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Original Article

INTRODUCTION

Pediatric sleep-disordered breathing (SDB) describes a spectrum 
of breathing abnormalities, including loud snoring, gasping, up-
per airway resistance syndrome, and obstructive sleep apnea. 
This common debilitating disorder, which causes sleep disrup-
tion, can have adverse behavioral and neurocognitive conse-

quences. Previous studies have confirmed that SDB is associated 
with increased incidences of depression, inattention, and hyper-
activity and dysfunction in memory, executive functioning, and 
general intelligence [1-3]. Furthermore, a recent meta-analysis 
study showed that school-age children with SDB may have 
poorer academic performance than their counterparts without 
SDB [4].

The development of SDB in children is associated with multi-
ple factors, including adenotonsillar hypertrophy, allergic rhini-
tis, obesity, and craniofacial abnormalities. Among those, adeno-
tonsillar hypertrophy is known as a major cause in SDB symp-
toms and it could be easily improved by simple adenotonsillec-
tomy in most cases. In confirmation, multiple studies have 
shown that adenotonsillectomy improved behavioral and neuro-
cognitive deficits in children with SDB [5-7]. Unfortunately, 
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Objectives. Pediatric sleep-disordered breathing (SDB) is a common debilitating disorder that can adversely affect the at-
tention and academic performance of school-age children. Unfortunately, only a few studies have examined the effect 
of SDB treatment on attention in pediatric populations. Therefore, the aim of this study was to prospectively investi-
gate the effect of SDB treatment on attention in children.

Methods. This study consecutively enrolled SDB children with adenotonsillar hypertrophy. All subjects underwent stan-
dard-of-care treatment (adenotonsillectomy or close observation) and were evaluated using a computerized compre-
hensive attention test at the initial visit. Comprehensive attention tests consisted of both sustained and divided atten-
tion tasks. Each completed task was assigned an attention score, which was based on the number of omission or 
commission errors. The comprehension attention test was repeated 1 year later.

Results. A total of 171 children who underwent adenotonsillectomy and 32 children who did not undergo adenotonsillec-
tomy were included in this study. At baseline, there was no significant difference according to the score of all type 
comprehension attention tests between children in the adenotonsillectomy group and in the observation group. One 
year after treatment, children in the adenotonsillectomy group had significantly improved scores in all attention 
tasks. Children in the observation group had only significant improvement in omission errors on sustained attention 
tasks. Meanwhile, the attention score based on commission errors of divided attention tasks was significantly worse 
than at baseline for those.

Conclusion. Our study showed that adenotonsillectomy may be helpful in improving attention in children with SDB.
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these studies largely utilized subjective measures and the effect 
of adenotonsillectomy on objective behavioral and neurocogni-
tive measures has not been sufficiently examined in children 
with SDB. Additionally, most studies examining the effects of 
SDB were performed on Western children, who may be affected 
differently than Asian children. 

Therefore, the present study objectively examined the effect 
of adenotonsillectomy on attention in Korean children with 
SDB. Children with SDB who did not undergo an adenotonsil-
lectomy were also included to serve as a comparison group.

MATERIALS AND METHODS

Participants
This study included consecutive subjects who visited our pediat-
ric SDB clinic because of habitual mouth breathing, snoring, or 
sleep apnea, and simultaneously had adenotonsillar hypertro-
phy, between May 2013 and February 2016. All subjects under-
went standard-of-care examination and treatment and all clini-
cal data used in this study were obtained from the medical re-
cords. However, attention data were prospectively obtained 
through study-related attention testing. Subjects were excluded 
from study participation if any of the following were true: young-
er than 4 years and older than 9 years of age, history of atten-
tion deficit/hyperactivity disorder or other psychological disor-
der, presence of hearing or vision deficits according to their par-
ent’s comments, body mass index (BMI) at or above the 95th 
percentile, positive result of skin prick test (SPT) for the evalua-
tion of allergic rhinitis, or diagnosis of a craniofacial syndrome 
or neuromuscular disease. The study protocol was approved by 
the Institutional Review Board of Chuncheon Sacred Heart 
Hospital (IRB No. 2016-50) and, all study subjects provided 
written informed consent to participate in the study. All study 
conduct adhered to the tenets of the Declaration of Helsinki.

Evaluation of nasal symptoms
All caregivers were asked to complete a nasal symptom ques-
tionnaire at the initial clinic visit. The total nasal symptom score 
(TNSS) was determined based on the following four items: rhi-

norrhea, sneezing, itchy nose, and nasal obstruction. Caregivers 
also completed a questionnaire regarding the number of upper 
respiratory infections (URIs) their child had experienced within 
the past year. The Korean version of the obstructive sleep ap-
nea-18 (KOSA-18) score test was also administered to parents/
guardians. Based on these data, children underwent adenoton-
sillectomy or were treated with close observation. For example, 
we recommended close observation for the children who 
showed a relatively lower score on the questionnaires, including 
the number of URIs, TNSS, or KOSA-18. Children who did not 
undergo adenotonsillectomy were treated with close monitoring 
of symptoms and were treated on an as-needed (e.g., URI medi-
cation) basis for 1 year. 

Evaluation of adenotonsillar hypertrophy and allergic rhinitis
All patients were examined by the same pediatric sleep surgeon 
(DKK). All subjects had their adenotonsillar hypertrophy graded 
based on oropharyngeal endoscopy and lateral cephalometry 
findings. Palatine tonsil size was graded using the Friedman stag-
ing system [8]. The ratio of the adenoids to the nasopharyngeal 
airway was defined as the ratio of the adenoid thickness to the 
nasopharyngeal airway width, as previously described [9], and 
was graded using the following 4-point system: grade 1, 0%–
25%; grade 2, 25%–50%; grade 3, 50%–75%; and grade 4, 
75%–100%. Adenotonsillar hypertrophy was defined as grade 
3 or 4 hypertrophy of the palatine tonsils and/or adenoids [10]. 
The presence/absence of allergic rhinitis was determined using 
specific allergen tests, including the SPT. The SPT was per-
formed using standardized extracts (Allergopharma, Reinbek, 
Germany) from 13 common aeroallergens, including house dust 
mites (Dermatophagoides pteronyssinus, Dermatophagoides 
farinae), mold (Aspergillus fumigatus, Alternaria alternata), an-
imal dander (cat epithelia, dog epithelia), pollen (tree pollen 
mixture I, tree pollen mixture II, oak, grass pollen mixture, mug-
wort, and ragweed), and cockroach (Blattella germanica). 

Comprehensive attention testing
Attention was evaluated using the computerized comprehensive 
attention test (CAT), which was developed by the Korean Acad-
emy of Child and Adolescent Psychiatry. The computerized CAT 
for sustained and divided attention was performed using previ-
ously described methods [11-13]. Briefly, the sustained attention 
task assessed the ability to maintain consistent behavioral re-
sponses during continuous and repetitive activities. Visual stimu-
li in various shapes were presented every 2 seconds for 10 min-
utes. Participants were instructed to respond to all shapes, ex-
cept for the “X” shape. Therefore, the task measured the sub-
ject’s capacity to inhibit responses to certain stimuli under sus-
tained attention conditions. The divided attention task demand-
ed more attention than the sustained attention task. Divided at-
tention involves the ability to simultaneously respond to more 
than two tasks. In the divided attention task, auditory and visual 

   Adenotonsillectomy may be effective on the improvement of 
attention in Korean sleep-disordered breathing children who 
have adenotonsillar hypertrophy.

   All types of attention scores, such as sustained and divided at-
tention are improved in the adenotonsillectomy group. 

   When practicing sleep-disordered breathing children, we need 
to closely evaluate and routine correction of adenotonsillar 
hypertrophy may be recommended.
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stimuli were simultaneously presented every 2 seconds for 3 
minutes 20 seconds. Participants were instructed to only re-
spond when an auditory or visual stimulus was the same as that 
presented in the preceding pair of stimuli. The number of omis-
sion and commission errors was evaluated for each attention 
task. An omission error indicates inattention and was defined as 
the failure to respond to a target. A commission error indicates 
impulsivity and was defined as an inappropriate response to a 
stimulus. Potential confounding factors were removed by adjust-
ing the computerized CAT results to those of a standard sex- 
and age-matched population. The standard population had at-
tention task scores with a mean of 100 and a standard deviation 
of 15.

Statistical analysis
Data are presented as mean±standard deviation unless other-
wise specified. Independent t-tests and chi-square tests were 
used to determine the statistical significance of differences in 
general characteristics between children in the adenotonsillecto-
my and observation groups. In addition, paired t-tests were used 
to compare repeated computerized CAT results within treat-
ment groups. All statistical analyses were performed using IBM 
SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA) and statistical 
significance was defined as P<0.05.

RESULTS

Subject characteristics
A total of 160 children were initially enrolled in the study. Mean 
subject age was 6.5±1.7 years (range, 4 to 9 years) and 109 
participants (68.1%) were male. A total of 138 children (86.3%) 
were in the adenotonsillectomy group and 22 children (13.7%) 
were in the observation group. The clinical characteristics of 
each study group are summarized in Table 1. There were no sig-

nificant differences between the groups in age, sex ratio, BMI, or 
size of the adenoid and tonsil, the number of URIs, mean TNSS 
score, and mean KOSA-18 scores. In addition, on children with 
adenotonsillectomy, the mean total scores for KOSA-18 on 
1-year follow-up (after surgery) were significantly lower than 
those for KOSA-18 on baseline (before surgery; 60.2 to 33.0, 
P<0.001). However, there was no significant difference of the 
mean total KOSA-18 score in children without adenotonsillec-
tomy between baseline and 1-year follow-up (66.0 and 62.1, re-
spectively). 

Baseline attention status
The baseline computerized CAT result for sustained attention 
was 88.3±21.3 based on omission errors and 90.0±15.0 based 
on commission errors in the observation group and 90.8±21.6 
based on omission errors and 90.6±14.3 based on commission 
errors in the adenotonsillectomy group. There was no significant 
difference of any types of sustained attention scores between 
two groups (Fig. 1). 

Table 1. General characteristics of subjects 

Variable
Children without 

adenotonsillectomy 
(n=22)

Children with 
adenotonsillectomy 

(n=138)
P-value

Age (yr) 6.5±1.6 6.5±1.7 0.981
Male sex 14 (63.6) 95 (69.6) 0.629
BMI (kg/m2) 16.8±2.6 16.4±2.1 0.567
Adenoid 2.7 (0.8) 2.9 (0.8) 0.173
Tonsil 3.3 (0.7) 3.1 (0.9) 0.426
Frequent URI  8.1±5.0  7.4±4.5 0.545
TNSS 18.0±5.0 16.6±8.5 0.491
KOSA-18  66.0±14.6  60.2±14.0 0.100

Values are presented as mean±standard deviation or number (%). 
BMI, body mass index; URI, upper respiratory infection; TNSS, total nasal 
symptom score; KOSA-18, Korean version of the obstructive sleep ap-
nea-18.

Fig. 1. Comparisons of comprehensive attention test results between children without and with adenotonsillectomy groups on baseline. OE, 
omission errors; CE, commission errors.
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The baseline computerized CAT result for divided attention 
was 93.0±13.3 based on omission errors and 85.2±16.7 based 
on commission errors in the observation group and 91.0±19.8 
based on omission errors and 86.0±18.7 based on commission 
errors in the adenotonsillectomy group. Children in the observa-
tion group had higher attention scores based on omission errors 
(P=0.646) and lower attention scores based on commission er-
rors (P=0.841) than children in the adenotonsillectomy group, 
but these differences were not significant (Fig. 1).

Effect of adenotonsillectomy on attention status
On 1-year follow-up, the commission errors of sustained atten-
tion and the omission/commission errors of divided attention 
showed a significant difference between observation group and 
adenotonsillectomy group (Fig. 2). The CAT results were com-
pared between baseline and 1 year to investigate the effect of 
adenotonsillectomy on attention. Children in the observation 
group showed a significant worseness in divided attention task 
score based on commission errors (P=0.034), but no change in 
sustained attention task score based on commission errors 
(P=0.409) (Table 2). For the omission errors in sustained and di-
vided attention, children in the observation group had no signifi-

cant change between baseline and 1-year follow-up (P=0.101 
and P=0.654). In contrast, children in the adenotonsillectomy 
group had significantly higher scores at 1 year (both omission 
error- and commission error-based scores) for both sustained 
and divided attention tasks (Table 3).

DISCUSSION

The symptoms of SDB, which is prevalent in children, include 
obstructive sleep apnea and frequent loud snoring, snorting, or 
gasping. Pediatric SDB is also associated with daytime function-
ing deficits in cognitive performance and behavioral regulation. 
Previous studies have also suggested that SDB in children nega-
tively impacts school performance [14-16]. However, the causal 
relationship between pediatric SDB and neurobehavioral per-
formance has not been firmly established. It has been suggested 
that SDB in childhood results in a decreased arterial blood oxy-
gen saturation, and subsequent intermittent episodes of brain 
hypoxemia [17-19]. Therefore, sleep disturbances may play a 
role in altering attention in the pediatric population.

Adenotonsillar hypertrophy is a major contributor to SDB in 

Table 3. Comparisons of comprehensive attention test results be-
tween baseline and 1-year follow-up data in children with adenoton-
sillectomy   

Children with 
 adenotonsillectomy (n=171)

Baseline
1-year 

follow-up
P-value

Sustained attention test
   Omission errors
   Commission errors

 
90.8±21.6
90.6±14.3

 
 96.3±12.6
103.2±13.0

 
0.012

<0.001
Divided attention test
   Omission errors
   Commission errors

 
91.0±19.8
86.0±18.7

 
102.6±16.3
102.1±9.0

 
<0.001
<0.001

Values are presented as mean±standard deviation. 

Table 2. Comparisons of comprehensive attention test results be-
tween baseline and 1-year follow-up data in children without adeno-
tonsillectomy

Children without 
 adenotonsillectomy (n=32)

Baseline
1-year 

follow-up
P-value

Sustained attention test
   Omission errors
   Commission errors

  
88.3±21.3
90.0±15.0

  
96.3±8.6
 93.0±14.1

  
0.101
0.409

Divided attention test
   Omission errors
   Commission errors

  
93.0±13.3
85.2±16.7

  
 94.7±10.1
 73.4±18.1

  
0.654
0.034

Values are presented as mean±standard deviation. 

Fig. 2. Comparisons of comprehensive attention test results between children without and with adenotonsillectomy groups on 1-year follow-up. 
OE, omission errors; CE, commission errors. 

Sustained attention test (OE) Sustained attention test (CE) Divided attention test (OE) Divided attention test (CE)

P=0.994
P=0.004 P=0.004 P<0.001

96.3
93 94.7

73.4

96.3
103.2 102.6 102.1

Children with adenotonsillectomy
Children without adenotonsillectomy

A
dj

us
te

d 
at

te
nt

io
n 

sc
or

e



 Kim MJ et al. Attention Status and Adenotonsillectomy    203

children. As a result, tonsil removal generally leads to significant 
improvements in SDB symptoms. In addition, several studies 
have indicated that hearing or visual problems, obesity, allergic 
rhinitis, craniofacial abnormalities, and impaired upper airway 
patency neural control are associated with pediatric SDB [20-
22]. Therefore, because attention deficits are known to be multi-
factorial, the current study was specifically designed to isolate 
and identify the effects of adenotonsillectomy on attention in 
children with SDB and adenotonsillar hypertrophy. Attention 
scores of study subjects were adjusted for potential confounding 
factors (e.g., sex and age) and patients with conditions known to 
affect attention (i.e., hearing or visual problems, obesity, allergic 
rhinitis, craniofacial abnormalities, and impaired upper airway 
patency neural mechanisms) were excluded. 

In the present study, observation group was defined as when 
the physician recommended surgery, but the patient’s caregiver 
chose to follow up and we examined the relationship between 
adenotonsillectomy and attention (sustained and divided) in 
children with SDB. We found that the observation group has no 
any significant improvement of any types of attention test. 
However, the sustained and divided attention scores based on 
omission and commission errors increased in children in the ad-
enotonsillectomy group. Moreover, 1 year after the initial visit, 
children in the observation group had a decrease from baseline 
in divided attention task scores based on commission errors. 
This result suggests that adenotonsillectomy may be more bene-
ficial to SDB children with adenotonsillar hypertrophy, as op-
posed to close monitoring with on-demand medical treatment. 
Interestingly, we used the computerized CAT as an objective 
measure of attention, which has both sustained and divided at-
tention tasks and is based on omission and commission errors. 
Sustained attention is defined as the ability to direct and focus 
cognitive activity on specific stimuli for a sustained period of 
time (e.g., reading a newspaper article) [23,24]. Thus, in order to 
complete any cognitively planned activity or thought, one must 
use sustained attention. In contrast, divided attention is required 
to actively pay attention to two or more tasks at the same time 
(e.g., reading an email while listening to someone talk, simulta-
neously watching television and surfing the internet) [25,26]. 
Therefore, divided attention requires more concentration than 
sustained attention.

Our study showed that adenotonsillectomy was more effec-
tive in improving divided attention than observation in children 
with SDB. This suggests that appropriate treatment of pediatric 
SDB is beneficial for improving attention and that, SDB children 
with adenotonsillar hypertrophy and adenotonsillar hypertro-
phy should be considered for early surgical intervention to re-
solve SDB symptoms. One randomized study showed that cog-
nitive scores improved significantly more in subjects who had 
undergone adenotonsillectomy than in those who had simply 
been observed [27]. Another controlled prospective cohort 
study found a reduction in omission and commission errors in 

children who had undergone adenotonsillectomy, but not in 
children who had not [28]. However, some studies showed that 
attention was not significantly changed by adenotonsillectomy 
[29,30]. One of these studies demonstrated improvements in re-
spiratory parameters and snoring frequency following adeno-
tonsillectomy, but neurocognitive performance was not affected 
differently than in the observation group [29]. The other study 
examined children with obstructive sleep apnea and found no 
difference between the adenotonsillectomy and observation 
groups in attention or executive function improvements, as mea-
sured by neuropsychological testing [30].

Advantages of the present study were that it used objective 
measures of attention, had a longitudinal design, and ruled out 
allergic rhinitis; it is well known that pediatric allergic rhinitis is 
associated with a poor attention status. However, our study had 
several limitations. First, our subjects were not randomly placed 
into the treatment and control groups. Second, a selection bias 
may have been introduced into our data because our cohort was 
hospital-based. However, this may have been partially overcome 
because of our study’s prospective design. Third, our study did 
not account for socioeconomic status or parental education, 
both of which are known to influence a child’s attention status. 
Fourth, in addition to adenotonsillectomy, variable confounding 
factors can have an effect on the 1-year follow-up CAT results. 
Finally, in this study, we did not perform the full-night polysom-
nography on all children to detect for the presence of OSA in 
this study. Only 33 children (16.3%) performed the full-night 
polysomnography due to high cost. The diagnosis of pediatric 
SDB in the present study was performed by using clinical exam-
ination (tonsillar or adenoid hypertrophy) and symptoms of 
snoring/apnea announced by caregiver.

In conclusion, our study suggests that Korean children who 
have adenotonsillar hypertrophy and SDB-associated attention 
problems could be helped by treatment with an adenotonsillec-
tomy. In fact, both sustained and divided attention was im-
proved in the adenotonsillectomy group. Therefore, regular eval-
uation and routine correction of adenotonsillar hypertrophy 
may be warranted, particularly in Korean children with SDB 
and attention problems.
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