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Objective: To investigate the prevalence, characteristics, risk factors, and clinical outcomes of positional obstructive sleep apnea 
(POSA) in Chinese children.
Methods: This was a retrospective analysis of children aged 4–17 years with OSA from local referrals for sleep-disordered breathing. 
Children who underwent diagnostic polysomnography (PSG) with at least 30 minutes of total sleep time in both supine and non-supine 
sleep were included. Standardized sleep questionnaires, Sleepiness Scales, Child Behavior Checklist and 24-hour ambulatory blood 
pressure monitoring were completed. OSA was defined as obstructive apnea-hypopnea index (OAHI) ≥1/h. POSA was defined as 
OAHI in the supine position ≥ two times the OAHI in the non-supine position.
Results: 314 children (mean age: 10.88±3.22 years; male: 70%) with OSA were analyzed, of whom 147 (46.8%) had moderate/severe 
OSA (OAHI≥5). Prevalence of POSA was 58% within our cohort and 51% among those with moderate/severe OSA. Children with 
POSA were older (10.8±3.3 years vs 9.1±2.6 years; p<0.001), had milder disease [OAHI 4.12 (2.14–8.62) events/h vs 6.16 events/h); 
p=0.026] and had smaller tonsillar size (55% vs 72%; p=0.011). By logistic regression, POSA was associated with older age (OR 1.20; 
95% confidence interval (CI) 1.09–1.32; p<0.001) and lower OAHI (B–0.036; SE 0.011; OR 0.964; 95% CI 0.943–0.986; p=0.001).
Conclusion: POSA is a prevalent phenotype seen in children, demonstrating strong associations with older age, more mature pubertal 
development, smaller tonsillar size and milder disease severity. Future studies should also delineate the natural history and longitudinal 
stability of this subtype over time.
Keywords: obstructive sleep apnea, sleep-disordered breathing, supine position, children, prevalence, risk factor

Introduction
Obstructive sleep apnea (OSA) in children is a prevalent sleep-related breathing disorder associated with a wide spectrum 
of morbidities, including neurobehavioral, cardiovascular, and metabolic complications.1–5 Recent studies have noted an 
increasing trend in OSA prevalence among the pediatric population, where the current estimated prevalence is around 
5.7%, with higher rates among specific populations, such as obese children.6 Given OSA’s heterogeneity, early 
identification of risk factors is essential in providing timely targeted treatment based on the underlying cause. 
Currently, numerous risk factors have been found to be associated with the development of OSA, with obesity, 
craniofacial anomalies and adenoid and tonsillar hypertrophy as one of the most common predisposing factors.7 With 
regards to treatment of OSA, adenotonsillectomy remains the first-line treatment for children with adenotonsillar 
hypertrophy, while continuous positive airway pressure (CPAP) is generally regarded as the treatment of choice for 
those having persistent disease after surgery and for those not suitable for surgery.8,9 Further research, however, is needed 
to address the gaps in phenotype-driven management in the pediatric population.
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Positional OSA (POSA), commonly defined as an obstructive apnea hypopnea index (OAHI) in the supine position ≥ 
two times the OAHI in the non-supine position, is one of the distinct clinical phenotypes in which obstructive respiratory 
events occur predominantly while sleeping in the supine position.10–12 Around 19–58% of children with OSA are 
identified as having POSA.10 This phenomenon may result from supine-induced morphological changes; specifically, the 
velopharynx transforms into a more elliptical shape with a reduced anteroposterior diameter but similar cross-sectional 
area due to the gravitational force favoring the posterior collapse of soft tissue located anterior to the velopharynx, thus 
resulting in a more collapsible airway.13,14 Importantly, craniofacial morphology and upper airway anatomy exhibit 
significant ethnic variation. Studies reveal that Chinese patients typically exhibit reduced soft tissue volume, smaller 
retropalatal airway dimensions, and greater craniofacial bony restriction compared to Europeans.15,16 These anatomical 
disparities likely contribute to ethnic variations in OSA pathophysiology, clinical characteristics and treatment respon
siveness. Elucidating these ethnicity-specific risk profiles, clinical characteristics and disease mechanisms may therefore 
enable the development of precision therapies optimized for distinct ethnic groups.15 In the pediatric population, 
positional effects may further interact with age, location of upper airway obstruction, and comorbidities such as obesity 
or Down syndrome, underscoring the need for tailored, multifactorial management approaches.17–22

As most of the obstructive respiratory events in POSA occur in the supine position, positional therapy has become 
a potential non-invasive treatment strategy where a lateral sleep position is achieved by a positional device. Before 
embarking on the evidence of positional therapy in children, understanding the prevalence, risk factors and characteristics 
commonly seen in those with POSA are essential. However, such data in the pediatric population are limited, particularly 
polysomnographic characteristics associated with the development of POSA. Existing studies focus predominantly on 
specific pediatric populations, such as children with obesity23 or Down syndrome,22 whose distinct anatomical and 
physiological profiles may limit generalizability of findings. Given these limitations and known ethnic variations in 
airway anatomy, our study aimed to investigate the prevalence, characteristics, and risk factors of POSA in otherwise 
healthy Chinese children.

Methods
Study Design and Participants
This study was a retrospective analysis of a hospital-based cohort with data drawn from the sleep research database of the 
Department of Pediatrics, Prince of Wales Hospital (PWH), a tertiary pediatric respiratory and sleep referral center, from 
October 2009 to October 2022. Referrals for sleep-disordered breathing were mainly from public and private primary 
care services and pediatric units of regional hospitals throughout Hong Kong. In this study, Chinese children and 
adolescents aged 4–17 years with suspected sleep-disordered breathing who had a diagnosis of OSA (see definition of 
OSA in Polysomnography and Definitions) confirmed by an overnight sleep study (polysomnography, PSG) were 
included. The sample size was determined by the available records rather than a priori calculation. Data from 1746 
children were screened, however, only 501 children remained after exclusion, as illustrated in Figure 1. Among the 
remaining children, 314 had OSA (OAHI ≥1), of whom 147 (46.8%) of them had moderate/severe OSA (OAHI ≥5). 
Participants were further classified as having either POSA or non-POSA as seen in Figure 1. Meanwhile, patients with 
genetic, syndromal or metabolic disease, congenital or acquired neuromuscular disease, craniofacial abnormalities, 
structural or congenital heart disease, severe chronic respiratory disease that may affect the oxygen saturation or 
ventilation during sleep, previous adenotonsillectomy and current treatment with positive airway pressure, positional 
device or orthodontic device were excluded. To ensure the reliability of the diagnosis of POSA, children with less than 
30 minutes of total sleep time spent in supine or non-supine position during the sleep study were also excluded; this 
enabled sufficient time for observation of OSA at different sleep stages, thereby reducing the risk of over- or under- 
estimation of positional OAHI.10,11,23,24 Written informed consent was obtained from parents or legal guardians of 
eligible children for their participation and data utilization in this research. For data analysis, children and adolescents 
aged 4 to 17 years old with a diagnostic polysomnography (PSG) performed at our center were included; participants 
with acute illness within 4 weeks from the PSG test date would have their PSG rescheduled. To delineate whether the 
respiratory events were position-dependent, at least 30 minutes of total sleep time in the supine and non-supine position 
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were included.10,11,25 This study was conducted in accordance with the principles of the Helsinki Declaration and was 
approved by The Joint Chinese University of Hong Kong – New Territories East Cluster Clinical Research Ethics 
Committee – approval: CRE-2013.011 and 2017.710. Although an a priori sample size calculation was not performed 
due to the retrospective nature of the study, the inclusion of a relatively large number of cases strengthens the reliability 
and statistical validity of the findings.

Data Collection and Anthropometric Measurements
Data obtained from parents and participants incorporated information from various validated sleep questionnaires, such 
as the Hong Kong Children Sleep Questionnaire (HK-CSQ), as well as included past personal and family medical 
history.26 Participants also completed a 1-week sleep diary prior to their hospital admission for PSG, the modified 
Epworth sleepiness scale for children,27 the Pediatric Daytime Sleepiness Scale (PDSS),28 the OSA-1829,30 and the Child 
Behavior Checklist (CBCL).31 Permission was obtained to use the PDSS, ESS and CBCL for this study. We have 
requested for permission from the developer of OSA-18 and have cited their original publication for transparency and 

Figure 1 Study flow chart.
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accountability. Since the HK-CSQ was developed by our team, no external permission was needed for its use. Modified 
ESS and PDSS were used to evaluate the sleepiness of participants, with higher scores suggesting greater propensity to 
fall asleep. Meanwhile, OSA severity and its impact on one’s quality of life (QOL) were reflected in the OSA-18, where 
higher scores indicated more severe OSA symptoms and poorer QOL. Lastly, behavioral problems were assessed using 
the CBCL.

Anthropometric measurements were performed on the day of PSG. Body Mass Index (BMI) was calculated as weight/ 
height2 (kg/m2) and converted to z-scores appropriate for age and sex according to local reference.32 Standing height 
without shoes was measured with a Harpenden stadiometer (Holtain) to the nearest 0.1 cm, and body weight with the 
lightest clothing was obtained with an electronic weighing scale to the nearest 0.1 kg (BF-522; Tanita). Overweight and 
obesity were defined as a BMI z-score (BMIz) of ≥1.036 and ≥1.645, corresponding to the 85th and 95th percentile 
respectively. Waist circumference was assessed midway between the lowest rib and the superior border of the iliac crest 
whereas the hip circumference was at the maximal protrusion of the buttocks. The circumference was given as the mean 
of two measurements to the nearest 0.1cm.33 Pubertal stage was recorded with a validated self-assessment questionnaire 
to categorize Tanner stages with Tanner stage 1 signifying prepubertal.34

Polysomnography and Definitions
A single overnight PSG was performed in a dedicated sleep laboratory with SiestaTM 802 PSG monitor (Compumedics 
Telemed, Abbotsford, Victoria, Australia) recording the following parameters: electroencephalogram (F4/A1, C4/A1, O2/ 
A1), bilateral electrooculogram, electromyogram of mentalis activity, and bilateral anterior tibialis. Electrocardiogram 
and heart rate were continuously recorded from two anterior chest leads. Arterial oxyhemoglobin saturation (SaO2) was 
measured by an oximeter with a finger probe. Respiratory movements of the chest and abdomen were measured by 
inductance plethysmography. Respiratory airflow was detected via an oronasal thermal sensor, while airflow pressure was 
measured via a nasal catheter placed in the anterior nares and was connected to a pressure transducer. Snoring was 
measured using a microphone placed near the throat. Body position was monitored via a body position sensor. An 
adequate overnight PSG was defined as a recorded total sleep time of ≥6 hours. All computerized sleep data were 
manually edited and scored by experienced PSG technologists and clinicians according to standardized criteria. 
Respiratory events including obstructive apneas, mixed apneas, central apneas, and hypopneas were manually scored 
based on the American Academy of Sleep Medicine (AASM) Manual for the Scoring of Sleep and Associated Events,35– 

37 where only those lasting ≥2 breaths irrespective of its duration were scored. Obstructive apnea was defined as ≥90% 
drop in airflow for ≥ 2 breath cycles and when the event was associated with continued or increased inspiratory effort, 
while hypopnea was ≥30% reduction in airflow associated with arousal or a ≥3% decrease in oxygen saturation for at 
least 2 breath cycles.35–37 Arousal was defined as a sudden shift in EEG frequency during sleep, lasting 3 to 15 seconds, 
which may include the presence of alpha waves or frequencies greater than 16 Hz but simultaneously are not spindles. In 
REM sleep, however, only those with concomitant increases in submental EMG amplitude were considered as a state of 
arousal.

Obstructive apnea hypopnea index (OAHI) was defined as the total number of obstructive and mixed apneas and 
hypopneas per hour of sleep. OSA was defined as an OAHI ≥ 1.38 Moderate/severe OSA was defined as an OAHI ≥ 
5.26,39,40 Oxygen desaturation index (ODI) was defined as the total number of dips in arterial oxygen saturation ≥3% 
per hour of sleep. The arousal index (ArI) was the total number of arousals per hour of sleep. Respiratory arousal index 
(RAI) was the total number of arousals per hour of sleep that were associated with apnea, hypopnea, or flow limitation. 
POSA was defined by an OAHI in the supine position ≥ two times the OAHI in the non-supine position.10,11

Twenty-Four-Hour Ambulatory Blood Pressure Monitoring
Ambulatory blood pressure (ABP) was measured on the same day as the overnight PSG, using an oscillometric monitor 
(model 90217; SpaceLabs Medical, Redmond, Washington) that has been validated for use in children.41 Systolic blood 
pressure (SBP), diastolic blood pressure (DBP), and mean arterial blood pressure (MAP) were recorded hourly from 
2130 to 0700 hours and every half-hour out of this period. The cuff was placed on the non-dominant arm, with the 
appropriate cuff size selected based on the subject’s arm length. Mean SBP, DBP, and MAP were calculated for the 
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awake and asleep periods; the exact cutoff time of these periods were defined through correlating the blood pressure 
measurements to the PSG tracing. Only those with at least 7 successful readings for both active wakefulness and sleep 
were deemed adequate and subsequently incorporated in the analysis.3 SBP and DBP were converted into BP z-scores 
using the Hong Kong reference values (relative to age, sex, and height).42 Nocturnal dipping of SBP and DBP were 
derived by calculating the difference between mean awake BP and mean sleep BP and expressed as a percentage of mean 
awake BP. Subjects with a nocturnal BP dip of < 10% were defined as “non-dippers”.43

Statistical Analysis
Statistical analyses were performed using SPSS statistical software package V.25.0 for Windows. Parametric data were 
expressed as mean ± standard deviation (SD), non-parametric data as median (interquartile range [IQR]), and categorical 
data as number (percentage). Shapiro–Wilk test was used to check for normality. T-test, Mann–Whitney U, and chi- 
squared tests were used for normally distributed, skewed, and categorical data, respectively, to assess differences in 
demographic characteristics, sleep symptoms, polysomnographic parameters and BP between those with POSA and non- 
positional OSA. Logistic regression was performed to examine the independent factors associated with POSA. 
Covariates and potential confounders included age, BMI z-score, sex, tonsil size, and obesity status. Multiple linear 
regression models were used to assess the associations of OSA subtypes (POSA vs non-positional OSA) with BP 
outcomes. Covariates and potential confounders defined as factors potentially related to childhood OSA and BP 
outcomes included sex, BMI z-score, age, and height. A p-value of <0.05 was considered statistically significant.

Results
Prevalence and Clinical Characteristics
A total of 1746 Chinese children from sleep research data were screened. 1245 were excluded due to the reasons listed 
in Figure 1. Among the remaining 501 children, 314 children had OSA, of whom 147 (46.8%) of them had moderate/ 
severe OSA. Participants were further classified as having either POSA or non-positional OSA as seen in Figure 1. The 
prevalence of POSA was 58% among all with OSA, and 51% among those with moderate/severe OSA. Their 
demographic, anthropometric, and PSG data are summarized in Tables 1 and 2 for all children with OSA, while the 
description of the characteristics of children with moderate/severe OSA is provided in Supplementary Tables 1 and 2.

When compared to children with non-positional OSA, children with POSA were older (10.76 ± 3.33 vs 9.12 ± 2.60 
years; p < 0.001) and had greater waist circumference z-score (0.73 ± 1.13 vs 0.42 ± 1.19; p=0.022). Fewer children with 

Table 1 Comparison of the Characteristics Between Children with Positional OSA and Those with Non- 
Positional OSA (N=314)

Characteristics All OSA 
N= 314

OSA (OAHI >1/h) 
N = 314

Positional OSA 
N = 182

Non-positional OSA 
N = 132

P value#

Male sex, n (%) 220 (70) 128 (70) 92 (70) 0.901

Age, years 10.88 ± 3.22 10.76 ± 3.33 9.12 ± 2.60 <0.001*

Tanner stage <2, n (%) 226 (72) 111 (61) 115 (87) <0.001*

BMI z-score 0.31 ± 1.05 0.55 ± 1.17 0.34 ± 1.22 0.135

Waist circumference z-score 0.53 ± 1.02 0.73 ± 1.13 0.42 ± 1.19 0.022*

Overweight/obese, n (%) 111 (35) 69 (38) 42 (32) 0.284

Tonsils ≥ grade 2, n (%) 196 (62) 101 (55) 95 (72) 0.011*

(Continued)
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Table 1 (Continued). 

Characteristics All OSA 
N= 314

OSA (OAHI >1/h) 
N = 314

Positional OSA 
N = 182

Non-positional OSA 
N = 132

P value#

Allergic rhinitis, n (%) 196 (62) 112 (62) 84 (64) 0.900

Habitual snoring†, n (%) 186 (59) 103 (57) 83 (63) 0.631

Mouth breathing†, n (%) 129 (41) 61 (34) 68 (52) 0.003*

Breathing difficulty during sleep†, n (%) 46 (15) 17 (9) 29 (22) <0.001*

Night sweats†, n (%) 63 (20) 31 (17) 32 (24) 0.114

Prone sleep†, n (%) 67 (21) 39 (21) 28 (21) 1.000

ESS score 5.60 ± 3.87 6.55 ± 3.89 5.57 ± 4.24 0.058

PDSS 13.90 ± 4.85 14.29 ± 4.77 14.32 ± 5.04 0.956

OSA-18 46.49 ± 17.87 54.75 ± 18.19 57.22 ± 19.11 0.248

CBCL T-score

Anxious/Depressed 55.69 ± 7.26 54.99 ± 6.85 56.67 ± 7.70 0.071

Withdrawn/Depressed 57.09 ± 7.68 56.73 ± 7.02 57.58 ± 8.51 0.388

Somatic Complaints 57.65 ± 7.02 57.37 ± 6.91 58.03 ± 7.20 0.465

Social Problems 59.73 ± 8.38 59.14 ± 8.10 60.55 ± 8.72 0.189

Thought Problems 58.29 ± 7.82 57.76 ± 7.76 59.02 ± 7.88 0.212

Attention Problems 59.12 ± 7.53 59.23 ± 7.53 58.96 ± 7.56 0.783

Rule Breaking Behaviors 55.25 ± 6.51 55.06 ± 6.41 55.52 ± 6.67 0.576

Aggressive Behaviors 57.91 ± 8.55 57.51 ± 8.23 58.47 ± 8.98 0.383

Internalizing Problems 54.32 ± 10.90 53.74 ± 10.40 55.11 ± 11.56 0.326

Externalizing Problems 54.69 ± 10.07 54.29 ± 9.77 55.23 ± 10.50 0.470

Total Problems 56.27 ± 10.93 55.69 ± 10.83 57.08 ± 11.06 0.323

Ambulatory BP parameters

Wake SBP, mmHg§ 111.26 ± 8.64 112.88 ± 9.81 109.34 ± 9.84 0.002*

Wake SBP z-score§ −0.88 ± 0.94 −0.87 ± 0.94 −1.01 ± 1.07 0.207

Wake DBP, mmHg§ 70.02 ± 5.42 70.20 ± 5.26 70.24 ± 5.10 0.944

Wake DBP z-score§ −0.34 ± 0.84 −0.38 ± 0.77 −0.28 ± 0.75 0.264

Sleep SBP, mmHg§ 100.90 ± 9.13 102.61 ± 9.36 99.44 ± 10.01 0.006*

Sleep SBP z-score§ 0.20 ± 1.08 0.39 ± 0.94 0.26 ± 1.18 0.310

Sleep DBP, mmHg§ 59.14 ± 5.67 60.43 ± 5.95 61.00 ± 6.04 0.418

(Continued)
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Table 1 (Continued). 

Characteristics All OSA 
N= 314

OSA (OAHI >1/h) 
N = 314

Positional OSA 
N = 182

Non-positional OSA 
N = 132

P value#

Sleep DBP z-score§ 0.56 ± 0.99 0.76 ± 1.01 0.97 ± 1.01 0.085

Nocturnal SBP dipping, %§ 9.33 ± 5.35 8.77 ± 6.37 9.02 ± 5.47 0.722

Nocturnal DBP dipping, %§ 15.48 ± 6.81 13.57 ± 7.73 12.94 ± 8.08 0.501

Notes: Data presented as mean ± standard deviation unless otherwise specified. P value# represents the comparisons between positional 
OSA and non-positional OSA. * Statistically significant P value. †Habitual snoring, mouth-breathing, difficulty breathing during sleep, night 
sweats, and prone sleep were defined as present if they had the symptoms ≥ 3 nights per week. §Data were available from 298 OSA, 172 
positional OSA and 126 non-positional OSA. 
Abbreviations: OSA, obstructive sleep apnea; h, hour; OAHI, obstructive apnea–hypopnea index; BMI, body mass index; ESS, Epworth 
Sleepiness Scale; PDSS, Pediatric Daytime Sleepiness Scale; CBCL, Child Behavior Checklist; SBP, systolic blood pressure, DBP, diastolic 
blood pressure.

Table 2 Comparisons of Polysomnographic Variables Between Children with Positional OSA and Those with Non-Positional OSA 
(N=314)

Polysomnographic variables All OSA 
N= 314

OSA (OAHI >1/h) 
N = 314

Positional OSA 
N = 182

Non-positional OSA 
N = 132

P value#

Total sleep time, minutes, median (IQR) 517.50 (472.38–555.88) 513.75 (461.25–552.13) 524.75 (483.50–558.50) 0.152

Supine sleep duration, minutes, median (IQR) 242.75 (153.13–340.75) 244.00 (163.75–343.50) 242.00 (139.25–338.00) 0.346

Non-supine sleep duration, minutes, median 

(IQR)

263.75 (170.25–342.63) 257.50 (158.00–334.00) 272.50 (193.75–356.13) 0.081

Supine REM sleep duration, minutes, median 

(IQR)

40.50 (17.00–73.63) 44.50 (21.88–76.00) 35.50 (12.13–66.25) 0.023*

Non-supine REM sleep duration, minutes, 

median (IQR)

63.50 (37.88–90.00) 57.00 (34.38–86.00) 70.50 (43.75–92.50) 0.023*

Supine NREM sleep duration, minutes, 

median (IQR)

196.25 (121.75–276.00) 202.75 (124.63–277.00) 192.50 (111.50–273.00) 0.532

Non-supine NREM sleep duration, minutes, 

median (IQR)

197.50 (124.88–259.00) 195.00 (121.50–253.25) 203.50 (135.75–274.38) 0.184

Sleep efficiency, % 88.83 ± 8.34 86.29 ± 9.37 87.81 ± 9.08 0.153

Wake after sleep onset 42.07 ± 41.20 43.74 ± 41.80 39.78 ± 40.40 0.401

REM percentage 21.34 ± 5.30 21.29 ± 4.42 21.41 ± 6.34 0.848

REM duration, minutes 109.50 ± 33.79 108.48 ± 30.63 110.90 ± 37.78 0.532

N1 percentage 8.51 ± 5.68 8.94 ± 5.44 7.91 ± 5.97 0.111

N1 duration, minutes 42.44 ± 26.96 43.99 ± 25.72 40.30 ± 28.54 0.231

N2 percentage 37.00 ± 8.16 37.94 ± 7.92 35.71 ± 8.32 0.016*

(Continued)
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POSA were prepubertal (ie, Tanner stage < 2) (61% vs 87%; p < 0.001), had tonsil size ≥ grade 2 (55% vs 72%; 
p=0.011), mouth breathing during sleep (34% vs 52%; p=0.003), and breathing difficulty during sleep (9% vs 22%; p < 
0.001). BMI z-scores (0.55 ± 1.17 vs 0.34 ± 1.22; p=0.135) and obesity status (38% vs 32%; p=0.284) revealed no 
statistically significant difference between both groups.

For the PSG parameters, the two groups had comparable total sleep time and spent similar time in supine and non- 
supine sleep positions. However, children with POSA had longer REM sleep duration on supine position while children 
with non-positional OSA had longer REM sleep duration on non-supine position. Children with POSA had shorter N3 
percentage and duration than their counterparts. There was a lower median OAHI [4.12 (IQR 2.14–8.62) vs 6.16 
(2.35–13.68) events/h; p=0.026), lower ODI [2.16 (0.85–5.94) vs 4.65 (1.39–11.01) events/h; p < 0.001), and a higher 
mean SpO2 nadir (90.99 ± 4.21% vs 88.06 ± 9.70%; p < 0.001) in POSA group than the non-positional OSA group.

Clinical Outcomes of Children with Positional OSA
There were no statistically significant differences in the clinical outcomes of children with POSA and non-positional 
OSA, as reflected by the ESS, PDSS, OSA-18 and CBCL scores. The CBCL score encompassed multiple domains, 
ranging from somatic complaints to psychological manifestations.

Predictors for Positional OSA in Children
Through logistic regression, two variables were identified as significant predictors associated with POSA in children as 
seen in Table 3. Older age (Odds ratio 1.20; 95% confidence interval (CI) 1.09–1.32; p<0.001) was positively associated 
with POSA, whereas OAHI (Odds ratio 0.964; 95% CI 0.943–0.986; p=0.001) was inversely associated with POSA. In 
contrast, BMI z-scores (Odds ratio 1.142; 95% CI 0.928–1.405; p=0.210) were not significantly associated with POSA. 

Table 2 (Continued). 

Polysomnographic variables All OSA 
N= 314

OSA (OAHI >1/h) 
N = 314

Positional OSA 
N = 182

Non-positional OSA 
N = 132

P value#

N2 duration, minutes 188.46 ± 48.80 191.66 ± 50.32 184.04 ± 46.46 0.173

N3 percentage 33.15 ± 9.37 31.83 ± 9.09 34.98 ± 9.47 0.003*

N3 duration, minutes 167.97 ± 50.09 159.60 ± 49.18 179.52 ± 49.21 <0.001*

OAHI, events/h, median (IQR) 4.59 (2.30–11.13) 4.12 (2.14–8.62) 6.16 (2.35–13.68) 0.026*

OAHIsupine, events/h, median (IQR) 6.13 (3.03–16.46) 6.73 (4.00–16.93) 5.19 (2.43–15.57) 0.010*

OAHInon-supine, events/h, median (IQR) 2.21 (0.88–7.31) 1.09 (0.42–3.17) 5.90 (2.47–13.20) <0.001*

OAHIsupine/OAHInon-supine ratio, median 

(IQR)

2.59 (1.15–5.79) 5.01 (3.19–13.97) 0.97 (0.58–1.45) <0.001*

ODI, events/h, median (IQR) 2.99 (0.96–8.05) 2.16 (0.85–5.94) 4.65 (1.39–11.01) <0.001*

ODIsupine, events/h, median (IQR) 3.71 (1.05–10.55) 3.27 (1.19–9.85) 4.65 (0.92–11.36) 0.592

ODInon-supine, events/h, median (IQR) 2.39 (0.52–6.74) 1.22 (0.32–3.95) 5.02 (1.32–11.53) <0.001*

ArI, events/h, median (IQR) 15.26 (11.51–21.61) 14.97 (11.25–21.08) 15.87 (11.98–22.37) 0.256

SpO2 nadir, % 93.77 ± 2.26 90.99 ± 4.21 88.06 ± 9.70 <0.001*

Notes: Data presented as mean ± standard deviation unless otherwise specified. P value# represents the comparisons between positional OSA and non-positional OSA. * 
Statistically significant P value. 
Abbreviations: OSA, obstructive sleep apnea; REM, rapid eye movement; OAHI, obstructive apnea–hypopnea index; h, hour; IQR, interquartile range; ODI, oxygen 
desaturation index; ArI, arousal index; SpO2, oxygen saturation; OAHIsupine, OAHI in supine sleep; OAHInon-supine OAHI in non-supine sleep.
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Similarly, waist circumference z-scores, after adjustment for age and sex, showed no significant association with POSA 
(Odds ratio 1.11; 95% CI 0.89–1.37; p=0.36). Findings remained consistent when the analysis was confined to children 
with moderate/severe OSA (Supplementary Table 3). Given that this study involved Chinese children, validation in 
multiethnic cohorts is needed to establish universal predictors.

Association Between Positional OSA and Blood Pressure
Higher wake SBP (112.88 ± 9.81 vs 109.34 ± 9.84 mmHg; p=0.002) and sleep SBP (102.61 ± 9.36 vs 99.44 ± 
10.01 mmHg; p=0.006) were observed in those with POSA compared to the non-positional OSA group (Table 1). 
However, there were no statistically significant differences in the BP z-scores between the two groups. By linear 
regression, POSA was not significantly associated with wake or sleep SBP after adjusting for sex, BMIz, height and 
OAHI (Tables 4 and 5). Nevertheless, future studies involving larger cohorts may explore whether statistically significant 
differences in BP can be found between both groups after adjusting for confounders and measuring BP over 28 nights.44

Table 3 Predictors for Positional OSA in Children by Logistic 
Regression (N=314)

Variables B S.E OR 95% CI P value

Age 0.182 0.049 1.200 1.090 1.321 <0.001*

OAHI −0.036 0.011 0.964 0.943 0.986 0.001*

Male sex 0.142 0.266 1.153 0.685 1.940 0.593

BMIz 0.133 0.106 1.142 0.928 1.405 0.210

Tonsils ≥ grade 2 0.620 0.562 1.859 0.330 10.48 0.482

Notes: Dependent variable: positional OSA. * Statistically significant P value.

Table 4 Associations Between Positional OSA and Wake Systolic 
Blood Pressure in Children by Linear Regression (N=298)

Variables B S.E t 95% CI P value

Positional OSA 0.247 0.903 0.273 −1.530 2.023 0.785

Female sex −1.660 0.937 −1.772 −3.504 0.184 0.077

Height 0.261 0.025 10.365 0.212 0.311 <0.001*

OAHI 0.027 0.038 0.691 −0.049 0.102 0.490

BMIz 2.974 0.381 7.811 2.224 3.723 <0.001*

Notes: Dependent variable: Wake systolic blood pressure. * Statistically significant 
P value.

Table 5 Associations Between Positional OSA and Sleep Systolic 
Blood Pressure in Children by Linear Regression (N=298)

Variables B S.E t 95% CI P value

Positional OSA 1.158 1.013 1.143 −0.836 3.152 0.254

Female sex −0.748 1.050 −0.712 −2.814 1.319 0.477

Height 0.201 0.028 7.145 0.145 0.256 <0.001*

(Continued)
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Discussion
Our study explored the prevalence, characteristics and predictive factors of POSA in children. The prevalence of POSA 
was 58% among all children with OSA, and 51% among those with moderate/severe OSA. When compared to children 
with non-positional OSA, children with POSA were older, had a more advanced pubertal development and had less 
severe OSA as measured by OAHI. The relationship between POSA and advanced pubertal development has rarely been 
reported; this highlights the need for future studies to validate the generalizability of this association across ethnicities 
and investigate whether underlying hormonal mechanisms drive the development of POSA. Fewer children with POSA 
had large tonsils, mouth breathing and breathing difficulty during sleep. In regression analysis, older age and lower OAHI 
were significantly associated with POSA in children. There were no statistically significant differences in other outcomes, 
such as ambulatory blood pressure, daytime sleepiness, OSA-18 and CBCL scores, between the two groups.

The high prevalence of POSA in our study population aligned broadly with previous publications, though prevalence 
rates still varied across studies, potentially attributable to differences in diagnostic criteria and population 
characteristics.11,23,25 POSA is commonly identified when the frequency of respiratory events is at least twice as high 
in the supine position compared to the non-supine position and with children’s sleep time in both supine and non-supine 
positions longer than 30 minutes. Previous studies in children adopted similar diagnostic criteria but with variations in 
the study population or required sleep duration in different body positions. For instance, Selvadurai et al focused on 
obese children with OSA with an overall OAHI ≥5 events/hour and at least 20 minutes spent in both supine and non- 
supine positions. They reported a higher prevalence (58%) of POSA compared to other studies.23 Meanwhile, Wu et al 
reported a lower prevalence of POSA of 38.2%, a finding that may be explained by the younger study population of 
Chinese children aged 2–12 years with a diagnosis of OSA and OAHI >1 event/hour.25 On the other hand, Verhelst et al 
studied a heterogeneous group of children with younger age, moderate/severe OSA (OAHI >5 events/hour), with or 
without comorbidities, and reported a lower prevalence at 19%.11 Despite these variations, the high prevalence of POSA 
in our study population underscores the need for early identification of OSA phenotypes in children to guide targeted 
interventions. While positional therapy is first-line for adults with POSA, anatomical and pathophysiological differences 
in children necessitate pediatric-specific validation. Notably, POSA was associated with milder disease severity, suggest
ing distinct mechanistic pathways among OSA phenotypes that warrant further research into phenotype-specific manage
ment approaches.

Consistent with some previous studies, our results revealed that older age and less severe OSA were associated with 
POSA in all children with OSA and also among those with moderate/severe disease.11,25 POSA may represent a distinct 
clinical phenotype within paediatric OSA, often characterized by milder disease severity and unique physiological or 
anatomical traits.11 Older children may be more likely to exhibit POSA due to developmental changes in upper airway 
anatomy and sleep architecture. As children age, the impact of adenotonsillar hypertrophy on upper airway obstruction 
may diminish, and other factors such as body position and body fat distribution become more prominent contributors to 
airway collapsibility.45,46 The time that children spend in supine and non-supine positions during sleep may also 
modulate the interactions between severity of respiratory events and the positional nature of their OSA.45 In line with 
these observations, children with POSA demonstrated more mature pubertal development, had smaller tonsil size and had 
fewer OSA symptoms such as breathing difficulty and mouth breathing during sleep. However, no significant differences 
in blood pressure and behavioral outcomes were detected between the disease subtypes.

Table 5 (Continued). 

Variables B S.E t 95% CI P value

OAHI 0.104 0.043 2.381 0.018 0.189 0.018*

BMIz 2.378 0.426 5.581 1.539 3.217 <0.001*

Notes: Dependent variable: Sleep systolic blood pressure. * Statistically significant 
P value.
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Our findings revealed that children with POSA had higher BMI z-scores and significantly higher waist circumference 
z-scores compared to those with non-positional OSA, highlighting a pattern of increased central adiposity. Our results align 
with some previous evidence of a bidirectional relationship between obesity and POSA.11,23,45 The higher waist circumference 
in children with POSA suggest that the central adiposity may play a critical role in positional airway obstruction. These 
findings underscore the importance of identifying obesity-related risk factors to optimize management of POSA in children.45

Our data revealed the potential role of OSA severity, as delineated by the OAHI, ODI and oxygen saturation nadir, in 
reflecting the development of POSA. With no statistically significant difference in median supine and non-supine sleep 
duration, a negative correlation between OAHI and POSA was observed, where children with non-positional OSA 
demonstrated higher OAHI and ODI, and lower oxygen saturation nadir. These findings are supported by existing 
literature, which suggests that POSA often presents as a milder disease overall when compared to non-positional 
OSA.23,25 The exact mechanism behind the interaction between disease severity and POSA has yet to be explored. It 
is also unclear why in some individuals, the upper airway obstruction and respiratory events predominantly occur in the 
supine position, while in others, the development of respiratory events is not determined by body position.21,25 In the 
adult population, higher collapsibility and smaller minimum cross-sectional area of the upper airway have been 
demonstrated in patients with non-positional OSA compared to their positional counterparts, thereby potentially 
contributing to an overall more severe disease regardless of the sleep position.13,47,48 Furthermore, a recent study 
reported that patients with POSA demonstrated a lower loop gain, lower arousal thresholds, lower airway collapsibility 
and higher muscle compensation compared to those with non-positional OSA, and they were found to be crucial factors 
in predicting POSA severity.47 Although the observed differences in endotypic traits between individuals with POSA and 
counterparts may shed some light regarding the disease mechanism, the interpretation needs to be cautious. Firstly, the 
findings require further studies to confirm, and their exact role in the disease mechanism of POSA has yet to be 
investigated. Secondly, the observations were all driven by data from adult studies and may not be directly extrapolated 
to the pediatric population.

The blood pressure analysis revealed no statistically significant differences between POSA and non-positional OSA 
groups after adjusting for sex, BMIz, height and OAHI. Our regression analysis indicated that among children with OSA, 
height and BMI z-score were significantly associated with blood pressure, but not the positional subtype. This finding suggests 
that the positional subtype of OSA does not independently influence blood pressure outcomes. In our study population, the 
major determinants of blood pressure in children with OSA appear to be related to growth parameters rather than the specific 
type of OSA. Future studies are needed to further investigate whether respiratory events predominantly occurring in the supine 
position have any substantial effect on the cardiovascular system compared to the overall severity of OSA.

Our study demonstrated distinct REM sleep distribution patterns in pediatric OSA: children with POSA exhibited longer 
supine REM sleep, whereas children with non-positional OSA had a longer non-supine REM sleep duration. Given the known 
changes in airway collapsibility at different sleep stages, with respiratory events occurring more commonly during REM sleep, 
prolonged supine REM sleep may elevate respiratory event frequency in that sleep position, potentially biasing POSA 
classification.24 Our data underscored the importance of considering the interplay between sleep stage (REM and non-REM) 
and sleep position (supine and non-supine), exploring their influence on subtype classification of POSA. Notably, Kevat et al 
demonstrated that non-supine positioning effectively reduced obstructive events in REM-predominant OSA, suggesting 
positional therapy remained beneficial in REM-related OSA.49 Moving forward, longitudinal studies should explore how 
REM sleep distribution patterns evolve with age, particularly during pubertal airway remodeling, to optimize phenotype- 
specific management and identify critical windows for intervention.

This study, however, has several important limitations. First, as a hospital-based cohort instead of a population-based 
cohort, our results may overrepresent severe OSA cases and lack generalizability to community populations. However, 
our analysis revealed similar characteristics associated with POSA in both children with OSA and children with 
moderate/severe OSA. Second, the high exclusion rate (71% of screened cohort), raises concerns about selection bias, 
limiting the external validity of the observed associations. Furthermore, as this was a retrospective study, the lack of 
longitudinal data makes it challenging to determine if the observed associations drive POSA development or are simply 
epiphenomena. There is a potential dynamic nature of POSA as shown by a recent study, indicating that POSA status 
may not be stable over time, especially in the context of growth, weight changes, or evolving airway anatomy. Therefore, 

Nature and Science of Sleep 2025:17                                                                                               https://doi.org/10.2147/NSS.S521723                                                                                                                                                                                                                                                                                                                                                                                                   2943

Tang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



ongoing assessment is important viewing the potential transition between POSA and non-POSA subtypes.50 Third, the 
current POSA definition also has intrinsic constraints. Previous studies have shown inherent variability in supine-related 
polysomnographic phenotypes across different sexes, as well as potential fluctuations based on exact head and neck 
sleeping positions.24 Specifically, night to night repeatability of supine-related polysomnographic phenotype exists 
predominantly in males and those with low non-supine AHI, where a minimum observed time in a supine position of 
30 minutes was applied.24 Thus, the night-to-night variability along with the lack of a strict definition of the sleeping 
position of POSA may restrict the use of the current POSA definition in clinical practice or research purposes.51 Fourth, 
as the definition of OSA severity in our study did not follow the AASM and distinguish between moderate and severe 
OSA, this may obscure potential differences in predictive factors between these subgroups. Lastly, as discussed before, 
there may be a potential sampling error due to changes in sleep stage throughout one’s sleep. If the duration of supine and 
non-supine sleep recorded was less than 60 minutes, for example, this may only coincide with a specific sleep stage. At 
different sleep stages, there are varying effects on airway collapsibility; slow wave sleep, for example, is often associated 
with an improvement in airway collapsibility, while OSA typically worsens during REM sleep.52,53 These differences can 
subsequently affect the supine and non-supine OAHI.53 Thus, this warrants further investigation into the optimal 
sampling time by exploring the relationship of airway collapsibility at different sleep stages to optimize the diagnosis 
and achieve a more confident and repeatable classification of the POSA subtypes.

Conclusion
To conclude, POSA was significantly associated with older age, milder disease, advanced pubertal development and 
smaller tonsillar size in Chinese children. Anatomical differences in upper airway between different ethnicities may limit 
the generalizability of the findings. Thus, future studies may explore the validity of these associations in multiethnic 
cohorts. Given the cross-sectional nature of this study, longitudinal studies are also warranted to evaluate the natural 
history and stability of this OSA phenotype over time. Early identification of this OSA phenotype may play a role in 
driving therapeutic direction, as adult studies have shown positional therapy as a safe alternative to CPAP for those with 
POSA.54 Nevertheless, pathophysiological and anatomical differences between pediatric and adult OSA highlight the 
need for further studies to evaluate the efficacy of various OSA treatment modalities for different OSA phenotypes.
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