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Background and Purpose There has been no nationwide population-based study of the
prevalence of self-perceived snoring/apnea in Korean adolescents. The purpose of this study
was to estimate prevalence of self-perceived snoring/apnea in Korean high-school students

Kyoung Jin Hwang' and to evaluate their association with daytime sleepiness.
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Results The prevalence of self-perceived snoring/apnea was 22.8% (26.4% for males vs.
18.8% for females, p<0.001) and 9.2% (10.5% for males vs. 7.7% for females, p<0.001). Obesity
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4.0% of parents reported that their children aged 12 to 17 years
habitually snored.” However, these studies were limited by
their inclusion of only a regional population in each country.
It is important to recognize the presence of sleep problems,
particularly in adolescents, whose sleep disturbances may
considerably affect their daytime functioning and physical
and psychological development. In addition, sleep-related
breathing disorder (SRBD) is reportedly associated with ex-
cessive daytime sleepiness (EDS) and poor school perfor-
mance.>* To our knowledge, although some regional studies
have shown the prevalence of snoring and witnessed apnea
in 2,336 students from senior high schools of Gyeonggi prov-
ince in Korea,” there has been no nationwide population-
based study of the prevalence of self-perceived snoring/apnea
in Korean adolescents. The purpose of the present study was
therefore to estimate the prevalence of self-perceived snor-
ing/apnea and to determine how these conditions are associ-
ated with daytime sleepiness in students from the first grade
to the third grade of high school (10-12th grades) in Korea.

METHODS

Subjects

A nationwide cross-sectional study was performed from July
1 to 31, 2011 by the Sleep Center at Samsung Medical Center
and the Korea Centers for Disease Control and Prevention
on sleep health status and its effect upon daily life in Kore-
an adolescents. We included high-school students in the 15
districts of Korea. The nationwide selection of schools and
gathering of information about the students were supported
by the Ministry of Education, Science and Technology. In to-
tal, 75 high schools (grades 10-12) were randomly selected.
Each school had approximately 30 students in each class, and
2 classes were randomly selected in each grade at each
school to represent the overall population of that grade. This
study was approved by the Institutional Review Board at Sam-
sung Medical Center (Seoul, Korea).

Measures

This study used an online survey. Each student who partici-
pated in the survey was asked to complete a questionnaire
in the computer room at their school. All students in each
class participated at the same time. The students answered the
following two questions about self-perceived snoring/apnea
occurred in the past 30 days: “How often did you snore loudly
in the past 30 days?” and “How often did you hold your breath,
have breathing pauses, or stop breathing when sleeping in
the past 30 days?” There were four possible answers to each
question: never, occasionally, often, or always. To calculate the
prevalence of self-perceived snoring/apnea, we included stu-
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dents who answered “occasionally”, “often”, and “always” to
the two questions on snoring/apnea. The sleep duration dur-
ing a school day was obtained by self-reporting. The subjec-
tive perception of the sufficiency of sleep duration was evalu-
ated with the question “What is your perceived sleep duration?”
The possible answers to this question were adequate, con-
siderable, or insufficient.

All participants completed the Korean version of the Ep-
worth Sleepiness Scale (ESS) by self-assessment. The ESS is
an eight-item questionnaire that measures daytime sleepi-
ness; it was translated into Korean, and the Korean version
of the ESS was validated.® Each item is assigned an estimated
score from 0 to 3, and the total score is the sum of the scores
for the eight items. The last item of the ESS questionnaire was
originally designed for a driver (“In a car, while stopped for
a few minutes in the traffic”), and so this was modified to a
question for a passenger because persons younger than 20
years are not allowed to drive in Korea.” The total ESS score
ranges from 0 to 24, and students with an ESS score of >11
were considered to have EDS.

Body mass index (BMI) was calculated from the self-re-
ported weight and height of the students using the standard
formula [BMI=weight (kg)/height (m?)] and then catego-
rized into the following four classes according to the 2007
Korean National Growth Charts: underweight (<5th percen-
tile), overweight (85-95th percentile), obese (=95th percen-
tile or >25 kg/m?), and normal.®

Statistical analysis

Logistic regression was performed to estimate adjusted odds
ratios (ORs) and 95% confidence intervals (Cls) of self-per-
ceived snoring/apnea after adjusting for sex, school grade,
and BMI. The chi-square test was applied to quantify the ef-
fects of clinical variables on the prevalence of EDS. We also
used logistic regression to examine the OR and 95% CI val-
ues of EDS associated with the frequencies of self-perceived
snoring (model 1) and apnea (model 2), including adjustment
for relevant covariates. The covariates in these two models
were sex, school grade, BMI category (underweight, normal,
overweight, and obese), sleep duration during a school day
(<5, =5 and <6, 26 and <7, and =7 hours/day), and subjec-
tive perception of sleep duration (adequate, considerable,
and insufficient). Data were analyzed using STATA" (version
11.0, StataCorp., College Station, TX, USA).

RESULTS

In total, of 12,672 high-school students participated in this
study, comprising 6,056 (47.8%) females and 6,616 (52.2%)
males. The participants were aged 16.3+0.9 years (meantSD)



and had a BMI of 21.2£3.4 kg/m* Table 1 lists the demo-
graphic and clinical characteristics of the students in each
grade. Self-perceived snoring was observed in 2,883 (22.8%)
students (18.8% for females and 26.4% for males) occasion-
ally (in 16.5%), often (in 4.2%), and always (in 2.0%). Self-
perceived apnea was reported in 1,160 (9.2%) students (7.7%
for females and 10.5% for males) occasionally (in 7.2%), of-
ten (in 1.4%), and always (0.5%). In total, 2,254 (17.8%) stu-
dents had a modified ESS score of >11. The sleep duration

Table 1. Characteristics of the study population across school grades

——

during a school day was 6.0£1.5 hours. The sleep duration
was subjectively perceived as being adequate, considerable,
and insufficient by 3,607 (28.5%), 685 (5.4%), and 8,380
(66.1%) of the students, respectively.

Table 2 lists the prevalence of self-perceived snoring/ap-
nea according to sex, school grade, and BMI. Being male and
obese were associated with a higher risk of snoring/apnea.
The prevalence of EDS (modified ESS score =11) was signifi-
cantly higher in females (20.4%), first-grade students (19.1%),

First grade Second grade Third grade Total

Sex

Female 2,110 (47.4) 1977 (46.5) 1,969 (49.6) 6,056 (47.8)

Male 2,340 (52.6) 2,274 (53.5) 2,002 (50.4) 6,616 (52.2)

All 4,450 4,251 3,971 12,672
Age (years) 15.3%0.5 16.3£0.5 17.31£0.5 16.31£0.9
BMI (kg/m?)

Females 20.6£3.2 20.8£3.0 21.0%3.1 20.8%3.1

Males 214136 21.6£3.6 22.0£3.5 21.6%3.6

All 211134 212134 21.5+33 212134
Self-perceived snoring

Females 405 (19.2) 351(17.8) 380 (19.3) 1,136 (18.8)

Males 607 (25.9) 621(27.3) 519 (25.9) 1,747 (26.4)

All 1,012 (22.7) 972 (22.9) 899 (22.6) 2,883 (22.8)
Self-perceived apnea

Females 184 (8.7) 142 (7.2) 139 (7.1) 465 (7.7)

Males 238 (10.2) 249 (11.0) 208 (10.4) 695 (10.5)

All 422 (9.5) 391(9.2) 347 (8.7) 1,160 (9.2)
Modified ESS score =11

Females 478 (22.7) 385 (19.5) 371(18.8) 1,234 (20.4)

Males 373 (15.9) 353 (15.5) 294 (14.7) 1,020 (15.4)

All 851 (19.1) 738 (17.4) 665 (16.8) 2,254 (17.8)
Sleep duration during a school day (hours)

Females 6.0£1.4 59*1.7 57+15 59+15

Males 6.3%15 6.2+1.6 58%+16 6.1£1.6

All 6.2+15 6.1+16 58+15 6.0+15
Adequate sleep duration

Females 458 (21.7) 499 (25.2) 541 (27.5) 1,498 (24.7)

Males 731(31.2) 735 (32.3) 643 (32.1) 2,109 (31.9)

All 1,189 (26.7) 1,234 (29.0) 1,184 (29.8) 3,607 (28.5)
Considerable sleep duration

Females 77 (3.7) 97 (4.9) 146 (7.4) 320 (5.3)

Males 101 (4.3) 126 (5.5) 138 (6.9) 365 (5.5)

All 178 (4.0) 223 (5.3) 284 (7.2) 685 (5.4)
Insufficient sleep duration

Females 1,675 (74.6) 1,381 (69.9) 1,282 (65.1) 4,238 (70.0)

Males 1,508 (64.4) 1,413 (62.1) 1,221 (61.0) 4,412 (62.6)

All 3,083 (69.3) 2,794 (65.7) 2,503 (63.0) 8,380 (66.1)

Data are n (%) or mean=SD values.
BMI: body mass index, ESS: Epworth Sleepiness Scale.
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Table 2. Prevalence, OR, and 95% Cl values of self-perceived snoring/apnea by sex, school grade, and BMI

Total Self-perceived snoring Self-perceived apnea
n (12,672) n (%) OR (95% ClI) n (%) OR (95% CI)
Sex
Female 6,056 1,136 (18.76) 1 (reference) 465 (7.68) 1 (reference)
Male 6,616 1,747 (26.41) 1.51 (1.38-1.64) 695 (10.50) 1.37 (1.21-1.56)
School grade
First 4,450 1,012 (22.74) 1 (reference) 422 (9.48) 1 (reference)
Second 4,251 972 (22.87) 1.02 (0.92-1.13) 391 (9.20) 097 (0.84-1.12)
Third 3,971 899 (22.64) 1.01 (091-1.12) 347 (8.74) 0.92 (0.79-1.06)
BMI
Underweight 800 137 (17.1) 0.80 (0.66-0.97) 77 (9.6) 1.17 (0.91-1.49)
Normal 10,114 2,103 (20.8) 1 (reference) 861 (8.5) 1 (reference)
Overweight 303 91 (30.0) 2.00 (1.55-2.58) 28(9.2) 1.27 (0.85-1.90)
Obese 1,455 552 (37.9) 2.18 (1.94-2.46) 194 (13.3) 1.57 (1.33-1.86)

BMI: body mass index, Cl: confidence interval, OR: odds ratio.

Table 3. Prevalence of EDS (defined as a modified ESS score of >11)
according to clinical variables

n (%) p
Sex <0.001
Female 1,234 (20.4)
Male 1,020 (15.4)
School grade 0.012
First 851 (19.1)
Second 738 (17.4)
Third 665 (16.8)
BMI 0.165
Underweight 130 (16.2)
Normal 1,835 (18.1)
Overweight 55(18.2)
Obese 234 (16.1)
Self-perceived snoring <0.001
No 1,532 (15.7)
Yes 722 (25.0)
Self-perceived apnea <0.001
No 1,882 (16.4)
Yes 372 (32.1)
Sleep duration during a school day, hours <0.001
<5 372 (26.4)
>5and <6 686 (19.0)
>6and <7 759 (16.7)
=7 437 (14.1)
Subjective perception of sleep duration
Adequate 322 (89)
Considerable 83 (12.1)
Insufficient 1,849 (22.1)

BMI: body mass index, EDS: excessive daytime sleepiness, ESS: Epworth
Sleepiness Scale.
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and students who self-reported that they snored (25.0%) and
had apnea (32.1%). The prevalence rates of EDS were 26.4,
19, 16.7, and 14.1% in those with sleep durations of <5, =5
and <6, 26 and <7, and =7 hours, respectively. EDS was re-
ported more frequently in students with an insufficient sleep
duration (22.1%) (Table 3). A multivariate analysis found
that being female, a first-grade student (vs. third grade), and
any frequency of snoring/apnea were associated with EDS.
The OR of EDS increased significantly with the frequency
of snoring/apnea. A sleep duration of <5 hours during a
school day and subjective perceptions of insufficient and con-
siderable sleep durations were significantly associated with
EDS, whereas BMI was not associated with EDS in models
1 and 2 (Table 4).

DISCUSSION

In this nationwide sample of first- to third-grade Korean high-
school students (i.e., spanning three grades), self-perceived
snoring/apnea were observed in 22.8% and 9.2% of the stu-
dents, respectively. Self-perceived snoring/apnea were signif-
icantly more prevalent in males and obese students, and were
significantly associated with EDS. The previously reported
prevalence of snoring has varied widely with the age and sex
of the subjects and the definition of snoring. Two studies of
younger children found that 15.8% and 34.6% of those aged
3-11 and 5-13 years, respectively, snore occasionally, while
4.9% and 7% are habitual snorers.*'® A study of European
adults found that 40.3% reported that they snore regularly,
with the prevalence of snoring increasing for ages up to 55
years." In addition, 3.8% of the subjects reported breathing
pauses while snoring, which were more common in those
aged 55-64 years." Snoring and breathing pauses have been
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Table 4. OR (95% Cl) values for EDS by sex, school grade, frequency of self-perceived snoring/apnea, BMI, sleep duration during a school day, and
subjective perception of sleep duration

Model 1 Model 2
Sex
Male 0.72 (0.65-0.79) 0.74 (0.67-0.81)
School grade
First 1 (reference) 1 (reference)
Second 0.90 (0.81-1.01) 091 (0.81-1.01)
Third 0.84 (0.74-0.94) 0.84 (0.75-0.94)

Frequency of self-perceived snoring

Never 1 (reference)
Occasionally 1.62 (1.44-1.82)
Often 2.07 (1.70-2.55)
Habitually 3.18 (2.43-4.18)

Frequency of self-perceived apnea

Never 1 (reference)
Occasionally 2.21 (1.90-2.58)
Often 2.41(1.75-3.33)
Habitually 6.01(3.64-9.92)
BMI
Underweight 0.90 (0.73-1.09) 0.87 (0.72-1.07)
Normal 1 (reference) 1 (reference)
Overweight 0.81 (0.60-1.10) 0.86 (0.63-1.16)
Obese 0.85 (0.73-1.00) 0.92 (0.79-1.08)

Sleep duration during a school day, hours

<5 1.56 (1.34-1.80) 1.56 (1.34-1.80)
>5and <6 1 (reference) 1 (reference)
26 and <7 1.05(0.93-1.18) 1.05 (0.94-1.19)
=7 0.93 (0.82-1.06) 0.93 (0.82-1.06)

Subjective perception of sleep duration

Adequate
Considerable
Insufficient

1 (reference)
1.39 (1.07-1.80)
2.56 (2.25-2.91)

1 (reference)
1.36 (1.05-1.77)
2.58 (2.26-2.93)

Model 1: adjusted frequency of self-perceived snoring, Model 2: adjusted frequency of self-perceived apnea.
BMI: body mass index, CI: confidence interval, EDS: excessive daytime sleepiness, OR: odds ratio.

reported in 23% and 7% of older adults in the United States,
respectively.’? The overall prevalence of snoring in the pres-
ent study of Korean high-school students (aged approximate-
ly 15 to 17 years) was lower (16.5% occasionally and 2.0%
always) than that in a previous study of a community-based
sample of adolescents with student and parent pairs in the
Detroit metropolitan area.” The Detroit study included 1,014
adolescents aged 13 to 16 years, which were younger than
our students, and found that more than 20% of the adoles-
cents snored at least a few nights per month, 56.8% did not
snore, and 6% snored every or nearly every night (6% report-
ed by parents and 5.8% reported by the adolescents them-
selves), compared to only 2.0% of the students in the present
study “always” snoring.

Johnson and Roth.” investigated other symptoms associated

with SRBD (e.g., awakening with the feeling of gasping or
choking), and found that approximately 6.0% of adolescents
aged 12-18 years may experience some of these symptoms
at least once per week according to independent reports of
both students and parents. The prevalence of habitual snor-
ing (often or always) was 4.0% based on parental reports in
a study conducted in Turkey.’” Among a sample of subjects
aged 13-18 years in Greece, 3.8% habitually snored every
night and 0.9% exhibited witnessed apnea episodes every
night according to reports of their parents.”” The self-aware-
ness of snoring/apnea is usually lower than that witnessed by
family members, especially co-sleepers, and the prevalence var-
ies between self-reported questionnaires and parental reports.

Several studies have defined snoring frequency in differ-
ent ways. Our study showed that self-perceived snoring re-
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ported occurred occasionally, often, and always by 16.5, 4.2,
and 2.0%, of the subjects, respectively; the corresponding
proportions for self-perceived apnea were 7.2, 1.4, and 0.5%.
A study from Spain found that approximately 28 and 14.8%
of adolescents aged 12-16 years reportedly snored at least
sometimes and often, respectively, and 3% had subjective
sleep apnea." It should be remembered that there are limi-
tations in comparing snoring/apnea prevalence rates between
studies due to country-related social and cultural differences
in how their frequencies are defined.

Sex differences in sleep apnea have been reported in gen-
eral populations. Most epidemiological studies have found
the prevalence of sleep apnea to be higher in men than in
women, with the male-to-female ratio ranging from approxi-
mately 2:1 to 3:1 in adults.””"” However, no sex difference in
SRBD symptoms was found among Detroit community-dwell-
ing adolescents aged 13-16 years” or among Turkish ado-
lescents aged 12-17 years who snored.’ Clinical and poly-
graphic findings for adolescents aged 12 to 16 years showed
that the prevalence of snoring was similar in boys and girls,
although this was only for a small sample (n=101)."

The present study found that self-perceived snoring/ap-
nea were more common in males. A previous study of adoles-
cents showed that snoring every night was more common in
Greek boys aged 13-18 years than in girls."” In contrast to
adult SRBD, which shows a clear predominance for snoring
among men, reported sex differences in SRBD among ado-
lescents have been inconsistent.

The prevalence of SRBD increases with age.' This present
study found that the prevalence of self-perceived snoring and
apnea did not vary with grade among Korean high-school
students. This result is similar to the Detroit community-based
study showing no difference in the prevalence of sleep-disor-
dered breathing symptoms with school grades among sub-
jects aged 13-16 years.> However, most studies of SRBD in
adolescents have included only a narrow age range that may
be insufficient for evaluating the effect of age on the prevalence
of SRBD in adolescents.

Most epidemiological studies have shown a significant
association between OSA and increased body weight in adults.
Obesity as a strong factor for OSA is prevalent in Western coun-
tries but is less common in Asian countries. Although the de-
gree of the correlation varies with race, BMI is associated with
OSA."?! The association of BMI with SRBD was found to be
twice as strong among Caucasian adolescents as among Afri-
can-American adolescents.” The waist-to-hip ratio has also
been reported to be higher in people who snore."* We also ob-
served the OR was highest for self-perceived snoring (OR=
2.18) and apnea (OR=1.57) in the obese group relative to the
normal group.
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SRBD is independently associated with EDS: EDS occurs
twice as frequently in adolescents with SRBD than in those
without SRBD.> EDS is a major and the most frequently pre-
senting symptom in subjects with OSA.**** However, EDS
does not always occur in patients with OSA. Some studies
have found no significant correlation between ESS scores as
a subjective evaluation of EDS and apnea-hypopnea indices
in polysomnography.**** However, we found that EDS was
associated with the prevalence of self-perceived snoring/ap-
nea. The risk of EDS increased significantly with the frequen-
cy of snoring/apnea after adjusting for sex, school grade,
BM]I, sleep duration during a school day, and subjective per-
ception of sleep duration.

We additionally found that EDS was more common in fe-
males, even though self-perceived snoring/apnea was less
common than in males. Although sex differences have been
found in community-based studies,”*®
produced conflicting findings.”** This inconsistency may be
due to differences in sampling methods between the various
studies that led to different sex ratios in the included popu-

several studies have

lations, or in the ESS used to measure daytime sleepiness,
since men and women could have answered the surveys dif-
ferently. Even though we did not evaluate psychophysiolog-
ical factors such as emotion, menstrual cycle, and daily physi-
cal activity, these factors should be considered as possible
contributors to sex differences in EDS because they can each
differ with sex. Although the third-grade students had sub-
jective sleep insufficiency, they perceived less daytime sleepi-
ness than the first-grade students. The ESS may be a less-sen-
sitive measure of subjective sleepiness in third-grade students—
who are college preparatory students—than in first-grade
students.

The main limitation of our study relates to the use of a self-
reported questionnaire, which is likely to have underesti-
mated the prevalence. However, this study included a large
sample of 12,672 students, so it is meaningful in showing a
significant association between EDS and snoring/apnea as
self-perceived by Korean adolescents. In addition, this was
the first nationwide population-based study of the preva-
lence of self-perceived snoring/apnea in Korean adolescents.
We focused on school grade rather than age. Because school
hours, physical activities, and academic burden differ be-
tween grades, these variables can influence EDS via social
factors.

We used both the sleep duration during a school day and
the subjective perception of sleep sufficiency as variables for
indicating an insufficient sleep duration. The relationship be-
tween the sleep duration during a school day and EDS was
linear among the included Korean high-school students.
Although the relationship was linear, the students with a sub-



jective perception of insufficient or considerable sleep dura-
tion had greater EDS than those with an adequate sleep du-
ration. It is possible that subjects suffering from poor sleep
quality caused by snoring/apnea and a short sleep duration
during a school day are able extend their nocturnal sleep to
compensate for EDS. However, the academic burden of high
school means that they cannot sleep during a school day, in-
stead sleeping for longer during a no-school day. It is known
that EDS is associated with short sleep duration, subjective
sleep insufficiency, and unmet sleep duration (sleep need mi-
nus the habitual sleep duration) in terms of an insufficient
sleep duration. When sleep duration and unmet sleep dura-
tion were examined together, only the unmet sleep duration
was associated with EDS. Habitual sleep duration was not
significantly associated with EDS after adjusting for the un-
met sleep duration. EDS was associated with unmet sleep du-
ration, insomnia, high frequency of snoring, and BMI after ad-
justing for sociodemographic factors in an adult population.”!

The sleep habits and school life need to be investigated
thoroughly when evaluating the factors influencing EDS in
adolescents. We did not investigate various underlying sleep
disorders that could be causes of EDS. Moreover, no objec-
tive evaluation of sleep duration or quality was available in
our data. Our results should therefore be interpreted with
caution.

This study found that the prevalence of self-perceived snor-
ing/apnea was significantly higher in males and those who
were obese. EDS was more common in students with self-per-
ceived snoring/apnea, and the risk of EDS increased with
the frequency of these conditions.
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