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Abstract

Background—Observational studies suggest that asthma control improves after 

adenotonsillectomy, but longitudinal studies that correlate the effect of the procedure on the levels 

of biomarkers associated with airway inflammation are limited.

Methods—We conducted a longitudinal, observational study on pediatric patients, both with and 

without asthma, undergoing adenotonsillectomy. Asthma Control Test (ACT) scores and chitinase 

activity in the circulation were measured at time of surgery and at 6-month follow-up.

Results—66 children with asthma and 64 control subjects were enrolled. Mean ACT scores 

improved by 3 points (p< 0.001) after 6 months. 85% of children with poorly-controlled asthma 

demonstrated an increase in ACT score of at least 3 points or a decrease in Emergency 

Department/Urgent Care visits, oral corticosteroid courses, or rescue short acting bronchodilator 

usage. Chitinase activity decreased significantly in asthmatics who improved (p< 0.01). Higher 

chitinase activity levels at baseline were associated with improved asthma control following 

surgery (p< 0.01).

Conclusions—In children with high pre-operative circulating chitinase activity levels, asthma 

control and healthcare utilization were significantly improved after adenotonsillecotmy. Chitinase 

activity decreased after surgery in children with improved control. This suggests that 

adenotonsillectomy modulates chitinase activity, affecting airway inflammation and improving 

airway disease.

Introduction

Asthma is an inflammatory disease of the lower airways that remains a significant healthcare 

concern for the pediatric population despite public health and pharmacologic advances to 

control the disease (1,2). Studies have demonstrated a systemic component to asthmatic 
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disease, and that upper airway inflammation may specifically be involved in the 

pathogenesis of asthma (3-5). Upper airway infections and inflammation are common in the 

pediatric population; likewise, respiratory infection and allergen exposure are frequently 

indicated as triggers for asthma exacerbations in this population.

Adenotonsillectomy is one of the most common surgical procedures in children, performed 

to address upper airway lymphoid hypertrophy, infection, and inflammation (6). Its clinical 

effect on asthma control has been debated (7). Early observational studies demonstrated that 

up to 88% of patients with asthma experience a significant improvement in symptoms and 

reduce or eliminate asthma controller or rescue medication usage following 

adenotonsillectomy (8). A recent retrospective chart review of 93 children with asthma who 

underwent tonsillectomy for standard indications showed significant improvements in 

multiple asthma measures including mean hospital visits, systemic steroid administration, 

asthma medication use, and childhood Asthma Control Test (ACT) scores (9). In addition, a 

recent cohort study identified children with poorly-controlled asthma and referred them for 

polysomnography; if diagnosed with Obstructive Sleep Apnea (OSA), the children were 

offered adenotonsillectomy. Post-tonsillectomy data for 35 children showed a significant 

improvement from adenotonsillectomy in asthma control, defined by asthma exacerbations, 

weekly rescue medication usage, asthma symptom score, and FEV1 (10). Although there are 

clear effects of adenotonsillectomy on the upper airway, to our knowledge the effect of this 

procedure on markers of airway inflammation has not yet been studied.

Chitinases are a family of hydrolases detectable in the circulation that correlate with 

inflammation and disease activity in a number of chronic diseases including asthma and 

adenotonsillar disease (11). These proteins bind to or cleave chitin, the second most 

abundant polysaccharide in nature and the major structural polymer in cell walls of bacteria 

and fungi, the shells of crustaceans, and the exoskeletons of arthropods such as cockroaches 

and dust mites; many of which are common allergic triggers in asthma. Though mammals do 

not have chitin, they have conserved chitinase proteins to break down chitin from the 

environment (11,12). There are two major chitinases in humans; chitotriosidase is a true 

enzyme with the ability to hydrolyze chitin, while YKL-40 is a chitinase-like protein, which 

has the ability to bind to chitin but not to degrade it (13). The enzymatically active chitinase, 

chitotriosidase (CHIT1) is overexpressed in adenoid tissue of children undergoing 

adenotonsillectomy with concurrent chronic rhinosinusitis, otitis media with effusion, and 

allergic rhinitis compared to subjects without concomitant upper airway disease (14). 

Additionally, proteins in the chitinase family have been demonstrated as markers of the 

systemic component of asthmatic disease. A cross-sectional study of children with allergic 

and non-allergic asthma showed that chitotriosidase levels were elevated in the serum of 

individuals with asthma children compared to control subjects (15). YKL-40 has been 

reported to be elevated in the serum of individuals with asthma and these levels correlate 

positively with disease severity and airway inflammation (16).

Chitinases may reflect a biological link between upper airway inflammation alleviated by 

adenotonsillectomy and environmentally triggered lower airway inflammation in the 

pathogenesis of asthma. This study aimed to enroll large cohorts of pediatric 

adenotonsillectomy patients with and without asthma, follow asthma control from baseline 
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to post-operative follow-up, and record biological activity in the chitinase family that may 

be associated with disease improvement.

Results

130 patients undergoing adenotonsillectomy were enrolled, ages 2-18, over a 13 month 

period. 66 subjects had diagnoses of asthma; 64 subjects did not have a diagnosis of asthma 

(controls). 75% of study participants had a primary indication of tonsillar hypertrophy, 

including symptoms of sleep-disordered breathing, for surgery. 23% of participants had a 

primary indication of recurrent tonsillitis/infection for surgery (Table 1). Compared to 

controls, children with asthma had higher incidence of expected comorbidities including 

atopy (history of seasonal allergies and/or eczema) and a history of gastroesophageal reflux 

disease (GERD), and were more commonly of Hispanic origin (17). Of children ≥ 6 years of 

age who completed Pulmonary Function Tests (PFTs), those with asthma had a lower 

median Forced Expiratory Volume (FEV1), consistent with a physician diagnosis of asthma. 

Baseline Asthma Control Test (ACT) scores ranged from 6-27, with a median of 22 

(interquartile range 16-22). 46 children completed the pediatric ACT and another 5 children 

completed the adult ACT at baseline; 15 children never completed a baseline ACT. 29 

subjects were administered ACT questionnaires following surgery during the follow-up 

period, rather than prior to surgery. These families completed the ACT prior to follow-up by 

phone or at the follow-up appointment. There was no relation between indication for surgery 

and baseline ACT score. 38 out of 66 (58%) had poorly-controlled asthma (ACT < 20, ≥ 2 

Emergency Department (ED)/urgent care visits in the previous year, ≥ 2 oral corticosteroid 

courses in the previous year, or using short acting bronchodilator (SABA) medication more 

than twice per week in the last month).

Follow-up was achieved in 81% of the enrolled subjects (N=105), 58 subjects with asthma 

and 47 control subjects. Bloodwork was obtained for 122 participants (94%) at baseline; 67 

parents gave consent (64% of those achieving follow-up) to have bloodwork performed 

post-operatively. Mean time to follow up was 7.0 months (range 5-12, SD 1.5), and was not 

statistically different between study groups. Follow-up rate was also not statistically 

different for patient age, gender, race, ethnicity, or indication for tonsillectomy.

Asthma control and asthma-related healthcare utilization were significantly improved after 

adenotonsillectomy. There was a clinically significant improvement in ACT scores after 6 

months (median increase from 22 to 25, p< 0.001, Figure 1a) and subjects with asthma 

reported significant decreases in the rate of ED/Urgent Care visits, oral corticosteroid 

courses, missed school days due to asthma, and total missed parental work days due to 

illness (Table 2). In subjects with ACT scores at baseline < 25, scores increased ≥ 3 in 24 of 

35 children (69%, p< 0.001, Figure 1b). In addition, 12 of 27 children (44%) on controller 

medications for asthma at baseline were no longer on controller medication at follow-up. 

Two children in the control arm “developed” asthma during the follow-up period. PFT 

scores did not significantly change for either study group between baseline and follow-up. 

Subgroup analysis of children with poorly-controlled asthma at baseline demonstrated a 

median increase in ACT score after surgery of 6 (p=0.02).
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Among child ACT scores, there were significant pairwise increases in responses to six of the 

seven questions, including child self-rating of asthma symptoms that day (question 1; p< 

0.01), of cough (question 3; p< 0.0001), and of nighttime symptoms (question 4; p< 0.0001). 

All three questions regarding parental assessment (questions 5-7; frequency of daytime 

symptoms, p= 0.0001; frequency of wheeze, p< 0.01; and frequency of nighttime symptoms, 

p <0.001) also demonstrated significant pairwise increases. Child self-rating of limitations 

due to asthma did not significantly change in pairwise analysis.

The composite variable of improvement in asthma control was defined by fulfilling one of 

the following categories: increase in ACT score of 3 or greater, decreased rate of 

Emergency/Urgent Care visits, a decreased rate of oral corticosteroid courses, or a decrease 

in rescue short acting bronchodilator (SABA) usage in the previous month. Of the 48 

children with asthma who were not already maximally controlled at baseline (pediatric ACT 

<25, adult ACT <23, one or more ED/urgent care visit in the previous year, one or more oral 

corticosteroid courses in the last year, or using SABA medication in the last month), 36 

(75%) had an improvement in symptoms in at least one category. When limited to the 34 

subjects with poorly-controlled asthma at baseline, 29 (85%) had an improvement in 

symptoms in at least one category.

Improvement in the asthma control composite variable did not correlate with baseline 

patient characteristics including age, years since asthma diagnosis, comorbidities, smoke 

exposure, indication for adenotonsillectomy, or PFTs. However, analysis of children with 

poorly-controlled asthma at baseline, showed that asthma control improved in all 19 subjects 

who listed “Environment” as a trigger, while control improved in only 10 of 15 (67%) of 

those who did not list “Environment” as a trigger (p=0.01). In addition, improvement in 

control was significantly associated with a lower baseline ACT score among those with poor 

control at baseline (a median score of 22 for subjects with improved asthma control versus a 

score of 16 for those without improved control, p< 0.05).

Chitinase activity and YKL-40 levels were evaluated at baseline and follow-up. While there 

was a significant decrease in circulating chitinase activity in children with asthma (median 

decrease 0.4 nM/ml*hr, p< 0.01), chitinase activity did not change significantly in control 

subjects after surgery (median no change, p=0.83). YKL-40 levels did not change 

significantly in either study group (Figure 2b).

Among children with asthma, those with improved asthma control demonstrated 

significantly decreased chitinase activity after adenotonsillectomy (p=0.001), while those 

without improvement had no significant change chitinase activity (p=0.73, Figure 2a). 

Baseline chitinase activity was also significantly higher in subjects whose asthma control 

improved versus those whose control did not (median 3.5 versus 2.2 nM/ml*hr, p< 0.01). 

These results were also demonstrated in the subgroup of children with poorly-controlled 

asthma at baseline (defined by the composite control variable); chitinase activity 

significantly decreased when asthma control improved (median decrease 0.9 nM/ml*hr, p< 

0.01), but not when control remained unchanged (median no change, p=1.00, Figure 2c). 

Baseline chitinase activity was significantly higher in subjects whose asthma control 

improved versus those whose asthma control did not (median 3.4 versus 1.9 nM/ml*hr, p< 
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0.05). In this subgroup of children with poorly-controlled asthma, a baseline chitinase 

activity ≥ 2.35 predicted improvement with 82% sensitivity and 80% specificity.

Discussion

Though a number of observational studies have demonstrated a positive clinical effect of 

adenotonsillectomy on asthma control, these studies have been limited in size and study 

design (18). To our knowledge, no study has examined the effect of adenostonsillectomy on 

markers of airway inflammation; we chose to explore chitinases given previous, separate 

findings linking them to both asthma and adenotonsillectomy (14,16). In this study, we have 

demonstrated that asthma control and healthcare utilization significantly improve after 

adenotonsillectomy and that this improvement is associated with a decrease in chitinase 

activity in the circulation that is not evident in children without asthma. Therefore, while 

this procedure clearly has effects on upper airway inflammation and mechanics that may 

contribute to improved asthma control, these results suggest that adenotonsillectomy also 

modulates airway inflammation in asthma.

For this study, children with asthma undergoing adenotonsillectomy for standard clinical 

indications were evaluated using both clinical and biological parameters. We used a past 

physician diagnosis of asthma as our identification criteria, which was supported by the 

statistically lower %FEV1 in the asthmatic group. The asthmatic group also had statistically 

more children of Hispanic or Latino heritage; however, this did not significantly correlate 

with chitinase activity or YKL-40 levels. A six month follow-up was chosen to minimize 

natural age-related changes in asthma symptoms, but to provide adequate time for biological 

changes in airway inflammation and asthma control endpoints to occur. Participants were 

enrolled year-round to minimize effects of seasonal variability on changes in asthma 

symptoms.

The study demonstrated that a vast majority of subjects with asthma undergoing 

adenotonsillectomy reported improvement in symptoms 6 months after the surgery. 75% of 

all children with asthma not already maximally controlled at baseline reported symptom 

improvement. ACT score, a validated tool to monitor asthma symptoms and severity, 

increased on average over 3 points from baseline to post-operative follow-up in all surgical 

patients with asthma (19,20).

Subgroup analysis of children with poorly-controlled asthma at baseline was performed in 

order to identify a potential benefit of surgical intervention in those with asthma refractory 

to standard medical therapies. 85% of children with poorly-controlled asthma at baseline 

reported improved symptom control. ACT score improved in these children by over 6 

points. Response to surgery was also significantly associated with a lower baseline ACT 

score, suggesting that those with poorly-controlled asthma were most likely to see a benefit 

from the surgery.

One strength of this study is that we have identified a serum biological marker, chitinase 

activity, that decreases with improvement in asthma after adenotonsillectomy but does not 

change in subjects without asthma undergoing the procedure. Given the difficulties of 
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performing a randomized controlled trial of surgery for pediatric asthma patients, identifying 

positive clinical and biological predictors for symptom improvement after 

adenotonsillectomy would help to categorize patients who would most likely benefit from 

the procedure and further justify a biological effect of the surgery on asthmatic 

inflammation. We have also shown that higher serum chitinase activity was significantly 

associated with improvement in disease activity in both the entire cohort of individuals with 

asthma as well as the subgroup with poorly-controlled asthma at baseline. This data suggests 

that the surgery improves not only clinical asthma symptoms, but also has a biological effect 

on inflammation associated with asthma.

These results suggest that in patients who improve after adenotonsillectomy, tonsillar 

inflammation and hypertrophy may trigger inflammation in the lower airways; this stress 

may be represented by report of the environment as a trigger, and biologically by elevated 

serum chitinase activity at baseline. Removing the tonsils may reduce a stressor on the 

airway, leading to decreased inflammation, lower chitinase activity, and improved asthma 

control. Chitotriosidase has been shown to have both pro-and anti-inflammatory properties. 

Whether the enzyme is responding to inflammation in the airways induced by the 

environment as an attempt at negative feedback or mediating the inflammation occurring in 

the airways cannot be discerned by this study.

Limitations to the observational study include regression to the mean; however longitudinal 

measurement of ACT scores and other measures of asthma control support our findings. Our 

asthmatic group had a high prevalence of poorly-controlled asthma and was thus more 

severe than population data; however, this may be explained given our starting point of 

children who were candidates for adenotonsillectomy, and thus, may have been more 

connected to the medical system or more likely to have concurrent illnesses. Finally, though 

this study was designed to examine patients undergoing adenotonsillectomy, these results 

suggest that a prospective trial examining the effect of adenotonsillectomy in patients with 

poorly controlled asthma with elevated chitinase levels should be considered. Since 

standardized commercial assays are avaialble to measure chitinase activity and YKL-40, 

there are no limitations to further studies of these biomarkers in tonsillectomy (15,16).

This study demonstrates that a vast majority of children with asthma, and particularly those 

with poorly-controlled asthma, undergoing adenotonsillectomy for standard indications are 

likely to see an improvement in disease control. Clinical markers associated with response 

include lower ACT scores at baseline, environmental triggers of asthma, and higher serum 

chitinase activity at baseline. This information could help identify a subgroup of children 

with poorly-controlled asthma likely to benefit from the surgery, and support the rationale 

behind adenotonsillectomy as an intervention for asthma.

Methods

Pediatric patients ages 2-18, with and without asthma, who were undergoing 

adenotonsillectomy for standard indications at Yale New Haven Children’s Hospital and 

North Haven Surgery Center were recruited over a 13-month period. Informed parental 
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consent and child assent for patients age ≥ 7 were obtained. All procedures were approved 

by the Yale University Human Investigation Committee.

On the day of surgery, a study member administered a questionnaire to the subject’s parent. 

Definition of asthma was based on a previous physician diagnosis prior to surgery. The 

questionnaire consisted of pulmonary history, including history of asthmatic disease; a list of 

common triggers with examples including infection, allergy, household (dust, smoke, 

carpet), environment (pollution, cold weather), and exercise; ED or urgent care visits related 

to asthma; steroid courses; comorbidities including history of sinus disease, GERD, allergic 

rhinitis, and eczema; medications, including compliance, perception, and frequency of usage 

in the last 4 weeks; and days of school missed and parental days of work missed due to the 

child’s asthma and other illnesses. Subjects with asthma also completed an age-appropriate 

version of the ACT, with the assistance of parents or guardians as needed (19,20). Adult 

ACT scores were rescaled from maximum 25 to 27 in order to compare to childhood ACT 

scores, which also have a maximum score of 27. Children were defined as having poorly-

controlled asthma at baseline by one of the following criteria, based on asthma and ACT 

guidelines: pediatric or adult ACT < 20, two or more ED/urgent care visits in the previous 

year, two or more oral corticosteroid courses in the previous year, or using SABA 

medication more than twice per week in the last month (21). Children age six and above 

completed PFTs if they were able to comply with the instructions given. Intraoperatively, 

the anesthesiology team obtained venous blood in serum.

Six months following surgery, parents were contacted by telephone or email. Primary study 

outcome for children with asthma was measured by retesting an ACT score. The follow-up 

questionnaire was also administered to parents, with rates calculated for variables measuring 

number of incidences over a given time (Emergency/Urgent Care visits, steroid courses, 

school and work days missed). Changes were used to calculate a composite variable of 

improvement in asthma control, with improvement defined as one of the following: 

improvement in ACT score of 3 or greater (previously shown to be the minimally important 

difference in score (22)), decreased rate of Emergency/Urgent Care visits, a decreased rate 

of oral corticosteroid courses, or a decrease in rescue SABA usage in the previous month. 

PFTs were also repeated for those study subjects with initial testing. Repeat blood samples 

were drawn at this time as well. Study participants were compensated for completing 

follow-up.

Serum chitinase activity was determined using a fluorimetric assay as previously described, 

and reported as nmol/mL/hr (13,23). YKL-40 levels were determined using commercially 

available enzyme-linked immunosorbent assay (ELISA) kits (MicroVue, Quidel, San Diego, 

CA), as previously described (16). IgE levels were measured by commercially available 

services (Healthpoint Diagnostix Inc, Lincolnshire, IL).

Clinical and experimental data was uploaded into the Yale Center for Asthma and Airway 

Diseases online database. Statistical analyses were performed using SPSS Statistics version 

19 software (IBM, Armonk, NY). Nominal data was compared using Fisher’s Exact test and 

Pearson’s chi-square; all scaled data was confirmed to be of a non-normal distribution with 

the Shapiro-Wilk test for normality; thus, non-parametric methods including Mann-Whitney 
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U and Wilcoxon Signed Rank Tests were employed. p-values <0.05 were considered 

significant.
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Figure 1. 
Asthma Control Test (ACT) Scores at baseline and follow-up

a. ACT Scores in all children with asthma. There was an improvement in median scores by 3 

post-operatively (Wilcoxon Signed Rank Test), n=42.

b. Pairwise changes in ACT Score, for baseline scores <25. Scores increased ≥ 3 in 24 of 35 

(69%) children (Wilcoxon Signed Rank Test), n=18.

Median score displayed with interquartile ranges, error bars represent range of minimum and 

maximum scores. † p < 0.001 (Wilcoxon Signed Rank Test).
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Figure 2. 
Change in Chitinase Activity and YKL-40 Level over Study Period

a. Percent change in Chitinase Activity. 22 controls, 22 asthmatics with improvement, and 

16 asthmatics without improvement. Change in chitinase activity was significant for 

asthmatics with improvement, but not others (Wilcoxon Signed Rank Test).

b. Percent change in YKL-40 level. 23 controls, 22 asthmatics with improvement, and 18 

asthmatics without improvement. Change in chitinase activity was not significant for any 

group (Wilcoxon Signed Rank Test).

c. Change in Chitinase Activity in Poorly-Controlled Asthmatics. Solid line with squares 

represents 19 poorly-controlled asthmatics who improved, and dotted line with triangles 

represents 3 poorly-controlled asthmatics who did not improve control. Baseline chitinase 

activity was significantly higher in children that improved (Mann-Whitney U Test), and 

chitinase activity significantly decreased in children who did not (Wilcoxon Signed Rank 

Test). Chitinase activity did not significantly change in children who did not improve.
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* p < 0.05, ** p < 0.01. Poorly-controlled defined as baseline Asthma Control Test (ACT) 

Score < 20, rescue SABA usage > 2 times/week, Emergency Room / Urgent Care Visits ≥ 2/

year, or Oral Corticosteroid (OCS) courses ≥ 2/year.
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Table 1
Baseline Demographics, Clinical Characteristics, and Laboratory Data of Asthma and 
Control Cohorts Enrolling in Study

Asthmatics Controls

Age - Mean (Range) 6.4 (2-17) 5.8 (2-18)

Females – n (%) 25 (38) 33 (52)

Males – n (%) 41 (62) 31 (48)

Race – n (%) White/Caucasian 54 (82) 43 (67)

Black/African American 11 (17) 20 (31)

Other 1 (1) 1 (2)

Hispanic and/or Latino Ethnicity – n (%) * 32 (49) 19 (30)

Comorbidities Atopy – n (%) ** 49 (77) 32 (51)

History of GERD – n (%) ** 25 (38) 9 (14)

Sinusitis – n (%) 22 (33) 12 (19)

Second Hand Smoke Exposure – n (%) 18 (29) 17 (27)

Weight (Described) – n (%)

Normal or Underweight 47 (71) 51 (80)

Overweight/Obese 19 (29) 13 (20)

Residence Urban – n (%) 24 (37) 20 (31)

Suburban – n (%) 34 (52) 38 (60)

Rural – n (%) 7 (11) 6 (9)

Tonsillectomy Indication – n (%)

Hypertrophy, including OSA 46 (70) 52 (81)

Chronic/Recurrent Tonsillitis 18 (27) 12 (19)

FEV1 % Predicted – Median * 93 112%

IgE Levels (lU/mL) – Median 45.7 25.4

*
p < 0.05

**
p < 0.01 (Mann-Whitney U Test, Fisher’s Exact Test , or Chi-Squared Test). 66 Asthmatics, 64 Controls. Italic typeface indicates significance (p 

< 0.05).
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Table 2
Change of Clinical Characteristics from Baseline to Follow-up in Asthma Cohort

Event frequency per 12 months Baseline
(mean)

Follow-up
(mean)

Emergency Room / Urgent Care visits for Asthma * 1.88 0.40

Oral corticosteroid courses ** 1.11 0.21

Hospitalizations for Asthma 0.09 0.00

Missed School Days due to Asthma * 3.86 2.00

Total Missed Parental Work Days * 2.79 1.13

*
p < 0.05

**
p <0.01 (Wilcoxon Signed Rank Test). Italic typeface indicates significance (p < 0.05).
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