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INTRODUCTION

Obstructive sleep apnea (OSA) in children can also lead to several co-morbidities such as 
attention deficit, dentofacial abnormality, poor school performance, growth retardation, heart 
problem, hypertension, or enuresis.1,2 It was also reported that the children with OSA had high 
prevalence of neurobehavioral deficiency and it was significantly improved after adenotonsil-
lectomy.3 Therefore, its early diagnosis and treatment has drawn attention from sleep physi-
cians and parents. Hypertrophy of the tonsils and adenoids are the most common cause of 
OSA in children.4 The severity of OSA can be diagnosed by full night polysomnography and 
American Academy of Pediatrics recommends nocturnal polysomnography as a gold stan-
dard test for diagnosis of OSA in children before adenotonsillectomy.5 However, most of the 
patients undergo adenotonsillectomy without sleep study results when they are diagnosed as 
having hypertrophic tonsils or adenoids because surgeons contemplate that the night time 
symptoms will be much improved after adenotonsillectomy in general. However, it is still dif-
ficult to predict the severity of OSA and explain it to parents simply on the basis of adenoton-
sillar hypertrophy. The main manifestations of OSA in children are snoring, pause of breath-
ing, apnea, and mouth breathing. The present study is aimed to identify whether a minimal 
combination of questionnaires will be useful in prediction of OSA in children. 
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Background and ObjectiveaaThis study was aimed to identify clinical efficacy of subjective symptoms in prediction of obstructive sleep 
apnea (OSA) in children.
MethodsaaMedical records of children under age of 12 years who underwent attended full night polysomnography were reviewed. Ques-
tionnaires in the Korean version of OSA-18 were answered by all of the patients. Among the questionnaires, the scores of snoring, apnea 
and mouth breathing were summated to analyze the correlation between subjective symptoms and apnea hypopnea index (AHI). The hy-
pertrophy of the tonsils and adenoids were graded from 1 to 4.
ResultsaaA total of 68 patients (45 males and 23 females) were included in this study. The average age of patients was 6.9 years. The aver-
age score of snoring, apnea and mouth breathing was 5.1, 3.7 and 5.1, respectively. The average grade of tonsil and adenoid hypertrophy 
was 2.9 and 2.5, respectively. While the Korean version of OSA-18 score and AHI did not show a significant correlation (p = 0.222), the sum 
of snoring, apnea and mouth breathing score showed a significant correlation with AHI (p = 0.019). A composite score including snoring, 
apnea, mouth breathing, and adenotonsillar hypertrophy was also correlated with AHI (p = 0.035). However, adenotonsillar hypertrophy 
was not correlated with AHI.
ConclusionsaaThe present study showed that OSA in children was better predicted by subjective symptoms, in particular, snoring, 
apnea and mouth breathing than adenotonsillar hypertrophy. Sleep Med Res 2014;5(1):25-28
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METHODS

Patient Selection
Children with age of 12 years or less who visited the sleep 

clinic with symptoms of snoring, breathing difficulties or 
mouth breathing during sleep between September 2010 and 
June 2012 were retrospectively enrolled. Children with congeni-
tal disorders, Down’s syndrome, neuromuscular diseases and 
chronic lung diseases were excluded. All of them underwent at-
tended full night polysomnography and their medical records 
were reviewed. They underwent endoscopic nasal and oropha-
ryngeal examination and lateral cephalometry was performed. 
The parents of the children were asked to answer questionnaires 
in the Korean version of OSA-18. This study was approved by 
the Institutional Review Board.

Attended Full Night Polysomnography
Polysomnography (EmblaTM N 7000, Embla, Reykjavik, Ice-

land) were performed with standard electrodes and sensors. 
Electroencephalography electrodes were applied at C4/A1, C3/
A2, O1/A2 and O2/A1 and two electrooculography electrodes 
were applied. Electromyography electrodes were applied at the 
submentalis muscle and anterior tibialis muscle. A strain gage 
was used for recording chest and abdominal respiratory move-
ment and a nasal pressure cannula was used to record airflow. 
Oxygen saturation was measured using a pulse oxymeter ap-
plied to the index finger. Based on the criteria of Rechtschaffen 
and Kales, sleep was scored for every 30-second epoch of the 
polysomnogram. Apnea was defined as complete cessation of 
airflow for at least 2 breaths. Hypopnea was defined as a sub-
stantial reduction in airflow (> 50%) for at least 2 breaths or a 
moderate reduction in airflow for at least 2 breaths associated 
with electroencephalographic arousal or oxygen desaturation 
(≥ 3%). The apnea hypopnea index (AHI) was defined as the 
total number of apneas and hypopneas per hour of sleep and 
the oxygen desaturation index was calculated as the number of 
oxygen desaturations (≥ 4%) per hour of sleep.6,7

Grading of Adenotonsillar Hypertrophy
Grading of the adenoids and palatine tonsils was performed 

as previously performed.8 In brief, the adenoids were graded 
using the lateral cephalometry. The ratio of the adenoids to na-
sopharynx was defined as the ratio between the adenoid thick-
ness and nasopharyngeal width, and it was designated as A/N 
ratio. The grade of adenoid thickness was defined according to 
the A/N ratio: grade 1 denotes 0% to 25%, grade 2 denotes 25% 
to 50%, grade 3 denotes 50% to 75%, and grade 4 denotes 75% 
to 100%. The tonsils were graded from 1 to 4 according to the 
grading system of tonsil size in Friedman staging system, which 
has strong correlation with objective tonsil volume.9,10 

Korean Version of OSA-18 
Parents of the patients were asked to sleep questionnaires of 

the Korean version of OSA-18.11 The OSA-18 consists of 18 
items in five domains (sleep disturbance, physical suffering, 
emotional distress, daytime problems, and caregiver concerns). 
A scoring system was used ranging from 1 (none of the time) to 
7 (all of the time) to grade the relative severity of the problem 
addressed in each item. The total score of OSA-18 was from 18 
to 126. Out of the items in the questionnaire, the sum of snor-
ing, breath pause at night and mouth breathing score was cal-
culated. 

Statistical Analyses 
Correlations analyses were performed to identify the rela-

tionship between AHI and subjective symptoms, adenotonsillar 
hypertrophy or a composite parameter including both of sub-
jective symptoms and adenotonsillar hypertrophy. Receiver op-
erating characteristic (ROC) curve analyses were performed to 
identify cutoff values of parameters to predict OSA in children. 
A value of p < 0.05 was considered statistically significant.

RESULTS

A total of 68 patients (45 males and 23 females) were includ-
ed in this study. The average age of patients was 6.9 years. The 
average z-score of body mass index was -0.19 ± 1.39. The aver-
age of tonsil and adenoid grade was 2.9 ± 0.9 and 2.5 ± 1.1 and 
the average sum of tonsil and adenoid grade was 5.3 ± 1.6. The 
average score of Korean version of OSA-18 was 64.5 ± 21.7. 
The score of snoring, apnea and mouth breathing was 5.1 ± 1.6, 
3.7 ± 1.7, and 5.1 ± 1.7, respectively. The average sum of snoring, 
apnea and mouth breathing score was 13.9 ± 4.1. The average 
composite score of subjective symptoms (snoring, apnea and 
mouth breathing) and adenotonsillar hypertrophy was 19.1 ± 
4.7. The median AHI was 3.7.

 
Correlation between AHI and Adenotonsillar 
Hypertrophy

There was no significant correlation between AHI and tonsil 
grade (p = 0.636) or adenoid grade (p = 0.603). AHI also showed 
no correlation with the sum of tonsil grade and adenoid grade 
(p = 0.362). 

 
Correlation between AHI and Subjective Symptoms

There was no correlation between AHI and the total score of 
Korean version of OSA-18 (p = 0.222). On the other hand, AHI 
had a significant correlation with the sum of snoring, apnea and 
mouth breathing score (p = 0.019). AHI also has a significant 
correlation with the composite score including the three sub-
jective symptoms and adenotonsillar hypertrophy (p = 0.035). 
However, when we put the same weight on the symptoms (50%) 
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and adenotonsillar hypertrophy (50%), there was no significant 
correlation between AHI and the composite score. (p = 0.114) 
(Table 1). 

ROC Curve Analyses
Receiver operating characteristic curve analyses were per-

formed when pediatric OSA was diagnosed with AHI > 1.0. 
The cutoff point for the sum of snoring, apnea and mouth 
breathing score to predict OSA in children (AHI ≥ 1) was 13.5 
(sensitivity = 56.0%, specificity = 62.7%, and area under curve 
= 0.618). The cutoff point for the composite score including 
adenotonsillar size grade in addition to the 3 symptoms was 
17.5 (sensitivity = 66.0%, specificity = 62.5%, and area under 
curve = 0.620) (Fig. 1).

DISCUSSION

The present study revealed that subjective symptoms were 
more significantly correlated with AHI than the size grade of 
the palatine tonsils or adenoids. In a practical clinical setting, 
even though clinicians know that polysomnography is a gold 

standard for diagnosis of OSA and for decision-making of ad-
enotonsillectomy in children, it is not general for both clinicians 
and parents to reach an agreement on conduction of polysom-
nography because of the following reasons. Firstly, polysom-
nography has some limitations such as high cost and uncom-
fortable sleeping environment for children. Secondly, most of 
the children with adenotonsillar hypertrophy have much im-
provement after surgical treatment. Nonetheless, it may not be 
recommendable for sleep physicians and surgeons not to pre-
dict the severity of OSA before performing adenotonsillecto-
my. Even parents want to know whether their children will be 
diagnosed as having OSA and be informed of it by physicians 
in a hospital even if they are reluctant to pay for polysomnog-
raphy. 

Therefore, it is necessary to predict the presence of OSA using 
several objective findings and subjective symptoms from chil-
dren. In general, the size of the tonsils and adenoids seem to be 
the most commonly used for determination of surgical indica-
tion and for prediction of OSA. There have been controversies 
on the predictability of adenotonsillar size for OSA. Some stud-
ies showed that adenotonsillar size did not predict the severity 
of AHI12,13 while another study revealed that tonsil weight can 
be a predictor of AHI.14 On the other hand, OSA-18 has been 
most commonly used as a survey to predict OSA in children.11 
OSA-18 has been shown to be effective as a tool to compare the 
quality of life before and after adenotonsillectomy.15,16 However, 
some clinical researches suggested that OSA-18 had poor va-
lidity in detecting and predicting pediatric OSA.17,18 The OSA-
18 questionnaire consists of 18 items including psychological 
and parental parameters as well as physical parameters. It also 
takes some time to fill up all the items. In the present study, we 
tried to identify the efficacy of a minimal combination of ques-
tionnaires in detecting pediatric OSA. Snoring, pause of breath-
ing and mouth breathing are the 3 most common manifesta-
tions of children who visit pediatric sleep clinic. Therefore, we 
developed a new summated score combining snoring, apnea 
and mouth breathing score. Furthermore, we analyzed to iden-

Table 1. Relationship between AHI and adenotonsillar hypertro-
phy or subjective symptoms

Correlation 
coefficient

p-value

Tonsil size grade 0.058 0.636
Adenoid size grade 0.064 0.603
Tonsil & adenoid size grade 0.112 0.362
Korean version of OSA-18 0.188 0.222
Sum of snoring, apnea & mouth 
  breathing score

0.307 0.019

Composite score of snoring, apnea, 
  mouth breathing & adenotonsillar 
  hypertrophy grade

0.277 0.035

AHI: apnea hypopnea index, OSA: obstructive sleep apnea.

Fig. 1. Receiver operating characteris-
tic (ROC) curve. A: The area under the 
ROC curve of the sum of snoring, apnea 
and mouth breathing score for apnea 
hypopnea index was 0.618 (sensitivity = 
56.0%, specificity = 62.7%). B: The area 
under the ROC curve of composite score 
of snoring, apnea, mouth breathing & ad-
enotonsillar hypertrophy grade for apnea 
hypopnea index was 0.620 (sensitivity = 
66.0%, specificity = 62.5%). AUC: area 
under curve.
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tify whether addition of adenotonsillar size grade to the symp-
tom score will show a synergistic effect on detection of pediat-
ric OSA. We found that only the size of the tonsils and adenoids 
was not useful and synergistic in detection of pediatric OSA. 
On the other hand, the minimal combination of major symp-
tomatic manifestations was significantly correlated with AHI 
while the OSA-18 did not show significant correlation with AHI. 

In conclusion, the present study demonstrated that AHI of 
OSA in children were better correlated with subjective symp-
toms, in particular, snoring, apnea and mouth breathing than 
the anatomical size grade of adenotonsillar hypertrophy. Instead 
of the whole OSA-18 questionnaires, its breathing-associated 
key items may be effectively used in prediction of OSA. Con-
sidering that the present study did not include a large number 
of children, a future study is warranted to validate the efficacy 
of the minimal combination of symptom scores in detection and 
prediction of pediatric OSA. 
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