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Study Objectives: The present study aimed to investigate the occurrence and characteristics of apnea-hypopnea events in young nonobese healthy
Japanese participants.
Methods:Onehundred and three young adult participants without sleep complaints (men: 56; women: 47; age: 24.5 ±3.0years;bodymass index:20.9±1.8 kg/m2)
underwent 2-night polysomnography. Data on the 2nd night were scored according to American Academy of Sleep Medicine criteria version 2.1. The apnea-
hypopnea index (AHI) was estimated. The arousal threshold was calculated in participants with AHI ≥ 5 events/h. Apnea-hypopnea events were rescored by
3 other criteria issued by the American Academy of Sleep Medicine (AASM): Chicago criteria in 1999 and recommended and alternative criteria in 2007.
Results: Participants had good sleep characterized by high sleep efficiency (93.2%). Mean AHI of AASM 2.1 recommended criteria was 4.0 ± 5.3 events/h.
AHI was significantly higher in men (median [range] = 4.0[.3–35.8] events/h) than in women (1.6 [.1–18.1] events/h). The prevalence rates of AHI ≥ 5 events/h
and ≥ 15 events/h were 25.2 and 3.9%, respectively. The arousal threshold was estimated as −7.7 ± 2.6 cm H2O. AHI was lower for AASM 2007 recommended
criteria (.8 [.0–18.2 events/h]) and AASM 2007 alternative (2.0 [.1–32.2] events/h) than for AASM version 2.1 recommended criteria (2.4 [.1–32.9] events/h) and
AASM Chicago (4.6 [.1–35.8] events/h). The percentage of participants with AHI ≥ 5 events/h was approximately 2-fold higher with AASM Chicago (44.6%) than
with AASM version 2.1 recommended criteria.
Conclusions: The present study demonstrated that 25% of young nonobese Japanese participants had subclinical obstructive sleep apnea. The presence of
frequent airflow limitations may be a risk factor for the development of obstructive sleep apnea in Japanese individuals.
Keywords: sleep-related breathing disorders, polysomnography, definitions of hypopnea, normative data
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Ethnicity, diagnostic equipment, and the respiratory event definition adopted influence the prevalence of
obstructive sleep apnea; however, limited polysomnographic information is currently available on respiratory characteristics during sleep in normal young
Asian participants.We investigated the occurrence and characteristics of apnea-hypopnea events in young nonobese healthy Japanese participants without
sleep complaints using in-lab polysomnography.
Study Impact: The present study demonstrated that 25% of young nonobese Japanese participants had subclinical obstructive sleep apnea. The
analysis of respiratory events using the different rules for scoring hypopnea showed a high frequency of respiratory events with airflow limitations without
desaturation or arousal in this population.

INTRODUCTION

Sleep is characterized by a compromised upper airway space due
to weaker upper airway muscle tone than that during wakefulness.1

In healthy participants, physiological airway narrowing dur-
ing sleep may be balanced by the decreased respiratory de-
mands associated with low metabolic functions.2 However,
this balance during sleep may be disturbed when physical (eg,
obesity and micrognathia) and physiological (eg, hypotonia)
conditions cause the repetitive occurrence of partial and/or
complete airway obstruction, as observed with obstructive
sleep apnea (OSA). Therefore, respiration during sleep may

exhibit a continuous and divergent spectrum from normal to
pathological conditions.

In adults, the prevalence of OSA increases with age, par-
ticularly after middle age.3,4 A major factor contributing to age-
related increases in the prevalence of OSA is weight gain or
obesity, which exacerbates compromised upper airways dur-
ing sleep. In the general population, the prevalence of OSA as
apnea-hypopnea index (AHI) ≥ 5 events/h was found to vary
markedly among studies (between 9 and 38%).3 Ethnicity,
diagnostic equipment, and the respiratory event definition
adopted influence the prevalence of OSA.4 The majority of stud-
ies using polysomnography (PSG) have been from Western

Journal of Clinical Sleep Medicine, Vol. 16, No. 8 August 15, 20201303

https:/ /doi.org/10.5664/jcsm.8498
D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

49
.1

45
.2

34
.1

86
 o

n 
M

ar
ch

 1
7,

 2
02

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
C

op
yr

ig
ht

 2
02

2 
A

m
er

ic
an

 A
ca

de
m

y 
of

 S
le

ep
 M

ed
ic

in
e.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 

https://doi.org/10.5664/jcsm.8498


countries,5–8 and no information has been obtained using PSG
on the prevalence of OSA and sleep variables in Japan. Previous
studies reported that Asian patients with OSA are leaner and
have a smaller craniofacial structure than the white pop-
ulation with OSA.9,10 Therefore, a young Asian population
may be predisposed to airway narrowing during sleep. However,
limited PSG information is currently available on respiratory
characteristics during sleep in normal young Asian participants
and the presence of subgroups with asymptomatic OSA.

Therefore, the present study aimed to investigate normal values
for sleep variables and the occurrence of respiratory events in young
nonobese Japanese participants without sleep complaints using in-
lab PSG. To achieve this, respiratory events were assessed by
4 different scoring criteria (American Academy Sleep Medicine
[AASM] Chicago [Chicago],11 AASM2007 recommended
[2007Rec] and alternative [2007Alt],12 and AASM version 2.1
[Ver2.1])13–14 that provide information on the different types of
hypopneic respiratory events. The arousal threshold was also
assessed to clarify the relationship between respiratory events and
nonanatomical factors in the subgroupwith respiratory events.15–17

METHODS

Participants
One hundred and ten young adult volunteers (age: 24.5 ± 3.0
years) were recruited via flyers posted at Osaka University
and introductions by participants. They were undergradu-
ate and graduate students in Osaka University and other
universities and university staff in Osaka University. Ap-
plications were allowed if there were no concerns and dis-
satisfaction with sleep, no history of medical diseases, not
taking medications, and ability to stay at the sleep laboratory
for 2 nights. Prior to sleep recording, participants completed
self-administrated questionnaires on sleep habits and quali-
ties (Japanese version of the Epworth Sleepiness Scale, the
Pittsburgh Sleep Quality Index) and health-related assess-
ments. They also filled out an itemized list containing sleep-
related issues, caffeine and alcohol consumption, smoking,
and medications. On the day of PSG, participants were
interviewed for sleep habits and sleep-related issues to con-
firm the absence of the following, which were exclusion
criteria: the presence of any signs or symptoms related to sleep
issues and disorders, such as snoring, respiratory pauses,
severe day-time sleepiness, insomnia symptoms (eg, diffi-
culty falling asleep and frequent awakening), sleep paralysis,
nightmares, nocturnal behavior, and an irregular lifestyle (ie,
part-time job at night and day and night reversal). Trained
dentists (AT, SH, and TK) performed a regular oral examination to
confirm that participants had at least 28 teeth without malocclusion
or craniofacial deformities, such as progenia, prognathism, crowded
dentitions, and open bites. Written informed consent was obtained
from all participants for participation in sleep recordings in the
present study. None of the participants had regular bedpartners.
Seven of the initial 110 volunteers screened for the study were
excluded for the following reasons: 4 drop outs after the first night
and 3 due to sensor issues. Therefore, data from 103 participants
(56 men and 47 women, age: 24.5 ± 3.0 years, body mass index

[BMI]: 20.9 ± 1.8 kg/m2) were ultimately analyzed. The study
protocol was approved by the Ethics Committees of the
Graduate School and School ofDentistry, OsakaUniversity and
Osaka University Dental Hospital.

Polysomnography
Participants underwent PSG on 2 consecutive nights in the
sleep research laboratory at theOsakaUniversityGraduate School
of Dentistry. The sleep laboratory had a sound-attenuated and
furnished bedroom. Technicians and/or researchers attended the
recording in a separate monitoring room. During the night, par-
ticipants were permitted to use the restroom with electrodes and
sensors still attached if they made a request to the attending
technician. Participants went to bed between 10:30 and 11:00 PM

andwoke up between 6:30 and 7:00 AM. The first night was used
for habituation to the sleep laboratory environment.

According to AASMManual Version 2.1 (Ver2.1,13,14 the PSG
montage included electroencephalography (F3-M2, F4-M1,
C3-M2, C4-M1, O1-M2, and O2-M1); electro-oculography
(E1-M2 and E2-M1); electromyography of submental muscles
(ChinZ, Chin1, and Chin2) and the anterior tibial muscle; electro-
cardiography; and oronasal thermistor and nasal pressures for air-
flow, chest, and abdomen respiratory movements; and oxygen
measured by pulse oximetry (SpO2). Signals were recorded by
commercial software using Embla N7000 (Natus Medical Incorpo-
rated, Pleasanton, CA) at a sampling rate of 200 Hz with .3- to
70-Hz filters for electroencephalography and electro-oculography
and higher than 10 Hz for electromyography. Data obtained on the
2nd night were analyzed in the present study.

Scoring respiratory events
To examine the sleep architecture, PSG data were initially
scored according to AASM Scoring Manual Version 2.1. To
assess AHI, respiratory events were scored using currently
recommended criteria published in 2014 (AASM Version 2.1
[Ver2.1]).13,14 Apnea events were scored as a decrease in the
peak signal excursion by ≥ 90% of the pre-event baseline with a
duration of ≥ 10 seconds using an oronasal thermistor. Hypo-
pnea events were defined by peak signal excursions with a
decrease in nasal pressure by ≥ 30% of the pre-event baseline
with a duration of ≥ 10 seconds in association with the presence
of ≥ 3% oxygen desaturation from the pre-event baseline or the
occurrence of an arousal (AASM Version 2.1 recommended
criteria [2.1Rec]). PSG data were scored by one of the authors,
S.N., who is a Registered Polysomnographic Technologist.

To assess the characteristics of respiratory events in the
study population, hypopnea events were additionally scored
according to the following 3 previously published scoring
criteria. Adopted from the AASM manual for the scoring of
sleep and associated events,12 hypopnea events were defined
as ≥ 30% reduction in nasal pressure signal excursions from the
baseline with ≥ 4% desaturation from the pre-event baseline
(2007Rec). The alternative definition in the AASM2007 was
also used:≥50%reduction in nasal pressure signal excursions in
association with ≥ 3% desaturation or arousal (2007Alt). The
criteria published by theAASMTask Force 199911 were used to
score hypopnea events (Chicago); hypopnea events were de-
fined as either ≥ 50% airflow reduction from the baseline or a
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marked reduction in the airflow amplitude, not reaching the
aforementioned criterion, but associated with either oxygen
desaturation of ≥ 3% or arousal (Chicago).

Respiratory arousal threshold
The respiratory arousal threshold (ArTH) was calculated in a
subsample with AHI more than 5 events/h based on 2.1Rec.
ArTH was estimated using AHI scored by 2.1Rec, according
to a recently validated score derived from standard PSG
variables.16,17 Specifically, a lowArTHwasdefined as a score of
2 or more on the following 3-point scale: (AHI < 30 events/h
sleep) + (nadir SpO2 > 82.5%) + (fraction of hypopnea >58.3%).
This approach shows high sensitivity (80%) and specificity
(88%) for detecting patients with OSA with a low ArTH.16

We also estimated the ArTH values of each participant using
the following multiple linear regression model described by
Edwards and colleagues16,17: arousal threshold = −65.391 +
(.0636 × age) + (3.692 × sex [where men = 1, women = 0])
– (.0314 ×BMI) – (.108 ×AHI) + (.533 × nadir SpO2) + (.0906 ×
% hypopnea).

Statistical analysis
PSG variables scored by 2.1Rec and ArTH data are presented
as means ± standard deviation. Data on AHI scored by the 4
scoring criteria are presented as median (range). In 2-group
comparisons, nonparametric statistics (the Mann-Whitney U test)
were applied. The Friedman test followed by the post hocWilcoxon
test was used to compare AHI among the 4 scoring criteria.
Univariate comparisons between groups were performed using
the chi-squared test. McNemar tests were used to compare
the percentage of patients with AHI of more than 5 or 15 events/h
for the 4 scoring criteria. The level of significance was defined
as P < .05. All analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan.18

RESULTS

Sleep variables
Demographic and sleep variables for 103 participants are
shown inTable 1. ThemeanBMIwas20.9±1.8 kg/m2. Themean

Table 1—Participant characteristics.

Sex, Men:Women 56:47 Men: 56 Women: 47 P

Age years 24.5 ± 2.9 24.6 ± 2.1 24.5 ± 3.2

Height (cm) 166.6 ± 8.3 172.7 ± 5.9 159.5 ± 4.6 .40

Weight (kg) 58.2 ± 8.5 63.3 ± 7.3 51.6 ± 4.7 < .01*

BMI (kg/m2) 20.9 ± 1.8 21.3 ± 1.7 20.3 ± 1.5 <.01*

Overweight (BMI > 25 kg/m2) 2 1 1 .90a

Smokers 13 10 3 .08a

JESS 9.5 ± 4.2 9.8 ± 4.3 9.1 ± 4.1 .50

TST (min) 437.0 ± 42.2 440.0 ± 49.4 433.2 ± 31.8 .06

Sleep efficiency (%) 93.2 ± 6.5 92.8 ± 7.6 93.8 ± 5.0 .41

Sleep latency (min) 7.4 ± 12.8 7.0 ± 13.7 7.9 ± 11.8 .17

REM latency (min) 99.2 ± 42.4 94.1 ± 40.7 103.0 ± 44.3 .44

Sleep stage proportion, % of TST

N1 11.6 ± 5.2 13.1 ± 5.5 9.7 ± 3.8 .01*

N2 46.5 ± 7.0 46.4 ± 7.6 46.6 ± 6.2 .93

N3 22.8 ± 6.4 21.4 ± 6.5 24.6 ± 6.1 .02*

R 19.1 ± 4.0 19.1 ± 4.2 19.1 ± 3.9 .93

ArI (times/h) 14.3 ± 5.8 15.6 ± 6.1 12.7 ± 5.0 .01*

PLMI (events/h) 1.3 ± 3.0 1.2 ± 2.5 1.4 ± 3.6 .83

3%ODI 2.7 ± 4.1 3.9 ± 5.1 1.4 ± 1.8 <.01*

AHI (2.1Rec) (events/h) 4.0 ± 5.3 5.7 ± 6.5 2.2 ± 2.2 <.01*

NREM AHI (events/h) 3.2 ± 4.8 4.5 ± 60 1.5 ± 1.5 <.01*

REM AHI (events/h) 8.2 ± 10.1 10.1 ± 10.7 8.1 ± 7.8 <.01*

HI (2.1Rec) (events/h) 3.1 ± 4.0 6.5 ± 19.0 1.4 ± 1.5 <.01*

NREM HI (events/h) 2.3 ± 3.7 3.4 ± 4.5 .9 ± 1.0 <.01*

REM HI (events/h) 6.1 ± 7.1 7.7 ± 7.6 3.6 ± 4.6 <.01*

Values are presented as means ± standard deviation.*Mann-Whitney U test between men and women. aChi-squared test. AASM = American Academy of
Sleep Medicine, AHI = apnea-hypopnea index, ArI = arousal index, BMI = body mass index, HI = hypopnea index, JESS = Japanese version of the Epworth
Sleepiness Scale, NREM = non-rapid eye movement, ODI = oxygen desaturation index, PLMI = periodic limb movements in the sleep index, 2.1Rec = AASM
version 2.1 recommended criteria, REM = rapid eye movement, TST = total sleep time.
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total sleep time was 437.0 ± 42.2 minutes with high sleep effi-
ciency (93.2 ± 6.5%). A significant sex difference was observed
for sleep variables. Men had a significantly higher percentage
of N1 sleep (13.1%) and lower percentage of N3 sleep (21.4%)
thanwomen (N1:9.7%,P= .01 andN3: 24.6%,P= .02). Arousal
was more frequent in men (mean arousal index: 15.6 times/h)
than in women (12.7 times/h, P = .01).

Respiratory events
According to 2.1Rec, mean AHI was 4.0 events/h in the study
population.MeanAHIwas significantly higher inmen (5.7 events/h)
than in women (2.2 events/h; P = .002). The oxygen desaturation
index, calculated by the frequency of more than a 3% decrease
in SpO2, was significantly higher in men (4.0 events/h) than in
women (1.4 events/h; P = .0001). Mean SpO2 was significantly
lower in men (96.8%) than in women (97.1%, P = .0005).

Figure 1 shows the percentage of participants with an AHI
more than 5 events/h in young nonobese Japanese adult
participants according to the 2.1Rec hypopnea criteria. Ap-
proximately one-fourth of participants (25.2%) had AHI of
5 events/h ormore, and this wasmore frequent inmen (37.5%)
than in women (10.6%, chi-squared test: P = .0018). Fur-
thermore, 3.9% of participants had AHI ≥ 15 events/h, and
this was more frequent in men (5.4%) than in women (2.1%)
(P = .39).

Arousal threshold
Twenty-sixparticipantswithAHIofmore than5events/haccording
to 2.1Rec were used to analyze the arousal threshold (21 men and
5 women; age: 26.5 ± 4.0 years, BMI: 21.5 ± 2.2 kg/m2)
(Table 2).All of these participants had lowArTH (a score of 2 or
more, [AHI<30 events/h sleep], [nadir SpO2 >82.5%], [fraction
of hypopnea > 58.3%)] and the mean estimated ArTH

value was estimated to be −7.5 ± 2.6 cm H2O (−3.0 to
−12.8 cm H2O).

Comparison of AHI among scoring criteria
Table 3 shows the AHI and hypopnea index calculated by
2.1Rec, 2007Rec, 2007Alt, andChicago.AHI significantlydiffered
among the scoring criteria (P < .001, Friedman test). The median
AHI was the highest with Chicago (4.6 [.1–35.8] events/h),
decreased to 2.1Rec (2.4 [.1–32.9] events/h) and 2007Alt
(2.0 [.1–32.2] events/h) and was the lowest with 2007Rec
(.8 [0–18.2] events/h). Post hoc comparisons revealed signifi-
cant differences within each set of criteria. The influence of
criteria was similar regardless of sex.

Prevalence of OSA
Using Chicago, 44.6% of participants (46/103) had AHI of
5 events/h or more, while similar AHI was only observed in
8.4% (7/103) with 2007Rec. Using 2007Rec, the percentage
of participants with AHI ≥ 5 events/h was significantly lower
(8.4%) and that of Chicago (44.6%) was significantly higher
(P < .001) than that of 2.1Rec (25.2%). According to the
Chicago criteria, 11.6% of participants (12; 10 men, 2 women)
had AHI of 15 events/h or more. Furthermore, only the Chicago
definition had a significantly higher rate (P = .02) than
2.1Rec (Table 4).

DISCUSSION

To the best of our knowledge, this is the first study to assess the
presence of respiratory events using full-night PSG in nonobese
healthy young Japanese participants with a BMI within the
normal range in Japan.19 Mean AHI assessed by 2.1Rec was
4.0 events/h in all participants, and 25% of participants had
AHI 2.1Rec ≥ 5 events/h with a low arousal threshold. With the
other scoring criteria, AHI significantly differed among the 4
scoring rules: it was lower for 2007Rec and 2007Alt than for
Ver2.1 and Chicago. The percentage of participants with AHI ≥
5 events/h was the lowest with 2007Rec (only 8.4%), whereas it
was the highest for Chicago (44.6%). These results suggest that

Figure 1—Prevalence of obstructive sleep apnea

The prevalence of an apnea-hypopnea index (AHI) ≥ 5, ≥ 15, and ≥ 30
events/h according to the recommended American Academy of Sleep
Medicine Version 2.113 criteria in all, male, and female participants.

Table 2—The estimated value of the respiratory arousal
threshold in a subsample with AHI more than 5 events/h
with 2.1Rec.

Men:Women 21:5

Age (y) 26.4 ± 3.8

Height (cm) 171.0 ± 7.2

Weight (kg) 64.6 ± 9.0

BMI (kg/m2) 22.0 ± 2.0

AHI (2.1Rec) (events/h) 10.9 ± 7.3

Arousal threshold (cm H2O) -7.7 ± 2.6

Values presented as means ± standard deviation. AHI = apnea-
hypopnea index, BMI = body mass index, 2.1Rec = AASM version 2.1
recommended criteria.
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healthy nonobese young Japanese adults exhibit physiological
signs of upper airway narrowing during sleep.

AHI and sleep variables in Japanese young adults
To date, few polysomnographic studies have been conducted to
investigate the occurrence of respiratory events during sleep in
young healthy participants using the current standard scoring
criteria (2.1Rec) for respiratory events. Previous studies were
generally performed on middle-aged participants,9,20,21 and
only a few were conducted in non-Asian countries. The stan-
dard scoring criteria for scoring respiratory events have been
modified over the years.11–14 Therefore, caution is needed when
interpreting the present results and previous findings. A pre-
vious study on 100 healthy white participants reported that
20 participants younger than 30 yearswith a relatively highBMI
(< 30 kg/m2; 11 men and 9 women) had a median AHI of
.5 events/h (.0–8.8) with a 90th percentile of 3.1 events/h.22 In
another study performed on 206 white participants from Ger-
many, 34 young women and 39 men younger than 30 years
(BMI unknown) had mean AHI of .9 and 1.7 events/h,
respectively.23 In a recent meta-analysis of routine PSG pa-
rameters worldwide, including East Asia (approximately 4% of
samples), mean AHI was 1.6 events/h for participants aged
between 18 and 34 years; however, studies using 2.1Rec or
earlier criteria were included.24 The present results showed that
the median AHI in Japanese young adults was 2.4 events/h
(.3–32.9), with a 90th percentile of 8.9 events/h or a mean of
4.0 ± 5.3 events/h when 2.1Rec was used (Table 5). In a study
in which Type 3 monitoring was performed on 487 Japanese
medical students with a similar age (24.5 years) and BMI
(22.3 kg/m2) to the participants in the present study, the re-
spiratory event index was 5.7 ± 6.6.25 Therefore, based on
limited information, young nonobese Japanese adults have a
higher AHI with larger variations than non-Asian participants.
However, the present results were consistent with previous
findings in terms of sex differences in sleep and respiratory

variables, such as AHI: healthy young men had lower sleep
quality (a higher percentage of stage N1 and higher arousal
index) and higher respiratory variables (AHI, mean SpO2, and
oxygen desaturation index 3%) than women; however, sleep
variables were within the normal ranges.22–24

The present results also demonstrated that 25.2% of healthy
young adults had AHI of higher than ≥ 5 events/h, although they
were nonobese (BMI: 20.9 ± 1.8 kg/m2). More importantly, 3.9%
of participants had AHI ≥ 15 events/h, a level at whichOSAmay
be diagnosed in the absence of clinical symptoms. Limited infor-
mation is currently available on the prevalence of OSA using PSG
recording (Type 1 or 2) in Japan. A previous study using pulse
oximetry monitoring (Type 4) in 1,313 participants reported a
prevalence of 4.5% in participants aged 20–39 years and 8.5% in
those aged 40–69 years.26 Using Type 3 monitoring on 487
Japanese medical students, 29.6% were found to have respiratory
event index > 5 events/h and 6.0% respiratory event index
>15 events/h.25 In a previous study using Type 4 monitoring on
randomly selected Japanese community samples, the prevalence of
OSA (respiratory event index > 15 events/h) also increased from
14.4% in individuals in their 50s to 26.0% in those in their 70s.27

Another study using PSG after home sleep monitoring showed
that the prevalence of OSA was 3.7% in 129 middle-aged
participants.28 In Asian countries, studies using PSG record-
ings for selected participants among the study population
estimated the prevalence of OSA in China/Hong Kong (ap-
proximately 4–8% for more than 700 participants),20,21 India
(approximately 3.6–13.7% in 2,150 participants29 and 12.2–
26.9% in 2,505 participants),30 Korea (4.5% in 547 men),9 and
Singapore (15.7% in 106 participants).31 The estimated preva-
lence of OSA in these studies was consistent with the present
results. However, caution is needed when interpreting the prev-
alence of OSA in Japanese and Asian populations due to the
heterogeneity of study populations (eg, age, medical background,
community, and presence of OSA symptoms) and methodologies
(eg, instruments andscoringcriteria).Apotential samplebias in the

Table 3—Apnea-hypopnea indices according to hypopnea criteria.

AHI by 2.1Rec AHI by 2007Rec AHI by 2007Alt AHI by Chicago P*

All 2.4 (4.3) 9.4 .8 (1.5) 3.8 2.0 (3.8) 8.1 4.6 (7.0) 15.8 < .001

Men 4.0 (5.5) 13.7 1.2 (1.8) 5.0 3.2 (5.0) 12.5 6.7 (9.5) 17.9 < .001

Women 1.6 (2.0) 4.7 .5 (1.1) 2.5 1.3 (2.1) 4.3 3.5 (5.9) 9.7 < .001

All values are shown as median events per hour (interquartile ranges) and 90th percentiles. *Friedman test. AASM = American Academy of Sleep Medicine,
AHI = apnea-hypopnea index, Chicago = AASM 1999 Chicago criteria, 2007Alt = AASM 2007 alternative criteria, 2007Rec = AASM 2007 recommended
criteria, 2.1Rec = AASM version 2.1 recommended criteria.

Table 4—Prevalence of obstructive sleep apnea.

OSA 2.1Rec 2007Rec 2007Alt Chicago

AHI ≥ 5 (events/h) 25.2%a,b 6.8%a 22.3% 44.6%b

AHI ≥ 15 (events/h) 3.9%c 1.9% 2.9% 11.6%c

a and bP < .01, cP = .02, McNemar tests. AASM = American Academy of Sleep Medicine, AHI = apnea-hypopnea index, Chicago = AASM 1999
Chicago criteria, 2007Alt = AASM 2007 alternative criteria, 2007Rec = AASM 2007 recommended criteria, 2.1Rec = AASM version 2.1 recommended criteria,
OSA = obstructive sleep apnea.
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present study needs to be considered when discussing the
prevalence of OSA because our study population (mainly
university students) was a consecutive sample rather than a
sample selected from systematic procedures (ie, random
sampling from the community). Moreover, it is important to
note that the above studies were performed on middle-aged
populations with a higher BMI. Collectively, the significance
of the present results is that more than the expected number
of the population, with a male dominancy, had respiratory
events that fulfill the diagnosis of OSA in young nonobese
Japanese participants.

Interpretations based on the type of hypopnea
The effects of the different rules for scoring hypopnea have
been recognized in comparisons of the prevalence and diag-
nostic outcomes ofOSA.32–36 A comparison ofAHI between the
different scoring criteria may represent the characteristics of
respiratory events in the study population because the defini-
tions of hypopnea events are known to differ among these
4 scoring criteria.35,37,38 In the present study, the mean AHI
of 2.1Rec (2.4 events/h) was 3-fold higher than that of 2007Rec
(.8 events/h), 20% higher than that of 2007Alt (2.0 events/h),
and 52% lower than that of Chicago (4.6 events/h). Therefore,
the estimated prevalence of OSA (ie, AHI ≥ 5 events/h) was the
lowest using 2007Rec (6.8%), the highest using Chicago
(44.6%), and similar between 2.1Rec (25.2%) and 2007Alt
(22.3%). Similar to the present results for young healthy par-
ticipants, previous studies consistently reported that AHI
assessed by 2.1Rec was significantly higher than those by
2007Rec and 2007Alt.32,36,39,40 The higher AHI with 2.1Rec
thanwith 2007Rec and 2007Alt is related to the inclusion of events
with cardiorespiratory and cortical consequences (eg, ≥ 3%
desaturation or electroencephalographyarousal) and a lower
flow reduction (eg, between ≥ 50% and ≥ 30%).

In our study population, AHI assessed by Chicago was
approximately 2-fold higher than that by 2.1Rec, which is in
contrast to previous findings showing that AHI and the
prevalence of OSA were more likely to be similar between
Chicago and 2.1Rec in patients with OSA34 and middle-aged
populations.32 The difference between Chicago and 2.1Rec
represents the inclusion of a 50% flow reduction without
desaturation and electroencephalography arousal.34 Nonobese
young Japanese adults, although asymptomatic for OSA, have

subclinical airflow limitations without arousal or desaturation
during sleep. The presence of nondesaturating breathing dis-
turbances may represent a predisposing condition for a milder
OSA phenotype, as was recently proposed.41 Therefore, young
nonobese Japanese adults have physiological signs of upper
airway narrowing andmay be at risk of developing OSAwhen
the ability to maintain upper airway patency is altered in
later life.

Although the lack of quantitative data on the craniofacial mor-
phology limits itsdiscussion in thepresent study, the resultsobtained
suggest that Japanese individuals have a narrower safetymargin for
themaintenanceofupperairwaypatencyagainstweightgain.This is
supported by previous findings showing the greater significance of
the craniofacial morphology in the pathophysiology of OSA in
Asians than in whites,10,42,43 ie, Asian patients with OSA are less
obese than whites, although AHI is similar.10,27,29 In addition to
the anatomical endotype, nonanatomical endotypes, such as low
ArTHs, are other factors that need to be considered.15,44 Par-
ticipants with AHI of 5 events/h or more (2.1Rec) showed a low
ArTH (−7.5 ± 2.6 cmH2O). These values were within the range
(between 0 and −15 cm H2O) proposed as significant for the
pathogenesis of OSA in nonobese patients.45 In addition, a low
ArTH was noted in approximately half of the untreated patients
with OSA.16 Therefore, the low ArTH in young Japanese
participants of the present study may underlie a high AHI de-
spite the lack of other risk factors for OSA (ie, obesity).
However, the results of ArTH need to be interpreted with
caution because the equation proposed for calculating ArTH
may not be applicable for ethnically diverse populations. Since
the role ofArTH in the pathogenesis aswell as treatment ofOSA
may be modified by morphology, age, and ethnicity in patients
withOSA,17 further studies are needed to investigate the roles of
airflow limitations and a low ArTH in the development of OSA
in young nonobese Japanese individuals.

In conclusion, the present results demonstrated that 25.2% of
nonobese young healthy Japanese adults had AHI ≥ 5 events/h
and 3.9%hadAHI≥ 15 events/h, with the latter being diagnosed
with OSA. The analysis of respiratory events showed a high
frequency of respiratory events with airflow limitations without
desaturation or arousal in this population. The presence of
airflow limitations and a low ArTH may also influence current
sleep quality and the future onset of OSA. Long-term poly-
somnographic observations in this population may clarify the

Table 5—Studies identifying apnea-hypopnea indices in young patients.

Study Participants Ethnic Group Age (y) BMI (kg/m2) Scoring Criteria AHI (events/h)

Mitterling et al.22 11 men and 9 women white < 30 < 30 2.1Rec .5 (.0–8.8)*

Hertenstein et al.23
39 men

white < 30 unknown 2.1Rec
1.7#

34 women .9#

Boulos et al.24 meta-analysis 4% Asian 18–34 unknown 2.1Rec or earlier criteria 1.6#

Present study 56 men and 47 women Japanese 24.5# 20.9# 2.1Rec
2.4(.3–32.9)*

4.0#

Values are shown as medians (interquartile ranges) (*) or means (#). AHI = apnea-hypopnea index, BMI = body mass index, 2.1Rec = American Academy of
Sleep Medicine 2.1 recommended criteria.
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factors affecting the OSA generation mode in healthy adults
with normal PSG parameters.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine
AHI, apnea-hypopnea index
2007Alt, AASM 2007 alternative criteria
ArTH, arousal threshold
BMI, body mass index
Chicago, AASM 1999 Chicago criteria
OSA, obstructive sleep apnea
PSG, polysomnography
Spo2, oxygen measured by pulse oximetry
2007Rec, AASM 2007 recommended criteria
2.1Rec, AASM Version 2.1 recommended criteria
Ver2.1, AASM Version 2.1 criteria)
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