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Background: Children with moderate-to-severe obstructive sleep apnea (OSA)
require specific management. However, the risk factors associated with this
level of severity in pediatric OSA remain poorly defined. This study aimed to
identify clinical predictors of moderate-to-severe pediatric OSA.

Methods: This retrospective study enrolled children aged 1-18 years who
underwent respiratory polygraphy or nocturnal oximetry between January
2013 and December 2017. Patient history, demographics, and sleep study data
were analyzed. Logistic regression analysis was conducted to assess risk
factors associated with moderate-to-severe pediatric OSA. The STROBE
checklist was followed in reporting this research.

Results: Among 818 children with a median age of 5 years (IQR: 3, 9), 69.4%
were male, and 96.7% were diagnosed with OSA. Of those diagnosed, 542
(66.3%) had moderate-to-severe cases. Independent predictors of moderate-
to-severe OSA, with their adjusted odds ratios (95% CI), included: age 1-5
years; 6.16 (3.98-9.53), obesity; 2.08 (1.35-3.19), adenotonsillar hypertrophy;
158 (1.05-2.36), frequent snoring (>5 nights/week); 6.86 (4.40-10.67),
stopped breathing during sleep; 2.34 (1.50-3.63), awakening during sleep;
2.04 (1.32-3.12), and excessive daytime somnolence; 2.10 (1.28-3.43).
Conclusions: Children referred to a sleep center demonstrated an increased risk
of being diagnosed with moderate-to-severe OSA. Key clinical predictors of
moderate-to-severe OSA included age 1-5 years, frequent snoring, episodes of
stopped breathing or awakening during sleep, excessive daytime somnolence,
obesity, and adenotonsillar hypertrophy. Prioritizing early sleep investigations
and appropriate management for children exhibiting these predictors may
enhance clinical outcomes and mitigate the risk of long-term complications.

KEYWORDS

pediatric, obstructive sleep apnea, obstructive sleep disordered breathing, risk factor,
predictor

Abbreviations

ADHD, attention deficit/hyperactivity disorder; AHI, apnea hypopnea index; BMI, body mass index; CI,
confidence intervals; EDS, excessive daytime somnolence; IQR, interquartile ranges; ODI, oxygen
desaturation index; OSA, obstructive sleep apnea; OR, odds ratio; PSG, polysomnography; RPG,
respiratory polygraphy; SpO2, oxygen saturation; SD, standard deviation.
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1 Introduction

Obstructive sleep disordered breathing (SDB) is a syndrome
characterized by upper airway dysfunction during sleep, resulting
in snoring and/or increased respiratory effort due to increased
upper airway resistance and pharyngeal collapsibility. Obstructive
sleep apnea (OSA) is a subset of SDB, characterized by recurrent
episodes of partial or complete upper airway obstruction
(hypopneas, obstructive or mixed apneas), leading to disruptions
in normal oxygenation, ventilation, and sleep patterns (1).

OSA severity varies among individuals and has significant
health,
cardiovascular health, growth, and overall quality of life (2). The

impacts  on including  neurocognitive  function,
prevalence of pediatric OSA ranges from 1% to 4% in the general
populations (3). Many children with OSA undergo anesthesia
and surgery, even when the procedure is unrelated to
otolaryngology. Unfortunately, a significant number pediatric
OSA cases go unrecognized preoperatively, exposing patients to
an increased risk of perioperative complications (4).

To ensure optimal care for pediatric OSA, understanding the
risk factors associated with disease severity and their impact on
health outcomes, diagnostics, treatments, perioperative protocols,
and long-term monitoring is crucial (5). Children with moderate-
to-severe OSA experience higher incidences of complications and
require intervention to resolve the condition, as spontaneous
improvement is unlikely (1). Furthermore, individuals with
moderate-to-severe OSA are at greater risk of respiratory
complications during the perioperative periods, such as upper
airway obstruction and desaturation, which may lead to
unplanned admissions to the intensive care unit (6).

While various risk factors for pediatric OSA have been identified,
such as adenotonsillar hypertrophy, allergic rhinitis, obesity,
craniofacial abnormalities, and neuromuscular disorders, limited
research has specifically focused on the risk factors associated with
moderate-to-severe OSA in children (1). Given the significant impact
of moderate-to-severe OSA on patient health outcomes, resource
utilization, and clinical decision-making throughout the care
continuum—from diagnostic workup to perioperative management
and long-term follow-up—the identification of independent clinical
predictors for this specific OSA severity subgroup is of paramount
importance. Therefore, the objective of this study was to investigate
the clinical predictors independently associated with moderate-to-
severe OSA in children referred to a specialized sleep center and
underwent sleep tests. By identifying these predictors, we aim to
provide valuable insights for improving the identification and
management of moderate-to-severe OSA in pediatric populations,

ultimately optimizing care and resource allocation.

2 Materials and methods

2.1 Study design

This retrospective study was approved by the Research Ethics
Board at Maharaj Nakorn Chiang Mai (ANE-2564-07976),
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Chiang Mai, Thailand. This research was reported in accordance
with the STROBE guideline.

2.2 Setting and participants

Children aged 1-18 years suspected of having SDB due to
upper airway obstruction, who had been evaluated by an
otolaryngologist and underwent either respiratory polygraphy
(RPG) or nocturnal oximetry between January 2013 and
December 2017 were included in the study. Exclusions consisted
of children with incomplete RPG or nocturnal oximetry findings
and those who had previously undergone tonsillectomy
and adenoidectomy.

2.3 Study variables

Children referred to the sleep clinic were asked about signs and
symptoms associated with OSA, including regular snoring,
episodes of apnea, awakening during sleep, and daytime
somnolence (7). A physical examination related to OSA,
assessing tonsil and adenoid size, was performed. Those children
who snored regularly or exhibited signs and symptoms of OSA
were subsequently scheduled for sleep studies.

Patient medical history data was obtained from our center’s
electronic medical record system. Frequent snoring was defined
as occurring on more than five nights per week (8). Excessive
daytime (EDS) was defined as
experiencing excessive sleepiness during the daytime (9). Patient

somnolence frequently
classification for specific conditions adhered to established
criteria. Positive status for allergic rhinitis was determined by a
qualified healthcare provider’s confirmed diagnosis. Documented
use of anti-inflammatory medications for OSA treatment, such as
intranasal steroids, oral montelukast, or antihistamines, indicated
a positive treatment status. A formal
attention-deficit/hyperactivity disorder (ADHD) diagnosis by a
qualified physician established positive ADHD status.

anti-inflammatory

The patient’s physical characteristics, including height and
weight, were collected. Obesity was defined as a body mass index
(BMI) above the 95th percentile, adjusted for age and gender.
identified as
deformities affecting the cranial and facial bones, such as
midface deficiency, and

Craniofacial ~abnormalities ~were congenital

orofacial cleft, Down syndrome,
mandibular hypoplasia (10).

Tonsil dimensions were assessed by otolaryngologists using the
standardized Brodsky scale (ranging from 0 to 4), with tonsillar
Flexible

nasopharyngoscopy was performed to assess adenoid size, four

hypertrophy defined as grade 3 or grade 4.
grades being used for categorization based on the percentage of
obstruction: Grade I (0%-25%), Grade II (25%-50%), Grade III
(50%-75%), and Grade IV (75%-100%) (11). Adenoid
hypertrophy, defined as grades III to IV, can cause significant
airway obstruction and related symptoms (12, 13). In this study,

patients were classified as having adenotonsillar hypertrophy if
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they exhibited either grade 3 or 4 tonsillar hypertrophy in
conjunction with grade 3 or 4 adenoid hypertrophy.

2.4 Clinical endpoints

Polysomnography (PSG) is considered the gold standard for
diagnosing OSA (14, 15). However, in resource-limited settings
such as Thailand, including our center, the high cost and limited
availability of PSG often lead to extended waiting periods for
testing. Therefore, RPG or nocturnal oximetry, conducted and
interpreted by an experienced pediatric sleep specialist, is
recommended for the diagnosis of pediatric OSA. RPG is a
technique that monitors cardiorespiratory function such as
airflow, chest and abdominal wall movements, pulse oximetry,
the ECG and position without simultaneously assessing sleep and
wakefulness (15). At our center, we conduct RPG using a
portable sleep machine (SOMNOIlab 2, Hamburg, Germany), to
monitor parameters including the apnea-hypopnea index (AHI),
oxygen desaturation index (ODI), oxygen saturation (SpO,) nadir
and mean SpO,. OSA severity was classified as mild (AHI 1-4
events/hour), moderate (AHI 5-9 events/hour), and severe
(AHI>10 events/hour).

However, applying RPG in pediatric populations can be
challenging due to difficulties in obtaining cooperation and
potential discomfort in unfamiliar environments (16). For
children weighing less than 20 kg or with limited cooperation,
nocturnal oximetry was used as an alternative diagnostic method,
providing data on maximum, average, and minimum levels of
SpO, (16, 17).

Regarding the diagnostic capability of nocturnal oximetry, the
severity of OSA in this context was categorized using the McGill
oximetry score (17). An inconclusive study was defined as having
fewer than 3 desaturations below 90%, mild OSA was defined as
having 3 or more desaturations below 90% but no more than
3 desaturations below 85%, moderate OSA was defined as
having 3 or more desaturations below 85% but no more than
3 desaturations below 80%, and severe OSA was defined as
having more than 3 desaturations below 80%.

2.5 Statistical methods

2.5.1 Sample size estimation

The sample size for this study was determined using
retrospective pilot data from 30 children (age 1-18 years old)
suspected of having OSA in 2012. Various potential risk factors
including  obesity,  snoring, cessation,
ADHD, EDS,

hypertrophy, and craniofacial abnormalities were collected to

breathing sleep

disturbances, tonsillar hypertrophy, adenoid
estimate the required sample size. The sample size calculation
was based on two independent proportion tests. Tonsillar
hypertrophy required the largest sample size, with proportions of
0.3 in the no and mild OSA group and 0.43 in the moderate-to-
severe OSA group, resulting in an N2 to N1 ratio of 2.0. With a

significance level of 0.05 and a desired power of 80%, the
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calculated minimum sample size for the study was 522. The
analysis ultimately included data from a total of 818 patients,
providing a sufficiently large sample size for statistically
significant results.

2.5.2 Statistical analysis

Statistical analyses were conducted using STATA software
16.0 (StataCorp LP, College TX, USA).
Categorical data were presented as frequencies and percentages

version Station,
and compared using the Chi-squared or Fisher’s exact test.
Numerical data were described as mean + standard deviation
(SD) or as medians and interquartile ranges (IQR) for variables
with a skewed distribution. T-test or Wilcoxon ranksum test was
employed for comparing normally or abnormally distributed
data, respectively. Certain continuous variables were transformed
into categorical data based on theoretical considerations. Age was
categorized into two groups: 1-5 years and 6-18 years (18).
Logistic regression analysis was performed to identify predictive
factors for moderate-to-severe pediatric OSA, with odds ratios
(OR) and their corresponding 95% confidence intervals (CI)
reported. To address potential limitations and biases arising from
the use of non-overlapping diagnostic methods between RPG
and nocturnal oximetry, multivariable regression analysis was
employed, enabling the control of confounding factors and the
assessment of independent predictors of moderate-to-severe OSA.
Variables with a univariable logistic regression p-value less than
0.2 or those theoretically associated with OSA were included in
the multivariable logistic regression analysis. The final model
included only those predictors with a p-value less than or equal
to 0.05 in the univariable logistic regression analysis.

3 Results

The study initially enrolled 1,302 children; however, 484 were
excluded due to undergoing postoperative sleep tests or having
incomplete findings. Consequently, 818 patients were included in
the final analysis, with 479 having undergone RPG and 339
nocturnal oximetry assessments (Figure 1). Among these, 791
(96.7%) were diagnosed with OSA. The cohort comprised 568
boys (69.44%) and 250 girls (30.56%), with a median age of 5
years IQR (3, 9). The prevalence of OSA was significantly higher
in males compared to females (70% vs. 30%, p=0.044). No
significant differences were observed in the occurrence of OSA
between the age groups of 1-5 years and older children (51% vs.
49%, p = 0.506).

Among the children with OSA, 249 (30.4%) had mild OSA,
and 542 (66.3%) had moderate-to-severe OSA. The demographic
and clinical data of children with no or mild OSA and those
with moderate-to-severe OSA are illustrated in Table 1. Children
with moderate-to-severe OSA were significantly younger than 5
years (p <0.001) and had higher rates of obesity (p=0.023) and
adenotonsillar hypertrophy (p <0.001) compared to those with
no or mild OSA. Additionally, children with moderate-to-severe
OSA exhibited more typical symptoms of OSA (p<0.001). The
prevalence of moderate-to-severe OSA did not significantly differ
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Children (1-18 years old) presented with clinical suspected obstructive sleep apnea and were
scheduled for respiratory polygraphy (RPG) or nocturnal oximetry (n=1302)
Excluded (n=484)
- RPG or nocturnal oximetry performed
postoperatively (n=293)
- RPG or nocturnal oximetry with
incomplete findings (n=74)
- Incomplete data (n=117)
'
Clinical parameters recorded prior sleep studies (n=818)
v v
Respiratory polygraphy (n=479) Nocturnal oximetry (n=339)
A \ A Y
Normal Abnormal Normal Abnormal
AHI AHI oximetry oximetry
(n=14) (n=465) (n=13) (n=326)
Evaluation of severity of OSA (n=791)
Mild OSA (n=249) Moderate OSA (n=368) Severe OSA (n=174)
FIGURE 1
Study flow diagram

between males and females or in patients with craniofacial
abnormalities. Furthermore, the use of anti-inflammatory drugs
for the treatment of OSA was comparable between the two groups.

Table 2 presents the results of the univariable analysis,
identifying age, obesity, adenotonsillar hypertrophy, and common
clinical symptoms of OSA—such as frequent snoring, stopped
breathing during sleep, awakening during sleep, and EDS—as
potential predictors of moderate-to-severe OSA. To develop the
final ADHD,
craniofacial abnormalities were also included based on previous

multivariable model, allergic rhinitis, and

studies and investigator consensus (1, 2, 19-22).

Frontiers in Pediatrics

The multivariable analysis indicated several significant
independent predictors of moderate-to-severe OSA: age 1-5
years (OR 6.16; 95% CI, 3.98-9.53), obesity (OR 2.08; 95% ClI,
1.35-3.19), and adenotonsillar hypertrophy (OR 1.58; 95% ClI,
1.05-2.36). Common clinical symptoms, including stopped
breathing during sleep (OR 2.34; 95% CI, 1.50-3.63), awakening
during sleep (OR 2.04; 95% CI, 1.32-3.12), frequent snoring (OR
6.86; 95% CI, 4.40-10.67), and EDS (OR 2.10; 95% CI, 1.28-
3.43), were also significant predictors. This study revealed that
children aged 1-5 years and those who snored more than 5

nights a week were at 6 times higher risks of moderate-to-severe
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OSA. Additionally, children who were obese, had adenotonsillar
hypertrophy, reported stopped breathing or awakening during
sleep, and experienced EDS had twice the risk of moderate-to-
severe OSA than those with no or mild OSA.

4 Discussion

The majority of children referred for sleep testing exhibited
symptoms of sleep-disordered breathing, which explains the high

TABLE 1 Demographic and clinical characteristics of the 818 patients
compared between those with moderate-to-severe OSA and those
without or with mild OSA.

Characteristics Moderate-to-

No and | p-Value

severe OSA mild OSA
(n=542) (n=276)

Age (years) [median 5(3,7) 8 (5, 10) <0.001
(IQR)]
Age 1-5 years (1,%) 345 (63.7) 70 (25.4) <0.001
6-18 years (1,%) 197 (36.4) 206 (74.6)
Sex Male (1,%) 381 (70.3) 187 (67.8) 0.456
Female (1,%) 161 (29.7) 89 (32.3)
BMI* (kg/mz) [median 17.1 (15, 22) 16.6 (15, 22) 0.481
(IQR)]
Obesity (1,%) 217 (40) 88 (31.9) 0.023
Craniofacial 27 (5) 14 (5.1) 0.955
abnormalities (1,%)
Adenotonsillar 379 (69.9) 124 (44.9) <0.001
hypertrophy (1,%)
Allergic rhinitis (1,%) 49 (9) 33 (12) 0.189
ADHD? (n,%) 27 (5) 7 (2.5) 0.098
Anti-inflammatory 491 (90.6) 252 (91.3) 0.738
treatment (1,%)
Common clinical symptoms of OSA
Frequent snoring (1,%) 481 (88.7) 95 (34.4) <0.001
Stopped breathing during 358 (66.1) 59 (21.4) <0.001
sleep (n,%)
Awakening during sleep 307 (56.6) 57 (20.7) <0.001
(n,%)
Excessive daytime 174 (32.1) 47 (17.1) <0.001
somnolence (1,%)

“BMI, body mass index.
"ADHD, attention deficit/hyperactivity disorder.

10.3389/fped.2024.1421467

prevalence of OSA (96.7%) found in our study, with 66.3% of
the children being diagnosed with moderate to severe OSA.
These findings align with prior studies, which reported rates of
moderate-to-severe OSA at approximately 80% in referral centers
(22). Our study identified several risk factors for moderate-to-
severe pediatric OSA, including age 1-5 years, obesity,
adenotonsillar hypertrophy, and sleep-related symptoms such as

frequent snoring, apnea, nocturnal awakenings, and EDS.

4.1 Age and gender risk factors

The influence of age on OSA prevalence and severity remains
inconclusive. While our study found no significant effect of age
on the overall prevalence of OSA, age was strongly correlated
with OSA severity; notably, 83% of children aged 1-5 years had
moderate-to-severe OSA. This finding is consistent with previous
research conducted in referral centers, where preschool-aged
children were more susceptible to moderate-to-severe OSA, most
likely due to age-related variations in upper airway anatomy (22,
23). Children older than two years are particularly vulnerable
due to factors such as adenotonsillar hypertrophy, neuromuscular
disorders, and obesity, whereas infants (0-1 year) is often
associated with craniofacial syndromes and prematurity (24).

Previous studies have identified male gender as a predictor of
pediatric OSA, with boys showing a higher prevalence of
moderate-to-severe OSA compared to girls, potentially due to a
higher incidence of obesity, atopy, and allergic rhinitis (25, 26).
However, in our study, gender was not found to be an
independent predictor of OSA severity. Further research is
needed to explore the differences in OSA severity between genders.

4.2 Anatomical risk factors

Adenotonsillar hypertrophy contributes to pediatric OSA by
narrowing the upper airway (7). However, the link between OSA
severity and adenoids and tonsils size remains unclear (27). This
study reveals an association between adenoid hypertrophy and
moderate-to-severe OSA (OR 2.16; 95% CI, 1.41-3.30). In
contrast, there was no significant association with tonsillar

TABLE 2 Univariable and multivariable logistic regression analysis for an independent predictor of moderate-to-severe OSA.

Characteristics

Univariable analysis

Multivariable analysis

(n=542) 95% ClI p-value 95% ClI p-value
Age 1-5 years 5.15 3.73 7.11 <0.001 6.16 3.98 9.53 <0.001
Allergic rhinitis 0.73 0.45 1.16 0.191 0.84 0.45 1.55 0.588
ADHD* 2.01 0.86 4.68 0.104 2.70 0.91 7.92 0.071
Obesity 1.42 1.05 1.93 0.023 2.08 135 3.19 0.001
Craniofacial abnormalities 0.98 0.50 1.90 0.955 1.29 0.52 3.18 0.578
Adenotonsillar hypertrophy 2.85 2.11 3.84 <0.001 1.58 1.05 2.36 0.025
Frequent snoring 15.02 10.4 21.6 <0.001 6.86 4.40 10.67 <0.001
Stopped breathing during sleep 7.15 5.10 10.0 <0.001 2.34 1.50 3.63 <0.001
Awakening during sleep 5.01 3.58 7.03 <0.001 2.04 1.32 3.12 0.001
Excessive daytime somnolence 2.30 1.60 3.30 <0.001 2.10 1.28 3.43 0.003

“ADHD, attention deficit/hyperactivity disorder.

Frontiers in Pediatrics 05 frontiersin.org


https://doi.org/10.3389/fped.2024.1421467
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Unchiti et al.

hypertrophy (OR 1.00; 95% CI, 0.64-1.56) (Supplementary
Table S1).
obstructive sleep apnea (OSA) correlates with adenoid grade
rather than tonsil size (27, 28). Our study found that 75% of
children with adenotonsillar hypertrophy exhibited moderate-to-
OSA, highlighting a
moderate-to-severe OSA and combined adenoid and tonsil
enlargement (OR=1.58; 95% CI, 1.05-2.36) in comparison to
isolated enlargement of either tissue. Similar to previous studies,

Consistent with prior studies, the severity of

severe stronger association between

combined adenotonsillar hypertrophy increases the risk of OSA
to a greater extent than isolated adenoids or tonsils hypertrophy
and can predict AHI >5 episodes/hour in children (29, 30). This
suggests a synergistic effect when both structures are affected.

Obesity contributes to the accumulation of fat around the
upper airway and impacts airway patency during sleep (2). Our
study found a high prevalence of moderate-to-severe OSA (71%)
among obese children, consistent with the previously reported
rate of 77% (31). This further highlights the strong association
between obesity and severity of pediatric.

Previous studies indicated that craniofacial abnormalities play a
significant role in pathogenesis and are associated with the
presence and/or severity of OSA (32-34). However, our study
did not find a statistically significant association between
craniofacial abnormalities and OSA severity, this may be due to
the relatively small sample size of affected children. Further
research is needed to clarify this potential relationship.

4.3 Clinical symptoms of obstructive sleep
apnea

Snoring is an important clinical predictor for indicating the
necessity to screen for OSA in children (7). Additionally, the
frequency of snoring has a positive correlation with an increased
risk of severe OSA. In our study, 88.7% of patients with
moderate-to-severe OSA experienced frequent snoring. Notably,
frequent snoring (>5 nights/week) emerged as the strongest
indicator of moderate-to-severe OSA (OR 6.86; 95% CI, 4.40-
10.67) (Table 2). Similar to previous studies, children who snore
more than half of their sleep time are at a higher risk of having
moderate-to-severe OSA (35, 36).

Parents of children with recurrent airway obstruction may
observe their children gasping, stopping breathing, awakening
during sleep, or frequently changing sleep positions to promote
airway patency (2). In this study, awakening during sleep was a
significant predictor of moderate-to-severe OSA. Consistent with
previous research, stopping breathing during sleep is a strong
predictor of pediatric OSA (7, 8, 36). Our study further supports
this finding, demonstrating that 66.1% of children with
moderate-to-severe OSA exhibited episodes of stopped breathing
during sleep.

OSA may cause insufficient sleep, leading to EDS in children
(9). However, information regarding the relationship between
EDS and severity of OSA remains controversial. Some research
indicates a negative correlation, especially among young children
(31). While another study found that the frequency of EDS
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increase along with the severity of OSA. Alexopoulos et al.
reported an association between EDS and moderate-to-severe
OSA (37). This study had similar findings to our study as we
also found a significant association, with 79% of children with
EDS having moderate-to-severe OSA, providing additional
evidence for EDS as a predictor for moderate-to-severe OSA in
children (OR 2.10; 95% CI, 1.28-3.43) (Table 2).

Chronic upper airway inflammation can contribute to pediatric
OSA (1). Anti-inflammatory therapies, including intranasal
corticosteroids or montelukast, may improve symptoms and AHI
in children with mild OSA or those awaiting adenotonsillectomy
(38). Despite 91% of children receiving anti-inflammatory
therapies in our study, the number of moderate-to-severe OSA
cases did not decrease significantly. This suggests that children
with mild OSA may benefit more from these therapies than
those with moderate or severe OSA. While allergic rhinitis can
increase the risk of adenotonsillar hypertrophy and subsequently
OSA, recent studies, including our own, have not found a
significant association between allergic rhinitis and the severity of
OSA (21, 23, 26).

Untreated pediatric OSA may lead to learning and behavioral
difficulties, in particular ADHD (20). Previous studies reported a
high prevalence (20%-50%) of OSA in children with ADHD,
approximately 20% having moderate-to-severe OSA (20, 39).
However, our study did not find a significant association between
ADHD and moderate-to-severe OSA. This may be due to the
limited number of ADHD patients in our study. Further research
with larger samples of children with ADHD is necessary to
establish a definitive link between ADHD and OSA.
children with
moderate to severe OSA (1). These patients are at a higher risk

Adenotonsillectomy is recommended for
of perioperative complications, including airway obstruction,
oxygen desaturation, and unplanned intensive care admission,
which necessitate specific perioperative care including close
monitoring, specialized anesthetic techniques, and a well-planned
postoperative plan (6). Therefore, preoperative diagnosis of at-
risk children with moderate-to-severe OSA is essential for
facilitating risk stratification and mitigation, ultimately improving
patient safety and outcomes (40, 41). However, preoperative PSG
is not feasible for all children with suspected OSA due to limited
access, long waiting lists, or those requiring emergency surgeries.
Furthermore, existing questionnaires for detecting pediatric OSA
have a poor correlation with a clear diagnosis of OSA severity (5, 6).

Our study is notable for its innovative use of both RPG and
nocturnal oximetry to provide a comprehensive diagnostic
assessment of moderate-to-severe OSA in children. Those with
multiple risk factors are at an even higher risk, underscoring the
importance of prioritizing early sleep studies for timely diagnosis
and treatment. In emergency surgical situations, identifying high-
risk children is crucial for preoperative planning, anesthetic care,
pain management, and perioperative monitoring to ensure safety
and reduce complications.

Our study had several limitations. Firstly, there is the potential
for nocturnal oximetry to miss milder cases of OSA due to inherent
differences in sensitivity and specificity compared to full PSG.
However, a study comparing

overnight oximetry with
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simultaneous full PSG in children suspected of OSA reported a
positive predictive value of 97% and a negative predictive value
of 47%. These findings suggest that oximetry is highly effective
in confirming OSA when the results are positive (16).

Secondly, the retrospective design of this study may introduce
selection, measurement, and recall biases. To mitigate these risks,
we conducted a complete case analysis. Thirdly, as our study was
conducted on patients already suspected of having OSA, this may
have contributed to the high prevalence of OSA observed and
could limit the generalizability of the findings to healthy children
without signs or symptoms of OSA. Additionally, we did not
evaluate the impact of several previously reported risk factors,
including socioeconomic status, breastfeeding, preterm birth,
secondhand smoke exposure, and neck circumference (1, 2, 24).
Therefore, future research should prospectively examine all
potential risk factors in both suspected and non-suspected OSA
children to broaden understanding of the potential contributors
and applicability to healthy children.

5 Conclusions

This study enhances our understanding of pediatric OSA by
identifying key risk factors and emphasizing the importance of
early identification and assessment. Children aged 1-5 years,
those with obesity, adenotonsillar hypertrophy, and specific
sleep-related symptoms such as stopped breathing during sleep,
frequent snoring, and excessive daytime somnolence are at a
higher risk of developing moderate-to-severe pediatric OSA. By
recognizing these risk factors, clinicians can tailor treatment and
management strategies to improve patient outcomes. Early
identification allows for timely interventions, such as surgical
interventions or lifestyle modifications, to address OSA and
enhance a child’s overall health and well-being.
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