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Abstract
Purpose This study aimed to determine the prevalence of po-
sitional obstructive sleep apnea (OSA) and its subtypes in
Korean adults with newly diagnosed OSA and document the
clinical characteristics of positional OSA and its subtypes
compared to non-positional OSA
Methods In this cross-sectional study, we evaluated 1052
OSA adults. Positional OSA was defined as an overall
apnea-hypopnea index (AHI) ≥5 and supine AHI to non-
supine AHI ratio of ≥2. Positional OSAwas subtyped depend-
ing on the degree of AHI while in the non-supine position:
subtype I (a non-supine AHI <5/h), subtype II (a non-supine
AHI ≥5/h and <15/h), and subtype III (a non-supine AHI ≥15/
h). To compare clinical characteristics between patient groups
depending on the positional tendency of OSA, statistical anal-
yses were performed.
Results The prevalence of positional OSA was 75.6 % with
39.9 % having AHI normalized <5/h while in non-supine
position. Positional OSA patients had milder OSA, older
age, and lower BMI than did non-positional OSA patients.
However, having positional OSA did not influence daytime
sleepiness, depressive symptoms, anxiety, and health-related
quality of life. Unlike the subtype I and II positional OSAs,

subtype III did not differ in clinical features from non-
positional OSA. There were significant differences in supine
sleep time depending on the positional tendency of OSA.
Subtype III positional OSA had the shortest supine sleep time
whereas subtype I positional OSA and non-positional OSA
had the longest supine sleep time.
Conclusions Positional OSA subtypes have different clinical
characteristics. Subtyping of positional OSA is helpful for
developing specific treatment strategies according to position-
al tendency

Keywords Obstructive sleep apnea . Sleep disordered
breathing . Positional . Subtype . Supine sleep .

Supine-predominant . Supine-isolated

Introduction

Obstructive sleep apnea (OSA) syndrome is a common sleep
disorder characterized by repetitive obstruction of the upper
airway during sleep [1, 2] and has been identified as an inde-
pendent risk factor for a number of cardiovascular diseases
[3]. Positional OSA is a phenotype of OSA in which sleep
apneas occur predominantly during sleep in the supine posi-
tion [4]. The mechanisms underlying positional OSA includ-
ing its interaction with upper airway collapsibility, or reduced
lung volume, are poorly understood [4].

With regard to the criteria for defining positional OSA,
Cartwright [5] was the first to describe the arbitrary cutoff
point of a difference of 50 % or more in apnea index between
supine and non-supine sleep positions. Since then, modified
versions of Cartwright’s criteria have been applied in literature
[6–9], but there are no universally used criteria for positional
OSA. Although prevalence rates vary depending on the
criteria defining positional OSA, positional OSA accounts
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for a significant portion of the OSA population, ranging from
50 to 60 % of OSA patients who present to sleep clinics [10,
11], and occurs more commonly in non-obese patients and
patients with mild or moderate OSA rather than severe OSA
[6–11].

Management of positional OSA has been significantly im-
proved recently with the introduction of a new generation of
positional therapy. A small device attached to either the neck
or chest prevents patients with positional OSA from sleep at
the supine position through a vibrating stimulus without neg-
atively influencing sleep efficiency [12, 13]. The effectiveness
of this simple therapy gave more clinical significance to iden-
tifying suitable candidates for positional therapy. However,
there are few studies about classification and characterization
of subtypes of positional OSA [4, 9]. Recently, two subtypes
of positional OSA, i.e., supine-predominant OSA (spOSA)
and supine-isolated OSA (siOSA) were proposed and com-
pared [4, 9]. The Amsterdam Positional OSA Classification
was recently developed focusing on selecting patients who
have a clinically significant improvement with positional ther-
apy, but it needs to be further validated [14].More understand-
ing is needed to develop specific treatment strategies for dif-
ferent subtypes of positional OSA.

The aims of this study were threefold: (1) to determine the
prevalence of positional OSA and its subtypes in Korean
adults with newly diagnosed OSA, (2) to document the clin-
ical characteristics of positional OSA and its subtypes com-
pared to non-positional OSA, and (3) to determine the associ-
ations between subtypes of positional OSA and sleep in the
supine position.

Materials and methods

Patients

This was a cross-sectional, single center study including a
consecut ive ser ies of pat ients who underwent a
polysomnography (PSG) for evaluation of suspected OSA
between 2011 and 2013. Criteria for inclusion were as fol-
lows: aged over 18 years and newly diagnosed with OSA
(apnea-hypopnea index (AHI) ≥5 per hour) by a full-night
PSG. Patients were excluded if they had total sleep time less
than 100 min; if they had supine or non-supine sleep time less
than 30 min; or if they had an active medical, neurological, or
psychiatric disorder that would impact their health-related
quality of life (HRQoL). Patients with hypertension or type
2 diabetes without overt cardiovascular complications were
not excluded. Basic demographic information, medical co-
morbidities, and medication information were obtained from
the self-reported checklist for medical history and electronic
medical record. The patient’s body mass index (BMI) was
determined on the day of PSG. The study was reviewed and

approved by the Institutional Review Board of Asan Medical
Center.

Of the 1440 patients included, 388 were excluded because
of supine or non-supine sleep time <30 min (n = 210), total
sleep time <100 min (n = 10), and major medical diseases
(n = 168). The remaining 1052 subjects (838 men and 214
women) were included in the study (Table 1). The mean age
was 51.2 years (SD 11.4 years) and the mean BMI was
26.2 kg/m2 (SD 3.7).

Definitions of positional OSA

We categorized patients as having positional or non-positional
OSA according to the criteria suggested by Cartwright [5],
which is the most common definition for positional OSA used
today. This defined positional OSA (i.e., spOSA) if overall
AHI was ≥5/h and a supine AHI was at least two times higher
than non-supine AHI [4, 5]. And then, patients with positional
OSAwere further categorized into the three subtypes depend-
ing on the degree of AHI while in the non-supine position:
subtype I (i.e., siOSA) which fulfilled a non-supine AHI <5/h,
subtype II which fulfilled a non-supine AHI ≥5/h and <15/h,
and subtype III which fulfilled a non-supine AHI ≥15/h
(Table 2). Respiratory distress in subtype I patients would be
normalized by positional therapy alone. Subtype II patients
would have a clinically significant improvement with posi-
tional therapy, but their AHI was not normalized. Sleep apnea
in subtype III patients would improve but remain moderate or
severe in severity by positional therapy alone.

Polysomnography

Polysomnography was performed using a digital polygraph
system (RemLogic ver. 2.0, Embla Systems Inc., Broomfield,

Table 1 Patient characteristics (n = 1052)

Male, n (%) 838 (79.7)

Age, years, mean (SD) 51.2 (11.4)

Body mass index (kg/m2) mean (SD) 26.2 (3.7)

Hypertension, n (%) 387 (36.8)

Type 2 diabetes, n (%) 116 (11.0)

AHI (/h) median (IQR) 27.0 (15.0, 43.3)

15 > AHI ≥ 5, n (%) 260 (24.7)

30 > AHI ≥ 15, n (%) 330 (31.4)

AHI ≥ 30, n (%) 462 (43.9)

Supine AHI (/h) median (IQR) 42.1 (23.3, 61.4)

Non-supine AHI (/h) median (IQR) 8.0 (2.1, 22.4)

Supine time (min) mean (SD) 195.0 (74.8)

Percentage of supine position, mean (SD) 56.9 (20.0)

AHI apnea–hypopnea index, IQR interquartile range, SD standard
deviation
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CO, USA). A position sensor is an integrated part of system
hardware and is located inside the Patient Unit. A position
sensor reacts on physical movement with the output of signals
for three directions and differentiates five positions including
the supine and the non-supine position (right, left, prone, and
upright position). The Patient Unit including a position sensor
was attached to the anterior chest wall on the thoracic belt.
Sleep and respiratory events were scored according to the
2007 American Academy of Sleep Medicine guidelines [15].
An apnea was defined as a drop in the peak thermal sensor
excursion of ≥90 % of the baseline value for at least 10 s. A
hypopnea was defined as a nasal pressure signal excursion drop
of ≥30% of the baseline value for at least 10 s, accompanied by
a ≥4 % reduction in O2 saturation from the pre-event baseline.
AHI was defined as the average number of episodes of apnea
and hypopnea per hour. A respiratory effort-related arousal
(RERA) was defined as a sequence of breaths lasting at least
10 s characterized by flattening of the nasal pressure waveform
and leading to arousal from sleep when the sequence of breaths
did not meet criteria for apnea or hypopnea. The respiratory
distress index (RDI) was calculated as the average number of
episodes of apnea, hypopnea plus RERA per hour. The oxygen
desaturation index (ODI) was defined as the number of times
that oxygen desaturation was ≥3 % per hour of sleep.

Questionnaires

Daytime sleepiness was evaluated using the Epworth
Sleepiness Scale (ESS) [16], which is a self-report, 8-item
questionnaire for measuring daytime sleepiness in everyday
situations. The total possible score ranges from 0 to 24. Higher
scores indicate greater sleepiness during daily activities. Sleep
quality was measured using the sleep problems index 2 of the
Medical Outcomes Study (MOS)—Sleep Scale [17]. A higher
index score indicates poorer sleep quality. Depressive symp-
toms were assessed using a 21-item BDI [18]. Higher scores
represent higher levels of depression. The presence and

severity of current symptoms of anxiety (state anxiety level)
were assessed using the State Scale of the STAI [19]. The
higher the score is, the higher the level of anxiety is.
HRQoL was assessed using the Medical Outcomes Study
Short-Form Health survey (SF-36) [20], which is non-
disease specific and consists of 36 questions measuring 8 do-
mains. All domain scores are transformed, resulting in scale
scores from 0 (lowest level of functioning) to 100 (highest
level of functioning).

Statistical analysis

Normally distributed data are expressed as a mean and stan-
dard deviation, and non-normally distributed data are
expressed as a median and interquartile range. To compare
patient characteristics between positional and non-positional
OSA, statistical analyses were performed using Student’s t test
for normally distributed data, the Mann–Whitney U test for
non-normally distributed data, or the Chi-square test for cate-
gorical variables. To compare patient characteristics between
the three positional OSA subgroups and non-positional OSA,
statistical analyses were performed using one-way analysis of
variance (ANOVA) with Scheffé post hoc test, the Kruskal–
Wallis test, or the Chi-square test. The post hoc testing of the
Kruskal–Wallis test was performed using the Mann–Whitney
U test with the Bonferroni correction. In order to examine the
independent factors associated with positional OSA and its
subtype I (siOSA) with AHI normalized in the non-supine
position, logistic regression analyses were performed on var-
iables with p < 0.1 in univariate analysis. The independent
variables included were age, sex, BMI, hypertension, type 2
diabetes, and AHI. Log transformation was applied to the AHI
with right-skewed distribution to satisfy the normality as-
sumption. Correlations between supine sleep time and apnea
severity were performed using Spearman’s rank correlation
test. The significance level was set to p < 0.05. Data were
analyzed using SPSS version 21.0 (SPSS Inc., Chicago, IL).

Table 2 Prevalences of positional obstructive sleep apnea and its subtypes

Definition Criteria Number of
patients
(n = 1052)

Percentage of
patients (%)

95 % Confidence
interval (%)

Supine AHI, /h,
median (IQR)

Non-supine AHI
(/h) median (IQR)

Total Overall AHI ≥5/h and supine to
non-supine AHI ratio of ≥2

795 75.6 73.0–78.2 39.2 (22.5, 58.0) 4.5 (1.4, 12.2)

Subtype I additionally, non-supine
AHI < 5/h

420 39.9 37.0–42.9 25.2 (15.7, 40.1) 1.5 (0.4, 2.9)

Subtype II additionally, non-supine
AHI < 15/h and ≥5/h

221 21.0 18.5–23.5 43.6 (31.6, 60.1) 9.0 (6.7, 11.4)

Subtype III additionally, non-supine
AHI ≥ 15/h

154 14.6 12.5–16.8 62.8 (54.3, 73.0) 22.2 (17.7, 27.8)

AHI apnea–hypopnea index; IQR interquartile range
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Results

The prevalence of positional OSA

Of the 1052 subjects analyzed in this study, 75.6 % (n = 795)
fulfilled the Cartwright’s criteria for positional OSA. Subtype
I, subtype II, and subtype III were 39.9, 21.0, and 14.6 %
(Table 2), respectively.

Comparison between positional and non-positional OSA

Patients with positional OSA had less severe sleep apnea
(p < 0.001) measured by AHI, RDI, ODI, and minimum O2

saturation (MinO2Sat); the older age (p < 0.001); the lower
BMI (p < 0.001); the lower proportion of type 2 diabetes
(p < 0.01); the better sleep architecture (p < 0.05) including
N1, N2, N3, rapid eye movement (REM) sleep, TST, and
sleep latency; and the lower SPI-2 scores (p < 0.05) than those
with non-positional OSA (Table 3). There were no differences
in sex, ESS, BDI, STAI-S, and SF-36 between positional and
non-positional OSA. In the subtype analyses, differences of
subtype I and II positional OSA from non-positional OSA
were similar to overall positional OSA. However, clinical fea-
tures of subgroup III except the percentage of N2 sleep did not
differ from those of non-positional OSA (Table 4).

Based on logistic regression analyses, positional OSA and
its subtype I were independently associated with the older age
(p < 0.05), the lower BMI (p < 0.001), and the lower AHI
(p < 0.001) (Table 5). In addition, a subtype I positional OSA
was also independently associated with the absence of type 2
diabetes (p < 0.05).

Relations between positional OSA subtypes and sleep
position

There were significant differences in supine sleep time and
proportion depending on the positional tendency of OSA.
Subtype III positional OSA had the smallest amount and pro-
portion of sleep in a supine position among the patient groups
depending on positional tendency (p < 0.001) (Fig. 1 and
Table 4). However, there were no differences between subtype
I positional OSA and non-positional OSA.

In patients with both positional and non-positional OSA,
supine sleep time and proportion were negatively related to
supine AHI (p < 0.001), the AHI differences between supine
and non-supine position (p < 0.001), and age (p < 0.01)
(Table 6). The overall AHI was positively and negatively re-
lated to the amount of supine sleep in patients with positional
and non-positional OSA, respectively. Body mass index was
negatively related to the amount of supine sleep only in pa-
tients with positional OSA. The time spent in supine did not
differ depending on gender.

Discussion

There has been a wide range of prevalence of positional OSA
in the literature depending on various definitions for positional
OSA. The most common definition for positional OSA was
that the overall AHI was ≥5/h, and a supine AHI was at least
two times higher than non-supine AHI [4, 5]. Using these
criteria (i.e., spOSA), the prevalence of positional OSA,
75.6 %, in this study was consistent with 67∼75 % of the
Asian population [9, 21, 22] but was higher than 50∼60 %
in the Western countries [10, 11, 23]. Using the more strict
criteria (i.e., siOSA), the prevalence of subtype I positional
OSA having AHI normalized <5/h in the non-supine position
was also higher, 39.9 %, in this study comparing to 25∼30 %
in the Western countries [7, 11]. The higher prevalence of
positional OSA in the Asian population could be partly ex-
plained by the lower BMI in the Asian population because
obesity is one of the important determining factors for posi-
tional OSA.

Most studies consistently show that positional OSA is a
milder form of the OSA syndrome [7, 10, 11, 22]. PSG data
in this study also showed that positional OSA had milder
degree of sleep apnea, more preserved sleep architecture,
more total sleep time, and shorter sleep latency than did
non-positional OSA. These objective data indicating a milder
degree of sleep apnea were accompanied by the better subjec-
tive sleep quality measured by the MOS Sleep Scale in this
study. The subtype analyses of positional OSA showed that
subtypes I and II positional OSA shared clinical characteristics
of overall positional OSA compared to non-positional OSA,
but subtype III did not differ in clinical features from those of
non-positional OSA.

In spite of milder sleep apnea found in positional OSA,
having positional OSA did not influence daytime sleepiness,
depressive symptoms, anxiety, and HRQoL. Consistent with
our data, Mador et al. [7] and Teerapraipruk et al. [21] found
no difference in ESS between positional and non-positional
OSA groups. Although multiple sleep latency test data from
Oksenberg et al. [10] demonstrated a trend toward reduced
sleepiness in positional OSA patients compared to non-
positional OSA patients, these data were confounded by the
fact that the non-positional patients had more severe OSA. In
contrast, Joosten et al. [11] reported using the ESS that pa-
tients with positional OSA were subjectively rather sleepier
than were the other OSA patients. Kim et al. [9] unexpectedly
found that the siOSA group, a milder form of positional OSA,
had higher Pittsburgh Sleep Quality Index, BDI-2, and
Hospital Anxiety Depression Scale scores, indicative of
poorer sleep quality and higher levels of depression and anx-
iety than spOSA. In our study, however, there were no differ-
ences in depressive symptoms, anxiety, and HRQoL between
positional OSA subtypes. Consistent with our study, some
studies [7, 9, 24] showed that there were no significant
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differences in daytime sleepiness measured by ESS between
positional OSA subtypes.

Patients with positional OSAwere significantly less obese in
the present study, even when controlling for the lower AHI
found in the positional OSA. The more strict criteria we used
for subtyping positional OSA, the lower BMI the patients with
positional OSA had. Consistent with our study, the lower BMI
or the smaller neck circumferences has been usually reported to
be associated with positional OSA [9–11, 21, 23, 24], although
some studies found no difference in BMI between positional
and non-positional OSA [21, 25]. However, the relationship
between age and positional OSA was inconsistent. Positional
OSA was significantly associated with older age in this study
but oppositely with younger age in most Western studies [10,
11, 23, 24]. Moreover, some Asian studies found no difference

in age between positional and non-positional OSA [9, 21, 25].
It is unclear what made this discrepancy. It could be partially
explained by racial differences in the susceptibility to age
whichmay differentiate the features of positional OSA between
Asian and Western OSA populations.

The more severe degree of sleep apnea OSA patients has, the
lower positional dependency they have. The supine sleep time is
an important determining factor of the overall AHI in positional
OSA patients regardless of its subtypes. Recently, a Swedish
study [24] did not find any difference in time spent in the supine
position between positional OSA groups or any correlation be-
tween positional dependency and time spent in the supine posi-
tion. Joosten et al. [4] also described that having spOSA or
siOSA does not influence the amount of time spent supine as
these patients appear to spend as much time in the supine

Table 3 Comparison between
positional and non-positional
obstructive sleep apnea

Positional OSA (n = 795) Non-positional OSA (n = 257)

Male, n (%) 632 (79.5) 206 (80.2)

Age (year) mean (SD) 51.9 (11.3)*** 48.9 (11.4)

Body mass index (kg/m2) mean (SD) 25.6 (3.2)*** 28.1 (4.5)

Hypertension, n (%) 280 (35.2) 107 (41.6)

Type 2 diabetes, n (%) 76 (9.6)** 40 (15.6)

Epworth Sleepness Scale, mean (SD) 9.2 (5.1) 9.7 (5.5)

Sleep problem index 2, mean (SD) 33.7 (16.8)* 36.7 (17.8)

Beck Depression Inventory, mean (SD) 9.6 (7.1) 10.5 (8.3)

STAI-S, mean (SD) 39.9 (10.1) 40.6 (10.9)

SF-36, mean (SD) 72.6 (18.8) 70.6 (19.2)

AHI (/h) median (IQR) 23.6 (13.4, 35.0)*** 49.0 (25.0, 64.1)

15 > AHI ≥ 5, n (%) 228 (28.7)*** 32 (12.5)

30 > AHI ≥ 15, n (%) 283 (35.6) 47 (18.3)

AHI ≥ 30, n (%) 284 (35.7) 178 (69.3)

Supine AHI (/h) median (IQR) 39.2 (22.5, 58.0)*** 55.6 (28.3, 71.9)

Non-supine AHI (/h) median (IQR) 4.5 (1.4, 12.2)*** 39.1 (21.3, 58.6)

RDI (/h) median (IQR) 30.2 (20.9, 41.2)*** 52.0 (30.1, 67.6)

Minimal arterial oxygen saturation (%) 83.0 (78.0, 87.0)*** 77.0 (70.4, 83.0)

Oxygen desaturation index (/h) 18.7 (10.1, 31.6)*** 42.6 (20.1, 61.6)

Sleep architecture

N1 sleep (%) 29.0 (12.9)*** 39.0 (19.3)

N2 sleep (%) 45.3 (14.7)*** 38.5 (13.9)

N3 sleep (%) 6.3 (0.7, 13.3)** 3.7 (0.0, 11.3)

REM sleep (%) 17.4 (5.9)*** 15.8 (5.9)

Total sleep time (min) 344.5 (46.5)** 334.7 (45.6)

Sleep latency (min) 3.5 (2.0, 8.0)* 3.0 (1.5, 6.5)

Sleep efficiency (%) 90.8 (84.5, 95.5) 91.5 (85.3, 95.7)

Wake after sleep onset (min) 27.5 (13.0, 52.0) 26.5 (13.0, 49.8)

Supine time (min) 194.3 (74.3) 197.0 (76.5)

Percentage of supine position (%) 56.3 (19.9) 58.6 (20.5)

AHI apnea–hypopnea index, OSA obstructive sleep apnea, RDI respiratory distress index, REM rapid eye move-
ment, STAI-S State Trait Anxiety Index-State, SF-36Medical Outcomes Study-Short Form 36, IQR interquartile
range, SD standard deviation

*p < 0.05; **p < 0.01; ***p < 0.001
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Table 4 Comparison between positional OSA subtypes and non-positional OSA

Subtype I (n = 420) Subtype II (n = 221) Subtype III (n = 154) Non-positional
group (n = 257)

p value

Male, n (%) 325 (77.4) 175 (79.2) 132 (85.7) 206 (80.2) NS

Age (year) mean (SD) 51.7 (11.9)a 52.3 (10.3)a 51.9 (10.9) 48.9 (11.4)a 0.004

BMI (kg/m2) mean (SD) 24.8 (2.8)a,b,c 25.9 (3.4)a,b,c 27.3 (3.1)b 28.1 (4.5)a <0.001

Hypertension, n (%) 128 (30.5) 76 (34.4) 76 (49.4) 107 (41.6) <0.001

Type 2 diabetes, n (%) 32 (7.6) 21 (9.5) 23 (14.9) 40 (15.6) 0.004

ESS, mean (SD) 9.2 (5.0) 9.2 (5.7) 9.0 (4.6) 9.7 (5.5) NS

Sleep problem index 2, mean (SD) 33.4 (17.2) 34.7 (16.7) 33.4 (16.1) 36.7 (17.8) NS

BDI, mean (SD) 10.0 (7.4) 9.7 (7.0) 8.7 (6.7) 10.5 (8.3) NS

STAI-S, mean (SD) 39.7 (10.1) 40.6 (10.2) 39.5 (10.2) 40.6 (10.92) NS

SF-36, mean (SD) 72.3 (18.4) 71.9 (20.6) 74.1 (17.4) 70.6 (19.2) NS

AHI (/h) median (IQR) 15.2 (9.0, 24.0)a,b,c 26.9 (20.0, 35.5)a,b,c 41.3 (33.3, 51.0)b 49.0 (25.0, 64.1)a <0.001

15 > AHI ≥5, n (%) 207 (49.3) 19 (8.6) 2 (1.3) 32 (12.5) <0.001

30 > AHI ≥15, n (%) 148 (35.2) 118 (53.4) 17 (11.0) 47 (18.3)

AHI ≥30, n (%) 65 (15.5) 84 (38.0) 135 (87.7) 178 (69.3)

RDI (/h) median (IQR) 23.4 (16.7, 32.1)a,b,c 32.8 (25.0, 41.2)a,b,c 46.1 (38.2, 55.2)b 52.0 (30.1, 67.6)a <0.001

MinO2Sat, (%) 85.0 (81.0, 88.0)a,b,c 82.0 (78.0, 85.5)a,b,c 78.0 (74.0, 83.0)b 77.0 (70.4, 83.0)a <0.001

ODI (/h) 12.7 (7.1, 20.0)a,b,c 22.6 (15.3, 33.2)a,b,c 38.1 (28.9, 48.3)b 42.3 (20.1, 61.6)a <0.001

Sleep architecture

N1 sleep (%) 25.5 (12.4)a,b,c 30.4 (11.8)a,b,c 36.6 (12.1)b 39.0 (19.3)a <0.001

N2 sleep (%) 46.2 (11.3)a 45.2 (10.3)a 42.9 (24.5)a 38.5 (13.9)a <0.001

N3 sleep (%) 8.2 (1.6, 15.3)a,b,c 4.5 (0.4, 12.6)c 3.0 (0.1, 10.1)b 3.7 (0.0, 11.3)a <0.001

REM sleep (%) 18.0 (5.9)a 17.1 (5.8) 16.5 (5.8) 15.6 (5.9)a <0.001

Total sleep time (min) 347.6 (45.0)a 342.0 (49.9) 339.4 (45.2) 334.7 (45.6)a 0.005

Sleep latency (min) 3.5 (1.5, 8.4) 3.5 (2.0, 8.0) 3.5 (2.0, 7.0) 3.0 (1.5, 6.5) NS

Sleep efficiency (%) 91.1 (84.6, 95.8) 90.5 (82.4, 95.3) 91.3 (86.2, 94.3) 91.5 (85.3, 95.7) NS

WASO (min) 27.5 (12.2, 52.0) 29.0 (14.0, 58.3) 27.3 (16.0, 46.1) 26.5 (13.0, 49.8) NS

Supine time (min) 208.4 (71.3)b,c 184.9 (79.2)c 169.3 (66.0)a,b 197.0 (76.5)a <0.001

Percentage of supine position (%) 59.9 (18.9)b,c 53.7 (20.7)c 50.2 (19.2)a,b 58.6 (20.5)a <0.001

AHI apnea–hypopnea index, BDIBeck Depression Inventory, BMI bodymass index,MinO2Satminimal arterial oxygen saturation, ESS Epworth Sleepness
Scale, ODIOxygen desaturation index,OSA obstructive sleep apnea, RDI respiratory distress index, REM rapid eye movement, STAI-S State Trait Anxiety
Index-State, SF-36Medical Outcomes Study-Short Form 36, IQR interquartile range, SD standard deviation, WASO wake after sleep onset
a p value <0.05 in non-positional OSA vs. positional OSA subtypes
b p value <0.05 in subtype III vs. subtype II or I positional OSA
c p value <0.05 in subtype II vs. subtype I positional OSA

Table 5 Multiple logistic
regression for factors associated
with positional OSA

Positional OSA Subtype I positional OSA

Odds ratio 95 % CI Odds ratio 95 % CI

Age (year) 1.020** 1.006–1.035 1.020* 1.002–1.039

Body mass index (kg/m2) 0.892*** 0.853–0.933 0.812*** 0.758–0.870

Type 2 diabetes 0.628 0.392–1.003 0.481* 0.239–0.969

Apnea-hypopnea index (/h) 0.319*** 0.244–0.416 0.169*** 0.123–0.232

CI confidence interval; OSA obstructive sleep apnea

*p < 0.05; **p < 0.01; ***p < 0.001
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position as do unselected patients with OSA. In our study, su-
pine sleep time did not differ between positional and non-
positional OSA. However, the amount of time spent supine
was significantly decreased according to the lower positional
dependency among positional OSA subtypes. Therefore, the
amount and proportion of sleep in a supine position was the
smallest in subtype III positional OSA. However, when the po-
sitional dependency disappeared in non-positional OSA, the
amount of sleep spent supine was increased up to the level of
subtype I positional OSA. These findings imply that positional
OSA patients with more severe sleep apnea (subtype III) com-
pared to other positional OSA subtypes spontaneously have
developed a strategy of sleeping in the non-supine positions.
Similarly, Pevernagie and Shepard [26] reported that positional
OSA patients spent significantly less supine sleep time (in

relation to the supine AHI severity) than non-positional OSA
patients (32 versus 45 % of total sleep).

Certain limitations should be noted when interpreting the
results of our present study. First, our study population was
recruited from a single university sleep laboratory and was
therefore susceptible to referral bias. Second, the deleterious
effect of REM sleep on positional OSAwas not considered in
this study. REM sleep-related OSA has been found in about
34 % of the OSA population and has been much more com-
mon in mild and moderate OSA than severe OSA [27]. Third,
it is possible that sleeping with a PSG equipment attached
predisposes to supine sleep, thus overestimating the apnea
severity in positional OSA patients. A prospective study re-
ported that subjects had more supine sleep during a PSG night
than during a night when pulse oximetry only was recorded

Fig. 1 Percentage of supine sleep
time in patients with obstructive
sleep apnea (OSA) according to
positional tendency. Subtype III
positional OSA had the smallest
proportion of sleep in a supine
position among the patient groups
depending on positional tendency
(p < 0.001). However, there was
no difference between subtype I
positional OSA and non-
positional OSA. Error bar 95 %
confidence interval

Table 6 Correlations of supine
sleep time with apnea severity,
age, and body mass index

Positional OSA Non-positional OSA

Supine sleep time Supine sleep time

Minutes (min) % of total sleep Minutes (min) % of total sleep

AHI (/h) 0.111** 0.165*** −0.134* −0.076
AHIsupine (/h) −0.282*** −0.251*** −0.270*** −0.224***
AHIsupine-nonsupine (/h) −0.250*** −0.220*** −0.245*** −0.259***
Age (year) −0.108** −0.035 −0.192** −0.134*
BMI (kg/m2) −0.122** −0.142*** 0.009 −0.051

AHI apnea–hypopnea index, AHIsupine AHI at supine sleep position, AHIsupine-nonsupine AHI differences between
supine and non-supine position, BMI body mass index, OSA obstructive sleep apnea

*p < 0.05; **p < 0.01; ***p < 0.001
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[28]. Finally, it is well recognized that there is a night-to-night
variability of the AHI in patients with OSA [29]. Given that
the data was collected from a single-night PSG, there is a
possibility that PSG phenotypes of positional OSA are not
stable and therefore may change over subsequent nights.

In summary, the prevalence of positional OSAwas 75.6 %
with 39.9 % having AHI normalized <5/h while in non-supine
position. Positional OSA patients had milder OSA, older age,
and lower BMI than did non-positional OSA patients. The
more strict criteria we used for subtyping positional OSA,
the lower AHI and BMI positional OSA patients had.
However, having positional OSA did not influence daytime
sleepiness, depressive symptoms, anxiety, and HRQoL.
Unlike the subtype I and II positional OSAs, subtype III did
not differ in clinical features from non-positional OSA. There
were significant differences in supine sleep time depending on
the positional tendency of OSA. Subtype III positional OSA
had the shortest supine sleep time, whereas subtype I position-
al OSA and non-positional OSA had had the longest supine
sleep time.
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