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Objective: To establish the association between airway inflammation and severity of 
OSA in children. 
Methods: Consecutive children presented with symptoms suggestive of OSA were 
recruited. They completed a sleep apnoea symptom questionnaire, underwent physical 
examination, spirometry, sputum induction and an overnight polysomnography. 
Adequate sputum contained < 50% squamous epithelial cells and OSA was diagnosed if 
obstructive apnoea index (OAI) > 1. 
Results: Seventy-three children with a median (IQR) age of 11.3 (10.0–13.2) years were 
recruited. There were 21 girls and the median body mass index of the group was 24.0 
(18.0-27.0). The commonest presenting symptoms were habitual snoring, mouth 
breathing and prone sleeping position. Sputum induction was successful in 43 subjects 
(59%) of whom 14 were found to have OSA. Subjects with OSA had significantly greater 
percentage sputum neutrophil than non-OSA counterparts [18.5 (IQR 8.0-42.0) vs 4 (IQR 
3.0-11.3), p=0.006]. On multiple regression analysis, percentage sputum neutrophil was 
significantly associated with OSA (OR=1.1, p=0.013).  
Conclusion: Children with OSA had airway inflammation characterized by a significant 
increase in neutrophils. Further studies are needed to confirm our findings and to better 
define the downstream cellular interactions and molecular pathogenesis in childhood 
OSA.   
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Introduction 
          Obstructive sleep apnoea (OSA) is characterised by repeated episodes of upper 
airway occlusion during sleep that are associated with daytime behavioural changes and 
abnormalities in cardiovascular function.1-3 In children, the commonest cause for OSA is 
adenotonsillar hypertrophy.4 The condition is being increasingly recognised, and the 
prevalence among paediatric population could be as high as 10.3%.5 

          In adults, evidence suggests that both local airway and systemic inflammation are 
implicated in the pathophysiology of this seemingly all-mechanical condition. Surgically 
removed tissues from OSA patients undergoing uvulopalatopharyngoplasty and 
tonsillectomy showed marked subepithelial oedema6 and inflammatory cell infiltration.7 

The number of leucocytes is substantially increased in the upper airway mucosa of adults 
with OSA, especially in the muscular layer of the soft palate and tonsillar pillars.8 
Polymorphonuclear leucocytes, bradykinin and vasoactive intestinal peptide are found at 
increased levels in nasal lavage fluid of patients with OSA.9 Exhaled markers of airway 
inflammation and oxidative stress such as interleukin-6 and 8-isopentane are also found 
at elevated levels in breath condensate of OSA adults.10,11 Serum tumour necrosis factor-
α, interleukin-6 and C-reactive protein (CRP) have all been reported to present at higher 
levels in adult OSA patients compared with controls.12,13 Treatment of OSA is known not 
only to improve daytime symptoms of the patients but also to decrease the risk of 
cardiovascular complications. These treatment effects are postulated to be related to 
decreases in systemic inflammation. In support of this hypothesis, serum CRP has been 
found to reduce significantly after 1 month of nasal continuous positive airway pressure 
(CPAP) therapy.14  

          There is accumulating evidence to suggest local and systemic inflammatory 
response also exists in children with OSA.15,16 CRP levels are elevated in children with 
OSA, which may suggest on-going systemic inflammation contributing to the 
proliferation of upper airway lymphoid tissues.15 Cysteinyl leukotrienes are major 
mediators of inflammation, potent neutrophil chemoattractants and activator.17 

Upregulation of cysteinyl leukotriene receptor has been found in the tonsils of children 
undergoing tonsillectomy for OSA.18 Montelukast, a cysteinyl leukotriene receptor 
antagonist induced reductions in adenoidal size and respiratory-related sleep 
disturbances.19 There is, however, no available data on airway inflammation and its 
correlation with OSA severity in children. If such a relationship does exist, this will 
generate further interest to examine for the role of anti-inflammatory therapy in 
childhood OSA.  
          Sputum induction has gained popularity over the past few years as a non-invasive 
method in assessing airway inflammation. The technique is well established and safe to 
use in children.20 In this study, we investigated airway inflammation in children with 
OSA by utilising the analysis of differential cell counts in induced sputum.  
 
Methods 
Subjects  
          Children with symptoms suggestive of OSA and aged 6 to 18 years were 
consecutively recruited from our Paediatric Respiratory, Sleep Disorder and Obesity 
Clinic during the period between January 2004 and June 2005. Patients were excluded 
from the study if they had an intercurrent respiratory tract infection, a neuromuscular 
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disorder such as Duchenne muscular dystrophy, craniofacial anomalies or a syndromic 
disorder for example Down syndrome, or if they had previously undergone upper airway 
surgery. The study was approved by the Clinical Research Ethics Committee of the 
Chinese University of Hong Kong and informed written consent from the subjects and 
their parents was obtained at the beginning of the assessment. Each subject on the day of 
admission underwent physical examination and overnight polysomnography (PSG). Lung 
function test and sputum induction were carried in the morning after the overnight PSG.  
 
Anthropometry and physical assessment 
          The weight and standing height of the subjects were measured with a calibrated 
weighing scale and stadiometer by standard anthropometric methods.21 Body mass index 
(BMI) was calculated as weight / height2 (kg/m2).  The sizes of the tonsils were graded 
according to a standardized scale from 0 (absent) to 4 (kissing tonsils).22,23  

   
Lung function  
          This was performed using a standard technique to measure the forced expiratory 
volume in the first second (FEV1) and forced vital capacity (FVC) (Spirolab II, MIR, 
Italy).24 The best of three efforts was compared with local age- and sex-matched 
reference values.25  
 
Sputum induction and processing 
          Sputum induction (SI) involved the incremental inhalation of a 4.5% hypertonic 
saline (4.5% HS) solution via an ultrasonic nebuliser, as described previously.20 SI was 
only performed if the subject’s FEV1 was > 65% predicted. Sputum differential cell 
counts were evaluated by a laboratory investigator blinded to the clinical data of the 
subjects. Specimens containing squamous epithelial cells of less than 50% of the total 
inflammatory cell number were considered as successful inductions. At least 400 
inflammatory cells were counted for each specimen and the percentage of eosinophils, 
neutrophils, macrophages and lymphocytes were recorded.  
 
Sleep Study           
          An overnight PSG was performed on each subject using Siesta ProFusion II PSG 
monitor (Compumedics Telemed PTY Ltd. Abbotsford, Australia), as described 
previously.26 Obstructive apnoea (OA) was defined as absence of airflow with persistent 
respiratory effort lasting longer than 2 baseline breaths, irrespective of SaO2 changes. 
Obstructive Apnoea Index (OAI) was defined as the number of OA per hour of sleep. 
Central Apnoea (CA) was defined as absence of respiratory effort associated with 
absence of airflow. Those of greater than 20 seconds with or without oxygen desaturation 
or arousals, and those of any duration but associated with oxygen desaturation of at least 
4% and/or arousals are quantified. Hypopnoea was defined as a reduction of 50% or more 
in the amplitude of the airflow signal. It was only quantified if longer than 2 baseline 
breaths and associated with oxygen desaturation of at least 4% and/or arousals. Apnoea 
hypopnoea index (AHI) was defined as the total number of apnoeic and hypopnoeic 
episodes per hour of sleep. Oxygen saturation nadir and the percentage of total sleep time 
where oxygen saturation was below 90% were noted. Arousal was defined as an abrupt 
shift in EEG frequency during sleep, which may include theta, alpha and/or frequencies 
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greater than 16 Hz but not spindles, with 3 to 15 seconds in duration. In REM sleep, 
arousals were scored only when accompanied by concurrent increases in submental EMG 
amplitude. We defined OSA as OAI > 1.0. Subjects who were taking as required anti-
histamine were asked to withhold their medication for 48 hours prior to PSG. 
 
Statistical analysis 
          The results were presented as medians with interquartile ranges (IQR). Potential 
factors including demographic data, polysomnographic parameters, lung function 
measures and sputum differential cell counts were evaluated for their association with 
OSA with Mann-Whitney test and chi-square test. Risk factors with a p-value less than 
0.25 were then analyzed by univariate and multivariate logistic regression analysis, using 
a forward stepwise selection strategy. The most significant factor (i.e., the one that would 
result in the largest likelihood ratio statistic) was added to the model at each step and the 
process continued until no further significant contributing factor could be added. 
Whenever two or more potential factors were highly correlated or had P values that were 
similar, the factor that was more clinical or biological important was selected for entry. 
Relationship between airway inflammation and severity of OSA was presented after 
logarithmic transformation. Analyses were performed using SPSS for Windows statistical 
software (version 13.0). The level of significance was set at 5% in all comparisons.  
 
Results 
          Seventy-three consecutive subjects were invited and agreed to participate in this 
study. There were 52 boys and the median (IQR) age of the subjects was 11.3 (10.0-13.2) 
years. Forty-nine subjects had allergic rhinitis for which they used antihistamine on an as 
required basis, and 6 were using regular corticosteroids nasal spray. One subject had 
asthma and seventeen had a combination of allergic rhinitis and asthma, but none of the 
asthmatics were taking regular inhaled corticosteroids and their asthma had been well 
controlled prior to and during this study. All subjects had normal physical examination 
and pulmonary function test; FEV1 and FVC were 94% predicted (83.3-100.8) and 93% 
predicted (84.3-100.8) respectively. The three most common OSA related presenting 
complaints were habitual snoring (snoring for > 3 nights per week), mouth breathing and 
prone sleeping position. All subjects completed the sputum induction protocol and an 
adequate sputum sample was obtained in 43 (59%). None of the subjects complained of 
any adverse effects from the procedure. The characteristics of the subjects with and 
without successful sputum induction are shown in table 1. Those who were able to 
produce an adequate sputum sample were significantly older and taller. 
          Twenty-four subjects satisfied the diagnostic criterion for OSA and of whom 14 
had successful sputum induction. Amongst subjects with successful sputum induction, the 
characteristics of those with and without OSA were compared in table 2. There were no 
significant differences in age, gender distribution, anthropometric measures, pulmonary 
function and tonsil sizes between the two groups. Subjects with OSA had significantly 
higher percentage sputum neutrophils [18.5 (8.0-42.0) vs. 4.0 (3.0-11.3), p = 0.006] and 
lower percentage sputum macrophages [76.0 (56.0-87.0) vs. 84.0 (77.8-89.0), p = 0.015] 
and eosinophils [0.4 (0.0-3.0) vs. 2.0 (0.8-4.2), p = 0.023] their non-OSA counterparts. 
There were no significant differences in the number of subjects with and without asthma 
and allergic rhinitis between those with and without OSA.   
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          Table 3 shows univariate analysis demonstrating significantly different parameters 
between OSA and non-OSA groups. On multiple regression analysis, only percentage 
sputum neutrophil [OR (95%CI) 1.10 (1.02-1.18), p = 0.013) and oxygen saturation nadir 
[0.85 (0.75-0.96), p = 0.007] remained as significant predictors for OSA. Scatter-plot 
showing the relationships between OAI / AHI and sputum neutrophils after logarithmic 
transformation is shown in figure 1. 
 
Discussion 
          We have demonstrated for the first time that in children with obstructive sleep 
apnoea, percentage sputum neutrophils were significantly increased, and that the degree 
of neutrophilic airway inflammation correlated significantly and positively with the 
severity of OSA.  
          Using specific histological parameters and surrogate biomarkers in nasal lavage 
fluid and exhaled breath, previous studies have collectively shown that nasal and 
oropharyngeal mucosal inflammation is present in patients with OSA.6-11 Recurrent 
vibration in the upper airway of children with OSA has been suggested to promote such 
inflammatory changes in tonsillar tissue and upper airway mucosa.27 The stimulation of 
any part of the respiratory tract can have ripple effects along the entire airway and 
reinforces the concept of “united airways”.28 A case was recently reported involving a 
healthy cystic fibrosis patient who developed recurrent cough with worsening lower 
airway obstruction that were reversed following treatment for OSA.29 This observation 
could be explained by the “united airway” hypothesis whereby OSA causes airway 
inflammation that adversely affects the lung function. Neutrophilic airway inflammation 
has been demonstrated in adult patients affected by OSA.30 In the study involving 16 
OSA patients, the authors found significantly higher percentage of neutrophils in the 
induced sputum of patients compared to healthy volunteers [mean (SD), 66.7 (18.9) vs. 
25.8 (15.6), p < 0.001]. The percentage sputum neutrophil count obtained in our current 
study is not as great as that demonstrated in adult patients, and differences in the 
chronicity and severity of disease among adult subjects could explain this discrepancy. 
Adult patients tend to have had prolonged disease prior to diagnosis and they typically 
have more severe OSA compared to their paediatric counterparts. In another study that 
involved 19 male OSA patients, circulating neutrophil levels were higher in affected 
patients than in control subjects.31 In addition, receptors of cysteinyl leukotrienes which 
are potent neutrophil chemoattractants and activator are found at increased levels in the 
tonsils of children undergoing tonsillectomy for OSA.17,18  

          There are limited data evaluating the effects of anti-inflammatory therapy on upper 
airway inflammation in OSA. Topical nasal corticosteroids produced only modest 
therapeutic effect in children with OSA, without any significant change in the size of the 
adenoid or tonsillar tissues.32 This may at least be partly explained by the fact that 
corticosteroids are better in controlling eosinophilic than neutrophilic inflammation. It 
has recently been reported that montelukast, a cysteinyl leukotriene receptor antagonist 
induced significant reductions in adenoidal size and respiratory-related sleep disturbances 
in children suffering from OSA.19 Taken together, there is accumulating evidence to 
support an inflammatory neutrophilic reaction in the airways of patients with OSA.  
          Current research has highlighted the potential use of sputum induction as a non-
invasive method of assessing airway inflammation. The availability of both sputum 
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cellular and fluid components for identifying types of inflammatory cells and pattern of 
cytokines and chemokines has allowed a better delineation of the underlying 
inflammatory process.33,34 The success rate of sputum induction in children has been 
reported to vary from 68% – 100% and the procedure is generally well tolerated.20 If our 
findings can be confirmed in subsequent studies involving larger sample size, then 
sputum examination may be used as an objective assessment of the severity of OSA or a 
guide for the evaluation of success of both medical and surgical interventions.           
          There are a few potential limitations to our study. First, our study was a cross-
sectional assessment at a single time point. Longitudinal data including interventions 
would have provided more interesting data for the association and complex interaction 
between OSA and airway inflammation. Second, we have selected a biased sample as we 
recruited our subjects from attendants to our Paediatric Respiratory, Sleep Disorder and 
Obesity Clinic. Boys are more likely to be obese and this explains the male 
preponderance seen in this study. We had excluded those under the age of 6 years as in 
our experience children under this age were unlikely to success in sputum induction.  
Further studies involving the more typical OSA children will be needed to confirm the 
association between airway inflammation and severity of OSA seen in the current study.   
          Our study has provided a new insight into the pathophysiology of OSA in children, 
highlighting the presence of neutrophilic inflammation in the lower airways. Further 
studies are needed to confirm our findings and to better define the downstream cellular 
interactions and molecular pathogenesis in childhood OSA.   
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Table 1. Characteristics of subjects with and without successful sputum induction 

 With sputum (n=43) No sputum (n=30) p-value 

Age (years) 11.8 (1.08-13.7) 10.6 (8.8-11.6) 0.005 

Male / Female 30 / 13 22 / 8 0.742 

Weight (kg) 53.4 (40.5-66.0) 42.0 (29.6-59.9) 0.071 

Height (m) 1.5 (1.4-1.6) 1.4 (1.3-1.5) 0.008 

BMI (kg/m2) 24.3 (20.7-27.4) 22.8 (15.2-26.8) 0.239 

Tonsil size (left) 1.0 (1.0-3.0) 1.0 (1.0-2.0) 0.617 

Tonsils size (right) 1.0 (0-3.0) 1.0 (1.0-2.0) 0.981 

FEV1 (% predicted) 93.5 (84.0-100.0) 97.0 (82.5-101.0) 0.846 

FVC (% predicted) 92.5 (85.0-100.0) 95.0 (81.0-102.8) 0.871 

FEV1 / FVC 90.0 (85.0-94.0) 91.0 (90.0-94.0) 0.247 

OAI 0.2 (0.0-1.3) 0.3 (0.0-1.4) 0.592 

AHI 2.0 (0.7-5.5) 1.4 (0.2-5.4) 0.340 

% TST with SaO2 < 90% 1.0 (0-0.03) 2.5 (0.2-6.7) 0.561 

SaO2 nadir (%) 87.5 (83.0-91.0) 89.0 (77.5-90.3) 0.991 

Arousal index 6.7 (4.9-11.2) 6.0 (3.9-10.4) 0.349 

Asthma (yes / no) 12 / 31 6 / 24 0.444 

Allergic rhinitis (yes / no) 30 / 13 19 / 11 0.567 

Median (IQR) 
% TST with SaO2 < 90% – percentage of total sleep time with oxygen saturation < 90%. 
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Table 2. Characteristics of subjects with and without OSA 

 Non-OSA (n=29) OSA (n=14) p-value 

Age (years) 11.6 (10.8-13.8) 11.8 (11.0-13.6) 0.678 

Male / Female 22 / 7 8 / 6 1.000 

Weight (kg) 52.3  (39.7-64.4) 53.4 (48.3-66.0) 0.577 

Height (m) 1.5 (1.4-1.5) 1.5 (1.5-1.6) 0.508 

BMI (kg/m2) 24.3 (19.8-27.3) 24.3 (20.9-30.0) 0.836 

Tonsil size (left) 1.0 (1.0-2.0) 2.0 (1.0-3.0) 0.126 

Tonsils size (right) 1.0 (0.0–2.0) 1.5 (1.0-4.0) 0.089 

FEV1 (% predicted) 94.0 (87.0-102.5) 87.0 (82.8-96.0) 0.187 

FVC (% predicted) 95.0 (85.0-100.3) 89.0 (84.8-99.0) 0.531 

FEV1 / FVC 90.0 (88.0-94.3) 86.0 (84.0-93.5) 0.130 

Sputum eosinophils (%) 2.0 (0.8-4.2) 0.4 (0.0-3.0) 0.023 

Sputum neutrophils (%) 4.0 (3.0-11.3) 18.5 (8.0-42.0) 0.006 

Sputum macrophages (%) 84.0 (77.8-89.0) 76.0 (56.0-87.0) 0.015 

Sputum lymphocytes (%) 6.8 (2.0-8.0) 2.5 (1.0-9.7) 0.413 

% TST with SaO2 < 90% 0.1 (0.0-0.2) 1.6 (0.2-3.7) 0.008 

SaO2 nadir (%) 90.5 (84.3-93.0) 82.0 (72.0-87.0) <0.001 

Arousal index (per hr)  5.7 (4.4-8.3) 9.1 (6.8-15.3) 0.010 

Asthma (yes / no) 10 / 19 2 / 12 0.279 

Allergic rhinitis (yes / no) 21/ 8 9 / 5 1.000 

Median (IQR) 
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Table 3. Univariate logistic regression 

 
Non-OSA 
(n=29) 

 
OSA (n=14) 

 
OR (95%CI) 

 
p-value  

Tonsil size (left) 1.0 (1.0-2.0) 2.0 (1.0-3.0) 
1.51 (0.91-2.48) 

0.110 

Tonsils size (right) 1.0 (0.0–2.0) 1.5 (1.0-4.0) 
1.62 (0.98-2.98) 

0.098 

FEV1 (% predicted) 
94.0(87.0- 
102.5) 

87.0 (82.8-96.0) 
0.96 (0.89-1.03) 

0.233 

Sputum eosinophil (%) 2.0 (0.8-4.2) 0.4 (0.0-3.0) 
0.67 (0.44-1.03) 

0.067 

Sputum neutrophil (%) 4.0 (3.0-11.3) 18.5 (8.0-42.0) 
1.08 (1.02-1.16) 

0.014 

Sputum macrophages (%) 84.0 (77.8-89.0) 76.0 (56.0-87.0) 
0.93 (0.88-0.99) 

0.017 

% TST with SaO2 < 90% 0.1 (0.0-0.2) 1.6 (0.2-3.7) 
1.79 (1.01-3.18) 

0.046 

SaO2 nadir (%) 90.5 (84.3-93.0) 82.0 (72.0-87.0) 
0.87 (0.78-0.96) 

0.004 

Arousal index  5.7 (4.4-8.3) 9.1 (6.8-15.3) 
1.25 (1.04-1.51) 

0.020 

Asthma: yes/no 10 / 19 2 / 12 
3.18 (0.59-16.96) 

0.180 
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Figure 1. Scatterplot showing relationship between OAI / AHI and sputum neutrophil 
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