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Purpose: Obstructive sleep apnea (OSA) is a common condition in children, linked to significant health risks. However, the impact of
gender, age, and obesity on OSA severity remains poorly understood. This study aimed to explore how these factors influence OSA in
pediatric patients.

Patients and Methods: This cross-sectional study was conducted at the Sleep Center of the Children’s Hospital Affiliated with the
Capital Institute of Pediatrics from January 2017 to May 2023. We included children aged 0 to 15 years diagnosed with OSA via
overnight polysomnography (PSG). Demographic data, including gender, age, and body measurements, were collected. The apnea-
hypopnea index (AHI) and oxygen desaturation index (ODI) were recorded. Data analysis included one-way ANOVA for continuous
variables, chi-square tests for proportions, linear trend analysis for changes across age and OSA severity, and Pearson/partial
correlations for associations between BMI, AHI, and other variables.

Results: The study involved 4668 children, with a mean age of 5.3 years, 62.3% of whom were boys. Boys had the highest Apnea-
Hypopnea Index (AHI) (8.8 = 7.9). The 0-2 years age group exhibited the highest AHI (10.7 £ 9.8), while the obese group had the
highest AHI (13.9 + 19.8). Logistic regression analysis revealed that male gender (OR = 1.2, 95% CI: 1.11-1.43), age 0-2 years (OR =
1.49, 95% CI: 1.09-2.04), and obesity (OR = 1.29, 95% CI: 1.09-1.52) were significantly associated with moderate to severe OSA.
Conclusion: This study underscores the complex roles of gender, age, and obesity in pediatric OSA severity. Boys, especially those in
the 0-2 years age group, had more severe OSA than girls, and obesity exacerbated OSA severity. These findings may guide improved
screening and management strategies for pediatric OSA.
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Introduction

Pediatric obstructive sleep apnea (OSA) is a respiratory disorder characterized by the partial or complete blockage of
airways during sleep.' The development of OSA in children is influenced by both systemic and local factors. Systemic
contributors include obesity, neuromuscular diseases, and genetic syndromes. However, local anatomical abnormalities—
such as adenotonsillar hypertrophy and craniofacial deformities (eg, mandibular retrognathia, maxillary constriction, and
high-arched palate)—play a pivotal role in airway obstruction. Recent studies have demonstrated that craniofacial
abnormalities significantly increase the risk of pediatric OSA.*® The prevalence of pediatric OSA is estimated to
range from 1.2% to 5.7%.*® Clinicians often rely on a constellation of observable signs and symptoms—including
snoring, intermittent nocturnal oxygen desaturation, and disrupted sleep patterns—to identify children at risk.’
Nonetheless, the gold standard for definitive diagnosis remains overnight polysomnography, which offers comprehensive
monitoring of sleep architecture and respiratory function.’
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Pediatric OSA has been associated with a wide spectrum of adverse health outcomes, including behavioral problems,
cognitive impairments,® growth disturbances, and cardiovascular complications such as hypertension and endothelial
dysfunction.’ Moreover, metabolic and neurodevelopmental impacts have gained attention in recent studies. For instance,
the neuronal PAS domain protein 2 (NPAS2) may be linked to metabolic dysregulation in patients with OSA,'® calcium
imbalance due to sleep fragmentation, and increased uric acid levels correlating with higher apnea-hypopnea index (AHI)
scores have all been reported.'' Inappropriate sleep patterns have also been found to increase the number of cariogenic
bacteria and reduce salivary PH and buffering capacity.'? Adenotonsillectomy remains the first-line treatment for
pediatric OSA and has been shown not only to improve upper airway obstruction but also to enhance cognitive
performance and quality of life in children diagnosed with OSA.'® Given the potentially severe consequences of
untreated OSA, early recognition and targeted intervention are essential. A thorough understanding of OSA’s epidemio-
logical and clinical characteristics is crucial for improving screening and management in high-risk pediatric populations.

14,15

While male sex and obesity are well-established risk factors for OSA in adults, their influence in children appears

more complex and age-dependent. Previous studies have shown that boys tend to experience more severe OSA symptoms

16-18 potentially due to anatomical and hormonal differences.'” 2 Additionally, obesity in children is inde-

than girls,
pendently associated with OSA and correlates with its severity.”'** Although younger children (particularly those aged
<3 years) are often diagnosed with moderate to severe OSA, findings across age groups remain inconsistent, and recent
data suggest a rising prevalence of OSA among preschool-aged children.**

Despite growing awareness of pediatric OSA, few studies have systematically explored how age, sex, and obesity
interact to influence disease severity. In particular, there is a lack of large-scale, real-world data from Asian pediatric
populations to thoroughly assess these relationships. This study aims to address this gap by investigating a large inpatient
assessment of children with OSA, with a focus on stratified analyses based on age, sex, and BMI categories. By
examining PSG-derived parameters across subgroups defined by sex, age, and BMI, this study seeks to clarify how these
factors impact the clinical characteristics of pediatric OSA and to provide valuable insights for risk stratification and

individualized treatment strategies.

Materials and Methods

Study Design and Participants

This retrospective cross-sectional study was conducted at the Sleep Center of the Children’s Hospital Affiliated with the
Capital Institute of Pediatrics. Clinical data were retrospectively collected from electronic medical records between
January 2017 and May 2023. The study was approved by the Ethics Committee of the Capital Institute of Pediatrics
(reference number: SHERLL2021034), and all procedures were conducted in accordance with the Declaration of
Helsinki. For patients included after the initiation of the study, informed consent was obtained from the participants
and their guardians. For data collected prior to the initiation, a waiver of informed consent was granted by the ethics
committee for the use of de-identified retrospective data. We retrospectively selected children aged 0 to 15 years by
retrieving data from electronic medical records between January 2017 and May 2023. A total of 4,668 patients were
included. Data extraction and analysis were conducted from June 2023 to March 2024. As this study employed a cross-
sectional design, it is important to note that causal relationships cannot be inferred from the observed associations.

Outcomes

The patients in our study were referred to the sleep laboratory for polysomnography (PSG) examinations by pediatricians
and otolaryngologists from the Children’s Hospital affiliated with the Capital Institute of Pediatrics. Informed consent
was obtained from all study participants and their legal guardians/parents prior to the initiation of the study. All
participants underwent overnight polysomnography examination (Alice 6, Philips Respironics Inc., Murrysville,
Pennsylvania).”> Sleep stages were meticulously scored by an experienced polysomnographic technician throughout
the study, in accordance with the guidelines set by the American Academy of Sleep Medicine (AASM).”° Additionally,
the scoring data were reviewed by pediatric sleep physicians to ensure the accuracy and consistency of the results. All
PSG data were collected by two designated doctors and researchers.
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Various variables were continuously monitored and recorded using computerized PSG, including a 6-channel
electroencephalogram (with bilateral frontal, central, and occipital leads), electrocardiogram, airflow (measured via
both nasal pressure cannula and thermistor), and respiratory effort (assessed using thoracic and abdominal inductive
plethysmography. Oxygen saturation was monitored using pulse oximetry with a finger probe. Certified technicians
manually scored the PSG according to the AASM manual.> Sleep position was manually determined for each 30-second
epoch. The AHI was defined as the total number of apneas and hypopneas per hour of sleep, while the oxygen
desaturation index (ODI) was defined as the number of oxygen desaturations (> 3%) per hour of sleep. Children were
diagnosed with OSA if their AHI was> 1, as determined by nocturnal PSG. The severity of OSA was classified as mild
(AHI > 1 and < 5), moderate (AHI > 5 and < 10), or severe (AHI > 10).>” All children do not have genetic syndrome. The
exclusion criteria included: (1) neurological and muscular disorders, (2) children with AHI < 1, and (3) the presence of
craniofacial anomalies, prematurity, or a prior history of adenotonsillectomy. The screening flow chart is shown in
Figure 1. Body mass index (BMI) was calculated by dividing a child’s body weight (in kilograms) by the square of their
height (in meters). Overweight and obesity were defined according to the Chinese national standard, “WS/T 586-2018:
Screening for Overweight and Obesity Among School-Aged Children and Adolescents”, published by the National
Health Commission of the People’s Republic of China.”® In this standard, BMI-for-age percentiles are used to classify
weight status, thereby accounting for developmental differences across age groups. The BMI-for-age approach is
consistent with international practices and provides an age- and sex-specific assessment of overweight, obesity, and

undernutrition in children.?’

Statistical Analysis

Continuous data for normal distribution were expressed as mean + standard deviation (SD), while categorical data were
presented as frequency and percentage. ODI for skew distribution was displayed as median (P25, P75). Nonparametric
statistical methods Mann—Whitney test were used for skewness distribution data. For continuous variables in demo-
graphic data and AHI values among different age groups, a one-way analysis of variance (ANOVA) was used. The chi-
square test was used to assess differences in proportions among these age groups. Differences in the AHI between boys
vs girls and obesity vs non-obesity were evaluated using independent sample #-tests. Linear trend analysis was applied to

All children
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> AHI<1
L (N=89)
OSA
children
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Neurological
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Figure | The screening flow chart.
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assess the statistical significance of changes in age, OSA severity, and obesity status. The Pearson linear correlation and
partial correlation were used to evaluate the association between BMI and AHI, Min SpO,, rapid eye movement sleep
(REM) period, non-rapid eye movement sleep (NREM) period. Using Pearson linear regression and mixed effect logistic
regression models, we explored the relationship between AHI/ OSA severity and gender, age, BMI. In addition to
controlling for age and gender, we also adjusted for BMI categories (underweight, normal weight, overweight, and
obesity) to account for potential confounding effects. The level of statistical significance was set at P < 0.05. Statistical

analyses were conducted using R (version 4.2.1).

Results

Basic Characteristics of the Participants

Our analysis included 4,668 children diagnosed with OSA, of which 1,758 (37.7%) were girls and 2,910 (62.3%) were
boys. The mean age of the participants was 5.3 + 2.7 years (range: 0—15 years). The mean BMI was 16.8 + 3.7 kg/m?, and
the mean AHI was 8.4 £ 7.5 events per hour. Significant differences were observed between boys and girls in several
parameters, including AHI, NREM AHI, %minimum SpO,, REM period, and ODI (Table 1). Boys had a higher mean
BMI (17.1 + 3.8 kg/m?) compared to girls (16.3 + 3.4 kg/m?). However, no difference was found in REM sleep duration
between the groups. Boys exhibited a significantly higher AHI during total sleep (8.8 + 7.9 events per hour) compared to
girls (7.7 + 6.7 events per hour), with pronounced differences also observed in both REM sleep (boys: 14.8 + 16.9 events
per hour; girls: 13.6 = 14.1 events per hour) and NREM sleep stages (boys: 7.6 + 7.0 events per hour; girls: 6.6 £ 6.0
events per hour). Additionally, boys had a higher ODI 4.1(2.4,7.2) compared to girls 3.7(2.1,6.6) (P < 0.01). However, no
significant difference was observed in the lowest oxygen saturation levels.

Sleep Characteristics of Children with OSA in Various Age Groups

Children with OSA were categorized into different age groups: 0-2 years (7.6%), 3—5 years (55.1%), 6-8 years (24.9%),
9-11 years (8.5%), and 1215 years (3.9%). BMI increased with age, reaching its peak in the 12—15-year group. Both
total sleep time and REM sleep time showed significant variations across age groups. AHI during total sleep decreased
notably with age, with the highest values observed in the 0-2-year group (10.7 + 9.8) and the lowest in the 12—15-year
group (7.7 + 9.6). Both REM and NREM AHI also decreased significantly with age, peaking in the 0-2-year group.
Minimum SpO2 during sleep did not show significant variation across age groups. However, ODI decreased significantly
with age, with the highest values recorded in the 0-2-year group (Table 2).

Table | Characteristics of Patients with Obstructive Sleep Apnea According to

Age

Variable Total Boy Girl t'Z P
N (%) 4668 2910 (62.3) | 1758 (37.7)

Age, y 53+27 54+27 52427 2.12 | 0.03
BMI, kg/m2 16.8 + 3.7 17.1 £38 163 +£34 | 684 | <00l
Total sleep time, min | 414.4 £ 587 | 4129 + 603 | 4168+ 56 | —2.21 | 0.03
AHI, event/h 84+75 88+79 77 £ 67 52 | <0.0l
REM AHI, event/h 144 + 159 148169 | 13.6 141 | 264 | 00l
NREM AHI, event/h 73167 76 £7 6.6 £ 6.0 5.35 | <0.0l
% Min SpO2 885+ 59 88.1+ 6.2 89.1 £52 | —6.01 | <0.0l
REM period, min 61.5+284 62 £ 29 608 +£273 | 135 | 0.8
OD|, times/h 4.124,7.2) 43(2.6,7.7) | 3.7(2.1,6.6) | —6.53 | <0.01

Abbreviations: BMI, body mass index; AHI, apnea-hypopnea index; REM, rapid eye movement sleep;
NREM, non-rapid eye movement sleep; Min SpO,, Minimum Peripheral Capillary Oxygen Saturation;
ODI, oxygen desaturation index.
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Table 2 Characteristics of Patients with OSA According to Different Age Groups

Age Group(Year) 0-2 3-5 6-8 9-11 12-15 P
N (%) 356 (7.6) 2571 (55.1) 1163 (24.9) 398 (8.5) 180 (3.9)

BMI, kg/m2 165+ 3.3 16.3 + 3.1 17.0 £ 3.8 18.7 + 4.4 193 £5.8 <0.01
Total sleep time, min | 398.3 + 75.5 | 4184 + 56.4 | 415.1 + 54.9 | 404.5 + 63.6 | 405.7 + 57.8 | <0.01
AHI, event/h 10.7 £ 9.8 85+70 78 7.1 78+74 77 £96 <0.01
OSA category

Mild 93 (26.1) 958 (37.3) 508 (43.7) 179 (45) 86 (47.8)

Moderate 127 (35.7) 920 (35.8) 394 (33.9) 134 (33.7) 62 (34.4)

Severe 136 (38.2) 693 (27.0) 261 (22.4) 85 (21.4) 32 (17.8) <0.01
REM AHlI, event/h 182 £ 19.0 I15.1 £ 15.7 125 = 147 12.7 £ 16.1 129 £ 175 <0.01
NREM AHI, event/h | 9.1 + 8.8 72+62 6.9 + 6.6 69 + 66 6.7 +92 0.01
% Min SpO, 868 £ 7.5 884 £ 5.6 89.0 £ 5.6 89.0+ 4.9 884 £ 9.1 0.06
REM period, min 573 £31.3 62.6 + 284 | 60.5 275 604 £27.0 | 629 +29.1 0.01
ODI, times’h 5.8(3.2,10.6) | 4.2(2.5,7.2) 3.6(2.2,6.6) 3.9(2.3,6.8) 3.4(1.8,6.0) <0.01

Abbreviations: BMI, body mass index; AHI, apnea-hypopnea index; REM, rapid eye movement sleep; NREM, non-rapid eye

movement sleep; Min SpO,, Minimum Peripheral Capillary Oxygen Saturation; ODI, oxygen desaturation index.
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Figure 2 Age and Gender-Specific Distribution of OSA Severity.
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Sleep and Respiratory Characteristics of Patients with Mild, Moderate, and Severe
Obstructive Sleep Apnea
Significant variations in the distribution of OSA severity were observed across different age groups and genders
(Figure 2). The age of patients varied significantly across mild, moderate, and severe OSA groups, with severe OSA
patients being the youngest. Among children aged 0-2 years, boys had the highest proportion of severe OSA, whereas
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girls had the highest proportion of moderate OSA. Overall, as children aged, the proportion of mild OSA gradually
increased, while the proportions of moderate and severe OSA tended to decrease.

BMI consistently increased with OSA severity, with patients in the severe OSA category having the highest BMI
(Table 3). The total sleep time (TST) varied across the different OSA severity groups. Both the moderate and severe OSA
groups had longer TST compared to the mild group, with the moderate group showing the longest sleep duration overall.
Regarding the REM period, moderate OSA patients had the longest duration, while mild OSA patients had the shortest.
Additionally, both REM and NREM AHI increased significantly from mild to severe OSA. % minimum SpO, levels
were lowest in severe OSA patients, and the oxygen desaturation index (ODI) increased markedly with OSA severity,
with the highest ODI observed in severe OSA and the lowest in mild OSA.

Obesity and Sleep in OSA Children

TST varied significantly across different BMI groups, with obese patients displaying the shortest TST and those with
a normal BMI the longest (Table 4). Significant differences were also observed in AHI, REM AHI, and NREM AHI, with
obese patients exhibiting the highest values, while the lowest values were found in patients with low BMI. Additionally,
obese patients had the highest ODI, whereas those with low BMI had the lowest. However, there were no significant
differences in % minimum SpO, levels among the BMI groups. After controlling for age and gender, BMI remained
significantly positively correlated with AHI, REM AHI, and NREM AHI, while it was negatively correlated with total
sleep time and % minimum SpO, (Table 5).

Table 3 Sleep and Respiratory Characteristics of Patients with Mild, Moderate, and
Severe Obstructive Sleep Apnea

Variables Mild OSA Moderate OSA | Severe OSA | P P Trend
N, (%) 1824 (39.1) 1637 (35.1) 1207 (25.9)

Age, y 57 +27 53126 49 + 2.6 <0.01 | <0.01
BMI, kg/m? 16.6 £ 3.4 16.8 + 3.7 172 £ 40 <0.01 | <0.01
Total sleep time, min | 409.4 £ 58.2 | 4189 + 544 415.8 + 64.3 <0.01 | 0.03
AHI, event/h 32 £ 1.1 72+ 14 18 +£88 <0.01 | <0.01
ODI, times/h 2.3(1.5,3.1) 4.8(3.4,6.2) 11.3(7.8,18.1) | <0.01 | <0.01
Min SpO, (%) 90.0 + 3.3 88.6 + 4.3 845 + 8.1 <0.01 | <0.01
REM AHI, event/h 55+ 4.1 12.1 £ 6.6 3.1 £223 <0.01 | <0.01
NREM AHI, event/h | 2.8 £ I.1 62+ 1.6 154 + 84 <0.01 | <0.01
REM period, min 59.5 + 25.7 63.4 + 285 62.1 +31.6 <0.01 | 0.0l

Abbreviations: BMI, body mass index; AHI, apnea-hypopnea index; REM, rapid eye movement sleep; NREM, non-rapid
eye movement sleep; Min SpO,, Minimum Peripheral Capillary Oxygen Saturation; ODI, oxygen desaturation index.

Table 4 Sleep and Respiratory Characteristics During Different Obesity Statuses in Obstructive

Sleep Apnea Children

Variables Wasting Normal Overweight | Obese P P Trend
Age, y 74 %36 54+24 55+24 59+25 <0.01 | <0.01
BMI, kg/m? 132+ 1.2 153+ 1.2 179 + 1.6 24.6 £52.9 | <0.01 | <0.0l
Total sleep time, min | 414.4 + 60.7 | 419.4 £ 55.1 | 412.5 £ 59.5 | 404.6 + 61.3 | <0.01 | <0.0l
AHI, event/h 82+98 83 9. 94+ 112 139+198 | <00l | <0.0l
% Min SpO, 89.0 £ 6.2 89.0 £ 55 88.6 + 4.8 873+ 65 0.05 0.10
ODI, times/h 3.3(2.0,6.3) 3.6(2.2,6.3) 4.3(2.8,7.5) 5.1(2.8,10.4) | <0.01 | <0.0l
REM AHI, event/h 132+ 152 142 + 16.6 155+ 19.0 21.3+£292 | <0.0l | <0.01
NREM AHI, event/h | 7.1 £9.3 7.1 £85 83+ 10.6 12.5 + 19.1 <0.01 | <0.0l
REM period, min 60.7 £ 289 | 629 +28 60 =272 59.1 £289 | <0.01 | <0.0l

Abbreviations: BMI, body mass index; AHI, apnea-hypopnea index; REM, rapid eye movement sleep; NREM, non-rapid eye
movement sleep; Min SpO,, Minimum Peripheral Capillary Oxygen Saturation; ODI, oxygen desaturation index.
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Table 5 Relationship Between BMI and Respiratory
Characteristics in Obstructive Sleep Apnea Children

Pearson Correlation | Partial Correlation*

Variables r P r P

Total sleep time —-0.09 <0.01 —0.11 <0.01
AHI 0.09 <0.01 0.23 <0.01
Min SpO, —-0.14 <0.0l -0.21 <0.01
ODI 0.15 <0.01 0.24 <0.01
REM_AHI 0.03 0.05 0.20 <0.01
NREM_AHI 0.10 <0.01 0.23 <0.01
REM period, min —0.04 <0.01 —-0.02 0.32

Notes: *Partial correlation, Control for age and gender; r, correlation coefficient;
Abbreviations: AHI, apnea—hypopnea index; REM, rapid eye movement sleep;
NREM, non-rapid eye movement sleep; Min SpO,, Minimum Peripheral Capillary
Oxygen Saturation; ODI, oxygen desaturation index.

Table 6 represents the univariate linear regression and multiple linear regression analyses for associations among
AHI, age, gender and BMI. In the results of multiple linear regression analysis, the association between AHI and age (B=
—0.30, P<0.001), BMI (B=0.25, P<0.001), gender (p=0.98, P<0.001) remained.

Risk Factors Associated with Severity of OSA

The Univariate Logistic Regression showed that male (OR=1.27, 95% CI: 1.13-1.44), 0-2 years old (OR=2.59, 95% CI:
1.78-3.77), 3-5 years old (OR=1.54, 95% CI: 1.14-2.09), overweight (OR=1.27, 95% CI: 1.05-1.53) and obesity
(OR=1.29, 95% CI: 1.10-1.52) were associated with the moderate to severe OSA. The multi-factor Logistic
Regression revealed the similar results in Table 7, where the male (OR=1.2, 95% CI: 1.11-1.43), 0-2 years old
(OR=1.49, 95% CI: 1.09-2.04), overweight (OR=1.25, 95% CI: 1.03-1.51) and obesity (OR=1.29, 95% CI:
1.09-1.52) were risk factors.

Discussion

This cross-sectional study aims to analyze data from 4,668 children to investigate the impact of age, gender, and obesity on
pediatric OSA. In contrast, our previously published study included 1,236 participants who underwent both PSG and
completed sleep questionnaires. This earlier study primarily focused on examining the prevalence, risk factors, and clinical
characteristics of positional obstructive sleep apnea (POSA) in children with OSA, and used propensity score matching (PSM)
to control for confounding factors.® In the current study, participants only underwent PSG without completing sleep
questionnaires. With a larger sample size of 4,668 children, we employed statistical methods such as linear trend analysis,
Pearson correlation, and partial correlation analysis. Unlike our previous study, which focused on POSA in OSA patients, the
current research uniquely centers on the effects of gender, age, and obesity on pediatric OSA, making it distinct in both
research objectives and methodology. The results highlighted significant differences in OSA based on gender, age, and BMI.

Table 6 Linear Regression Analysis for Associations Between AHI and Related Factors

Model | Model 2
Variable | B B’ 95% CI P B p’ 95% CI P
Age -0.22 | —0.08 | —0.3--0.14 | <0.001 | —0.30 | —0.11 | —0.38-0.22 | <0.001
BMI 0.22 0.11 0.16-0.27 | <0.001 | 0.25 0.12 0.19-0.31 <0.001
Gender 1.12 0.07 0.68-1.56 | <0.001 | 0.98 0.06 0.54-1.41 <0.001

Notes: Model I: univariate linear regression model; Model 2: multiple linear regression model; B: unstandar-
dized Coefficients; B": Standardized Coefficients. Dependent Variable: AHI; gender: a “1” for female and “I” for
male in the analysis.
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Table 7 The Relationship Between Age Group, Gender and Obesity and OSA Severity in Children and
Adolescents Using Logistic Regression Model Analysis

Model | Model 2
Variables B Wald | OR | 95% CI P B Wald | OR | 95% CI P
Gender
Ref:Female
Male 0.241 15223 | 1.27 | 1.13-1.44 | <0.001 | 0.231 12713 | 1.26 | 1.11-1.43 | <0.001
Age group(year)
Ref:12—-15
0-2 0.951 24.542 | 2.59 | 1.78-3.77 | <0.001 | 0.399 6.318 1.49 | 1.09-2.04 | 0.012
3-5 0.432 7.801 1.54 | 1.14-2.09 | 0.005 0.127 0.606 .14 | 0.82—-1.57 | 0.436
6-8 0.165 1.059 1.18 | 0.86-1.62 | 0.303 0.061 0.11 1.06 | 0.74-1.52 | 0.741
9-11 0.113 0.392 1.12 | 0.79-1.59 | 0.531
BMI status
Ref: Normal
Overweight 0.237 6.007 1.27 | 1.05-1.53 | 0.014 0.221 5.154 1.25 | 1.03—-1.51 | 0.023
Obese 0.255 9.334 1.29 | 1.10-1.52 | 0.002 0.255 9.111 1.29 | 1.09-1.52 | 0.003
Wasting —0.205 | 3.379 0.82 | 0.66-1.01 | 0.066 —0.125 | 1.185 0.88 | 0.71-I.11 | 0.276

Notes: Model I: Univariate Logistic Regression; Model 2: Multi-factor Logistic Regression; Dependent Variable: 0: Mild OSA; |: Moderate
to severe OSA.

While previous studies'? have explored the independent associations of age, gender, and obesity with pediatric OSA, these
factors have rarely been examined in combination within a large, real-world clinical population. Our study offers novel
contributions by analyzing the interactive effects of age, gender, and obesity on OSA severity in a substantial study of 4,668
children using objective PSG data. This approach allowed for the identification of distinct, developmentally relevant patterns,
such as the highest AHI values observed in children aged 0-2 years, sex-based differences in OSA severity, and a clear trend of
increasing severity with obesity. By integrating these variables within the same analytic framework and stratifying OSA
severity based on PSG indices, our findings provide a more nuanced and clinically actionable understanding of risk
stratification in pediatric OSA. This study therefore advances current knowledge beyond prior work that primarily examined
these variables in isolation or used smaller sample sizes, offering new perspectives on how demographic and anthropometric
factors interact to shape OSA severity during childhood.

Strengths and Limitations
This study offers several notable strengths. First, it included a large sample size of 4,688 pediatric patients with OSA, which
helps to overcome the limitations of small sample sizes commonly seen in previous research. Second, all participants
underwent nocturnal PSG, the gold standard for diagnosing OSA, ensuring consistent and accurate measurement of OSA
severity across the entire study. Third, the study conducted a comprehensive analysis that simultaneously considered the
effects of gender, age, and obesity on OSA. This multifactorial approach allowed the identification of key trends that
provide valuable guidance for healthcare professionals involved in the diagnosis and management of pediatric OSA.
However, several limitations should also be acknowledged. First, as a single-center study conducted in mainland
China, the findings may not be representative of the broader pediatric population, which limits their generalizability.
Second, the cross-sectional design precludes the ability to establish definitive causal relationships between age, sex,
obesity, and OSA severity. While the associations observed are statistically and clinically significant, longitudinal studies
are needed to explore potential causal pathways and temporal dynamics. Third, the study population was ethnically
homogenous, which may limit the applicability of the findings to other ethnic or regional groups. Future research
involving multi-ethnic and multi-center cohorts is necessary to validate and extend these findings. Finally, due to
limitations in extracting data from retrospective sleep study reports, T90 values were not consistently available for all
patients and were therefore excluded from the analysis. To gain deeper insights into oxygen desaturation patterns, future
studies should consider prospective cohort designs that systematically collect consistent T90 data.
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Gender Differences

The research revealed notable gender differences in pediatric OSA.?' Boys exhibited higher AHI and ODI scores than
girls, indicating a more severe manifestation of the disease. Several factors contribute to gender disparities in OSA
severity among pediatric patients. Anatomical differences, such as the susceptibility of the anterior respiratory tract to
nighttime collapse, play a significant role. For example, the retrusive movement of the mandible in boys has been shown
to significantly reduce the cross-sectional area of the pharyngeal and oropharyngeal junctions, a change not observed in
girls. Consequently, boys typically experience more severe OSA and are more reliant on changing body positions during
sleep for relief.*> 7 As the severity of OSA is associated with BMI,*® our study revealed that boys had significantly
higher BMI than girls. To minimize bias, we conducted both univariate and multivariate analyses, which identified male
gender as a risk factor for moderate to severe OSA. This finding further underscores that OSA tends to be more severe in
boys compared to girls.

Age-Related Variations

In this study, we found significant variations in the prevalence and severity of OSA among different age groups of
children. Firstly, the prevalence of OSA was highest in children aged 3-5 years, and the severity of OSA symptoms
during this period was relatively severe, second only to that observed in children aged 0-2 years. The high prevalence of
OSA in the 3-5 years age group may be closely related to the enlargement of the adenoids and tonsils during this period,
particularly due to the widespread occurrence of lymphoid tissue hyperplasia, which increases the risk of airway
obstruction.>® As children enter the 6-8 years age group, the adenoids typically reach a state of relative stability,
resulting in a lower prevalence of OSA compared to the 3-5 years age group. The prevalence of OSA continues to
decline with age, reaching its lowest point during adolescence (12—15 years). In adolescence, the role of the adenoids
diminishes, and other factors come into play. For instance, hormonal changes associated with puberty may positively
impact the tone and stability of the upper airway muscles, thereby reducing the severity of OSA.** Moreover, research
indicates that children under the age of three experience the most severe OSA, suggesting that this age group should be
considered at high risk.*' This finding is consistent with our results that the AHI is highest in children aged 0-2 years and
that children in this age group are a risk factor for the development of moderate to severe OSA. Possible reasons include:
firstly, parents often become aware of the issue and seek medical help only when symptoms are more severe, which may
lead to a concentration of severe cases in this age group. Secondly, younger children may have an underdeveloped
nervous system, potentially leading to inadequate control of the upper airway and an increased frequency of breathing
disorders.*” Thirdly, our results also showed that patients aged 0-2 years had the shortest REM sleep time, but the highest
REM-AHI. This may be because infants and young children have reduced muscle tension during REM, especially the
muscles of the upper airway, which may make upper airway obstruction more likely, thereby increasing the incidence of
apnea. This may also explain why OSA is the most severe in patients at this stage. Studies have shown that REM% <
10% is a stronger predictor of more severe SDB in children.** These findings underscore that age is a crucial factor
affecting the prevalence and severity of OSA, especially during early childhood.

Impact of Obesity

Recent research had highlighted the significant impact of obesity on OSA across different age groups. Obesity,
particularly central obesity, significantly increases the risk and severity of OSA among adults.** This condition not
only exacerbates the fragility of pharyngeal tissues and lung capacity due to mechanical forces but also disrupts airway
neuromuscular control through activation of signaling proteins in the central nervous system.*> Research has been
constrained by the neglect of OSA as a complex condition encompassing diverse subtypes, arising from varying
contributions of anatomical, physiological, inflammatory, and obesity-linked risk factors, ultimately leading to distinct
physiological aberrations.*® In recent years, the significance of childhood obesity and its correlation with OSA has
garnered considerable attention in public health discussions. Childhood obesity rates are on the rise, accompanied by
notable comorbidities such as OSA and increased cardiovascular morbidity.*> Evidence consistently indicates that
childhood obesity substantially heightens the risk of OSA.*” Obesity was found to be a risk factor for moderate to
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severe OSA in our study. This finding aligns with previous research indicating that the severity of OSA in many children
and adolescents correlates with the severity of obesity.*® The pathophysiological mechanisms underlying this association
involve upper airway obstruction, altered chest wall dynamics, and aberrations in ventilatory control.*® However, despite
these insights, there remains a gap in research directly comparing the severity of OSA in children with and without
obesity across different age groups. The pathophysiological mechanisms underlying this association involve upper

1.*° Our results indicated that

airway obstruction, altered chest wall dynamics, and disturbances in ventilatory contro
the obese group experienced the shortest duration of REM sleep, yet exhibited the highest REM-AHI. This is consistent
with previous studies, which have shown that overweight and obese children tend to have reduced REM sleep and more
severe obstructive sleep apnea. This may be due to the higher degree of sleep fragmentation common in obese patients,
which shortens their REM sleep duration. Additionally, reduced sleep quality and frequent awakenings may contribute to
an overall increase in AHI. More importantly, the elevated REM-AHI in obese children may be explained by
pathophysiological mechanisms related to airway muscle tone and fat distribution. During REM sleep, there is
a physiological reduction in muscle tone, including the pharyngeal dilator muscles, which makes the upper airway
more susceptible to collapse. In obese children, this vulnerability is further exacerbated by increased fat deposition in the
upper airway structures, such as the lateral pharyngeal walls and tongue base. These deposits increase airway collapsi-
bility and narrow the airway lumen. The added mechanical load on the pharyngeal walls compromises airway patency
during REM sleep, a stage already characterized by hypotonia, thereby resulting in more frequent and severe obstructive
events. Thus, the combination of reduced neuromuscular compensation and structural narrowing due to obesity likely
contributes to elevated REM-AHI in these patients.”® > OSA also can impact obesity in children through several
mechanisms. First, the positive correlation between leptin levels in the blood and the amount of adipose tissue means
that obesity is associated with elevated leptin levels.”> However, while patients with OSA also have high leptin levels,
they often exhibit decreased sensitivity to this hormone, a phenomenon known as leptin resistance.’® This reduced
sensitivity leads to increased levels of ghrelin, the appetite-stimulating peptide.”> Consequently, this hormonal imbalance
can result in greater food intake and weight gain, further contributing to obesity. Additionally, poor sleep quality and
fragmented sleep often result in daytime sleepiness, which can reduce physical activity levels and further promote weight
gain. Second, OSA can affect metabolic function, including glucose metabolism, leading to insulin resistance and an
increased risk of obesity-related comorbidities. The sympathetic nervous system is often activated in response to the
intermittent hypoxia seen in OSA, leading to increased cortisol levels, a stress hormone linked to abdominal fat
deposition. These factors create a cycle where obesity worsens OSA, and OSA, in turn, exacerbates obesity, further
complicating the management of both conditions. While our study cannot establish a causal relationship due to its cross-
sectional design, the observed correlation between obesity and OSA severity in children suggests that these conditions
may influence each other in a bidirectional manner.’*> Future longitudinal studies are needed to better understand the
temporal relationship and underlying mechanisms.

Implications

Notably, it is important to distinguish the differences in the characteristics of pediatric OSA across various ethnic groups.
Some studies have shown that in Western populations, pediatric OSA is often more severe in early childhood and tends to
improve during adolescence.®® Additionally, research suggests that differences in craniofacial morphology may con-
tribute to boys having more severe OSA than girls in Western populations.®’ A study from Spain reported a higher
prevalence of obesity-related OSA in the general pediatric population, with childhood obesity identified as a predictor of
severe OSA.®>%* These findings align with our results, which, based on a larger Asian sample, reflect similar trends
observed in Western populations: boys, younger children, and those with obesity are more likely to experience severe
OSA. This suggests that certain aspects of pediatric OSA may be similar between Asian and Western populations, though
the specific pathophysiological mechanisms require further investigation.

Opverall, the findings of this study suggest that healthcare providers should prioritize targeted OSA screening for boys,
younger children (especially those aged 0-2 years), and children who are overweight or obese, as they are at higher risk
of developing severe symptoms. Secondly, interventions should be tailored to meet the specific needs of these groups,
such as emphasizing weight management strategies for children with obesity. Lastly, understanding how variables such as
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age, gender, and obesity interact may have prognostic implications. For example, children with both obesity and early-
onset OSA may represent a subgroup with persistent or treatment-resistant disease. Recent evidence suggests that
phenotype-driven approaches, including the use of drug-induced sleep endoscopy (DISE), can inform surgical planning
and potentially improve outcomes. A systematic review®" showed that DISE-directed surgery led to changes in surgical
strategy in over 50% of pediatric OSA cases and achieved meaningful reductions in AHI, indicating that individualized
anatomical assessment may enhance treatment success. These findings underscore the importance of integrating clinical

phenotypes and risk factors to guide prognosis and optimize intervention strategies.

Conclusion

In summary, this study confirms significant gender, age, and BMI disparities in pediatric OSA severity, revealing that
boys, younger children (especially those aged 0-2 years), and obese individuals tend to experience more severe
symptoms. Importantly, our study is one of the first to investigate these associations in a large pediatric examination
in mainland China, providing region-specific data that can guide local clinical practice. These findings underscore the
need for early screening and targeted interventions for high-risk groups. While the cross-sectional design limits causal
inference, our results contribute to the growing body of evidence on pediatric OSA and highlight the necessity of future
longitudinal and multicenter studies to validate these findings, explore causal mechanisms, and develop personalized
treatment strategies.
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