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Abstract

Purpose: To evaluate the prevalence, characteristics, and respiratory arousal threshold (ArTH) of Chinese patients
with positional obstructive sleep apnea (POSA) according to the Cartwright Classification (CC) and Amsterdam Posi-
tional Obstructive Sleep Apnea Classification (APOQ).

Methods: A large-scale cross-sectional study was conducted in our sleep center from 2007 to 2018 to analyze the
clinical and polysomnography (PSG) data of Chinese POSA patients. Low ArTH was defined based on PSG indices.

Results: Of 5,748 OSA patients, 36.80% met the CC criteria, and 42.88% the APOC criteria, for POSA. The prevalence
of POSA was significantly higher in women than men (40.21% and 46.52% vs. 36.13% and 42.18% for CC and APOC,
respectively). Chinese POSA patients had a lower apnea hypopnea index (AHI) and lower oxygen desaturation index,
shorter duration of oxygen saturation (Sa0,) < 90%, and a higher mean Sa0, and higher lowest Sa0, value compared
to subjects with non-positional OSA (NPOSA). More than 40% of the POSA patients had a low ArTH; the proportion
was extremely high in the supine-isolated-POSA (si-POSA) group and APOC | group. In multivariate logistic regression
analyses, higher mean SaO, and lower AHI during sleep were positive predictors of POSA.

Conclusions: According to the CC and APOC criteria, more than 1/3 of our Chinese subjects with OSA had POSA.
Chinese POSA patients had less severe OSA and nocturnal hypoxia. Compared to NPOSA patients, significantly
more patients with POSA had a low ArTH. A low ArTH may be an important endotype in the pathogenesis of POSA,
especially in patients with si-POSA and APOC . Further studies are necessary to develop personalized management
strategies for POSA patients.

Trial registration: Chinese Clinical Trial Registry; URL: http://www.chictr.org.cn; No. ChiCTR1900025714 (retrospectively
registered).
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Introduction
Studies have shown that as many as 9-38% of adults suf-
fer from long-term sleep disorders [1, 2]. Obstructive

"Weijun Huang and Xiaoting Wang contributed equally to this work

*Correspondence: cary2005@126.com; yihongl@126.com

! Department of Otorhinolaryngology Head and Neck Surgery, Shanghai Jiao sleep apnea (OSA) is a common sleep disorder with seri-
ziri]r?aUmversny Affiliated Sixth People’s Hospital, 600 Yishan Road, Shanghai, ous adverse health consequences [3_5]. There are cur-
Full list of author information is available at the end of the article rently about 176 million OSA patients in China, with

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://www.chictr.org.cn
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12931-022-02141-3&domain=pdf

Huang et al. Respiratory Research (2022) 23:240

about 66 million classified as moderate to severe [1]. OSA
can be classified as positional OSA (POSA) or non-posi-
tional OSA (NPOSA) according to whether the occur-
rence of respiratory events is associated with the body
position during sleep. The Cartwright Classification (CC)
is the most commonly used POSA standard [6], while the
Amsterdam Positional Obstructive Sleep Apnea Classifi-
cation (APOC) is a newer set of classification criteria [7].

The results regarding the prevalence of POSA vary
between studies with different criteria and cohorts.
According to the CC criteria, Asian studies showed that
28-80% of OSA in adults is POSA [8—14], and studies in
Western countries showed that the ratio exceeded 50%
not only in adults [7, 8, 15-20], but also in children [21]
and the elderly [22]. Anatomical and non-anatomical fac-
tors contribute differently to OSA between Chinese and
Caucasian patients [23, 24]. Therefore, the prevalence of
POSA in ethnic Chinese populations is likely to differ
from that in other races. However, there has been only
one previous study of Chinese POSA patients, which
used single criterion, had a small sample size and limited
subgroup analyses, and did not adjust for confounding
factors [14]. Thus, the prevalence of POSA in the general
Chinese population, and the characteristics of those with
the condition, remain unknown. Due to the increasing
socioeconomic burden of OSA in China, it is essential
to identify the clinical characteristics of Chinese POSA
patients to provide individualized treatment.

It is important to elucidate the pathophysiology of
POSA to develop optimal treatment methods [25]. A low
respiratory arousal threshold (ArTH), i.e., easy arousal
from sleep in response to relatively mild airway obstruc-
tion, is one of the non-anatomical physiological factors
associated with OSA [26-28]. Patients with a low ArTH
are unlikely to be adherent to continuous positive airway
pressure (CPAP) treatment [29]. Therefore, it is impor-
tant to understand the prevalence and effects of non-
anatomical traits in OSA. However, data regarding the
pathogenesis of POSA, especially with ArTH, in large
clinical populations remain scarce. This large-scale study
was performed to evaluate the prevalence, clinical char-
acteristics, and ArTH of POSA patients in China, and to
identify possible predictors of POSA.

Methods

Subject recruitment

Study subjects were enrolled between May 15, 2007, and
December 31, 2018, at our sleep center as part of the
Shanghai Sleep Health Study cohort. This study was con-
ducted in accordance with the Declaration of Helsinki
and the study protocol was approved by the Ethics Com-
mittee of Shanghai Jiao Tong University Affiliated Sixth
People’s Hospital (Approval No: 2019-KY-050[K]). The
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study was registered at the Chinese Clinical Trial Reg-
istry (No. ChiCTR1900025714). All subjects provided
informed consent.

Ethnic Chinese participants aged > 18 years with snor-
ing or daytime sleepiness and undergoing laboratory
polysomnography (PSG), were screened for eligibility
for inclusion in the study. OSA subjects who had been
treated previously or had other comorbid sleep disor-
ders (insomnia, narcolepsy, upper airway resistance
syndrome, or restless legs syndrome) were excluded.
Subjects taking anxiolytics, antidepressants, antipsychot-
ics, or hypnotic drugs were also excluded. Data from
participants with total sleep time (TST) >4 h, sleep time
in each position > 30 min, and > 10% of the TST in both
the best sleeping position (BSP) and worst sleeping posi-
tion (WSP) were considered suitable for inclusion in the
study. All subjects completed a comprehensive question-
naire pertaining to alcohol consumption, smoking, and
medication use, before PSG.

Clinical evaluation

Height (m), weight (kg), neck circumference (NC) (cm),
waist circumference (WC) (cm), hip circumference (HC)
(cm), and blood pressure (mmHg) were recorded as the
mean values of two consecutive measurements before
PSG. Body mass index (BMI) was calculated as weight
divided by height squared (kg/m?). Fasting blood sam-
ples were taken from each subject the morning after PSG.
The glycolipid metabolism index was measured in our
laboratory. The homeostasis model assessment of insulin
resistance (HOMA-IR) index was calculated as fasting
insulin (uU/mL) multiplied by fasting glucose (mmol/L)
and the result was divided by 22.5 [30]. Subjects diag-
nosed by their physician and using antihypertensive or
antiarrhythmic medications were considered to have
hypertension or cardiovascular disease (CVD). The
diagnoses of diabetes and hyperlipidemia relied on past
history and the lipid index, according to the 2016 ESC/
EAS Guidelines for the Management of Dyslipidemias
[31]. Metabolic syndrome (MS) was defined according to
International Diabetes Federation guidelines [32]. Par-
ticipants completed the Epworth Sleepiness Scale (ESS).
Those with an ESS score>10 were considered to have
excessive daytime sleepiness (EDS) [33].

Sleep evaluation and POSA classification

An Alice 4, 5, or 6 Sleep Diagnostic System (Respiron-
ics Inc., Pittsburgh, PA, USA) was used for nocturnal
monitoring for full-night laboratory PSG. During the
laboratory-based PSG, electroencephalogram, elec-
trooculogram, electrocardiogram, and electromyogram
recordings were obtained. Nasal airflow was meas-
ured using a nasal pressure cannula, and blood oxygen
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saturation was measured by a finger pulse oximeter. A
belt containing a piezoelectric transducer was used to
record chest and abdominal movements. An acceler-
ator-based position sensor placed at the sternum was
used to distinguish among the supine, prone, right, left,
and upright positions with simultaneous infrared video
recording (reviewed only in ambiguous cases) [34]. The
video recording was not performed only if the subject
refused to provide permission due to the reason of pri-
vacy protection. All data were recorded automatically
and continuously from 22:00 to 06:00. Two experienced
technicians checked the data and output reports manu-
ally using Sleepware software (Respironics Inc.) accord-
ing to the American Academy of Sleep Medicine (AASM)
2007 guidelines [35]. Patients with an apnea hypopnea
index (AHI)>5 events/h were included in the OSA
group, while subjects with AHI<5 events/h were con-
sidered non-OSA subjects. OSA was classified as mild
(AHI>5,<15/h), moderate (AHI>15,<30/h), severe
(AHI>30,<55/h), or extremely severe (AHI > 55/h) [36].
Data on AHI in the supine position, AHI in non-supine
positions, the microarousal index (MAI), TST, sleep effi-
cacy, proportion of each sleep stage, such as the rapid
eye movement (REM) stage and non-rapid eye move-
ment (NREM) stage (consisting of N1, N2, slow wave
sleep [SWS], and N3), the time in each position during
sleep, oxygen desaturation index (ODI), cumulative time
of oxygen saturation<90% in TST (CT90), mean oxygen
saturation (SaO,), and lowest oxygen saturation (LSaO,)
were also collected.

The CC criteria for POSA include a supine AHI at least
double that of the non-supine position, and a sleep time
in each position>30 min. If these criteria are not met,
OSA is classified as NPOSA. [6] We further classified
POSA as supine-isolated POSA (si-POSA; AHI>5/h,
supine AHI>2 non-supine AHI, and non-supine
AHI<5/h) or supine-predominant POSA (sp-POSA;
AHI>5/h, supine AHI>2 non-supine AHI, and non-
supine AHI > 5/h) [24].

The APOC criteria require a sleep time>10% of
the TST in both the BSP and WSP (APOC I: AHI of
BSP <5/h; APOC II: AHI of BSP in inferior OSA severity
compared to overall AHI; APOC III: AHI of BSP at least
25% lower than the overall AHI and overall AHI >40/h)
[7,37].

ArTH

Edwards et al. established a clinical screening tool
for low ArTH based on three criteria: AHI<30/h,
LSaO,>82.5%, and proportion of hypopneas>58.3%
[38]. Each fulfilled criterion is scored as 1, and a
total score>2 is taken to indicate a low ArTH. This
tool is widely used and does not require epiglottic
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measurements, thus allowing analyses of large retro-
spective datasets [39-41]. The equation for determin-
ing the ArTH is as follows (where male sex=1 and
female sex=0:

ArTH = —65.39 + (0.06 * age) + (3.69 * sex)
— (0.03 %« BMI) — (0.11 « AHI)
+ (0.53 % LSa02)
+ (0.09 * proportionofhypopneas)

Statistical analysis

The sample size was determined based on power analy-
sis. With a power of 90% and a of 0.05, 2,300 partici-
pants were required. The Kolmogorov—-Smirnov test
was used to verify the normality of the data distribu-
tion. Continuous variables with a normal distribution
are shown as means =+ standard deviation, while skewed
data are presented as the median (first to third quar-
tile). Categorical data are presented as percentages. The
data were further analyzed by ANOVA, ¢ test, Kruskal—
Wallis test, and the x> test. Logistic regression analyses
were performed to identify predictors of POSA, and
the association between ArTH and POSA. Age, BM],
sex, NC, WC, HC, alcohol consumption, smoking, TST,
ESS, MAI and CT90 were included as potential con-
founding factors. Statistical analyses were performed
using SPSS software (version 25.0; IBM Corp., Armonk,
NY, USA). In all analyses, P<0.05 was taken to indicate
statistical significance.

Results

Prevalence of POSA

Of the 9,171 patients in our study cohort with sus-
pected OSA between May 15, 2007, and December 31,
2018, 2,061 were excluded due to inappropriate age
(<18 years, n=246), TST <4 h (n=560), < 30 min spent
in the supine or non-supine position (n=1,042), the
presence of comorbid sleep disorders (n=62), and tak-
ing anxiolytics, antidepressants, hypnotics, or antipsy-
chotic drugs (n=121). Therefore, the final study sample
consisted of 7,110 patients (Fig. 1) of whom the clini-
cal and sleep characteristics were showed in Additional
file 2: Table S1. Of the 5,748 OSA patients, 36.80%
met the CC criteria, and 42.88% the APOC criteria,
for POSA (Fig. 2). The prevalence of POSA was sig-
nificantly higher in women than men according to both
the CC (Table 1) and APOC (Table 2) criteria (40.21%
and 46.52% in women vs. 36.13%, 42.18% in men,
respectively). According to the CC and APOC crite-
ria, the male to female ratios were 8.36:1 and 7.73:1 for
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Subnjects with suspected OSA
underwent PSG (n=9171)

Exclusion:

Age < 18 years old (n=246);

TST < 4 hours (n=560);

< 30 minutes in supine or non-supine position (n=1042);
With other comorbid sleep disorders (n=62);

Medication of anxiolytics, antidepressants, hypnotics, or
antipsychotics drugs (n=121)

y

Subjects included (n=7110)

y

OSA subjects (n=5748)

sleep time

l

NOSA subjects (n=1362)

Fig. 1 Flow diagram of the recruitment process. NOSA non-obstructive sleep apnea, OSA obstructive sleep apnea, PSG polysomnography, 75T total

extremely severe POSA, and 3.11:1 and 2.94:1 for mild
OSA, respectively (Fig. 3). The male to female ratio of
POSA increased with increasing AHI. The prevalence
of POSA decreased significantly with increasing AHI
(Fig. 4a, c) with similar trends according to both the
CC and APOC criteria. The prevalence of si-POSA was
higher in mild OSA than sp-POSA (Fig. 4b). APOC I
was associated with milder AHI than APOC II and III
(Fig. 4d). The APOC grade increased with AHI and
nocturnal hypoxia severity.

Comparison between POSA and NPOSA according

to the CC and APOC criteria

Chinese POSA patients had lower AHI, ODI, and CT90
values, and higher mean SaO, and LSaO, values, than
NPOSA patients during sleep. The overall AHI, supine
AHI, non-supine AHI, REM AHI, and NREM AHI values
were lower in the POSA group (all P<0.001), indicating
less severe OSA compared to the NPOSA group accord-
ing to both the CC (Table 1) and APOC (Table 2) crite-
ria. Compared to the NPOSA group, the ODI and CT90
values were lower, and the mean SaO, and LSaO, were
higher, in the POSA group, indicating less severe noc-
turnal hypoxia in the latter group according to both the

CC (Table 1, Fig. 5a, b) and APOC (Table 2, Fig. 5c, d)
criteria.

In further subgroup analyses, the si-POSA group had
lower overall AHI, REM AHI, NREM AHI, supine AHI,
non-supine AHI, ODI, and CT90 values, and higher
mean SaO, and LSaO, values, than the sp-POSA group
(Table 1). In subgroup analyses of APOC, the APOC I
group had the lowest overall AHI, REM AHI, NREM
AHI, and AHI values in the supine and non-supine posi-
tions (Table 2). ODI and CT90 were lowest, and the mean
Sa0, and LSaO, were highest, in the APOC I group, indi-
cating that nocturnal hypoxia was less severe than in the
other APOC subgroups (Table 2).

Subjects with POSA were less likely to feel sleepy
and experience EDS, while the si-POSA (Table 1) and
APOC I (Table 2) groups had low proportions of EDS.
The POSA group had a lower BMI than the NPOSA
group (26.47kg/m? [24.51-28.73]kg/m?* vs. 27.51kg/m?
[25.15-30.03]kg/m? and 26.49kg/m? [24.56-28.73]kg/
m? vs. 27.64kg/m? [25.17-30.07]kg/m? for CC [Table 1]
and APOC [Table 2], respectively). As shown in Table 1,
the si-POSA group had a lower BMI than the sp-POSA
group, and the BMI was lower in the APOC I group than
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Fig. 2 Prevalence of CC-POSA a and APOC-POSA b in different OSA severity groups. AHI apnea—hypopnea index, APOC Amsterdam Positional
Obstructive Sleep Apnea Classification, CC Cartwright Classification, POSA positional obstructive sleep apnea, si-POSA supine-isolated positional
obstructive sleep apnea, sp-POSA supine-predominant positional obstructive sleep apnea

the other APOC subgroups (Table 2). As BMI increased,
the prevalence of POSA decreased (Additional file 1: Fig.
S1), especially in the si-POSA and APOC I groups.

With regard to sleep structure, the percentages of SWS
and REM stage sleep were significantly higher in the
POSA than NPOSA group according to the CC (Table 1)
and APOC (Table 2) criteria (P< 0.01 for SWS, P <0.05
for REM stage sleep [for both criteria sets]). Further-
more, the si-POSA group had a higher percentage of
SWS and lower percentage of N1 stage sleep than the
sp-POSA group. Meanwhile, the percentage of SWS was
significantly higher, and the percentage of N1 stage sleep
was significantly lower, in the APOC I group than APOC
I and APOC III groups. The POSA group had a shorter
TST and lower sleep efficiency according to the CC
(Table 1) and APOC (Table 2) criteria (all P<0.001). The
APOC III group had a significantly higher percentage

of supine sleep than the APOC I and APOC II groups
(Table 2).

ArTH
A low ArTH was more common in females than males
(Table 1 and Table 2). The POSA group had a higher
absolute fraction of hypopneas. The percentages of
AHI<30 events/h, LSaO,>82.5%, and hypopnea pro-
portion >58.3%, were higher in the POSA than NPOSA
group, and higher in the si-POSA than sp-POSA group.
In the si-POSA and sp-POSA groups, the proportions of
low ArTH (71.13% and 31.86%, respectively) were signifi-
cantly higher compared to the NPOSA group (22.85%)
(Table 1). The APOC I group had the highest proportion
of low ArTH (71.57%) among the three APOC subgroups
(Table 2).

The results of binary logistic regression analysis of the
association between POSA and low ArTH are shown
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Table 1 Clinical and Sleep Characteristics of OSA Subjects (n=5748) according to CC
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Characteristics

CC-POSA (n=2115)

Si-POSA (n=762)

Sp-POSA (n=1353)

CC-NPOSA (n=3633)

Demographic and clinical
characteristics

Men, n (%)
In man, n (%)
In women, n (%)

Age, yrs

BMI, kg/m2

NC, cm

WC, cm

HC, cm

WHR

SBP. mmHg

DBP, mmHg

Hypertension, n (%)

Diabetes mellitus, n (%)

CVD, n (%)

MS, n (%)

Hyperlipidemia, n (%)

Smoking, n (%)

Alcohol consumption, n (%)

Snoring score, point

ESS, point

EDS, n (%)

Biochemical indicators
Fasting glucose, mmol/L
Glucose 120 min, mmol/L
Fasting insulin, pU/mL
Insulin 120 min, uU/mL

HOMA-IR

TC, mmol/L

TG, mmol/L

HDL, mmol/L

LDL, mmol/L

ApoA-1, g/L

ApoB, g/L

ApoE, mg/dL

Lp (a), mg/dL

ApoA/ApoB

PSG
Mild OSA, n (%)
Moderate OSA, n (%)
Severe OSA, n (%)
Extreme severe OSA, n (%)

AHI, events/h

OAHI, events/h

Longest time of obstructive
respiratory event, second

AHIREM, events/h
AHINREM, events/h
Supine AHI, events/h

1739 (82.22)
1739/4813 (36.13)
376/935 (40.21)

44 (36-54)

26.47 (24.51-28.73)
40 (37-41)

95 (90-101)

100 (96-105)

0.94 (0.90-0.98)
120 (118-132)

80 (77-85)

549 (25.96)

185 (8.75)
150 (7.09)
3721759
369 (17.45
470(22.22
951 (44.96
6 (5-8)
7(3-11)
615 (29.08)

(
(
(17.59)
(17.45)
(22.22)
(44.96)

5.25(4.89-5.74)
8.54 (6.28-11.84)
10.74 (7.23-15.47)
64.15 (39.35-119.50)
2.35(1.49-3.65)

4.71 (4.16-533)
1.63 (1.15-2.33)
1.02 (0.90-1.18)
2.94 (2.45-3.46)
1.05 (0.94-1.18)
0.84 (0.73-0.97)
4.27 (3.46-5.26)
7.70(3.90-16.10)
1.26 (1.05-1.51)

575(27.19)

633 (29.93)

701 (33.14)

206 (9.74)

25.80 (14.30-41.30)
11.35(4.75-22.37)
45 (32.50-59)

31.10(12.20-51.40)
25.20 (12.95-42.40)
42.1 (24.40-60.30)

591 (77.56)
91/4813 (12.28)

171/935 (18.29)

43 (35-54)

25.71(23.72-27.72)

38.50 (36-41)

92.5 (88-98)

99 (95-103)

0.94 (0.90-0.97)

120 (120-125)

80 (79-80)

166 (21.78)

59 (7.74)

46 (6.04)

110 (14.44

106 (13.91

165 (21.65

337 (44.23

6 (4-8)

7(3-11)

198 (25.98)

)
)
)
)

5.16 (4.86-5.60)
8(6.02-11.84)

961 (6.54-13.61)
60.80 (34.72-134.23)
2.14(1.36-3.21)

4.64 (4.12-5.28)
1.49 (1.06-2.07)
1.06 (0.90-1.23)
2.92 (2.40-3.40)
1.07 (0.95-1.19)
0.82 (0.71-0.95)
4.10(3.37-5.12)
8.60 (4.20-18.70)
1.30(1.09-1.58)

449 (58.92)

203 (26.64)

90 (11.81)
20(2.62)

12.55 (7.90-22.03)
5.22(2.33-10.74)
36.50 (25.50-51)

16 (5.60-33.70)
12.30 (7.03-22.68)
2140 (12.48-35.55)

1148 (84.85)"**
1148/4813 (23.85)"#
205/935 (21.92)"

45 (36-54)

26.98 (25.06-29.29)"*
40 (38-42)"*

97 (91-103)"#

101 (97-106)***

0.95 (0.92-0.99)"**
123 (120-135)"#

80 (76-85)"

383 (28.31)*

931)
7.69)
262 (19.36)"
263 (1944
305 (22.54
614 (4538
7 (579)###
7(3-12)
418 (30.89)

26 (
04(
(19.36)
(19.44)
(22.54)
(45.38)

529 (4.91-5.81)"
8.58 (6.48-11.90)
11.33 (7.83-16.65)**
66.97 (40.52-115.75)
2,53 (1.58-4.03)"**
475 (4.19-5.36)"
71 (1.20-2.45)"#
01 (0.90-1 )m
2.96 (2.48-3. 50)
04 (0.94-1.17)
0.85 (0.74-0. 98)““#
435 (3.51-5.38)"
7.20 (3 80-14.70)"
4 (1.04-1.48)"

26 (9.37%#
430 (31.78)"*
611 (45.16)"*
186 (13.75)"#
34.30 (22.55-46.20)"**
16.19 (8.35-26.89) "
49,50 (37-62.50)"*"

40 (21.40-56.40)%
33.60 (20.70-47.05)"*
53.20 (38.10-65.70)"**

3074 (84.61)
3074/4813 (63.87)***
559/935 (59.79)***

43 (35-53)**

27.51 (25.15-30.03)***
40 (38-42.50)***

98 (92—105)***

103 (98-108)***

0.96 (0.91-0.99)***
123 (120-136)%**

80 (78-89)***

1021 (28.10)*

300 (8.26)
301 (8.29)
645 (17.75)%**
631(17.37)
685 (18.11)**
2077 (57.17)***
7 (50

9 (4-14)*
1418 (39.03)%**

535 (4.97-5.95)***
7.78 (6.29-11.47)
12.68 (8.43-18.57)***
7149 (45.42-131)*
2.88 (1.72-4.54)**
4.81 (4.22-5.44)**
1.74 (1.22-2.52)***
1(0.87-1.15)***
2.98 (247-3.53)

05 (0.95-1.18)
0.87 (0.75- )***
440 (3.58-5.58)***
7.20 (3.80-15.35)

22 (1.03-1.46)***

516 (14.21)%**

540 (14.86)***

970 (26.70)***

1607 (44.23)***

50.60 (25.30-66.75)***
26.07 (10.32-44.20)***
57 (42-71)**

51.40 (30-64.50)***
49.80 (23-67.20)***
41.40 (5.90-67.50)***
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Characteristics

CC-POSA (n=2115)

Si-POSA (n=762)

Sp-POSA (n=1353)

CC-NPOSA (n=3633)

Non-supine AHI, events/h
ODI, events/h

Mean Sa02, %

LSa02, %

CT90, % TST

TST, min

Supine Time, % TST

Sleep efficiency, %
N1,%TST

N2, % TST

SWS, % TST

REM, % TST

MAI, events/h
Components of ArTH score
AHI <30 events/h, n (%)
LSa02 >82.5%, n (%)

Proportion of hypo-
pneas>58.3%, n (%)

Absolute fraction of hypo-
pnoeas, %

ArTH Score, cmH20

7.80 (3.20-16.70)

26.20 (13.70-41.80)

95 (94-96)

82 (75-87)
2.84(0.76-7.97)

411.50 (347.48-452.50)
73.39 (46.57-84.56)
94.52 (87.07-98.64)

16 (8.50-24.50)

50.90 (38.10-59.40)
12.50 (5.60-19.50)
1040 (5.90-15)
21.70 (12.60-34.60)

1208 (57.12)
989 (46.76)
660 (31.21)

40(17.31-64.77)

— 1644 (—21.62— [-11

Proportion with ArTH score >2, 973 (46)

n (%)
In male, n (%)

In female, n (%)

750/1739 (43.13)
223/376 (59.31)

2.26 (1.17-3.46)

13 (8-23.25)

96 (94-96)

86 (81-89)
0.92(0.23-342)
410 (347-453)

72 (49.79-83.75)
94.47 (86.50-98.85)
14.50 (7.30-23.63)
50.70 (38.48-59.10)
13.30 (6.38-20.40)
10.80 (6.07-15.20)
18.20 (11.10-28.30)

652 (85.56)
503 (66.01)
301 (39.50)

47.17 (22.24-73.72)

— 1243 (- 16.80— [—

542 (71.13)

410/591 (69.37)
132/171(77.19)

13.42 (8.30-21.88)"*
33.90 (22.30-48.10)"**
94 (93-95)"##

80 (72-84)"*

448 (1.54-10.31)"#
413,50 (347.45-452.50)
73.77 (44.17-85.05)
94,59 (87.50-98.50)
16.40 (8.80-25.55)"*
51 (37.75-59.65)
11.90 (5.30-19.20)"*
1030 (5.65-14.90)
24.40 (14-37.90)"*

556 (41.09)"*
486 (35.92)"#
359 (26.53)"**

35.85 (15.48-60.25)"#
—1853

(— 23.58— [— 14.18))**
431 (31.86)"*

340/1148 (29.62)"#
91/205 (44.39)#

46.35 (24.57-64.04)***
49.80 (23.80-68.45)***
94 (91-95)***

74.50 (64-82)***
9.61(2.23-27.53)***
425 (372-470.50)***
75.89 (38.43-85.85)
96.12 (88.81-99.33)***
1540 (7.10-25.90)
51.30 (37.70-61.50)
10.80 (3.40-20.10)**
9.80 (5.70-14.20)*
27.30 (14.90-49.40)***

1056 (29.07)***
891 (24.53)**
740 (20.37)***

27.02 (8.20-51.98)***
-23.66 (-30.84-[-16.17])***
830 (22.85)***

616/3074 (20.04)***
214/559 (38.28)***

OSA obstructive sleep apnea, CC Cartwright Classification, CC-POSA positional obstructive sleep apnea according to Cartwright Classification; Si-POSA supine-isolated
positional obstructive sleep apnea, Sp-POSA supine-predominant positional obstructive sleep apnea, CC-NPOSA non-positional obstructive sleep apnea according
to Cartwright Classification; BMI body mass index; NC neck circumference, WC waist circumference; HC hip circumference; WHR waist hip ratio; SBP systolic blood
pressure; DBP diastolic blood pressure; CVD cardiovascular diseases, MS metabolic syndrome; ESS, Epworth Sleepiness Scale; EDS, excessive daytime sleepiness;
HOMA-IR, homeostasis model assessment of insulin resistance, TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein cholesterol; LDL low-density
lipoprotein cholesterol; ApoA-I apolipoprotein A-I; ApoB apolipoprotein B; ApoE apolipoprotein E; Lp (a), lipoprotein (a); PSG polysomnography, AHI apnea hypopnea
index, OAHI obstructive apnea hypopnea index; AHIREM, apnea hypopnea index in rapid eye movement stage; AHINREM, apnea hypopnea index in non-rapid eye
movement stage; ODI, oxygen desaturation index; Sa02, oxygen saturation; LSaO2, lowest oxygen saturation; CT90, the cumulative time spent at oxygen saturation
below 90% in total sleep time; TST, total sleep time; SWS, slow wave sleep; REM, rapid eye movement; MAI, micro-arousal index; ArTH, respiratory arousal threshold.
*Indicated p-value <0.05 between POSA and NPOSA in subgroup analysis. **Indicated p-value < 0.05 between POSA and NPOSA in subgroup analysis. ***Indicated
p-value <0.001 between POSA and NPOSA in subgroup analysis.*Indicated p-value <0.05 between si-POSA and sp-POSA in subgroup analysis. #Indicated

p-value <0.05 between si-POSA and sp-POSA in subgroup analysis. ##Indicated p-value <0.001 between si-POSA and sp-POSA in subgroup analysis

in Table 3. In the model adjusted for age, BMI, and sex,
si-POSA (adjusted odds ratio [OR], 7.302; 95% confi-
dence interval [CI], 6.090-8.757; P<0.001) and sp-POSA
(adjusted OR, 1.567; 95% CI, 1.357-1.809) were signifi-
cantly associated with the development of low ArTH. In a
model adjusted for more potential confounders, si-POSA
(adjusted OR, 3.542; 95% CI, 2.862-4.384; P <0.001) was
still significantly associated with the development of low
ArTH, although significance disappeared for sp-POSA.
With regard to APOC (Table 3), APOC I (adjusted OR,
3.900; 95% CI, 3.141-4.842) and II (adjusted OR, 1.287;
95% CI, 1.091-1.518) were associated with a higher like-
lihood of a low ArTH after adjustment for confounding

factors, while APOC III was not (adjusted OR, 0.143; 95%
CI, 0.062-0.330).

POSA predictors

Univariate and multivariate regression analyses dem-
onstrated that a higher mean SaO, (adjusted OR,
1.099; 95% CI, 1.063-1.136 for CC; and adjusted OR,
1.086; 95% CI, 1.053-1.120 for APOC) and lower AHI
(adjusted OR, 0.967; 95% CI, 0.960-0.973 for CC; and
adjusted OR, 0.968; 95% CI, 0.961-0.974 for APOC)
were positive predictors of POSA (Table 4). Table 5
shows the results of binary logistic regression analysis
of the associations among mean SaO,, AHI, and POSA.
Compared to AHI>55/h, mild OSA (5<AHI<15/h),
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Table 2 Clinical and Sleep Characteristics of OSA Subjects (n=5748) according to APOC
Characteristics APOC-POSA APOC I (n=781) APOC Il (n=1445) APOC Il (n=239) APOC-NPOSA
(n=2465) (n=3283)

Demographic and clini-
cal characteristics

Men, n (%) 2030 (82.35) 605 (77.46) 1213 (83.94) 212 (88.70)*** 2783 (84.77)*

In man (%) 2030/4813 (42.18) 605 (12.57) 1213 (25.20) 212 (441) 2783 (57.82)%**

In women (%) 435/935 (46.52) 176 (12.82) 232 (24.81) 27 (2.89) 500 (53.48)**

Age, yrs 44 (35-54) 43 (35-54) 45 (36-55) 42 (35-51)* 43 (35-53)%
BMI, kg/m2 2649 (24.56-28.73) 25.71(23.72-2771) 26.73 (24.86-29.05) 2815 (26.18-30.46)"  27.64 (25.17-30.07)***
NC, cm 40 (37.50-41.50) 38.50 (36-41) 40 (38-42) 41 (39-43)*** 40 (38-42.50)***
WC, cm 96 (90-101) 92 (88-98) 96 (91-102) 100 (96-107)*** 99 (93-105)***
HC, cm 101 (97-105) 99 (95-103) 101 (97-106) 104 (100-109)*#* 103 (98-108)***
WHR 0.94 (0.90-0.98) 0.93 (0.89-0.97) 0.95 (0.91-0.98) 0.97 (0.93-1)* 0.96 (0.92-0.99)***
SBP, mmHg 120 (119-132) 120 (119-125) 122 (120-134) 126 (120-138)*#* 123 (120-136)***
DBP, mmHg 80 (76-85) 80 (79-81) 80 (75-85) 80 (76-88)*** 80 (78-89)***
Hypertension, n (%) 630 (25.56) 168 (21.51) 401 (27.75) 1(25.52)" 940 (28.63)**
Diabetes mellitus, n (%) 215 (8.72) 60 (7.68) 136 (9.41) 9(7.95) 270 (8.22)
CVD, n (%) 176 (7.14) 47 (6.02) 118(8.17) 1(4.60) 275 (8.38)
MS, n (%) 444 (18.01) 111(1421) 260 (17.99) 73 (30.54)" 573 (17.45)%**
Hyperlipidemia, n (%) 441 (17.89) 107 (13.70) 262 (18.13) 2(30.13)%# 559 (17.03)
Smoking, n (%) 547 (22.19) 170 (21.77) 304 (21.04) 3 (30.54)" 608 (18.52)%**
Alcohol consumption, 1113 (45.15) 348 (44.56) 668 (46.23) 7 (40.59) 1915 (58.33)***
n (%)
Snoring score, point 6 (5-8) 6 (4-8) 6 (5-8) 8 (5-9)"* 7 (5-9)%**
ESS, point 7(3-12) 7(3-11) 7(2-12) 9 (4-13)H# 9 (4-14)%**
EDS, n (%) 726 (29.45) 198 (25.35) 431(29.83) 97 (40.59)"* 1363 (41.52)%**

Biochemical indicators

Fasting glucose,
mmol/L

Glucose 120 min,
mmol/L

Fasting insulin, pU/mL

Insulin 120 min, pU/mL

HOMA-IR

TC, mmol/L

TG, mmol/L

HDL, mmol/L
LDL, mmol/L
ApoA-1, g/L
ApoB, g/L

ApoE, mg/dL

Lp (@), mg/dL
ApoA/ApoB

PSG

Mild OSA, n (%)
Moderate OSA, n (%)
Severe OSA, n (%)

Extreme severe OSA,
n (%)

AHI, events/h
OAHI, events/h

5.25(4.89-5.73)
8.25(6.24-11.73)

10.90 (7.45-15.79)
67.86 (41.43-120.40)
2.38(1.52-3.72)
4.72 (4.16-5.32)
1.65 (1.15-2.33)
1.02 (0.90-1.18)
294 (2.44-3.47)
1.05 (0.94-1.18)
0.84 (0.73-0.97)
4.28 (3.47-5.30)
7.85(3.90-16.30)
1.26 (1.06-1.50)
1(24.79)
750 (30.43)
816 (33.10)
288 (11.68)
27.30 (15-43.20)
12.03 (5.19-23.70)

5.16 (4.85-5.59)
8.09 (6.07-11.82)

9.63 (6.56-13.70)
63 (35.57-138.90)
2.13(1.33-3.21)
464 (4.11-5.28)
149 (1.06-2.08)
1.06 (0.90-1.23)
2.91 (2.40-3.40)
1.07 (0.95-1.19)
0.82(0.71-0.95)
4.09 (3.39-5.12)
8.60 (4.
130(1

16-18.74)
.09-1.58)

468 (59.92)
203 (25.99)
90 (11.53)
20 (2.56)

12.20 (7.70-21.70)
4.95(2.23-10.58)

5.27 (490-5.74)
8.35(6.28-11.73)

11.11 (7.74-16.51)
66.79 (41.15-118.95)
245 (1.56-3.90)

4.76 (4.20-5.36)
1.70 (1.19-2.42)
1.02 (0.90-1.16)
2.97 (248-3.50)
1.04 (0.94-1.18)
0.85 (0.74-0.98)
432 (352-5.34)
7.60 (3.90-15.10)
1.25 (1.04-1.48)

143 (9.90)
547 (37.85)
648 (44.85)
107 (7.40)

30.70 (20.60-41.80)
14.35 (7.76-24.01)

543 (4.93-6.21)"#
7.19 (6.32-10.58)

13(9.95-20.19)"*
8146 (63.62-123.78)
3.03 (2.08-5.02)%#
467 (4.08-5.29)"
1.84 (1.27-2.55)"
0.98 (0.86-1.10)"*
291 (243-352)
1.03(0.93-1.15)"
0.81 (0.73-0.99)"
449 (3.60-5.85)"*
6.80 (3.48-15.75)"
1.23 (1.06-1.47)"

0 (O)###

O (O)M#

78 (32.64)"
161 (67.36)"*

61.10 (52.20-70.10)"**
3451 (23.81-47.85)"*

5.37 (4.98-5.96)***
7.97 (6.35-11.50)

12.85 (8.46-18.65)***
71.01 (44.07-127.90)
2.93 (1.72-4.56)%**
4.82 (4.22-547)*
1.74 (1.23-2.54)%*
1(0.87-1.15)%**

2.99 (2.47-3.53)*
1.05 (0.95-1.18)

0.87 (0.76-1)***

441 (3.59-5.60)***
7.12 (3.80-14.90)*
121 (1.02-1.46)***
480 (14.62)***

423 (12.89)%*

855 (26.04)***
1525 (46.45)%**

52.10 (26-67.60)***
27.27 (10.75-44.93)***
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Table 2 (continued)

Characteristics APOC-POSA APOCI (n=781) APOC Il (n=1445) APOC Il (n=239) APOC-NPOSA
(n=2465) (n=3283)

Longest time of

obstructive respiratory

event, second
AHIREM, events/h
AHINREM, events/h
Supine AHI, events/h

Non-supine AHI,
events/h

0D, events/h
Mean Sa02, %
LSa02, %

CT90, % TST

TST, min

Supine Time, % TST
Sleep efficiency, %
N1, %TST

N2, % TST

SWS, % TST

REM, % TST

MAI, events/h

Components of ArTH

score

AHI< 30 events/h,
n (%)

.Sa02 >82.5%, n (%)
Proportion of hypo-

pneas > 58.3%, n (%)
Absolute fraction of

hypopnoeas, %

ArTH Score, cmH20

Proportion with ArTH

score>2,n (%)
In male, n (%)
In female, n (%)

46 (33.50-60)

33(13.20-52.30)
26.25 (13.90-4343)
41.20 (24.10-59.65)
9.70 (3.76-20.57)

27.30 (14.80-43.60)
95 (93-96)

82 (74-86)
3.09(0.83-8.57)

413.20 (352.10-453.50)

74.04 (47.91-84.90)
94.46 (86.73-98.68)
16.20 (8.50-25.20)
50.80 (37.50-59.40)
12.40 (5.50-19.60)
10.30 (5.90-14.90)
2220 (12.70-35.30)

1361 (55.21)

1108 (44.95)
760 (30.83)

38.99 (16.67-63.95)

—16.69 (— 22.29-[-
11.97])
1099 (44.58)

845/2030 (41.63)
254/435 (58.39)

36.50 (25.50-51)

15.40 (5.60-33.60)
12 (6.85-22.60)
20.90 (11.85-34.80)
2.30(1.20-3.54)

12.70 (7.70-22.80)
96 (94-96)

86 (81-89)

090 (0.23-3.42)
410 (347.75-453)
7235 (49.76-83.66)
94.48 (86.52-98.86)
14,60 (7.30-23.55)
50.70 (38.60-59.05)
13.20 (6.45-20.05)
10.80 (6.05-15.20)
18.25(11.13-28.28)

671(85.92)

518 (66.33)
313 (40.08)

47.83(21.90-73.61)
— 1232

(—16.74— [— 844])
559 (71.57)

422/605 (69.75)
137/176 (77.84)

49 (36-62)

0(20.20-53.10)
0(19.39-42.70)
46.30 (32.80-60.30)
1342 (8.78-20.93)

30.70 (20.80-43.40)
95 (93-96)

81 (74-85)
3.87(1.32-8.85)

41530 (352.43-452.50)

73.70 (44.92-85.16)
94.61 (87.09-98.63)
16.70 (8.80-26.30)
50.80 (37.10-59.55)
90 (5.20-19.40)
10.20 (5.75-14.90)
2340 (13.50-36.05)

690 (47.75)

560 (38.75)
408 (28.24)

37.13(16.04-61.51)
—17.85

(—2265—[—
534 (36.96)

13.37])

418/1213 (34.46)
116/232 (50)

57.50 (47-71.50)"

58.45 (46.18-70.80)"*
59.65 (49.90-70.93)"**
71.30 (62.10-80.80)"**
36.36 (32.69-42.77)%##

60.60 (48.70-72.65)*
93 (91-94)"*

72 (64-78)"#

13.49 (6.31-27.75)"*
417.50 (359-456.50)
80.06 (58.61-87.20)*
94.08 (84.56-98.43)
16.40 (9.10-26.80)"
51.90 (35.40-60.20)
1040 (3.80-1840)"
9.80 (6-14.30)

33.90 (18.80-52.80)"#

30 (12.55)
39(16.32)

2740 (8.82-49.44)
— 2573

(—30.98— [—
6(251)

21.97])

5/212(2.36)
1/27 (3.70)

57.50 (42.50-71.48)***

5240 (30.90-65.10)***
51.55(23.95-68.12)***
43.70 (2-68.60)***

49.59 (27.13-65.70)***

51.90 (25-69.50)***

93 (91-95)***

74 (64-82)***

10.72 (2.49-28.95)***
426 (372.50-471.90)***
7553 (36.01-85.79)**
96.26 (89.53-99.39)***
15.20 (6.90-25.70)*
51.30(38.10-61.70)**
10.80 (3.30-20.10)**
9.80 (5.70-14.20)*
27.80 (15-50.20)***

903 (27.51)

772 (23.52)
640 (19.49)

26.23 (7.66-50.75)
— 2415

(—31.19—[—
704 (21.44)

16.50])

21/2783(18.72)
183/500 (36.60)

OSA obstructive sleep apnea, APOC Amsterdam Positional Obstructive Sleep Apnea Classification, APOC-POSA positional obstructive sleep apnea according to
Amsterdam Positional Obstructive Sleep Apnea Classification, APOC-NPOSA non-positional obstructive sleep apnea according to Amsterdam Positional Obstructive
Sleep Apnea Classification, BMI body mass index, NC neck circumference; WC waist circumference, HC hip circumference, WHR waist hip ratio, SBP systolic blood
pressure, DBP diastolic blood pressure, CVD cardiovascular diseases, MS metabolic syndrome; ESS Epworth Sleepiness Scale, EDS excessive daytime sleepiness,
HOMA-IR homeostasis model assessment of insulin resistance, TC total cholesterol; TG, triglyceride, HDL high-density lipoprotein cholesterol, LDL low-density
lipoprotein cholesterol, ApoA-I apolipoprotein A-l, ApoB apolipoprotein B; ApoE, apolipoprotein E; Lp (a), lipoprotein (a); PSG polysomnography, AHI apnea hypopnea
index, OAHI obstructive apnea hypopnea index; AHIREM, apnea hypopnea index in rapid eye movement stage; AHINREM, apnea hypopnea index in non-rapid

eye movement stage; ODI, oxygen desaturation index; Sa02, oxygen saturation; LSa02, lowest oxygen saturation; CT90, the cumulative time spent at oxygen
saturation below 90% in total sleep time; TST total sleep time, SWS slow wave sleep, REM rapid eye movement, MAI micro-arousal index; ArTH, respiratory arousal
threshold. *Indicated p-value < 0.05 between POSA and NPOSA in subgroup analysis. **Indicated p-value <0.05 between POSA and NPOSA in subgroup analysis. ***
indicated p-value <0.001 between POSA and NPOSA in subgroup analysis.*Indicated p-value < 0.05 among the three groups of APOC |, II, and Ill in subgroup analysis.
#Indicated p-value <0.05 among the three groups of APOC |, Il, and Il in subgroup analysis. *Indicated p-value <0.001 among the three groups of APOC |, Il, and Il in

subgroup analysis

moderate OSA (15<AHI<30/h) and 30 <AHI<55/h
were more likely to be associated with POSA according
to the CC (adjusted OR, 4.174; 95% CI, 3.238-5.380;
adjusted OR, 4.818; 95% CI, 3.826—6.066; and adjusted
OR, 3.643; 95% CI, 2.977-4.457, respectively). Similar

results were found for APOC (adjusted OR, 3.400; 95%
ClI, 2.673-4.325; adjusted OR, 5.127; 95% CI, 4.121-
6.379; and adjusted OR, 3.399; 95% CI, 2.822-4.095,
respectively) (Table 5). After adjusting for potential
confounders, OSA patients with a mean SaO,>95%



Huang et al. Respiratory Research (2022) 23:240

Page 10 of 17

10
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5.15
- 463
iua

CC-POSA si-POSA sp-POSA

4.67

(OSA classification
Fig. 3 Male to female ratio of OSA and POSA subjects in different OSA severity groups. AHI apnea-hypopnea index, APOC Amsterdam Positional
Obstructive Sleep Apnea Classification; CC Cartwright Classification, OSA obstructive sleep apnea, POSA positional obstructive sleep apnea, si-POSA
supine-isolated positional obstructive sleep apnea, sp-POSA supine-predominant positional obstructive sleep apnea

7.08

™ Total
MAHI25,<15/h
M AHI215,<30/h

AHI 230, <55 /h
W AHI 255 /h

APOC-POSA APOC | APOC I APOC Il

were 49.5% (OR, 1.495 [95% CI, 1.075-2.080]) and
44.3% (OR, 1.443 [95% CI, 1.053-1.976]) more likely
to have POSA according to CC or APOC, respectively,
than those with a mean SaO, < 92% (Table 5).

Discussion

To our knowledge, this is the first study to analyze the
clinical characteristics and ArTH of Chinese POSA
patients according to both the CC and APOC criteria,
and the prevalence of the disease in a large Chinese sam-
ple. More than 1/3 of the OSA subjects met the CC or
APOC criteria for POSA, representing a lower preva-
lence than in Western studies. In addition, more than
40% of the POSA patients had a low ArTH. The propor-
tion was extremely high in the si-POSA and APOC I
groups.

Compared to NPOSA, POSA patients are less obese
and have less severe OSA [8, 10, 13, 24]. Certain crani-
ofacial characteristics, such as retrognathia, have been
shown to promote upper airway obstruction in Chi-
nese patients regardless of BMI. Cephalometric studies
reported a shorter cranial base, maxilla, and mandible in
Chinese OSA patients [42], along with a more posteri-
orly positioned mandible and inferiorly positioned hyoid
bone, and an enlarged tongue and soft palate, compared
to Caucasian OSA patients [43]. One study found that the
maximum esophageal pressure was significantly higher
in Asians than Caucasians [44]. These findings have been
attributed to the greater craniofacial restriction seen in
Asians [42]. A smaller upper airway is more likely to col-
lapse, thereby promoting OSA in both the supine and
non-supine positions [45].

In POSA, respiratory events generally cease, accompa-
nied by cortical arousal. Respiratory arousal during sleep
can prevent apnea and may even be lifesaving [41, 46].
However, low ArTH prevents deeper sleep stages (SWS)
with stable breathing, and leads to ventilatory instability

with sleep fragmentation even under conditions of mild
upper airway obstruction [28, 47, 48]. Premature arousal
results in inadequate chemical stimuli for activation of
the upper airway dilator muscles [28]. Therefore, a low
ArTH is an important endotype in the pathogenesis of
POSA [27].

Non-obese OSA patients, who have a high preva-
lence of low ArTH, also tend to have less collapsible
upper airways and less severe OSA. The characteristics
of these patients are identical to those of POSA patients
[49]. Strategies to increase the ArTH have the poten-
tial to make breathing more stable during sleep. Previ-
ous studies showed that increasing the ArTH through
pharmacological interventions can reduce OSA sever-
ity, particularly in patients with a low initial ArTH [50].
Compared to Caucasians, Asians are less likely to exhibit
a low ArTH [41]. The findings suggest that genetic back-
ground is likely a key factor underlying pathophysiologi-
cal traits that are predisposing factors for OSA [51]. This
is supported by emerging evidence that compromised
upper airway anatomy in Asians is predominantly due
to a restriction caused by the craniofacial skeletal struc-
ture, whereas in African-Americans it is primarily due to
enlargement of upper airway soft tissues in the setting of
obesity as well as non-anatomical factors [52].

A low ArTH may be significant factor in terms of the
pathogenesis of OSA in nonobese patients, and is a strong
predictor of poor compliance with long-term CPAP use.
This emphasizes the importance of understanding the
pathophysiological phenotype of OSA for treatment man-
agement and enhanced CPAP compliance [49]. In one
study, at least one-third of OSA patients had low ArTH
levels [53]. In the present study, over 40% of the POSA
patients had low ArTH levels. POSA is generally less
severe, and this finding may explain why POSA patients
have poorer compliance with CPAP treatment [49, 54].

Our patients with a higher mean SaO, (>95%) dur-
ing sleep and mild-to-moderate OSA were more likely
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Table 3 Adjusted ORs and 95% Cls for the Association between POSA and ArTH according to CC and APOC
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Predictors n OR (95% CI)
Model 1 Model 2 Model 3
cC
CC-NPOSA 3633 Reference Reference Reference
Si-POSA 762 7.302 (6.090-8.757)*** 6.990 (5.791-8.437)*** 3.542 (2.862-4.384)***
Sp-POSA 1353 1.567 (1.357-1.809)*** 1.546 (1.331-1.795)** 1.043 (0.882-1.233)
APOC
APOC-NPOSA 3283 Reference Reference Reference
APOC | 781 8.159 (6.791-9.802)*** 7.828 (6471-9.471)*** 3.900 (3.141-4.842)***
APOCII 1455 2.134(1.853-2.457)*** 2.098 (1.812-2.429)*** 1.287 (1.091-1.518)**
APOC Il 239 0.104 (0.046-0.236)*** 0.118(0.052-0.268)*** 0.143 (0.062-0.330)***

Model 1 was adjusted for age, BMI, and sex. Model 2 was adjusted for variables included in Model 1 and NC, WC, HC, alcohol consumption, smoking. Model 3 was
adjusted for variables included in Model 2 and TST, ESS, MAI, CT90. OR odds ratio, Cl confidence interval, POSA positional obstructive sleep apnea; ArTH, respiratory
arousal threshold; CC, Cartwright Classification; APOC Amsterdam Positional Obstructive Sleep Apnea Classification; CC-NPOSA non-positional obstructive sleep apnea
according to Cartwright Classification, Si-POSA supine-isolated positional obstructive sleep apnea; Sp-POSA, supine-predominant positional obstructive sleep apnea;
APOC-NPOSA, non-positional obstructive sleep apnea according to Amsterdam Positional Obstructive Sleep Apnea Classification, BMI body mass index; NC neck
circumference, WC waist circumference; HC, hip circumference; TST, total sleep time, ESS Epworth Sleepiness Scale, MAI micro-arousal index, CT90 the cumulative time
spent at oxygen saturation below 90% in total sleep time. ** indicated p-value <0.05 and *** indicated p-value <0.001 for the logistic regression. NPOSA group was

the reference category in each subgroup analysis

Table 4 Adjusted ORs and 95% Cls for the Association Between Predictors and POSA according to CC and APOC

Predictors (n=5748) OR (95% Cl) of CC

OR (95% Cl) of APOC

Univariate regression

Multivariate regression

Univariate regression Multivariate regression

analyses analyses analyses analyses

Age 1.006 (1.002-1.011)* 1.006 (1.005-1.007)*

Women 1.189 (1.030-1.372)* 1.181 (1.151-1.211)%**

BMI 0.936 (0.923-0. 950)*** 0.918 (0.916-0.920)***

NC 0.929 (0.915-0.944)*** 0.918 (0.915-0.920)***

WC 0.971 (0.966-0.977)*** 0.964 (0.964-0.965)***

HC 0.969 (0.962-0.976)*** 0.964 (0.963-0.966)***

ESS 0.963 (0.954-0.972)*** 0.954 (0.952-0.955)***

AHI 0.965 (0.962-0.968)*** 0.967 (0.960-0.973)*** 0.957 (0.956-0.957)*** 0.968 (0.961-0.974)***
ODI 0.969 (0.967-0.972)*** 0.964 (0.964-0.965)***

Mean Sa02 1.269 (1.239-1.299)*** 1.099 (1.063-1.136)*** 1.259 (1.254-1.263)*** 1.086 (1.053-1.120)***
LSa02 1.055 (1.050-1.061)*** 1.060 (1.059-1.061)***

OR odds ratio, CI confidence interval, POSA positional obstructive sleep apnea, CC Cartwright Classification, APOC Amsterdam Positional Obstructive Sleep Apnea
Classification, BMI body mass index; NC neck circumference, WC waist circumference, HC hip circumference, ESS Epworth Sleepiness Scale; AHI, apnea hypopnea index;
OD], oxygen desaturation index, Sa02 oxygen saturation, LSa02 lowest oxygen saturation. * indicated p-value < 0.05, ** indicated p-value <0.05 and *** indicated

p-value <0.001 for the logistic regression

to have POSA. Women with OSA had a higher likeli-
hood of POSA, especially those in the si-POSA and
APOC 1 groups, suggesting that women may ben-
efit more from positional therapy. Although positional
therapy alone will not resolve upper airway obstruction
in the majority of OSA patients, it could be combined
with treatments that improve ArTH and loop gain as
an alternative to CPAP in certain POSA patients [55].
Eszopiclone, zopiclone, and zolpidem were found to
increase ArTH in previous randomized controlled trials

[25, 56]. Therefore, these medications may improve
compliance with CPAP therapy in POSA patients.

The present study had a number of strengths, includ-
ing analysis of most of the relevant clinical and PSG
characteristics of POSA patients, and the performance
of full-night PSG in the laboratory. Moreover, the CC
and APOC criteria were both applied, with adjustment
for potential confounding factors to avoid false-neg-
ative results. Finally, the large sample size allowed full
subgroup analyses.
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Table 5 Adjusted ORs and 95% Cls for the Association Between AHI / Mean Sa02 and POSA according to CC and APOC
Predictors n OR (95% Cl)

Model 1 Model 2 Model 3
CC-AHI
5<AHI<15/h 1091 8.630 (7.075-10.526)*** 8.445 (6.859-10.397)*** 4.174 (3.238-5.380)***
15 <AHI<30/h 1173 9.056 (7.485-10.957)*** 9.093 (7.460-11.083)*** 4.818 (3.826-6.066)***
30 <AHI<55/h 1671 5.574 (4.665-6.661)*** 5.634 (4.685-6.775)*** 3.643 (2.977-4.457)***
AHI>55 /h 1813 Reference Reference Reference
Mean Sa02
Mean Sa02>95% 2412 5.795 (4.781-7.024)*** 6.837 (5.569-8.394)*** 1.495 (1.075-2.080)*
94 <Mean Sa02 <95 984 4.252 (3.435-5.264)*** 4,787 (3.826-5.989)*** 1324 (0.965-1.816)
92 <Mean Sa02 <94 1130 2.923 (2.370-3.606)*** 3.165 (2.542-3.941)*** 1.236 (0.939-1.627)
Mean Sa02 <92 1222 Reference Reference Reference
APOC-AHI
5<AHI<15/h 1091 6.606 (5.490-7.948)*** 6.582 (5.415-7.999)*** 3400 (2.673-4.325)**
15 <AHI<30/h 1173 9.175 (7.673-10.973)*** 9.489 (7.869-11.443)*** 5.127 (4.121-6.379)***
30 <AHI<55/h 1671 4997 (4.250-5.875)*** 5.161 (4.359-6.110)*** 3.399 (2.822-4.095)***
AHI> 55 /h 1813 Reference Reference Reference
Mean Sa02
Mean Sa02 >95% 2412 5.256 (4.406-6.270)*** 6.371 (5.268-7.706)*** 1443 (1.053-1.976)*
94 <Mean Sa02 <95 984 4.108 (3.370-5.008)*** 4.700 (3.812-5.795)*** 1.337(0.989-1.807)
92 <Mean Sa02 <94 1130 2.685 (2.215-3.256)*** 2.960 (2.418-3.625)*** 1.178 (0.910-1.527)
Mean Sa02 <92 1222 Reference Reference Reference

Model 1 was adjusted for age, BMI, and sex. Model 2 was adjusted for variables included in Model 1 and NC, WC, HC, alcohol consumption, smoking. Model 3 was
adjusted for variables included in Model 2 and TST, ESS, MAI, CT90. OR odds ratio, C/ confidence interval, AHI apnea hypopnea index, Sa02 oxygen saturation, POSA
positional obstructive sleep apnea, CC Cartwright Classification, APOC Amsterdam Positional Obstructive Sleep Apnea Classification; BMI, body mass index; NC neck
circumference, WC waist circumference, HC hip circumference, TST total sleep time, ESS Epworth Sleepiness Scale; MAI, micro-arousal index; CT90, the cumulative
time spent at oxygen saturation below 90% in total sleep time. *Indicated p-value < 0.05, **Indicated p-value <0.05 and ***Indicated p-value <0.001 for the logistic

regression. Group of AHI > 55 /h and group of Mean Sa02 < 92% were the reference categories in subgroup analysis, respectively

However, this study also had some limitations. First,
it could only demonstrate an association between
POSA and ArTH due to its observational design. As
epiglottic pressure measurement (the gold standard
ArTH evaluation) is extremely difficult in a large-scale
study, a validated clinical screening tool was used for
subgroup analyses, and to determine subtle clinical
associations. Although this screening tool is widely
accepted, it was developed in a largely non-ethnic Chi-
nese population and the potential for bias effect should
be acknowledged. The equation proposed for calculat-
ing ArTH may not be applicable to other populations,
as the role of ArTH in the pathogenesis and treatment
of OSA may vary by morphology, age, and ethnic-
ity [41]. As the major determinants of OSA severity
in Chinese patients are anatomical, rather than non-
anatomical, the ArTH may have been slightly overesti-
mated for a given level of OSA severity which is similar
in non-ethnic Chinese population. Our indirect estima-
tions of ArTH should be verified via invasive measure-
ments directly in ethnic Chinese subjects. Also, POSA

was diagnosed based on recordings performed for only
1 night, where considerable night-to-night variability
in respiratory events has been reported; OSA severity
(according to ODI) changed in 77.9% of patients [57].
And 19.7% of subjects were misdiagnosed when using
an ODI cutoff of 15 events/h during single-night PSG
[58]. The intraindividual variability (indicated by the
coefficient of variation) was>30%, allowing for the
identification of a relevant number of OSA patients
who would have been misdiagnosed or misclassified
with single-night sleep study [57, 58]. As OSA severity
exhibits a considerable night-to-night variability, the
sleep position that determines the phenotype of POSA
might show similar variability. Recording the sleeping
position for several consecutive nights may be neces-
sary to confirm the POSA phenotype. Nonetheless, this
study adds to the literature by shedding light on the
prevalence of POSA in China, and the clinical charac-
teristics and ArTH of Chinese POSA patients.
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Conclusion

Among the subjects with OSA included in this study,
36.80% and 42.88% met the CC and APOC criteria for
POSA, respectively. Chinese POSA patients had less
severe OSA and nocturnal hypoxia compared to the si-
POSA and APOC I groups. In comparison with NPOSA
patients, significantly more patients with POSA had a
low ArTH. A low ArTH may be an important endotype
in the pathogenesis of POSA. Further studies are neces-
sary to develop personalized management strategies for
patients with POSA.

Current knowledge/study rationale

There is strong evidence that the severity of obstruc-
tive sleep apnea (OSA) can worsen when sleeping in
the supine position, which is known as positional OSA
(POSA). While POSA is prevalent among adults, there
are limited data on the presence and characteristics of
POSA in China. In addition, studies of large clinical pop-
ulations examining how the respiratory arousal thresh-
old (ArTH), a key physiological trait, is involved in the
pathogenesis of POSA, which may influence adherence
to continuous positive airway pressure (CPAP), are lack-
ing. This study was performed to assess the prevalence,
characteristics, and ArTH of POSA in a large Chinese
cohort.

Study impact

More than 1/3 of our Chinese subjects with OSA had
POSA, which was especially prevalent among those
with mild OSA. The rate was lower than in Western
studies because of the differences in anatomical and
non-anatomical factors between Chinese and Western
populations. A low ArTH is more common in patients
with POSA compared to those with non-positional OSA
(NPOSA). These data suggest that millions of Chinese
people have POSA, where assessment of ArTH can help
identify patients at risk of poor CPAP adherence, and
may inform the selection of targeted therapy to improve
CPAP use. Personalized treatment, such as the use of
positional therapy devices, should be considered when
treating POSA, and may be beneficial for individuals with
poor adherence to CPAP.

Abbreviations

AASM: American Academy of Sleep Medicine; AHI: Apnea—hypopnea index;
APOC: Amsterdam Positional Obstructive Sleep Apnea Classification; ArTH:
Respiratory arousal threshold; BMI: Body mass index; BSP: Best sleeping posi-
tion; CC: Cartwright Classification; Cl: Confidence interval; CPAP: Continuous
positive airway pressure; CT90: Cumulative time of oxygen saturation < 90%;
CVD: Cardiovascular disease; EDS: Excessive daytime sleepiness; ESS: Epworth
Sleepiness Scale; HC: Hip circumference; HOMA-IR: Homeostasis model
assessment of insulin resistance; LSa02: Lowest oxygen saturation; MAI:
Microarousal index; MS: Metabolic syndrome; NC: Neck circumference; NPOSA:

Page 150f 17

Non-positional obstructive sleep apnea; NREM: Non-rapid eye movement
sleep; ODI: Oxygen desaturation index; OR: Odds ratio; OSA: Obstructive sleep
apnea; POSA: Positional obstructive sleep apnea; PSG: Polysomnography; REM:
Rapid eye movement sleep; Sa02: Oxygen saturation; si-POSA: Supine-isolated
positional obstructive sleep apnea; sp-POSA: Supine-predominant positional
obstructive sleep apnea; SWS: Slow wave sleep; TST: Total sleep time; WC:
Waist circumference; WSP: Worst sleeping position.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512931-022-02141-3.

Additional file 1: Figure S1. Prevalence of CC-POSA (a) and APOC-
POSA (b) by BMI. APOC, Amsterdam Positional Obstructive Sleep Apnea
Classification; BMI, body mass index; CC, Cartwright Classification; POSA,
positional obstructive sleep apnea; si-POSA, supine-isolated positional
obstructive sleep apnea; sp-POSA, supine-predominant positional
obstructive sleep apnea.

Additional file 2: Table S1. Clinical and Sleep Characteristics of All
Subjects (n=7110).

Acknowledgements
All of the authors are grateful to the staff in our sleep center and all of the
subjects.

Author contributions

The corresponding authors are responsible for the authenticity of the data.
All authors made a significant contribution to the work reported (i.e,, in the
conception design or execution of the study, acquisition, analysis, or interpre-
tation of the data, or in all of these areas). WH, JZ, HX, SL, JG, HY, and SY con-
tributed to the study design, manuscript drafting or revision, or critical review
of the article. WH, XW, CX, HX, and SL contributed to data collection. WH, JZ,
HX, HZ, SL, JG, and HY contributed to the statistical analyses. All authors have
agreed to be accountable for all aspects of the work. All authors read and
approved the final manuscript.

Funding

The study was granted by grants from Ministry of Science and Technology of
the People’s Republic of China (Grant Nos. 2021700201900, 20212D0201902),
Shanghai Municipal Commission of Science and Technology (Grant
No.18DZ2260200), Shanghai Science and Technology Innovation Program of
Science and Technology Commission (Grant No. 20Y11902100), National Natu-
ral Science Foundation of China (Grant Nos. 82071030, 81700896, 81770988,
81970869) and Shanghai Shen-Kang Hospital Management Center Project
(Grant Nos. SHDC2020CR2044B, SHDC2020CR3056B).

Availability of data and materials
The datasets used and analyzed in this study are available from Hongliang Yi,
the corresponding author, on reasonable request.

Declarations

Ethics approval and consent to participate

This study was performed in accordance with the Declaration of Helsinki. The
study protocol was approved by the Ethics Committee of Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital (Approval No: 2019-KY-050[K]) and
was registered at the Chinese Clinical Trial Registry (No. ChiCTR1900025714).

Consent for publication
We obtained informed consent from all subjects.

Competing interests
The authors declare that they have no competing interests.

Author details
'Department of Otorhinolaryngology Head and Neck Surgery, Shanghai Jiao
Tong University Affiliated Sixth People’s Hospital, 600 Yishan Road, Shanghai,


https://doi.org/10.1186/s12931-022-02141-3
https://doi.org/10.1186/s12931-022-02141-3

Huang et al. Respiratory Research (2022) 23:240

China. ?Shanghai Key Laboratory of Sleep Disordered Breathing, 600 Yishan
Road, Shanghai, China. >Otolaryngology Institute of Shanghai Jiao Tong
University, 600 Yishan Road, Shanghai, China.

Received: 10 February 2022 Accepted: 16 August 2022
Published online: 12 September 2022

References

1. Benjafield AV, Ayas NT, Eastwood PR, Heinzer R, Ip MSM, Morrell MJ, et al.
Estimation of the global prevalence and burden of obstructive sleep
apnoea: a literature-based analysis. Lancet Respir Med. 2019;7(8):687-98.
https://doi.org/10.1016/52213-2600(19)30198-5.

2. Senaratna CV, Perret JL, Lodge CJ, Lowe AJ, Campbell BE, Matheson
MG, et al. Prevalence of obstructive sleep apnea in the general popula-
tion: a systematic review. Sleep Med Rev. 2017,34:70-81. https.//doi.
org/10.1016/j.smrv.2016.07.002.

3. Pedrosa RP, Drager LF, Gonzaga CC, Sousa MG, de Paula LK, Amaro AC,
et al. Obstructive sleep apnea: the most common secondary cause
of hypertension associated with resistant hypertension. Hyperten-
sion. 2011;58(5):811-7. https://doi.org/10.1161/hypertensionaha.111.
179788.

4. PekerY, Carlson J, Hedner J. Increased incidence of coronary
artery disease in sleep apnoea: a long-term follow-up. Eur Respir J.
2006;28(3):596-602. https://doi.org/10.1183/09031936.06.00107805.

5. Gottlieb DJ, Punjabi NM. Diagnosis and management of obstructive
sleep apnea: a review. JAMA. 2020;323(14):1389-400. https://doi.org/
10.1001/jama.2020.3514.

6. Cartwright RD. Effect of sleep position on sleep apnea severity. Sleep.
1984;7(2):110-4. https://doi.org/10.1093/sleep/7.2.110.

7. Frank MH, Ravesloot MJ, van Maanen JP, Verhagen E, de Lange J, de
Vries N. Positional OSA part 1: towards a clinical classification system
for position-dependent obstructive sleep apnoea. Sleep Breath.
2015;19(2):473-80. https://doi.org/10.1007/511325-014-1022-9.

8. Mador MJ, Kufel TJ, Magalang UJ, Rajesh SK, Watwe V, Grant BJ. Preva-
lence of positional sleep apnea in patients undergoing polysomnog-
raphy. Chest. 2005;128(4):2130-7. https://doi.org/10.1378/chest.128.4.
2130.

9. Kim KT, Cho YW, Kim DE, Hwang SH, Song ML, Motamedi GK. Two
subtypes of positional obstructive sleep apnea: supine-predominant and
supine-isolated. Clin Neurophysiol. 2016;127(1):565-70. https://doi.org/
10.1016/j.clinph.2015.06.009.

10. Lee SA, Paek JH, Chung YS, Kim WS. Clinical features in patients with posi-
tional obstructive sleep apnea according to its subtypes. Sleep Breath.
2017,21(1):109-17. https://doi.org/10.1007/511325-016-1379-z.

11. Oulhaj A, Al Dhaheri S, Su BB, Al-Hougani M. Discriminating between
positional and non-positional obstructive sleep apnea using some clini-
cal characteristics. Sleep Breath. 2017;21(4):877-84. https://doi.org/10.
1007/511325-017-1499-0.

12. Koh WP, Mok, Poh Y, Kam JW, Wong HS. Prevalence of positional
obstructive sleep apnoea (OSA) among patients with OSA in a tertiary
healthcare institution in Singapore. Singapore Med J. 2020;,61(12):665-6.
https://doi.org/10.11622/smed;j.2020153.

13. Mo JH, Lee CH, Rhee CS, Yoon IY, Kim JW. Positional dependency in Asian
patients with obstructive sleep apnea and its implication for hyperten-
sion. Arch Otolaryngol Head Neck Surg. 2011;137(8):786-90. https://doi.
org/10.1001/archoto.2011.122.

14. Wang X, Luo J, Huang R, Yi X. Preliminary study on clinical characteristics
of Chinese patients with positional obstructive sleep apnea. Sleep Breath.
2021. https://doi.org/10.1007/511325-021-02346-8.

15. Garg H, Er XY, Howarth T, Heraganahally SS. Positional sleep apnea among
regional and remote australian population and simulated positional treat-
ment effects. Nat Sci Sleep. 2020;12:1123-35. https://doi.org/10.2147/nss.
$286403.

16. Sabil A, Blanchard M, Trzepizur W, Goupil F, Meslier N, Paris A, et al. Posi-
tional obstructive sleep apnea within a large multicenter French cohort:
prevalence, characteristics, and treatment outcomes. J Clin Sleep Med.
2020;16(12):2037-46. https://doi.org/10.5664/jcsm.8752.

17. Oksenberg A, Silverberg DS, Arons E, Radwan H. Positional vs nonposi-
tional obstructive sleep apnea patients: anthropomorphic, nocturnal

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Page 16 of 17

polysomnographic, and multiple sleep latency test data. Chest.
1997;112(3):629-39. https://doi.org/10.1378/chest.112.3.629.

. Joosten SA, Hamza K, Sands S, Turton A, Berger P, Hamilton G. Phenotypes

of patients with mild to moderate obstructive sleep apnoea as confirmed
by cluster analysis. Respirology. 2012;17(1):99-107. https://doi.org/10.
1111/j.1440-1843.2011.02037 x.

. Teerapraipruk B, Chirakalwasan N, Simon R, Hirunwiwatkul P, Jaimchari-

yatam N, Desudchit T, et al. Clinical and polysomnographic data of posi-
tional sleep apnea and its predictors. Sleep Breath. 2012;16(4):1167-72.
https://doi.org/10.1007/511325-011-0627-5.

Heinzer R, Petitpierre NJ, Marti-Soler H, Haba-Rubio J. Prevalence and
characteristics of positional sleep apnea in the Hypnolaus population-
based cohort. Sleep Med. 2018;48:157-62. https://doi.org/10.1016/j.sleep.
2018.02.011.

Selvadurai S, Voutsas G, Massicotte C, Kassner A, Katz SL, Propst EJ, et al.
Positional obstructive sleep apnea in an obese pediatric population. J
Clin Sleep Med. 2020;16(8):1295-301. https://doi.org/10.5664/jcsm.8496.
lannella G, Magliulo G, Lo lacono CAM, Bianchi G, Polimeni A, Greco A,

et al. Positional obstructive sleep apnea syndrome in elderly patients.
Int J Environ Res Public Health. 2020. https://doi.org/10.3390/ijerph1703
1120.

O'Driscoll DM, Landry SA, Pham J, Young A, Sands SA, Hamilton GS, et al.
The physiological phenotype of obstructive sleep apnea differs between
Caucasian and Chinese patients. Sleep. 2019. https://doi.org/10.1093/
sleep/zsz186.

Joosten SA, O'Driscoll DM, Berger PJ, Hamilton GS. Supine position related
obstructive sleep apnea in adults: pathogenesis and treatment. Sleep
Med Rev. 2014;18(1):7-17. https://doi.org/10.1016/j.smrv.2013.01.005.
Taranto-Montemurro L, Messineo L, Wellman A. Targeting endotypic traits
with medications for the pharmacological treatment of obstructive sleep
apnea. A review of the current literature. J Clin Med. 2019. https://doi.org/
10.3390/jcm8111846.

Zinchuk AV, Gentry MJ, Concato J, Yaggi HK. Phenotypes in obstructive
sleep apnea: a definition, examples and evolution of approaches. Sleep
Med Rev. 2017;35:113-23. https://doi.org/10.1016/j.smrv.2016.10.002.
Eckert DJ, White DP, Jordan AS, Malhotra A, Wellman A. Defining pheno-
typic causes of obstructive sleep apnea. Identification of novel therapeu-
tic targets. Am J Respir Crit Care Med. 2013;188(8):996-1004. https://doi.
org/10.1164/rccm.201303-04480C.

Younes M. Role of arousals in the pathogenesis of obstructive sleep
apnea. Am J Respir Crit Care Med. 2004;169(5):623-33. https://doi.org/10.
1164/rccm.200307-10230C.

Zinchuk AV, Chu JH, Liang J, Celik Y, de Op Beeck S, Redeker NS, et al.
Physiological traits and adherence to sleep apnea therapy in individuals
with coronary artery disease. Am J Respir Crit Care Med. 2021;204(6):703—
12. https://doi.org/10.1164/rccm.202101-00550C.

Bonora E, Targher G, Alberiche M, Bonadonna RC, Saggiani F, Zenere MB,
et al. Homeostasis model assessment closely mirrors the glucose clamp
technique in the assessment of insulin sensitivity: studies in subjects with
various degrees of glucose tolerance and insulin sensitivity. Diabetes
Care. 2000;23(1):57-63. https://doi.org/10.2337/diacare.23.1.57.
Catapano AL, Graham |, De Backer G, Wiklund O, Chapman MJ, Drexel H,
et al. 2016 ESC/EAS guidelines for the management of dyslipidaemias.
Eur Heart J. 2016;37(39):2999-3058. https://doi.org/10.1093/eurheartj/
ehw272.

Alberti KG, Zimmet P, Shaw J. The metabolic syndrome-a new worldwide
definition. Lancet. 2005;366(9491):1059-62. https://doi.org/10.1016/
s0140-6736(05)67402-8.

Johns MW. A new method for measuring daytime sleepiness: the
Epworth sleepiness scale. Sleep. 1991;14(6):540-5. https://doi.org/10.
1093/sleep/14.6.540.

Hidalgo Armas L, Ingles S, Vaca R, Cordero-Guevara J, Duran Carro J, Ullate
J, et al. New forehead device in positional obstructive sleep apnoea: a
randomised clinical trial. Thorax. 2021;76(9):930-8. https://doi.org/10.
1136/thoraxjnl-2020-216167.

Berry RB, Budhiraja R, Gottlieb DJ, Gozal D, Iber C, Kapur VK, et al. Rules
for scoring respiratory events in sleep: update of the 2007 AASM manual
for the scoring of sleep and associated events. Deliberations of the sleep
apnea definitions task force of the American Academy of Sleep Medicine.
J Clin Sleep Med. 2012;8(5):597-619. https://doi.org/10.5664/jcsm.2172.


https://doi.org/10.1016/s2213-2600(19)30198-5
https://doi.org/10.1016/j.smrv.2016.07.002
https://doi.org/10.1016/j.smrv.2016.07.002
https://doi.org/10.1161/hypertensionaha.111.179788
https://doi.org/10.1161/hypertensionaha.111.179788
https://doi.org/10.1183/09031936.06.00107805
https://doi.org/10.1001/jama.2020.3514
https://doi.org/10.1001/jama.2020.3514
https://doi.org/10.1093/sleep/7.2.110
https://doi.org/10.1007/s11325-014-1022-9
https://doi.org/10.1378/chest.128.4.2130
https://doi.org/10.1378/chest.128.4.2130
https://doi.org/10.1016/j.clinph.2015.06.009
https://doi.org/10.1016/j.clinph.2015.06.009
https://doi.org/10.1007/s11325-016-1379-z
https://doi.org/10.1007/s11325-017-1499-0
https://doi.org/10.1007/s11325-017-1499-0
https://doi.org/10.11622/smedj.2020153
https://doi.org/10.1001/archoto.2011.122
https://doi.org/10.1001/archoto.2011.122
https://doi.org/10.1007/s11325-021-02346-8
https://doi.org/10.2147/nss.S286403
https://doi.org/10.2147/nss.S286403
https://doi.org/10.5664/jcsm.8752
https://doi.org/10.1378/chest.112.3.629
https://doi.org/10.1111/j.1440-1843.2011.02037.x
https://doi.org/10.1111/j.1440-1843.2011.02037.x
https://doi.org/10.1007/s11325-011-0627-5
https://doi.org/10.1016/j.sleep.2018.02.011
https://doi.org/10.1016/j.sleep.2018.02.011
https://doi.org/10.5664/jcsm.8496
https://doi.org/10.3390/ijerph17031120
https://doi.org/10.3390/ijerph17031120
https://doi.org/10.1093/sleep/zsz186
https://doi.org/10.1093/sleep/zsz186
https://doi.org/10.1016/j.smrv.2013.01.005
https://doi.org/10.3390/jcm8111846
https://doi.org/10.3390/jcm8111846
https://doi.org/10.1016/j.smrv.2016.10.002
https://doi.org/10.1164/rccm.201303-0448OC
https://doi.org/10.1164/rccm.201303-0448OC
https://doi.org/10.1164/rccm.200307-1023OC
https://doi.org/10.1164/rccm.200307-1023OC
https://doi.org/10.1164/rccm.202101-0055OC
https://doi.org/10.2337/diacare.23.1.57
https://doi.org/10.1093/eurheartj/ehw272
https://doi.org/10.1093/eurheartj/ehw272
https://doi.org/10.1016/s0140-6736(05)67402-8
https://doi.org/10.1016/s0140-6736(05)67402-8
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1136/thoraxjnl-2020-216167
https://doi.org/10.1136/thoraxjnl-2020-216167
https://doi.org/10.5664/jcsm.2172

Huang et al. Respiratory Research

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

(2022) 23:240

Guan J,Yi H, Zou J, Meng L, Tang X, Zhu H, et al. Distinct severity stages
of obstructive sleep apnoea are correlated with unique dyslipidaemia:
large-scale observational study. Thorax. 2016;71(4):347-55. https://doi.
0rg/10.1136/thoraxjnl-2015-207403.

Ravesloot MJ, Frank MH, van Maanen JP, Verhagen EA, de Lange J, de Vries
N. Positional OSA part 2: retrospective cohort analysis with a new clas-
sification system (APOC). Sleep Breath. 2016,20(2):881-8. https://doi.org/
10.1007/511325-015-1206-y.

Edwards BA, Eckert DJ, McSharry DG, Sands SA, Desai A, Kehlmann

G, et al. Clinical predictors of the respiratory arousal threshold in

patients with obstructive sleep apnea. Am J Respir Crit Care Med.
2014;190(11):1293-300. https://doi.org/10.1164/rccm.201404-07180C.
Schmickl CN, LiY, Orr JE, Jen R, Sands SA, Edwards BA, et al. Effect of
venlafaxine on apnea-hypopnea index in patients with sleep apnea: a
randomized. Double-Blind Crossover. Study Chest. 2020;158(2):765-75.
https://doi.org/10.1016/j.chest.2020.02.074.

Fu X, Li J, Wu JJ, Chen J, Huang JY, Mao CJ, et al. Reduced cortical arous-
ability to nocturnal apneic episodes in patients with wake-up ischemic
stroke. Sleep Med. 2020;66:252-8. https://doi.org/10.1016/j.sleep.2019.09.
007.

Lee RWW, Sutherland K, Sands SA, Edwards BA, Chan TO, et al. Differences
in respiratory arousal threshold in Caucasian and Chinese patients with
obstructive sleep apnoea. Respirology. 2017;22(5):1015-21. https://doi.
org/10.1111/resp.13022.

Lee RW, Vasudavan S, Hui DS, Prvan T, Petocz P, Darendeliler MA, et al. Dif-
ferences in craniofacial structures and obesity in Caucasian and Chinese
patients with obstructive sleep apnea. Sleep. 2010;33(8):1075-80. https://
doi.org/10.1093/sleep/33.8.1075.

Hui DSC, Ko FWS, Chu ASY, Fok JPC, Chan MCH, Li TST, et al. Cephalo-
metric assessment of craniofacial morphology in Chinese patients with
obstructive sleep apnoea. Respir Med. 2003;97(6):640-6. https://doi.org/
10.1053/rmed.2003.1494.

Ong KC, Clerk AA. Comparison of the severity of sleep-disordered breath-
ing in Asian and Caucasian patients seen at a sleep disorders center.
Respir Med. 1998;92(6):843-8. https://doi.org/10.1016/50954-6111(98)
90386-9.

Schorr F, Kayamori F, Hirata RP, Danzi-Soares NJ, Gebrim EM, Moriya HT,

et al. Different craniofacial characteristics predict upper airway collaps-
ibility in Japanese-Brazilian and white men. Chest. 2016;149(3):737-46.
https://doi.org/10.1378/chest.15-0638.

Gleeson K, Zwillich CW, White DP. The influence of increasing ventilatory
effort on arousal from sleep. Am Rev Respir Dis. 1990;142(2):295-300.
https://doi.org/10.1164/ajrccm/142.2.295.

Younes M. Role of respiratory control mechanisms in the pathogenesis of
obstructive sleep disorders. J Appl Physiol. 2008;105(5):1389-405. https://
doi.org/10.1152/japplphysiol.90408.2008.

Younes M, Ostrowski M, Thompson W, Leslie C, Shewchuk W. Chemical
control stability in patients with obstructive sleep apnea. Am J Respir Crit
Care Med. 2001;163(5):1181-90. https://doi.org/10.1164/ajrccm.163.5.
2007013.

Gray EL, McKenzie DK, Eckert DJ. Obstructive sleep apnea without obesity
is common and difficult to treat: evidence for a distinct pathophysiologi-
cal phenotype. J Clin Sleep Med. 2017;13(1):81-8. https://doi.org/10.
5664/jcsm.6394.

Eckert DJ, Owens RL, Kehimann GB, Wellman A, Rahangdale S, Yim-Yeh S,
et al. Eszopiclone increases the respiratory arousal threshold and lowers
the apnoea/hypopnoea index in obstructive sleep apnoea patients with
alow arousal threshold. Clin Sci (Lond). 2011;120(12):505-14. https://doi.
0rg/10.1042/cs20100588.

Zinchuk A, Edwards BA, Jeon S, Koo BB, Concato J, Sands S, et al. Preva-
lence, associated clinical features, and impact on continuous positive
airway pressure use of a low respiratory arousal threshold among male
United States veterans with obstructive sleep apnea. J Clin Sleep Med.
2018;14(5):809-17. https://doi.org/10.5664/jcsm.7112.

Sutherland K, Lee RW, Cistulli PA. Obesity and craniofacial structure as

risk factors for obstructive sleep apnoea: impact of ethnicity. Respirology.
2012;17(2):213-22. https://doi.org/10.1111/j.1440-1843.2011.02082 x.
Eckert DJ. Phenotypic approaches to obstructive sleep apnoea—new
pathways for targeted therapy. Sleep Med Rev. 2018;37:45-59. https://doi.
org/10.1016/j.smrv.2016.12.003.

54.

55.

56.

57.

58.

Page 17 of 17

McNicholas WT, Bonsignore MR, Lévy P, Ryan S. Mild obstructive sleep
apnoea: clinical relevance and approaches to management. Lancet
Respir Med. 2016;4(10):826-34. https://doi.org/10.1016/52213-2600(16)
30146-1.

Joosten SA, Edwards BA, Wellman A, Turton A, Skuza EM, Berger PJ, et al.
The effect of body position on physiological factors that contribute to
obstructive sleep apnea. Sleep. 2015;38(9):1469-78. https://doi.org/10.
5665/sleep.4992.

Messineo L, Eckert DJ, Lim R, Chiang A, Azarbarzin A, Carter SG, et al.
Zolpidem increases sleep efficiency and the respiratory arousal threshold
without changing sleep apnoea severity and pharyngeal muscle activity.
J Physiol. 2020;598(20):4681-92. https//doi.org/10.1113/p280173.
Stéberl AS, Schwarz El, Haile SR, Turnbull CD, Rossi VA, Stradling JR,

et al. Night-to-night variability of obstructive sleep apnea. J Sleep Res.
2017;26(6):782-8. https://doi.org/10.1111/jsr.12558.

Roeder M, Sievi NA, Bradicich M, Grewe FA, Siegfried S, Gais! T, et al.

The accuracy of repeated sleep studies in OSA: a longitudinal obser-
vational study with 14 nights of oxygen saturation monitoring. Chest.
2021;159(3):1222-31. https://doi.org/10.1016/j.chest.2020.09.098.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1136/thoraxjnl-2015-207403
https://doi.org/10.1136/thoraxjnl-2015-207403
https://doi.org/10.1007/s11325-015-1206-y
https://doi.org/10.1007/s11325-015-1206-y
https://doi.org/10.1164/rccm.201404-0718OC
https://doi.org/10.1016/j.chest.2020.02.074
https://doi.org/10.1016/j.sleep.2019.09.007
https://doi.org/10.1016/j.sleep.2019.09.007
https://doi.org/10.1111/resp.13022
https://doi.org/10.1111/resp.13022
https://doi.org/10.1093/sleep/33.8.1075
https://doi.org/10.1093/sleep/33.8.1075
https://doi.org/10.1053/rmed.2003.1494
https://doi.org/10.1053/rmed.2003.1494
https://doi.org/10.1016/s0954-6111(98)90386-9
https://doi.org/10.1016/s0954-6111(98)90386-9
https://doi.org/10.1378/chest.15-0638
https://doi.org/10.1164/ajrccm/142.2.295
https://doi.org/10.1152/japplphysiol.90408.2008
https://doi.org/10.1152/japplphysiol.90408.2008
https://doi.org/10.1164/ajrccm.163.5.2007013
https://doi.org/10.1164/ajrccm.163.5.2007013
https://doi.org/10.5664/jcsm.6394
https://doi.org/10.5664/jcsm.6394
https://doi.org/10.1042/cs20100588
https://doi.org/10.1042/cs20100588
https://doi.org/10.5664/jcsm.7112
https://doi.org/10.1111/j.1440-1843.2011.02082.x
https://doi.org/10.1016/j.smrv.2016.12.003
https://doi.org/10.1016/j.smrv.2016.12.003
https://doi.org/10.1016/s2213-2600(16)30146-1
https://doi.org/10.1016/s2213-2600(16)30146-1
https://doi.org/10.5665/sleep.4992
https://doi.org/10.5665/sleep.4992
https://doi.org/10.1113/jp280173
https://doi.org/10.1111/jsr.12558
https://doi.org/10.1016/j.chest.2020.09.098

	Prevalence, characteristics, and respiratory arousal threshold of positional obstructive sleep apnea in China: a large scale study from Shanghai Sleep Health Study cohort
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Subject recruitment
	Clinical evaluation
	Sleep evaluation and POSA classification
	ArTH
	Statistical analysis

	Results
	Prevalence of POSA
	Comparison between POSA and NPOSA according to the CC and APOC criteria
	ArTH
	POSA predictors

	Discussion
	Conclusion
	Current knowledgestudy rationale
	Study impact
	Acknowledgements
	References


