.96, P < .001) months. Obese/
overweight children (n = 10) had significant improvement in cACT scores at 6 months (20.00 £ 3.90 vs. 15.00 + 6.90, P = .048).
Change of cACT scores at 3 months (17.86 + 3.53 vs. 14.86 + 6.31, P = .272) was not significantly different. PACQLQ scores
improved at 3 (5.47 + 1.09 vs. 3.70 £ 0.85, P < .001) and 6 (5.75 £ 2.19 vs. 3.67 + 1.04, P = .016) months. Conclusion:
Nonobese or normal-weight children undergoing adenotonsillectomy demonstrated significant improvement in asthma control
scores at 3 and 6 and obese/overweight children at 6 months. Using the PACQLQ, caregiver quality of life improved for all
children at 3 and 6 months. Surgical management of ATH in children with comorbid SBD and asthma is a good treatment option.

Keywords
adenotonsillar hypertrophy, adenotonsillectomy, sleep-disordered breathing, asthma, children

'Division of Pediatric Otolaryngology, Nemours Children’s Health,
Jacksonville, FL, USA

Department of Otolaryngology, University of South Florida Morsani College
of Medicine, Tampa, FL, USA

3Bioinformatics Core Facility, Nemours Children’s Health, Wilmington, DE,
USA

Introduction

Asthma is one of the most common pediatric chronic medical
conditions affecting over 5 million children in the United

States.! Poor asthma control in children results in impaired
activity, missed school days, and reduced quality of life for
patients and their caregivers.” Additionally, asthma has a
massive economic burden, with tens of millions of outpatient
and emergency room visits each year and estimates of over
$50 billion in annual direct healthcare-related costs.>* Studies
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also demonstrate nearly five times the yearly cost per patient in
those with poorly controlled asthma compared with those with
well-controlled asthma.”

Obstructive sleep apnea (OSA) affects 1 to 3% of children
in the United States, with many more children affected when
more subtle forms of sleep-disordered breathing (SDB) are
considered.” There is a growing body of evidence supporting
an association between asthma and SDB. Julien et al. dem-
onstrate children with asthma had a higher prevalence of OSA
compared with controls. Additionally, children with severe
asthma had a higher prevalence of OSA than those with
moderate asthma.® Similarly, obesity is associated with re-
duced asthma control and markers of asthma severity.’

The standard treatment for pediatric SDB is ad-
enotonsillectomy, and many asthmatic children undergo ad-
enotonsillectomy for comorbid SDB.* The impact of
adenotonsillectomy on asthma control in these patients ap-
pears to be favorable; however, there are conflicting reports
regarding asthma response that may be due to effect modifiers
such as obesity. The purpose of this study was to measure the
impact of adenotonsillectomy on asthma control in both non-
obese or normal-weight children and obese/overweight children
who have SDB, as well as to measure the effect of ad-
enotonsillectomy on caregiver quality of life of these children.

Patients and methods

This is a prospective, nonrandomized, nonblinded cohort trial
in asthmatic children undergoing adenotonsillectomy for
treatment of SDB. The study was approved by the Nemours
Institutional Review Board, approval number 394625. Study
participants undergoing adenotonsillectomy between 2016
and 2018 were recruited. Parental consent was obtained for all
participants enrolled; consent was also obtained from all
patients who were between the ages of 7 and 11 years.
Children of ages 2 to 11 years with a diagnosis of asthma,
reactive airway disease, or airway hyper-responsiveness and
concomitant SDB were included. Asthma was diagnosed and
managed by the pediatric pulmonology division. Diagnosis of
SDB was based on parental reports of snoring with labored or
obstructed breathing during sleep plus subcostal retractions
during obstructed inspiration, movement arousals, diaphore-
sis, neck hyperextension during sleep, excessive daytime
sleepiness, hyperactivity, aggressive behavior/behavior changes,
irritability, inattention, slow growth, morning headaches, or
secondary enuresis, with the child’s findings not better explained
by another disorder, medication, or substance abuse. Children
with significant chronic medical conditions, premature birth
(< 28 weeks), or patients with a recent significant respiratory
infection within 30 days of surgery were excluded. Ad-
enotonsillectomy was performed by a pediatric otolaryngologist.

Demographic and body habitus information collected in-
cluded sex, age, ethnicity, body mass index (BMI), height,
weight, neck circumference, waist circumference, and waist-
to-height ratio. BMI calculations in children are calculated on

height and weight, for age and sex. According to the BMI
weight status categories on the Centers for Disease Control
and Prevention’s pediatric growth charts, any youth with a
BMI > 85" percentile but < 95™ percentile for age and sex
would be classified as being overweight and anyone with a
BMI > 95™ percentile would be classified as having obesity.
Patients were analyzed separately based on BMI status as
overweight/obese (BMI percentile > 85%) or normal weight
(BMI percentile < 85%). The disparities between cohorts were
analyzed using a two-sample independent t-test. Caregivers of
children 4 years and older completed the Childhood Asthma
Control Test (cACT), and caregivers of all participants
completed the Pediatric Asthma Caregiver’s Quality of Life
Questionnaire (PACQLQ) prior to adenotonsillectomy,
3 months postoperatively, and 6 months postoperatively.

The cACT is a seven-item questionnaire for children ages 4
to 11 years that is completed by both the child and caregiver
with a 4- to 6-point Likert scale that assesses daytime and
nocturnal asthma symptoms and their effect on daily func-
tioning over the preceding 4 weeks. The first 4 items are
completed by the child and the last 3 are completed by the
caregiver. The score is a summation ranging from 0 (poorest
control of asthma) to 27 (highest control of asthma), with a
score of 19 or less corresponding to poor control.® A change of
2 points on the cACT has been shown to be the minimum
clinically important variance. The cACT is the most validated
asthma control assessment tool, and is used in large National
Institutes of Health—funded asthma trials.’

The PACQLAQ is a 13-item questionnaire for children ages
7 to 17 years that is completed by caregivers with a 7-point
Likert scale. Four of the questions concern activity limitations,
and 9 are related to emotional function. The average score for
all responses is taken to produce a score from 1 to 7, with 1
indicating severe impairment and 7 indicating no impairment.
A change of 0.5 is the minimum clinically significant difference.
The PACQLQ has moderate correlation with clinical asthma
control and strong correlation with caregiver illness burden.'

When comparing the outcomes at 3 and 6 months for both
the cACT and the PACQLQ in both the nonobese or normal
weight and obese/overweight populations, a paired t-test was used
to determine significance. A P < .05 was considered significant.

Results

41 children were enrolled with a mean age of 5.1 = 2.4 years. Five
participants were excluded from cACT analysis due to age less
than four years. Follow-up cACT questionnaires were available
in 27 and 23 participants at 3 and 6 months, respectively. The
PACQLAQ results were available in 36 and 32 participants at 3 and
6 months, respectively. Patient characteristics are summarized in
Table 1 and were similar between groups except for anthropo-
metric measures and mean PACQLQ (4.5 vs. 3.8, P = .03).
Obese/overweight children made up 27% of enrolled participants.

In nonobese or normal weight children (n = 26), there was
significant improvement in cACT scores at 3 months (22.80 +
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Table 1. Demographic and Baseline Characteristics
Variable Normal weight (n = 30) Overweight/obese (n = 11) P value
Age, mean yr (SD) 5.1 2.4) 5.1 2.3) .960
Female (%) 14 (47) 6 (54) .734F
Race/ethnicity (%) .724F
White 15 (50) 4 (36) —
Black 13 (43) 7 (64) —
Asian 1 (3) 0 (0) —
Hispanic/Latino 1 (3) 0 (0) —
BMI percentile, mean (SD) 44.56 (26.87) 93.3 (5.88) <.001
Weight (Ib), mean (SD) 20.6 (7.1) 274 (10.4) .022
Height (cm), mean (SD) 112.7 (15.8) I115.1 (15.5) .665
Neck (cm), mean (SD) 25.5 (2.4) 27.9 (2.6) .015
Waist (cm), mean (SD) 53.2 (7.2) 62.2 (11.2) .027
WHR, mean (SD) 474 (.038) .541 (.078) 017
cACT, mean (SD) 18.227 (4.2) 14.75 (5.8) .154
PACQLQ, mean (SD) 45 (1.1) 3.8 (.85) .03
ICS (%) 13 (43) 5 (45) .999F
ICS-LABA (%) 2(7) I (9) .999F
LTRA (%) 12 (40) 5 (45) .999F
Nasal steroids (%) 10 (33) 4 (36) .999F

P values show independent t-test unless noted. Notes: Abbreviations: BMI, body mass index; cACT, Childhood Asthma Control Test; F, Fisher’s exact test; ICS,
inhaled corticosteroid; LABA, long-acting beta-2 agonist; LTRA, leukotriene receptor antagonist; PACQLQ, Pediatric Asthma Caregiver Quality of Life

Questionnaire; SD, standard deviation. WHR, waist-to-height ratio.

Table 2. Changes in cACT and PACQLQ Scores at 3 and 6 Months Postoperatively

Normal

Overweight/obese

Baseline to 3 months Baseline to 6 months

Baseline to 6 months
postoperative

Baseline to 3 months
postoperative

postoperative postoperative
cACT 17.85-22.80 (P < .001I) 18.24-20.71 (P = .044)
PACQLQ  4.56-6.20 (P < .00l) 4.93-6.36 (P < .001)

14.86-17.86 (P = 0.27)
3.70-5.47 (P < .001)

15.00-20.00 (P = .048)
3.67-5.75 (P = .016)

Notes: Abbreviations: cACT, Childhood Asthma Control Test; PACQLQ, Pediatric Asthma Caregiver Quality of Life Questionnaire. All comparisons calculated

using paired t-test. Results presented as mean * standard deviation scores.

2.33vs. 17.85+3.53, P<.001) and 6 months (20.71 £3.29 vs.
18.24 + 4.16, P = .044) compared with baseline. The
PACQLQ scores also improved at 3 months (6.20 + 0.87 vs.
4.56 £ 1.12, P <.001) and 6 months (6.36 & 0.72 vs. 4.93 +
0.96, P <.001). In obese/overweight children (n = 10), there
was a significant improvement in cACT scores at 6 months
(20.00£3.9 vs. 15.00 £ 6.90, P = .048). No significant dif-
ference was found in the change of cACT scores at 3 months
(17.86 £3.53 vs. 14.86 £6.31, P=.272). The PACQLQ scores
improved at 3 months (5.47 = 1.09 vs. 3.70 + 0.85, P <.001)
and 6 months (5.75 £ 2.19 vs. 3.67+1.04, P = .016). Results
are summarized in Table 2.

Discussion

Preliminary studies as well as 2 systematic reviews examine
the impact of adenotonsillectomy on children with asthma.
These studies demonstrate an improvement in asthma control

following adenotonsillectomy.'''” A previous longitudinal
database analysis of over 40,000 patients demonstrates that
asthmatic children who had undergone adenotonsillectomy
had a significant reduction in acute asthma exacerbation, acute
status asthmaticus, asthma-related emergency room visits,
and asthma-related hospitalizations.* Additionally, ad-
enotonsillectomy was associated with significant reductions in
most asthma prescription refills (bronchodilators, inhaled
corticosteroids, leukotriene receptor antagonists, and systemic
steroids).* Goldstein et al. examined a cohort of 80 asthmatic
children who underwent adenotonsillectomy for SDB and 62
asthmatic controls. In the adenotonsillectomy cohort, cACT
scores improved from 21.86 to 25.15 at 6-month follow-up,
whereas in controls, cACT scores improved from 22.42 to
23.59 at 6-month follow-up; although both cohorts reached
significance, the improvement was more substantial in chil-
dren undergoing adenotonsillectomy.'? Similar findings were
identified by Levin et al. with a mean cACT improvement of
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3 points in 60 asthmatic children who underwent
adenotonsillectomy.'?

Our results are concordant with the asthma symptoms,
medication usage, and cACT improvements seen in these
studies. Baseline cACT measurements demonstrated that both
nonobese or normal weight children and obese/overweight
children had poorly controlled asthma (cACT < 19) with
baseline scores of 18.2 + 4.2 and 14.8 + 5.8, respectively.
Nonobese or normal weight children had a cACT score in-
crease of 2.5 points at the 6-month follow-up, and that of
obese/overweight children increased by 5.0 points at the 6-
month follow-up. This improvement is clinically relevant for
both cohorts given the cACT design (= 2 points). Additionally,
the improvement in aggregate moved children out of the
poorly controlled category (cACT < 19) in both groups.

Despite concordance between our data and available liter-
ature examining improvement in cACT following ad-
enotonsillectomy, other studies failed to show improvement in
clinical asthma after adenotonsillectomy. An analysis of over
10,000 children with asthma in a Korean health database found
no significant improvement in status asthmaticus or asthma
admission with adenotonsillectomy compared with controls at
1,2, and 3 years following surgery.'® A second Korean national
sample cohort study identified increased asthma incidence in
children who had previously undergone adenotonsillectomy.'”

Torretta et al. reviewed multiple studies examining the
effect of adenotonsillectomy on patient quality of life in the
pediatric population.”® The literature generally supports an
improvement in quality of life following adenotonsillectomy.
To our knowledge, no previous studies have evaluated the
changes in quality of life of caregivers of asthmatic children
following adenotonsillectomy. The PACQLQ scores increased
by 1.4 and 2.1 in nonobese or normal weight children and
obese/overweight children, respectively. Our results demon-
strate a significant improvement in caregiver quality of life in
both nonobese or normal weight children and obese/
overweight children at both 3 and 6 months postopera-
tively. Though previously overlooked, we believe caregiver
quality of life has crucial importance, and this finding bears
clinical relevance when counseling caregivers and families on
adenotonsillectomy in the asthmatic population.

This is the first study to examine improvements in asthma
control and caregiver quality of life stratified by body habitus.
This prospective cohort analysis offers new insight into the
improvement in both study groups. This study is limited by a
short 6-month follow-up, limiting generalizability over time
for a chronic illness. Some participants were excluded from
cACT analysis due to age. In our series, 2 and 6 children were
lost to follow-up at 3 and 6 months, respectively. The weight
percentile was skewed toward individuals with normal weight
resulting in a smaller number of children with overweight/
obesity. Additional multicenter trials examining the impact of
habitus and ethnic disparities will further elucidate the im-
provement in asthma control after adenotonsillectomy.

In conclusion, children with asthma and concomitant SDB
demonstrate improved asthma control and caregiver quality of
life following adenotonsillectomy. Improvement in asthma
measures is concordant with prior studies. In our study, ad-
enotonsillectomy for SDB in children with asthma improved
asthma control regardless of body habitus. Ad-
enotonsillectomy was beneficial for both nonobese or normal
weight children and obese/overweight children. Larger scale
studies may clarify the dose effect of BMI and improvement in
symptoms.
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