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Introduction

Obstructive sleep apnea (OSA) is one of the important public 
health concerns in children since OSA is known to result 
in behavioral and cognitive impairments, and physiological 
deficits, worsening the quality of life (QOL) (1,2).  
In addition, OSA can also have a negative impact on 

cardiovascular and metabolic systems even in childhood (2). 
The negative impact of OSA may not simply be confined to 
the short-term wellness and development during childhood, 
but may continue adversely affecting the long-term wellness 
even in adulthood (JCH). The recurrent obstruction 
of the upper airway during sleep evokes to intermittent 
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oxygen desaturation, intrathoracic pressure changes, and 
repetitive arousals, which contribute to the alteration of 
systemic blood pressure and promote target-organ damage 
through heterogeneous and synergetic mechanisms (3). 
The prevalence of OSA in children has been reported to 
be 1–6% (1,4) and varies according to the age group; up to 
6% among preschooler children, 4.7% among 8–11 years 
old and 4.3% in those 16–19 years old (4-6), suggesting that 
the prevalence of OSA declines with growth. Adenotonsillar 
hypertrophy plays an important role in the pathogenesis of 
childhood OSA (7). Thus, adenotonsillectomy (AT) provides 
resolution of childhood OSA in cases with adenotonsillar 
hypertrophy. Indeed, AT is regarded as the first-line 
treatment for children with OSA and adenotonsillar 
hypertrophy (8). However, some adolescents may reveal 
spontaneous resolution of OSA. A previous study, based on 
the Childhood Adenotonsillectomy (CHAT) study data, 
reported that, among patients with mild to moderate OSA, 
normalization of polysomnographic (PSG) findings was 
observed in 76% of 5- to 9-year old children in the early-
AT group, whereas 46% of children in the watchful waiting 
group showed spontaneous resolution of OSA (9). On the 
other hand, adolescent boys were more likely to suffer from 
OSA than girls in a study describing that more than one-
third of the boys without OSA at the baseline progressed to 
OSA [defined as an obstructive apnea-hypopnea index (AHI) 
≥1 event per hour by home PSG] in a 5-year follow-up 
period (10). In general, males were associated with a higher 
incidence of (persistent) OSA around middle childhood and 
late adolescence when OSA was evaluated by questionnaire 
and sleep study (6).

In adults, obvious gender differences in the prevalence 
and severity of OSA were reported. OSA is 2–3 times 
more prevalent in men than in women (11). Such 
male predominance also occurs in young adults (i.e., 
when premenopausal women and men of similar age 
are compared), whereas the prevalence of OSA in 
postmenopausal women approaches that of men of 
similar age (12). The menopause transition is significantly 
associated with an increased likelihood of OSA (13,14). 
These findings suggest that reductions in the secretion of 
estrogen and/or progesterone in women may play a role in 
the sex difference in the prevalence and severity of OSA, 
and that estrogen and/or progesterone may be protective 
against OSA (15). Given such sex differences in adulthood 
OSA, there might be similar sex differences in childhood 
OSA resulting from the greater secretion of estrogen and/
or progesterone around age of puberty in girls. 

On the  other  hand,  spontaneous  remiss ion of 
hypertrophied adenotonsillar tissues has been known 
to occur before the onset of puberty (16,17). There is a 
possibility for spontaneous resolution of OSA before middle 
adolescence. Thus, we hypothesized that a sex difference 
in OSA existed among children after the age of puberty, 
whereas such sex difference in OSA would not be observed 
among children before the age of puberty. To test this 
hypothesis, we compared anthropometric data, sleep study 
data and radiographic parameters in girls with those in boys 
during early and middle childhood. 

Methods

Subjects

In this retrospective study, sixty three Japanese children 
(age between 3 and 15 years old) who visited our institution 
(Department of Otorhinolaryngology, Head and Neck 
Surgery at Juntendo University Hospital, Tokyo, Japan) 
because of snoring, apparent apnea, with and without 
sleepiness, and who were diagnosed as having OSA defined 
as ≥1 apnea or hypopnea events per hour of sleep (i.e., 
the AHI) by overnight polysomnography, were enrolled 
between January 2014 and December 2015. Symptoms 
of sleepiness were follows: (I) need for daytime naps; (II) 
awaking confused or disoriented; and (III) restlessness. 
To eliminate any potential confounding factors in the 
clinical features, only Japanese children were included. 
Other exclusion criteria were as follows: (I) a history of 
pharyngeal surgery or orthognathic surgery; (II) treatment 
for sleep-disordered breathing, including use of oral 
appliances, oxygen inhalation, and positive airway pressure 
therapy prior to the sleep study; and (III) refusal to 
undergo pharyngeal radiography. All children underwent 
otorhinolaryngologic examination at the outpatient clinic 
in our institution and physical examination was carried 
out by experienced otolaryngologists in each child to 
assess their physical state, height and weight, tonsil size. 
Body mass index (BMI) (kg/m2), based on direct height 
and weight measurements, was converted to age- and sex-
adjusted percentiles. BMI ≥95th percentile for age and sex 
was defined as obesity. The growth charts cited were from 
the website of Japanese Society for Pediatric Endocrinology 
(http://jspe.umin.jp/medical/taikaku.html). Tonsil size was 
graded using a point scale as previously reported (18).

Taking into consideration the age when spontaneous 
remission of hypertrophied adenotonsillar tissues can 
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occur and the onset of puberty (16,17), all subjects were 
separated by age, children at 3–8 years of age (i.e., pre-
adolescent group) and children at 9–15 years of age (i.e., 
adolescent group). The clinical characteristics, PSG 
parameters and lateral neck radiograph findings were 
compared between boys and girls within each group. This 
study was approved by the Ethics Committee at Juntendo 
Hospital (number 16-092).

Sleep study

All children underwent overnight polysomnography, 
and signals were recorded by standard techniques on 
a computerized sleep recording system using a digital 
polygraph (Alice 5; Philips Respironics, PA, USA). 
Recordings were scored following standard scoring rules 
(update of the 2012 American Academy of Sleep Medicine 
(AASM) Manual for the Scoring of Sleep and Associated 
Events) (19).

Lateral neck radiograph

Lateral neck radiograph was obtained for each patient in 
the upright position with natural head posture. Before the 
exposure, all patients were instructed to extend their neck. 
The distance between the source of radiation and the film 
was 150 cm with a flat panel detector.

Digital images were processed using an image processing 
program (ImageJ; National Institutes of Health, Bethesda, 
MD). For measuring the upper airway area, the exposure 
parameters were arranged to clearly visualize bony 
landmarks (see Figures 1,2). As illustrated in Figure 1A, the 
following three radiographic variables, (I) anterior nasal 
spine (ANS), (II) posterior nasal spine (PNS), (III) hyoid 
bone (H) and base of epiglottis (Eb), were mapped to 
measure the upper airway space area, as described in our 
previous report (20). The adenoid-nasopharyngeal (A/N) 
ratio was measured according to the method of a previous 
report as illustrated in Figure 1B (21). All measurements 
were done blindly and in a random order by a single 
investigator. Every measurement was made 3 times, and the 
mean value of the two most proximate measurements was 
used for the final analyses to ensure reliability. 

Statistical analysis

Continuous variables are shown as mean ± SD or median 
(interquartile range) as appropriate, and categorical 
variables are shown as numbers and percentages. For 
comparison of continuous variables, the Student’s t-test for 
normally distributed data or the Mann-Whitney U-test for 
non-normally distributed data was used, and the Chi-square 
test or Fisher’s exact test was used for categorical variables.

A P value of less than 0.05 was considered statistically 
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Figure 1 Representative radiography in 5-year old boy and girl. The airway area is shown as a dotted area. Diameter of adenoids 
and nasopharynx are shown as headed arrows, A and N. (A) Male OSA patient in pre-adolescent group. Airway area =3.40 cm2, A/N  
ratio =0.65. AHI =36.9/h; (B) female OSA patient in pre-adolescent group. Airway area =4.61 cm2, A/N ratio =0.81. AHI =20.1/h. ANS, 
anterior nasal spine; PNS, posterior nasal spine; H, hyoid bone; Eb, base of epiglottis; TAA, tuberculum anterius atlantis; UNG, upper edge 
of nasopharyngeal groove; A, diameter of adenoids; N, diameter of nasopharynx; OSA, obstructive sleep apnea; AHI, apnea-hypopnea index.
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significant. All statistical analyses were performed using the 
statistical software package GraphPad PRISM version 6.05 
(GraphPad Software, Inc., La Jolla, CA, USA). 

Results

Data of 45 patients in the pre-adolescent group (33 boys 

and 12 girls) and 18 patients in the adolescent group  
(10 boys and 8 girls) were evaluated. The clinical 
characteristics of the patients are shown in Tables 1 
and 2. There were no significant differences in clinical 
characteristics between the boys and girls in either the pre-
adolescent or adolescent group. 

PSG parameters are shown in Tables 3 and 4. In the pre-
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Figure 2 Representative radiography in 10-year old boy and girl. The airway area is shown as a dotted area. Diameter of adenoids and 
nasopharynx are shown as headed arrows, A and N. (A) Male OSA patient in adolescent group. Airway area =3.56 cm2, A/N ratio =0.67. AHI 
=9.7/h; (B) female OSA patient in adolescent group. Airway area =6.31 cm2, A/N ratio =0.39. AHI =2.3/h. ANS, anterior nasal spine; PNS, 
posterior nasal spine; H, hyoid bone; Eb, base of epiglottis; TAA, tuberculum anterius atlantis; UNG, upper edge of nasopharyngeal groove; 
A, diameter of adenoids; N, diameter of nasopharynx; OSA, obstructive sleep apnea; AHI, apnea-hypopnea index.

Table 1 Characteristics of pre-adolescents

Characteristics Male (n=33) Female (n=12) P value

Age, years 4.7±1.3 4.9±1.6 0.686

BMI, kg/m2 16.2±3.5 15.3±1.1 0.438

BMI z-score 0.02±0.86 −0.07±0.97 0.815

Obese (BMI >95%), No. (%) 4 (12.1) 1 (8.3) 0.721

Tonsillar size, No. (%)

Grade 0 0 (0.0) 0 (0.0) –

Grade 1 1 (3.0) 0 (0.0) 0.542

Grade 2 4 (12.1) 0 (0.0) 0.502

Grade 3 13 (39.4) 8 (66.7) 0.199

Grade 4 15 (45.5) 4 (33.3) 0.699

Sleepiness, No. (%) 3 (9.1) 1 (8.3) 0.937

History of rhinitis, No. (%) 8 (24.2) 3 (25.0) 0.958

BMI, body mass index.
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adolescent group, there were no significant differences in 
the PSG parameters between the boys and girls. However, 
in the adolescent group, girls had significantly lower AHI 
and 3% oxygen desaturation index (ODI), and greater 
minimum level of oxyhemoglobin saturation (SO2) and sleep 
efficiency compared with the boys. In the adolescent group, 
other parameters of girls were similar to those of boys.

Representative radiographs of children in the pre-
adolescent and adolescent groups are shown in Figures 1  
and 2, respectively. The radiographic parameters are 
summarized in Tables 5 and 6. In the pre-adolescent group, 
no significant differences between the boys and girls were 
observed. However, in the adolescents group, the girls had 
significantly greater upper airway area and lower A/N ratio 

Table 2 Characteristics of adolescents

Characteristics Male (n=10) Female (n=8) P value

Age, years 11.1±3.2 11.9±2.03 0.666

BMI, kg/m2 19.3±6.0 19.7±3.1 0.292

BMI z-score −0.03±1.01 0.00±1.00 0.829

Obese (BMI >95%), No. (%) 2 (20.0) 1 (12.5) 0.723

Tonsillar size, No. (%)

Grade 0 0 (0.0) 0 (0.0) –

Grade 1 1 (10.0) 4 (50.0) 0.176

Grade 2 4 (40.0) 2 (25.0) 0.880

Grade 3 5 (50.0) 2 (25.0) 0.552

Grade 4 0 (0.0) 0 (0.0) –

Sleepiness, No. (%) 6 (60.0) 3 (37.5) 1.000

History of rhinitis, No. (%) 4 (25.0) 3 (37.5) 0.873

BMI, body mass index.

Table 3 PSG findings of pre-adolescents

Parameter Male (n=33) Female (n=12) P value

AHI, events per hour of sleep* 9 (15.8) 3.4 (22.9) 0.608

Minimum SO2, %* 87.5 (17.3) 87.0 (5.0) 0.499

3% ODI, events per hour of sleep* 7.9 (17.2) 4.1 (11.7) 0.079

TST, min 509.7±96.5 529.6±61.0 0.143

Sleep stages

REM, %TST 18.6±5.7 19.6±5.0 0.573

N1, %TST 6.1±4.7 5.6±4.3 0.505

N2, %TST 40.1±11.0 38.2±11.6 0.599

N3, %TST 30.2±15.6 34.5±15.1 0.147

Arousal Index, events per hour of sleep* 16.4 (12.6) 13.8 (11.5) 0.635

Sleep efficiency, % 85.4±14.9 87.6±7.7 0.554

*, values are expressed as mean ± SD or median (interquartile range). PSG, polysomnographic; BMI, body mass index; AHI, apnea-
hypopnea index, SO2, oxyhemoglobin saturation; ODI, oxygen desaturation index; REM, rapid eye movement.
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compared with the boys.

Discussion

In this study, we investigated sex differences in the PSG 
and radiographic data in both pre-adolescents with OSA 
and adolescents with OSA. In terms of the PSG data, in 
the adolescent group, girls had significantly lower AHI and 
3% ODI, higher minimum SpO2 and better sleep efficiency 
than the boys, whereas in the pre-adolescent group, no 
such differences between boys and girls were observed. In 
the radiographic assessments, the girls showed significantly 
lower A/N ratio and upper airway area than the boys 
in the adolescents group, whereas we did not find any 
significant sex differences in the radiographic parameters 
of the pre-adolescent group. These findings suggested 
that sex differences in the severity of OSA can be more 
prominent or exclusively observed in adolescents compared 
with pre-adolescents in association with changes in the 

upper airway morphology, possibly due to the regression of 
adenotonsillar hypertrophy in girls. To our knowledge, this 
is the first report of OSA from early to middle childhood 
and its associated risks that addresses sex differences using 
pharyngeal analyses.

The commonest cause of OSA is adenotonsillar hypertrophy, 
which causes a collapsing of the pharynx in the pediatric 
population. Some reports indicated that OSA appeared in 
young children due to adenotonsillar hypertrophy (22). The 
peak size for tonsils is reported to occur in children around 
4 to 8 years old, and the adenotonsillar tissues usually 
undergo remission by the age of puberty. Spontaneous 
improvement of OSA in middle childhood has been 
reported in studies that evaluated patients by questionnaire, 
physical examination and home PSG (10). Valera et al. and 
Don et al. observed a higher tendency for OSA in young 
children with adenotonsillar hypertrophy than in older ones 
(22,23). Taken together, these previous findings indicated 
that a more obvious association between adenotonsillar 

Table 4 PSG findings of adolescents

Parameter Male (n=10) Female (n=8) P value

AHI, events per hour of sleep* 5.3 (20.4) 1.9 (1.7) 0.020

Minimum SO2, %* 88.5 (6.3) 94.0 (1.5) 0.002

3% ODI, events per hour of sleep* 4.7 (10.6) 1.6 (0.5) 0.013

TST, min 426.0±74.1 485.1±60.6 0.080

Sleep stages

REM, %TST 15.4±6.7 19.3±4.5 0.332

N1, %TST 10.3 ±7.4 8.4±4.7 0.421

N2, %TST 46.4±9.5 45.5±8.1 0.808

N3, %TST 23.9±10.2 26.9±9.3 0.962

Arousal Index, events per hour of sleep* 13.3 (15.3) 11.5 (5.6) 0.229

Sleep efficiency, % 81.7±11.8 88.0±8.4 0.038

*, values are expressed as mean ± SD or median (interquartile range). PSG, polysomnographic; BMI, body mass index; AHI, apnea-
hypopnea index, SO2, oxyhemoglobin saturation; ODI, oxygen desaturation index; REM, rapid eye movement.

Table 5 Radiographic findings of pre-adolescents

Characteristics Male (n=33) Female (n=12) P value

Upper airway are (cm2) 3.47 (0.97) 3.22 (0.99) 0.468

A/N ratio 0.67 (0.23) 0.74 (0.16) 0.223

Values are expressed as median (interquartile range). A/N ratio, 
adenoid/nasopharyngeal ratio.

Table 6 Radiographic findings of adolescents

Characteristics Male (n=16) Female (n=8) P value

Upper airway area (cm2) 5.58 (0.99) 6.92 (0.50) 0.005

A/N ratio 0.67 (0.09) 0.35 (0.14) 0.018

Values are expressed as median (interquartile range). A/N ratio, 
adenoid/nasopharyngeal ratio.
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hypertrophy and OSA exists in pre-adolescents than in 
adolescents. Our results support these previous findings that 
the upper airway area and A/N ratio findings showed no 
significant differences in pre-adolescents. 

In terms of the risk factors for older pediatric OSA, 
airway size and body fat increase have been described (8,24). 
In general, middle to late adolescent boys have shown a 
stronger association with the incidence of OSA compared 
to girls by questionnaire and PSG (8,24). Previous findings 
also suggested that some children will be found to have 
OSA regardless of gender based on PSG even after the 
peak age of adenotonsillar tissues, but the upper airway 
morphology was not specifically evaluated (6). Furthermore, 
how this affects sex differences remains unclear. In the 
present study, although there were no significant differences 
in upper airway morphology between pre-adolescent 
boys and girls, adolescent boys had significant smaller 
upper airway areas and greater A/N ratio compared with 
adolescent girls, suggesting that girls may have spontaneous 
remission of adenoid tissues but boys do not. There might 
be a possibility that estrogen may be associated with the 
remission of adenotonsil tissues at puberty.

The finding regarding male predominance in the 
severity of OSA in adolescent children is similar to the male 
predominance in adult OSA. On the other hand, it is known 
that the prevalence of OSA in post-menopausal women is 
greater compared with that in premenopausal women, but 
the prevalence of OSA is consistently higher in men (11,25). 
In previous studies regarding sex differences in adult OSA, 
one possible explanation for such sex differences is that the 
longer airway in men could lead to an increased propensity 
for airway collapse (26). Indeed, the passive pharyngeal 
airway collapsing pressure was generally higher in men than 
in women (27). In addition, men consistently had larger 
total oropharynx length and volume than women even in the 
Japanese population (28). Furthermore, women generally 
had better respiratory load responses than men, possibly 
in association with greater levels of female hormones such 
as estrogen and progesterone (24). Moreover, hormone 
replacement therapy (HRT) appears to markedly reduce 
AHI during sleep (29). These suggest that alterations in 
the secretion of female hormones may play some roles 
in the OSA pathogenesis in women. Considering these 
and findings of the present study that male predominance 
was observed only in adolescent children, increased 
secretion of female hormones in adolescent girls may 
affect the respiratory load responses and reduce the AHI. 
The mechanisms by which female hormones may affect 

adenotonsillar tissues have not been elucidated. Although 
the expression of estrogen receptors in adults has not been 
reported, estrogen receptors were found to be expressed in 
2- to 3-year old children tonsils (30). Taken together, our 
findings suggested that the presence and severity of OSA 
may alter according to the stage of puberty.

Concerning the treatment of childhood OSA, the 
majority of cases are amenable to a surgical approach. 
However, OSA occurs in approximately 20% of normal-
weight children even after AT and, in nearly 70% of them, 
residual OSA may be caused by adenoid regrowth (31).  
Spilsbury et al. reported that children with severe or 
moderate OSA had a high incidence of persistent SDB 
even after (6). Males are known to have a greater risk of 
persistent OSA (6). These findings suggest that, for pre-
adolescent boys, early-AT should be considered but, for 
pre-adolescent girls, watchful waiting should be considered. 

The present study has certain limitations. First, we did 
not follow the same patients through pre-adolescent to 
adolescent periods. AT is commonly performed for pediatric 
OSA. Thus, in many pediatric OSA children surgical 
treatment tends to be chosen at the time of diagnosis. That 
is the reason why it is difficult to follow pediatric patients 
without surgical treatment for years. Second, the number of 
subjects, especially in the adolescent group, is small. Since 
patients included in pre-adolescents group may have had 
spontaneous resolution of OSA, we could not find sufficient 
numbers of participants in the adolescent group. Finally, 
only radiographic data were collected. It is important to 
know about sex differences of the craniofacial anatomy 
determined by cephalometry, computed tomography or 
magnetic resonance imaging. We did not collect blood 
sample for sex hormones in this study. In consideration of 
children, saliva test would be easily possible to check the 
hormones. Although this is just a pilot study, we provide 
a new hypothesis regarding the male predominance of 
OSA in adolescent children despite the lack of such sex 
differences in pre-adolescent children. Further experiments 
would be required such as serum or saliva sex hormone 
levels to confirm our hypothesis. This may possibly occur 
in association with the more obvious spontaneous remission 
of adenotonsillar tissue in adolescent girls. Further study is 
needed to confirm this hypothesis.

Conclusions

The present study revealed sex differences in adolescent 
OSA patients despite the lack of such differences in pre-
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adolescent OSA. In addition, adolescent girls with OSA had 
greater upper airway space in addition to have less severe 
OSA and better sleep efficiency compared with adolescent 
boys with OSA. 
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