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Highlights

What are the main findings?

e  More than one-third of children with obesity screened positive for sleep-disordered
breathing, indicating a substantial hidden burden in pediatric obesity clinics.

e Neck circumference emerged as a key anatomical predictor and a mediator linking
overall obesity severity to sleep-disordered breathing risk.

What are the implications of the main findings?

e  Simple anthropometric measures, particularly neck circumference, can enhance early
identification of sleep-disordered breathing in obese children.

e Integrating routine sleep screening into pediatric obesity care may enable earlier
intervention and improve long-term cardiometabolic and neurocognitive outcomes.

Abstract

Background: Childhood obesity is a growing public health concern globally and is associ-
ated with a wide spectrum of comorbidities, including sleep-disordered breathing (SDB).
SDB remains under-recognized in pediatric population with obesity, particularly in Middle
Eastern settings, despite its significant impact on cognitive, behavioral, and metabolic
health. Objectives: To assess the prevalence of SDB among children with obesity aged
6-12 years attending King Faisal University polyclinics in Saudi Arabia and to identify key
demographic and anthropometric predictors, with particular emphasis on the mediating
role of neck circumference. Methods: A cross-sectional study was conducted involving
130 children with obesity aged 6-12 years. Data collection included sociodemographic
characteristics, anthropometric measurements (BMI percentile, neck and waist circumfer-
ence), and screening for SDB using the validated Arabic version of the Pediatric Sleep
Questionnaire Sleep-Related Breathing Disorder (PSQ-SRBD) scale. Logistic regression and
mediation analyses were performed to examine associations and pathways between obesity
parameters and SDB risk. Results: Of the 130 participants, 37.7% screened positive for SDB
risk. SDB prevalence was higher among males and older children. Neck circumference
and BMI percentile were independently associated with SDB risk, with neck circumference
mediating the relationship between BMI and SDB. The mediation model indicated that
increased BMI contributes to SDB risk both directly and indirectly through increased neck
circumference. Conclusions: SDB is highly prevalent among obese Saudi children, and
neck circumference is a significant mediator of risk. Incorporating SDB screening and neck
circumference measurements into routine pediatric obesity care can facilitate early detec-
tion and management. These findings support the need for integrated, multidisciplinary
approaches to improve pediatric health outcomes.

Children 2026, 13, 212

https:/ /doi.org/10.3390/children13020212


https://crossmark.crossref.org/dialog?doi=10.3390/children13020212&domain=pdf&date_stamp=2026-02-10
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/children
https://www.mdpi.com
https://doi.org/10.3390/children13020212

Children 2026, 13, 212

2 of 14

Keywords: childhood obesity; sleep-disordered breathing; neck circumference; pediatric;
Saudi Arabia

1. Introduction

Childhood obesity has emerged as one of the most significant public health challenges
globally, with rising prevalence across both high- and low-income countries [1]. The World
Health Organization (WHO) estimates that over 39 million children under the age of five
were overweight or obese in 2022, a figure projected to increase steadily without strategic
intervention [2]. The health implications of pediatric obesity extend far beyond metabolic
syndromes, encompassing a wide range of physiological systems, including respiratory,
cardiovascular, endocrine, and neurocognitive domains [3,4]. Among the less overt yet
critically consequential complications is sleep-disordered breathing (SDB), an umbrella
term describing a spectrum of respiratory abnormalities during sleep, ranging from primary
snoring to obstructive sleep apnea (OSA) [5].

SDB in children has received increasing attention due to its established association
with behavioral problems, impaired school performance, cardiovascular risk, and decreased
quality of life [6]. While adenotonsillar hypertrophy remains a predominant risk factor
in the general pediatric population, the role of obesity as a significant and independent
risk factor for SDB is becoming increasingly evident [7,8]. Excess adipose tissue deposition
in the neck and pharyngeal regions contributes to airway collapsibility, while visceral fat
accumulation can reduce lung volumes, both of which potentiate upper airway obstruction
during sleep [9]. Moreover, obesity-related systemic inflammation and insulin resistance
may exacerbate the pathophysiology of SDB, establishing a bi-directional relationship
wherein each condition compounds the other [10,11].

The prevalence of SDB among children with obesity is reported to be significantly
higher than in their non-obese counterparts [7]. Studies estimate that while SDB affects
approximately 1-5% of the general pediatric population, this figure may climb to 30-60%
among children with obesity, depending on assessment methods and population character-
istics [12]. Despite this elevated risk, SDB often remains underdiagnosed in pediatric obesity,
particularly in primary care and community health settings where specialized screening
tools such as polysomnography (PSG) are not routinely employed [13]. The insidious
nature of SDB symptoms—such as habitual snoring, nocturnal awakenings, daytime sleepi-
ness, and behavioral dysregulation—often leads to misattribution or oversight [14]. Given
these challenges, there is a compelling need to conduct population-specific assessments
of SDB prevalence within pediatric cohorts at high risk, especially those characterized by
excess body weight [15].

Recent research has begun to highlight ethnic and regional differences in the pre-
sentation and severity of pediatric SDB. Factors such as craniofacial structure, socio-
environmental determinants, and cultural attitudes toward sleep and body weight may
influence both the manifestation and detection of SDB [16]. In regions where pediatric
obesity is surging—such as the Middle East, parts of Asia, and Latin America—data on
the co-prevalence and clinical characteristics of SDB remain sparse [17]. This gap in the
literature underscores the importance of localized, context-sensitive research, particu-
larly in underrepresented populations, to inform screening practices and health policy
interventions.

In addition to prevalence estimates, understanding the clinical correlates and anthro-
pometric predictors of SDB in children with obesity is essential for early detection and
risk stratification [17]. Commonly used tools such as body mass index (BMI) may not
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fully capture the nuances of fat distribution associated with SDB risk, prompting interest
in complementary measures such as neck circumference, waist-to-hip ratio, and body
fat percentage [18]. Furthermore, emerging evidence suggests that subjective symptom
scales, including the Pediatric Sleep Questionnaire (PSQ) and the Sleep-Related Breathing
Disorder (SRBD) scale, may offer valuable, albeit imperfect, alternatives to PSG in resource-
constrained settings [19]. These tools enable large-scale screening efforts and can identify
children in need of further diagnostic evaluation.

Despite the growing body of literature, significant uncertainties remain regarding
the true burden of SDB among pediatric population with obesity, particularly in non-
Western countries [20]. Variations in study design, age stratification, diagnostic criteria, and
assessment tools have contributed to inconsistencies in prevalence estimates and hindered
the development of unified guidelines for screening and intervention [15]. Furthermore,
few studies have employed cross-sectional population-based designs capable of generating
representative prevalence data and informing public health strategies.

To address this critical gap, the present study aims to assess the prevalence of sleep-
disordered breathing among children with obesity using a validated screening question-
naire in a cross-sectional design. By focusing on a defined pediatric population, this study
seeks to (1) quantify the burden of SDB symptoms in relation to obesity severity, (2) identify
potential demographic and anthropometric correlates, and (3) provide preliminary evidence
to support the integration of routine SDB screening in pediatric obesity management. The
findings have the potential to guide clinicians, educators, and policymakers in developing
comprehensive care pathways that account for the complex interplay between sleep health
and metabolic risk in children.

Given the public health significance of both pediatric obesity and SDB—and their
reciprocal influence—the early identification and treatment of SDB in children with obesity
represent a vital component of holistic pediatric care. The present study contributes to this
growing field of inquiry by generating regionally relevant data that can inform clinical
decision-making and enhance the quality of life for at-risk children.

Aim of the Study

The primary aim of this study is to assess the prevalence of sleep-disordered breathing
(SDB) among pediatric population with obesity using a validated screening tool. The study
also seeks to explore the relationship between the severity of obesity and the presence of
SDB symptoms, and to identify significant demographic and anthropometric predictors of
SDB within this population. This cross-sectional analysis aims to generate region-specific
evidence to inform early screening, diagnosis, and clinical management of SDB in children
with obesity.

2. Materials and Methods
2.1. Study Design

This research employed a cross-sectional study design to assess the prevalence of
sleep-disordered breathing (SDB) in obese pediatric patients. A cross-sectional approach
was selected to provide a snapshot of the occurrence of SDB symptoms within a defined
population at a single point in time, facilitating the evaluation of associations between
obesity-related factors and SDB prevalence. This design is particularly well-suited for
prevalence estimation and for exploring potential correlates of the condition without
requiring longitudinal follow-up [21]. Data collection was conducted at the King Faisal
University Polyclinics, Al-Ahsa, Saudi Arabia, between April 2025 and June 2025
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2.2. Study Setting

The study was conducted at the Polyclinics of King Faisal University, located in the
Eastern Province of Saudi Arabia. As part of a major academic medical center, the polyclin-
ics provide comprehensive outpatient care and attract a diverse pediatric population. The
site was strategically chosen for its accessibility to children attending routine follow-ups in
pediatric endocrinology, nutrition, and respiratory clinics, many of whom are managing
obesity or its associated comorbidities.

2.3. Sample and Sampling

A total of 130 obese pediatric patients aged between 6 and 12 years were recruited
using a convenience sampling technique over a defined data collection period. Inclusion
criteria required participants to have a body mass index (BMI) at or above the 95th per-
centile for age and sex, in accordance with the World Health Organization (WHO) growth
standards. Children were excluded if they had known craniofacial anomalies, neuromuscu-
lar diseases, genetic syndromes, or a history of adenotonsillectomy, as these conditions may
independently influence the risk of SDB. The selected sample size was based on previous
literature estimating a high prevalence of SDB among children with obesity and aimed to
ensure sufficient power to detect statistically significant associations.

Sample size calculation: The minimum required sample size was estimated using
a single-proportion formula, n = Z? x p(1 — p)/d?, assuming a 95% confidence level
(Z =1.96), an expected prevalence of SDB risk among children with obesity of approxi-
mately 38% based on published pediatric obese cohorts, and a desired precision (d) of
0.085. This yielded a minimum sample of approximately 125 participants; allowing for
incomplete responses/non-response, the target sample was increased to >130 children. In
addition, given the observed SDB-risk prevalence in our cohort (=38%), the number of
outcome events was sufficient to support multivariable logistic regression models with a
limited set of prespecified predictors.

2.4. Data Collection Tools

Data were collected using structured questionnaires and standardized anthropometric
measurements to evaluate the presence of sleep-disordered breathing symptoms and
characterize obesity-related parameters.

e Sleep-disordered breathing (SDB) risk was screened using the Pediatric Sleep
Questionnaire—Sleep-Related Breathing Disorder (PSQ-SRBD) scale, a validated
parent-reported instrument comprising 22 items grouped into three symptom do-
mains: snoring (9 items), sleepiness/tiredness (7 items), and behavior/inattention—
hyperactivity (6 items). Responses are recorded as “yes” (1), “no” (0), or “don’t know”
(missing), and the PSQ-SRBD score is calculated as the mean of non-missing item
responses (range 0-1). A score >0.33 was used to indicate elevated SDB risk. The
scoring system calculates the proportion of “yes” responses among all answered items;
a score of 0.33 or higher is considered indicative of a high risk for SDB. The PSQ-SRBD
has demonstrated excellent internal consistency (Cronbach’s alpha > 0.85) and good
predictive validity against polysomnography, the gold standard for SDB diagnosis.

e  For this study, the PSQ-SRBD was translated into Arabic using a forward-backward
translation methodology involving two bilingual clinical psychologists and two pe-
diatricians to ensure linguistic and conceptual equivalence. The translated version
underwent pilot testing with a sample of 20 Arabic-speaking parents, after which
minor wording adjustments were made for clarity. The final Arabic version demon-
strated strong internal consistency (Cronbach’s alpha = 0.82) and was deemed both
culturally and linguistically appropriate for the Saudi pediatric population. Content
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validity was reviewed and approved by a panel of experts in pediatric sleep medicine,
psychology, and epidemiology.

e Anthropometric data included weight, height, neck circumference, and waist cir-
cumference, collected using calibrated equipment according to standard WHO mea-
surement procedures. BMI was calculated and interpreted using WHO BMI-for-age
percentiles. These variables were selected due to their known associations with upper
airway obstruction and fat distribution patterns relevant to sleep-disordered breathing.

Additional sociodemographic data such as child’s age, sex, parental education level,
and previous diagnoses of sleep-related or respiratory disorders were collected via struc-
tured interviews with parents or guardians during the clinic visit.

Neck circumference (NC) measurement: Neck circumference was measured using
a flexible, non-stretchable measuring tape with the child standing upright, head in the
neutral position, and shoulders relaxed. The tape was positioned horizontally at the level
of the thyroid cartilage (mid-neck) and recorded to the nearest 0.1 cm. Each measurement
was obtained twice by trained personnel, and the average of the two readings was used for
analysis. This standardized approach is supported by evidence demonstrating excellent
inter- and intra-rater reliability of NC measurement in school-aged children [22].

NC threshold: For descriptive analyses, NC was categorized using a pragmatic cut-off
(>33 c¢m) consistent with prior pediatric obesity-SDB screening studies and to facilitate
clinical interpretability; however, we acknowledge that optimal pediatric NC thresholds
may vary by age, sex, and pubertal status and are not universally standardized. Evidence
from obese adolescent cohorts has used NC > 34 cm as a risk marker for OSAS, supporting
the clinical relevance of elevated NC in this population [23].

Neck-to-height ratio (NHR): In addition to absolute neck circumference, neck-to-
height ratio (NHR) was calculated as neck circumference (cm) divided by height (cm) to
normalize neck size for body stature. NHR was explored as a potential anthropometric
predictor of sleep-disordered breathing risk; however, preliminary analyses indicated that
NHR did not provide additional predictive value beyond absolute neck circumference.
Therefore, to avoid redundancy and maintain model parsimony, NHR was not included in
the final regression or mediation analyses.

2.5. Data Collection Procedure

After obtaining ethical approval and parental consent, data collection was conducted
at the polyclinics of King Faisal University by trained research assistants and clinical staff.
Upon arrival, each participant’s anthropometric data were measured in a private room to
ensure accuracy and confidentiality. Parents or guardians were then invited to complete
the Arabic version of the PSQ-SRBD, with research staff available to assist in clarifying any
items if needed. Each session lasted approximately 20-30 min. Data were reviewed on-site
for completeness, and missing values were minimized by real-time verification.

2.6. Data Analysis

Data were analyzed using IBM SPSS Statistics version 26. Descriptive statistics (means,
standard deviations, frequencies, and percentages) were used to summarize participant
characteristics and PSQ-SRBD scores. The prevalence of SDB risk was estimated using
the PSQ-SRBD cutoff of 0.33. Bivariate analyses, including chi-square tests for categorical
variables and independent ¢-tests for continuous variables, were employed to assess associ-
ations between SDB risk and demographic or anthropometric characteristics. Furthermore,
binary logistic regression was conducted to identify predictors of SDB, with results pre-
sented as odds ratios (ORs) and 95% confidence intervals (Cls). A p-value of <0.05 was
considered statistically significant.
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2.7. Ethical Considerations

This study was conducted in accordance with the ethical principles outlined in the
Declaration of Helsinki. Ethical approval was obtained from the Institutional Review
Board of King Faisal University. Written informed consent was secured from all parents or
legal guardians prior to participation. For children aged 7 and above, verbal assent was
also obtained in a child-friendly manner. Participant confidentiality was maintained by
anonymizing data and securely storing all records. Participation was entirely voluntary,
and families were informed that they could withdraw at any time without consequence to
their clinical care.

Potential sources of bias and mitigation: Several potential sources of bias were consid-
ered. Selection bias may occur because participants were recruited from a single university
polyclinic setting and participation depended on clinic attendance and caregiver consent; to
reduce this risk, we applied consistent eligibility criteria and used consecutive recruitment
during the study period. Information (reporting) bias is possible because SDB risk was
assessed using a caregiver-reported screening questionnaire rather than polysomnography;
to minimize misunderstanding, caregivers completed the questionnaire with trained staff
available for clarification, and questionnaires were checked for completeness at the time
of completion. Measurement bias was minimized through standardized anthropometric
measurement procedures and calibrated equipment. We also limited confounding by pre-
specifying clinically relevant predictors (e.g., age, BMI, neck circumference) and including
them in multivariable models.

3. Results
3.1. Participant Characteristics

Table 1 summarizes the demographic and clinical characteristics of the 130 obese
pediatric participants. The mean age was 8.7 £ 1.8 years, with a near-equal distribution of
boys (n = 66) and girls (n = 64). The majority of participants were Saudi nationals (n = 112),
with the remainder being non-Saudi residents. Most parents reported a university-level
education (n = 73). The mean BMI percentile was 97.4 £ 1.3.

Table 1. Demographic and Clinical Characteristics of the Study Population (N = 130).

Variable Value

Age, mean =+ SD (years) 87+ 1.8
Gender, n (%)
Male 66 (50.8)
Female 64 (49.2)
Nationality, n (%)
Saudi 112 (86.2)
Non-Saudi 18 (13.8)
Parental Education, n (%)

Primary 22 (16.9)
Secondary 35 (26.9)
University 73 (56.2)
BMI percentile, mean £ SD 974 +1.3
Neck circumference (cm), mean + SD 3234+29
Waist circumference (cm), mean 4+ SD 77.9 £ 8.1

3.2. Prevalence of Sleep-Disordered Breathing Symptoms

As illustrated in Table 2, 49 participants (37.7%) were classified as high risk for sleep-
disordered breathing (SDB) based on the PSQ-SRBD cutoff score >0.33. A notably higher
prevalence of SDB risk was observed among males (n = 28, 42.4%) compared to females
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(n =21, 32.8%). The distribution of SDB risk by age group also demonstrated a modest
increase among children aged 10-12 years

Table 2. Prevalence of SDB Risk by Gender and Age Group.

Variable N at Risk (%) N Not at Risk (%) Total
Gender
Male (n = 66) 28 (42.4) 38 (57.6) 66
Female (n = 64) 21 (32.8) 43 (67.2) 64
Age Group (years)

6-8 (n = 43) 13 (30.2) 30 (69.8) 43
9-10 (n = 54) 20 (37.0) 34 (63.0) 54
11-12 (n = 33) 16 (48.5) 17 (51.5) 33

Anthropometric Variables and SDB Risk.

Table 3 presents the anthropometric profiles of children with and without SDB risk.
Participants at risk for SDB showed higher mean BMI percentiles, neck circumferences, and
waist circumferences compared to those not at risk, with statistically significant differences
(p < 0.021 for BMI percentile; p < 0.007 for neck circumference). Although neck-to-height
ratio (NHR) was calculated, it was not retained in the final analyses because it did not
demonstrate additional discriminatory value compared with absolute neck circumference.

Table 3. Anthropometric Measures by SDB Risk Status.

Measure At Risk (n = 49) Not at Risk (n = 81) p-Value
BMI percentile 979 + 1.1 971+ 15 0.021
Neck circumference (cm) 334+27 316 £28 0.007
Waist circumference (cm) 802+78 764 +79 0.032
Weight (kg) 53.2 + 8.6 47.1 + 8.1 0.011

3.3. Distribution of SDB Questionnaire Scores

In Table 4, the distribution of PSQ-SRBD scores is shown across the sample. The mean
total score was 0.41 £ 0.15, with the highest domain scores observed in the snoring and
daytime sleepiness domains. These findings suggest that snoring and daytime sleepiness
are the most prominent SDB symptoms among children with obesity in this setting.

Table 4. Distribution of PSQ-SRBD Scores and Domains.

PSQ-SRBD Domain Number of Items Mean + SD Range
Total PSQ-SRBD Score 22 0.414+0.15 0.14-0.81
Snoring Subscale 9 0.54 +0.18 0.11-1.00
Sleepiness/Tiredness Subscale 7 0.46 = 0.20 0.00-0.86

(o)

Behavior/Inattention-Hyperactivity Subscale 0.33 = 0.16 0.00-0.83

3.4. Association of Demographic and Anthropometric Factors with SDB Risk

As shown in Table 5, bivariate analysis revealed significant associations between SDB
risk and male gender (x* = 3.82, p = 0.049), age 11-12 years (% = 4.41, p = 0.036), neck
circumference >33 cm (x? = 5.79, p = 0.016), and BMI percentile >98 (x?=4.27, p = 0.039).
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Table 5. Associations of Selected Variables with SDB Risk (Bivariate Analysis).
Variable SDB Risk (%) No SDB Risk (%) x> p-Value
Male Gender 42.4 57.6 3.82 0.049
Age 11-12 years 48.5 51.5 441 0.036
Neck circumference > 33 cm 51.6 322 5.79 0.016
BMI percentile > 98 46.3 53.7 4.27 0.039

3.5. Multivariable Logistic Regression Analysis

In Table 6, the multivariable logistic regression model shows that neck circumference
and BMI percentile remained significant independent predictors of SDB risk after adjusting
for age and gender. Children with a neck circumference greater than 33 cm had more than
twice the odds of SDB risk (OR: 2.19; 95% CI: 1.02-4.66; p = 0.044). BMI percentile was also
a significant predictor (OR: 1.37 per unit increase; 95% CI: 1.01-1.91; p = 0.038).

Table 6. Multivariable Logistic Regression for Predictors of SDB Risk.

Predictor Adjusted OR 95% CI p-Value
Age (per year increase) 1.14 0.97-1.34 0.097
Male Gender 1.32 0.67-2.63 0.427
BMI percentile 1.37 1.01-1.91 0.038
Neck circumference > 33 cm 2.19 1.02-4.66 0.044

The mediation diagram illustrates the hypothesized and empirically supported path-
ways linking BMI percentile, neck circumference, and the risk of sleep-disordered breathing
(SDB) in children with obesity (Figure 1). As depicted, BMI percentile exerts both a direct
effect on SDB risk (B = 0.19) and an indirect effect mediated through neck circumference.
The positive association between BMI percentile and neck circumference (B = 0.58) high-
lights how increased adiposity contributes to upper airway anatomical changes. In turn,
larger neck circumference is independently associated with greater risk of SDB (B = 0.31),
supporting its role as a key anatomical mediator in the obesity—-SDB relationship. The total
effect of BMI percentile on SDB risk, calculated at B = 0.37, reflects the cumulative impact of
both direct and mediated pathways. This model underscores the importance of considering
both overall and regionally distributed adiposity—particularly neck circumference—when
evaluating SDB risk in pediatric population with obesity. These findings highlight a clini-
cally meaningful pathway that may inform targeted screening and intervention strategies
within high-risk groups.

Neck
Circumference

BX0.31
BMI B=0.19
- SDB
Percentile > h
00 Risk (Y)

Total effect (c) = 0.37

Figure 1. Mediation model illustrating the direct and indirect pathways linking BMI percentile, neck
circumference, and risk of sleep-disordered breathing (SDB) in children with obesity. Regression
coefficients (B) represent unstandardized effects.
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4. Discussion

This study provides important insight into the prevalence and correlates of sleep-
disordered breathing (SDB) among children with obesity aged 612 years in a Saudi clinical
setting. Our findings indicate that over a third of participants screened positive for SDB
risk using the validated Arabic PSQ-SRBD scale, with higher rates observed among older
children, males, and those with greater neck circumference and BMI percentiles. These
results align with, and extend, previous research emphasizing the complex interplay
between pediatric obesity and SDB risk factors.

The observed SDB prevalence of 37.7% is consistent with the upper range of estimates
reported in both Western and Middle Eastern studies involving children with obesity [24].
For instance, Redline et al. noted that the prevalence of SDB in children with obesity
can reach as high as 60%, particularly when utilizing sensitive screening instruments [25].
Similarly, a large-scale study by Verhulst et al. reported SDB rates of approximately 30—40%
in obese European children, confirming the clinical significance of our findings [1]. The
elevated prevalence in our sample underscores the urgent need for routine SDB screening
in pediatric obesity clinics in Saudi Arabia and the broader Gulf region, where childhood
obesity rates continue to rise [26].

Our analysis also highlights important demographic and anthropometric predictors of
SDB risk. Male gender was associated with higher SDB prevalence, in line with established
literature suggesting that boys may have a greater propensity for upper airway collapsibility
and greater fat deposition in critical anatomical regions [27]. Age also emerged as a
significant factor, with older children (11-12 years) displaying the highest SDB risk. This
trend likely reflects the cumulative impact of prolonged obesity and pubertal changes on
airway dynamics, as described in prior longitudinal analyses [28].

Anthropometric measurements, particularly neck circumference, were robustly associ-
ated with SDB risk, both independently and as a mediator between BMI percentile and SDB.
Previous studies have identified neck circumference as a practical, non-invasive marker
for predicting SDB in both adults and children [29]. The mediation analysis in our study
supports the hypothesis that regional adiposity in the neck plays a critical mechanistic role,
possibly due to increased pharyngeal tissue mass and decreased airway caliber [30]. Our
findings support neck circumference (NC) as a clinically useful anthropometric marker
associated with increased SDB risk among children with obesity. This is consistent with
prior pediatric studies highlighting the role of upper-body adiposity in airway narrowing.
Importantly, Katz et al. demonstrated that the neck-to-height ratio (NHR) may provide
stronger discrimination than NC alone by accounting for somatic growth, suggesting that
normalized measures may be particularly valuable in pediatric populations. While NHR
was not examined in the present analysis, our results align with the broader evidence
supporting NC-based screening and underscore the need for future studies to compare
absolute NC and ratio-based indices across age and sex groups [31].

The direct effect of BMI percentile on SDB risk observed in our regression models cor-
roborates the established association between obesity and sleep-disordered breathing [32].
Children with obesity are more likely to experience reduced lung volumes, elevated upper
airway resistance, and chronic low-grade inflammation, all of which contribute to the
pathophysiology of SDB [33]. The total effect estimated in this study (B = 0.37) closely
matches the magnitude reported in a recent meta-analysis of pediatric SDB predictors,
reinforcing the validity of our model [34].

Our findings support NC as a practical anthropometric marker associated with higher
SDB risk in children with obesity. While NC alone can be useful in clinic-based screening,
emerging evidence suggests that neck-to-height ratio (NHR) may offer stronger discrimina-
tion in growing children by normalizing NC for height. In particular, Katz et al. demon-
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strated that NHR performed well as a predictor of OSA among children with obesity and
proposed clinically relevant thresholds [35].

Notably, the mean PSQ-SRBD scores in our cohort were highest for snoring and
daytime sleepiness domains, echoing findings by Chervin et al. and others who have
documented these symptoms as cardinal features of pediatric SDB [36]. These symptoms are
clinically relevant as they are frequently linked to neurocognitive impairments, academic
difficulties, and behavioral problems, thereby impacting overall quality of life [37]. Timely
recognition and intervention are therefore crucial for mitigating long-term sequelae [38,39].

Our study adds to the limited body of research on SDB in Middle Eastern pediatric
populations, especially those attending university-affiliated clinics. The validation and
successful application of the Arabic PSQ-SRBD tool in this context supports its broader
use for community-based screening, as recommended by recent regional guidelines [36].
Furthermore, the demonstration of neck circumference as an independent and mediating
risk factor supports the integration of simple anthropometric assessments into routine
pediatric evaluations [40].

Despite its strengths, including the use of a validated tool and comprehensive an-
thropometric measurements, this study has several limitations. The cross-sectional design
precludes causal inference, and the use of a convenience sample from a single clinical center
may limit generalizability. Polysomnography, the gold standard for SDB diagnosis, was not
used, and thus some cases may have been misclassified despite the high sensitivity of the
PSQ-SRBD. Additionally, factors such as craniofacial anomalies, genetic predispositions,
and environmental influences were not systematically assessed [19,41].

Future research should include longitudinal studies across multiple centers and in-
corporate objective sleep measures to clarify the temporal relationship between obesity,
neck circumference, and SDB risk. Interventional studies examining the impact of weight
reduction and targeted therapies on SDB outcomes are also warranted, as previous work
has shown promising improvements in sleep quality and metabolic health following such
interventions [42,43].

4.1. Implications of the Study

The findings from this study have several important implications for clinical practice,
public health policy, and future research. First, the high prevalence of sleep-disordered
breathing (SDB) among children with obesity highlights the urgent need for systematic
screening in pediatric obesity clinics, especially in regions such as Saudi Arabia where child-
hood obesity is rapidly increasing. Routine use of culturally adapted screening tools—such
as the validated Arabic PSQ-SRBD—can facilitate early identification of children at risk,
enabling timely referral for diagnostic evaluation and intervention. The identification of
neck circumference as a significant mediator suggests that simple, non-invasive anthropo-
metric measures should be incorporated into standard pediatric assessments to improve
the detection of children at high risk for SDB. On a broader scale, the study underscores
the importance of interdisciplinary collaboration among pediatricians, sleep specialists,
nutritionists, and public health professionals to address the interconnected challenges of
obesity and sleep health in children. At the policy level, these results advocate for the inclu-
sion of sleep health promotion and SDB risk screening in school-based health programs
and national childhood obesity prevention strategies. Lastly, the use of validated, locally
appropriate tools provides a framework for further research and public health surveillance
in the region.
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4.2. Limitations of the Study

Several limitations should be considered when interpreting the results of this study.
the cross-sectional design precludes causal inference. Second, recruitment from a single
polyclinic may limit generalizability and introduces potential selection bias. While the PSQ-
SRBD is a well-validated screening instrument, it is not a substitute for objective diagnostic
methods such as overnight polysomnography, and thus some cases of SDB may have been
misclassified. Additionally, the study did not account for other potential contributors to
SDB, such as craniofacial morphology, allergic conditions, or environmental factors like
household smoking. The reliance on parent-reported measures introduces the possibility
of recall bias. Finally, the study did not assess longitudinal outcomes or the effects of
interventions, which would provide more comprehensive insight into the natural history
and management of SDB in children with obesity. This study did not include a standardized
oropharyngeal examination or grading of tonsillar size/adenotonsillar hypertrophy, which
is a well-recognized contributor to pediatric SDB, including among children with obesity.
Therefore, we could not evaluate the independent or interacting effects of adenotonsillar
hypertrophy alongside anthropometric predictors, and residual confounding is possible.
Future studies should incorporate upper-airway clinical assessment and /or ENT evaluation
to improve phenotyping and guide management decisions.

The age range (6-12 years) includes children who may be entering puberty; how-
ever, pubertal status (e.g., Tanner staging) was not assessed. Puberty-related hormonal
and body-composition changes may influence anthropometric measures (including fat
distribution and neck adiposity) and could therefore affect the observed associations with
SDB risk. Future studies should incorporate Tanner staging or other markers of pubertal
development to enable stratified analyses and improve the precision of anthropometric
screening thresholds across developmental stages.

5. Conclusions

This study demonstrates a substantial burden of sleep-disordered breathing symptoms
among children with obesity aged 6-12 years attending polyclinics at King Faisal University
in Saudi Arabia. The findings confirm that both overall obesity and neck circumference
are important predictors of SDB risk, with neck circumference mediating the relationship
between BMI and SDB. These results reinforce the need for integrated, multi-disciplinary
screening and intervention strategies targeting both obesity and sleep health in pediatric
populations. Early identification and management of SDB may improve quality of life
and long-term health outcomes for at-risk children. Future studies should expand on
these findings using objective diagnostic tools, broader and more diverse populations,
and longitudinal designs to inform effective prevention and treatment strategies at the
population level.

Funding: This work was supported by the Deanship of Scientific Research, Vice Presidency for
Graduate Studies and Scientific Research, King Faisal University, Saudi Arabia (Grant KFU260573).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of King Faisal University; code KFU-
2025-ETHICS3860; date 1 April 2025.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data available upon request.

Acknowledgments: During the preparation of this manuscript/study, the author used ChatGPT
(GPT-5.2) for language and grammar editing. The author has reviewed and edited the output and
take full responsibility for the content of this publication.

https:/ /doi.org/10.3390/children13020212


https://doi.org/10.3390/children13020212

Children 2026, 13, 212 12 of 14

Conflicts of Interest: The author declares no conflicts of interest.

Abbreviations

BMI Body Mass Index

C Confidence Interval

NC Neck Circumference

OSA Obstructive Sleep Apnea

PSG Polysomnography

PSQ Pedjiatric Sleep Questionnaire

PSQ-SRBD  Pediatric Sleep Questionnaire-Sleep-Related Breathing Disorder scale
SDB Sleep-Disordered Breathing

WHO World Health Organization

References

1. Jebeile, H.; Kelly, A.S.; O'Malley, G.; Baur, L.A. Obesity in Children and Adolescents: Epidemiology, Causes, Assessment, and
Management. Lancet Diabetes Endocrinol. 2022, 10, 351-365. [CrossRef] [PubMed]

2. Ling, J.; Chen, S.; Zahry, N.R.; Kao, T.A. Economic Burden of Childhood Overweight and Obesity: A Systematic Review and
Meta-analysis. Obes. Rev. 2023, 24, €13535. [CrossRef] [PubMed]

3. Park,H,; Choi, J.E,; Jun,S,; Lee, H.; Kim, H.S.; Lee, H.A.; Park, H. Metabolic Complications of Obesity in Children and Adolescents.
Clin. Exp. Pediatr. 2024, 67, 347-355. [CrossRef] [PubMed]

4. Islam, M.S.; Wei, P.; Suzauddula, M.; Nime, I.; Feroz, F.; Acharjee, M.; Pan, F. The Interplay of Factors in Metabolic Syndrome:
Understanding Its Roots and Complexity. Mol. Med. 2024, 30, 279. [CrossRef]

5. Mohammadieh, A.; Chan, A.; Cistulli, P. Sleep-disordered Breathing—Clinical Spectrum. Aust. Dent. ]. 2024, 69, S45-S52.
[CrossRef]

6. Trosman, I.; Trosman, S.J. Cognitive and Behavioral Consequences of Sleep Disordered Breathing in Children. Med. Sci. 2017,
5, 30. [CrossRef]

7. Voltan, C.; Concer, F.; Pecoraro, L.; Pietrobelli, A.; Piacentini, G.; Zaffanello, M. Exploring the Complex Interplay of Obesity,
Allergic Diseases, and Sleep-Disordered Breathing in Children. Children 2024, 11, 595. [CrossRef]

8.  Piotto, M.; Gambadauro, A.; Rocchi, A; Lelii, M.; Madini, B.; Cerrato, L.; Chironi, F; Belhaj, Y.; Patria, M.F. Pediatric Sleep
Respiratory Disorders: A Narrative Review of Epidemiology and Risk Factors. Children 2023, 10, 955. [CrossRef]

9.  Schwartz, A.R; Patil, S.P; Squier, S.; Schneider, H.; Kirkness, ].P.; Smith, P.L. Obesity and Upper Airway Control during Sleep. J.
Appl. Physiol. 2010, 108, 430—435. [CrossRef]

10. Leinum, C.J.; Dopp, ].M.; Morgan, B.J. Sleep-Disordered Breathing and Obesity. Nutr. Clin. Pract. 2009, 24, 675-687. [CrossRef]

11.  Wu, H,; Ballantyne, C.M. Metabolic Inflammation and Insulin Resistance in Obesity. Circ. Res. 2020, 126, 1549-1564. [CrossRef]
[PubMed]

12. Katz, S.L.; MacLean, ].E.; Barrowman, N.; Hoey, L.; Horwood, L.; Bendiak, G.N.; Kirk, V.G.; Hadjiyannakis, S.; Legault, L.; Foster,
B.J.; et al. Long-Term Impact of Sleep-Disordered Breathing on Quality of Life in Children With Obesity. J. Clin. Sleep Med. 2018,
14, 451-458. [CrossRef] [PubMed]

13. Jadhav, U.; Bhanushali, J.; Sindhu, A.; Reddy, B.S.K.; Toshniwal, A.; Rashmika, M. A Comprehensive Review of Pediatric
Obstructive Sleep Apnea: From Assessment to Intervention. Cureus 2025, 17, e78051. [CrossRef] [PubMed]

14. Liu, J,; Liu, X,; Ji, X.; Wang, Y.; Zhou, G.; Chen, X. Sleep Disordered Breathing Symptoms and Daytime Sleepiness Are Associated
with Emotional Problems and Poor School Performance in Children. Psychiatry Res. 2016, 242, 218-225. [CrossRef]

15. Al-lede, M.; Rahal, R.; Al-Mashagbeh, S.; Alajmi, M.; Al-Rawi, H.; Alshrouf, M.; Ahmad, FK.; Alassaf, A.; Odeh, R.; Almofleh, I;
et al. Obstructive Sleep Apnea in Overweight and Obese Children: Factors Influencing Quality of Life. Laryngoscope Investig.
Otolaryngol. 2025, 10, €70134. [CrossRef]

16. Gueye-Ndiaye, S.; Williamson, A.A.; Redline, S. Disparities in Sleep-Disordered Breathing: Upstream Risk Factors, Mechanisms,
and Implications. Clin. Chest Med. 2023, 44, 585-603. [CrossRef]

17. Huang, G.; Wang, Q.; Chang, L.; Ye, S.; Liu, J.; Lu, Y,; Li, T.; Zhan, X,; Liang, J.; Cheng, Y.; et al. Impact of Gender, Age, and Obesity
on Childhood Obstructive Sleep Apnea: A Cross-Sectional Study of 4,668 Children. Nat. Sci. Sleep 2025, 17, 1391-1404. [CrossRef]

18. Ramesh, N.; Kumar, P.; Sweta, S.; Prasad, A.; Tiwari, L.K. Correlation of Anthropometric Measurements with Body Mass

Index and Estimation of the Proportion of Metabolic Syndrome among Overweight and Obese Children: A Hospital-Based
Cross-Sectional Study. BM] Paediatr. Open 2024, 8, e002354. [CrossRef]

https:/ /doi.org/10.3390/children13020212


https://doi.org/10.1016/S2213-8587(22)00047-X
https://www.ncbi.nlm.nih.gov/pubmed/35248172
https://doi.org/10.1111/obr.13535
https://www.ncbi.nlm.nih.gov/pubmed/36437105
https://doi.org/10.3345/cep.2023.00892
https://www.ncbi.nlm.nih.gov/pubmed/37986568
https://doi.org/10.1186/s10020-024-01019-y
https://doi.org/10.1111/adj.13043
https://doi.org/10.3390/medsci5040030
https://doi.org/10.3390/children11050595
https://doi.org/10.3390/children10060955
https://doi.org/10.1152/japplphysiol.00919.2009
https://doi.org/10.1177/0884533609351532
https://doi.org/10.1161/CIRCRESAHA.119.315896
https://www.ncbi.nlm.nih.gov/pubmed/32437299
https://doi.org/10.5664/jcsm.6998
https://www.ncbi.nlm.nih.gov/pubmed/29458697
https://doi.org/10.7759/cureus.78051
https://www.ncbi.nlm.nih.gov/pubmed/40013169
https://doi.org/10.1016/j.psychres.2016.05.017
https://doi.org/10.1002/lio2.70134
https://doi.org/10.1016/j.ccm.2023.03.012
https://doi.org/10.2147/NSS.S521415
https://doi.org/10.1136/bmjpo-2023-002354
https://doi.org/10.3390/children13020212

Children 2026, 13, 212 13 of 14

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Chervin, R.D.; Hedger, K,; Dillon, J.E.; Pituch, K.J. Pediatric Sleep Questionnaire (PSQ): Validity and Reliability of Scales for
Sleep-Disordered Breathing, Snoring, Sleepiness, and Behavioral Problems. Sleep Med. 2000, 1, 21-32. [CrossRef]

Feng, T.; Ou, Q.; Shan, G.; Hu, Y.; He, H. Sleep-Disordered Breathing and Metabolic Syndrome across Gender, Age, and Sleep
Subtypes in East Asians. Front. Endocrinol. 2025, 16, 1519638. [CrossRef]

Zreaqat, M.; Hassan, R.; Samsudin, A.R.; Stas, Y. Prevalence of Sleep-Disordered Breathing and Its Association with Obesity
among Saudi Schoolchildren. J. Contemp. Dent. Pract. 2020, 21, 1022-1026. [CrossRef] [PubMed]

Rashighi, M.; Harris, J.E.; Obermeyer, Z.; Emanuel, E.J. Predicting the Future—Big Data, Machine Learning, and Clinical Medicine.
N. Engl. ]. Med. 2016, 375, 1216-1219. [CrossRef]

Supriyatno, B.; Said, M.; Hermani, B.; Sjarir, D.R.; Sastroasmoro, S. Risk Factors of Obstructive Sleep Apnea Syndrome in Obese
Early Adolescents: A Prediction Model Using Scoring System. Acta Med. Indones. 2010, 42, 152-157. [CrossRef] [PubMed]
AlEnazi, S.; AlAjlan, R.; AlKhalaf, H.; Abolfotouh, M.; Alharbi, O.; Alfawaz, R.; Aldebasi, B.; Alghnam, S. Prevalence of Obesity
among Children and Adolescents in Saudi Arabia. Saudi |. Med. Med. Sci. 2023, 11, 19-25. [CrossRef]

Al-Shamrani, A.; Alharbi, A.S. Diagnosis and Management of Childhood Sleep-Disordered Breathing. Saudi Med. ]. 2020, 41,
916-929. [CrossRef]

Adam, TR.; Hamed, A.M.; Saad M Mohammed, H.; Elryahi Elsayed Elshareef, T.; Mushaeb, H.; Nafel A Al Harbi, A.; Bawarith,
B.M.; Abdullah Almalki, A.; Alzaheb, N.; Alqarni, A.H.; et al. Prevalence of Childhood Obesity Among Children and Adolescents
in Saudi Arabia: A Systematic Review. Cureus 2024, 16, €70135. [CrossRef]

Lin, C.M.; Davidson, T.M.; Ancoli-Israel, S. Gender Differences in Obstructive Sleep Apnea and Treatment Implications. Sleep
Med. Rev. 2008, 12, 481-496. [CrossRef]

Petrongari, D.; Ciarelli, F; Di Filippo, P.; Di Ludovico, A.; Di Pillo, S.; Chiarelli, E; Pellegrino, G.M.; Sferrazza Papa, G.F,; Nosetti,
L.; Attanasi, M. Risk and Protective Factors for Obstructive Sleep Apnea Syndrome Throughout Lifespan: From Pregnancy to
Adolescence. Children 2025, 12, 216. [CrossRef]

Aswathappa, ].; Garg, S.; Kutty, K.; Shankar, V. Neck Circumference as an Anthropometric Measure of Obesity in Diabetics. N.
Am. ]. Med. Sci. 2013, 5, 28. [CrossRef]

Jiang, Y.; Ji, X.; Gao, S.; Yang, X.; Li, Q.; Yu, Z; Yang, X.; Shen, Z.; Shen, J.; Xia, S. Inflammation as a Mediator between Neck
Adipose Tissue and Tumor Aggressiveness in Hypopharyngeal and Laryngeal Squamous Cell Carcinoma. Cancer Imaging 2025,
25,95. [CrossRef]

Ho, AW.; Moul, D.E; Krishna, J. Neck Circumference-Height Ratio as a Predictor of Sleep Related Breathing Disorder in Children
and Adults. |. Clin. Sleep Med. 2016, 12, 311-317. [CrossRef]

Cui, J; Li, G,; Zhang, M.; Xu, J.; Qi, H,; Ji, W.; Wu, E; Zhang, Y.; Jiang, F; Hu, Y.; et al. Associations between Body Mass Index,
Sleep-Disordered Breathing, Brain Structure, and Behavior in Healthy Children. Cereb. Cortex 2023, 33, 10087-10097. [CrossRef]
di Palmo, E.; Filice, E.; Cavallo, A.; Caffarelli, C.; Maltoni, G.; Miniaci, A.; Ricci, G.; Pession, A. Childhood Obesity and Respiratory
Diseases: Which Link? Children 2021, 8, 177. [CrossRef]

Menzies, B.; Teng, A.; Burns, M.; Lah, S. Neurocognitive Outcomes of Children with Sleep Disordered Breathing: A Systematic
Review with Meta-Analysis. Sleep Med. Rev. 2022, 63, 101629. [CrossRef]

Katz, S.L.; Blinder, H.; Naik, T.; Barrowman, N.; Narang, I. Does Neck Circumference Predict Obstructive Sleep Apnea in Children
with Obesity? Sleep Med. 2021, 78, 88-93. [CrossRef] [PubMed]

Alkhateeb, A.A.; Alrusayyis, D.F,; Alrashedi, E.A.; Alkhunaizi, L.T.; Alali, S.M.; Alghamdi, A.A. The Diagnostic Accuracy of
the Arabic Version of the Pediatric Sleep Questionnaire for Screening for Pediatric Sleep-Related Breathing Disorders in Saudi
Children. J. Fam. Community Med. 2024, 31, 244-250. [CrossRef] [PubMed]

Dillon, C.; Serrano, C.M.; Castro, D.; Perez Leguizamon, P.; Heisecke, S.L.; Taragano, EE. Behavioral Symptoms Related to
Cognitive Impairment. Neuropsychiatr. Dis. Treat. 2013, 9, 1443-1455. [CrossRef] [PubMed]

Mohamed, S.A.A K; Shaban, M. Age and Expertise: The Effects of Ageism on Professional Recognition for Senior Nurses. Geriatr.
Nurs. 2024, 60, 70-78. [CrossRef]

Ramadan, O.M.E.; Hafiz, A.H.; Elsharkawy, N.B.; Katooa, N.E.; Abunar, A.; Abdelaziz, E.M.; Baraka, S.I.M.; Shaban, M.; Baraka,
N.LM. Effectiveness of the Pediatric Nursing Excellence Model on Nurses” Knowledge and Practice in Pediatric Orthopedic
Surgery Care: A Randomized Controlled Trial. Children 2024, 11, 1457. [CrossRef]

Shaban, M.; Mohammed, H.H.; Amer, EG.M.; Elsayed, H.H.; Ali, S.I.; Ibrahim, A.M. Psychometric Evaluation of the Translated
Arabic Version of the Geriatrics Health Behavior Questionnaire (GHBQ) for Geriatric Nurses: A Cross-Sectional Study. BMC Nurs.
2024, 23, 552. [CrossRef]

Alruwaili, A.N.; Alruwaili, M.M.; Ramadan, O.M.E; Ali, S.I; Shaban, M. Nursing Strategies for Enhancing Calm in Older Arabs
with Dementia: Integrating Snoezelen Methods, Aromatherapy, and Personal Items to Reduce Agitation. Geriatr. Nurs. 2024, 59,
379-391. [CrossRef]

https:/ /doi.org/10.3390/children13020212


https://doi.org/10.1016/S1389-9457(99)00009-X
https://doi.org/10.3389/fendo.2025.1519638
https://doi.org/10.5005/jp-journals-10024-2908
https://www.ncbi.nlm.nih.gov/pubmed/33568590
https://doi.org/10.1056/NEJMp1606181
https://doi.org/10.1016/S1526-0542(10)70160-3
https://www.ncbi.nlm.nih.gov/pubmed/20724769
https://doi.org/10.4103/sjmms.sjmms_417_22
https://doi.org/10.15537/smj.2020.9.25262
https://doi.org/10.7759/cureus.70135
https://doi.org/10.1016/j.smrv.2007.11.003
https://doi.org/10.3390/children12020216
https://doi.org/10.4103/1947-2714.106188
https://doi.org/10.1186/s40644-025-00913-w
https://doi.org/10.5664/jcsm.5572
https://doi.org/10.1093/cercor/bhad267
https://doi.org/10.3390/children8030177
https://doi.org/10.1016/j.smrv.2022.101629
https://doi.org/10.1016/j.sleep.2020.12.018
https://www.ncbi.nlm.nih.gov/pubmed/33418431
https://doi.org/10.4103/jfcm.jfcm_49_24
https://www.ncbi.nlm.nih.gov/pubmed/39176016
https://doi.org/10.2147/NDT.S47133
https://www.ncbi.nlm.nih.gov/pubmed/24092982
https://doi.org/10.1016/j.gerinurse.2024.08.045
https://doi.org/10.3390/children11121457
https://doi.org/10.1186/s12912-024-02164-9
https://doi.org/10.1016/j.gerinurse.2024.07.017
https://doi.org/10.3390/children13020212

Children 2026, 13, 212 14 of 14

42. Nashwan, A.].; Abou Hashish, E.A.; Mohamed, A.S.; Alrimawi, I.; Aqtam, I.; Al Obeisat, S.; Alhalaiqa, F.; Alzaatreh, M.; Al
Hadidi, M.; AL-Fayyadh, S.; et al. Exploring the National Nursing Research Priorities in the Eastern Mediterranean Region and
Overcoming the Associated Challenges: An Expert Opinion. Cureus 2024, 16, e64540. [CrossRef]

43. LeMay-Russell, S.; Schvey, N.A; Kelly, N.R.; Parker, M.N.; Ramirez, E.; Shank, L.M.; Byrne, M.E.; Swanson, T.N.; Kwarteng, E.A.;
Faulkner, L.M.; et al. Longitudinal Associations between Facets of Sleep and Adiposity in Youth. Obesity 2021, 29, 1760-1769.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/children13020212


https://doi.org/10.7759/cureus.64540
https://doi.org/10.1002/oby.23281
https://doi.org/10.3390/children13020212

	Introduction 
	Materials and Methods 
	Study Design 
	Study Setting 
	Sample and Sampling 
	Data Collection Tools 
	Data Collection Procedure 
	Data Analysis 
	Ethical Considerations 

	Results 
	Participant Characteristics 
	Prevalence of Sleep-Disordered Breathing Symptoms 
	Distribution of SDB Questionnaire Scores 
	Association of Demographic and Anthropometric Factors with SDB Risk 
	Multivariable Logistic Regression Analysis 

	Discussion 
	Implications of the Study 
	Limitations of the Study 

	Conclusions 
	References

