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ABSTRACT 
Objectives: To assess the prevalence of obstructive sleep apnea in children 

and adolescents with Down syndrome followed up in an outpatient clinic in 

a university hospital and to identify which factors are related to the disease 

and its severity. 

Methods: A total of 35 patients with Down syndrome were included in this 

cross-sectional study after being invited to undergo polysomnography and 

applying structured and standardized questionnaires, between March 2021 

and June 2022, with data description by mean ± standard deviation for 

continuous variables and frequency and percentage in categorical, being 

considered significant p ≤ 0.05. 

Results: The selected sample consists of 57.1% girls, with mean age and 

body mass index z-score, respectively, 87.5 months (± 45.5) and 0.6 (± 

1.3). Obstructive sleep apnea was diagnosed in 96.3% of cases, with a 

mean apnea and hypopnea rate of 11.3 events per hour (± 12.5) and 

moderate or severe disease in more than half of the population (59.2%). 

The severity of the condition was significantly associated with parental 

report of habitual snoring (p 0.002) and excessive daytime sleepiness 

according to the modified Epworth scale (p 0.001). Patients diagnosed with 

obstructive sleep apnea were referred for otorhinolaryngological follow-

up. 

Conclusion: The results show the high prevalence of obstructive sleep apnea 

in this population, as well as the association between report of snoring and 

daytime sleepiness with the severity of the disease, which demonstrates the 

applicability of screening tools and reinforces the importance diagnosis to 

improve the follow-up of these patients. 

Keywords: Down syndrome; sleep disorders; obstructive sleep apnea; 

pediatrics. 
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1. Introduction 
Down syndrome (DS) is the most common chromosomal 
abnormality in the population with an estimated incidence 
of 1 in 700 live births.1 Children who have the condition 
are predisposed to have several comorbidities that 
interfere with their growth and development.2 The set of 
orofacial alterations presented by this population is 
associated with a high risk for the development of 
obstructive sleep apnea (OSA), a pathology 
characterized by partial or complete obstruction of the 
upper airways, with potentially deleterious effects on the 
health of these patients.3 
 
The Down syndrome is a genetic condition characterized 
by an excess of chromosome 21 in the individual's genetic 
information, so instead of having 46 chromosomes per 
cell, there are 47 chromosomes. This additional 
chromosome determines changes in the development in 
addition to physical and mental alterations.4 
 
There are three types of DS differentiated through 
karyotype examination, being: 1) free trisomy of 
chromosome 21 (occurs in 92% to 95% of cases where 
there is an extra chromosome 21, resulting from an 
abnormal division of germ cells); 2) translocation (occurs 
in 3% to 5% of cases). It is a rearrangement in which a 
fragment of chromosome 21 is translocated to other 
acrocentric chromosomes, the most common being 
between chromosomes 14 and 21 (it can also occur 
between 15 and 21, and 22 and 21). In this case, there 
is a structural disorder or partial trisomy, in which the 
individual has 46 chromosomes, one of which is normal 
chromosome 14 and another structurally abnormal one 
with the translocated addition of the long arm of 
chromosome 21; 3) chromosomal mosaicism (occurs in 1 to 
2% of cases), presenting some normal cells and others 
with trisomy 21, resulting from the abnormal cell division 
after fertilization. These individuals usually have fewer 
physical anomalies and higher intellectual capacity than 
those with free trisomy of chromosome 21, possibly due 
to the presence of some normal cells.5 
 
Children with DS are commonly diagnosed with OSA, with 
an estimated prevalence of 30 to 60% compared to 2% 
in the general pediatric population.1 Recent studies show 
that more than half of the children and adolescents with 
this chromosomal alteration have OSA documented by 
full-night polysomnographic examination.6 However, 
despite the high prevalence of OSA in patients with DS 
being well established in the literature, this association 
still remains underreported. Studies show that parents 
and caregivers underestimate the severity of sleep 
disorders in children and adolescents with DS. 
 
Obstructive sleep apnea is a complex condition 
associated with multiple risk factors for intermittent upper 
airway obstruction in those with DS.7 Well-defined 
predisposing conditions are mandibular and midface 
hypoplasia, narrow nasopharynx, relative macroglossia, 
adenotonsillar hypertrophy, and high-arched palate, in 
addition to generalized hypotonia and obesity.8 These 
patients also have neurobehavioral complications, 
aggravation of cardiovascular comorbidities with high 
rates of heart disease and systemic arterial hypertension, 
and an increase in the incidence of respiratory tract 

infections resulting from intermittent upper airway 
obstruction.9, 10 

 
It is therefore essential to study the treatable health issues 
associated with OSA, what can optimize the quality of 
life for both DS patients and their caregivers.11, 12 The 
therapeutic approach has demonstrated positive effects 
on neurocognitive functions, behavioral symptoms, and 
the individual's overall well-being.13 The institution of a 
protocol becomes fundamental for a highly accurate 
screening, accelerating the objective diagnosis of this 
condition and the establishment of therapeutic indications. 
 
The American Academy of Pediatrics recommends that all 
children with DS should have an overnight 
polysomnographic study at the age of 4 years, as 
significant upper airway obstruction may be present 
despite a lack of indications identified in the clinical 
history and physical examination14. However, 
polysomnography is an exam that is difficult to access, 
and its performance can be critical in young children. 
Therefore, it is necessary to develop an alternative 
screening tool for the therapeutic definition and follow-
up of this population.15 

 
Despite the resources currently available for studies of 
OSA in DS, few have evaluated diagnostic criteria and 
the impact of associated comorbidities and treatment 
strategies.16 Early recognition and the establishment of 
effective therapeutic measures are essential to improve 
the living conditions of this population. Thus, the purpose 
of the present study is to determine the prevalence of 
OSA in a sample of children and adolescents with DS as 
an outpatient in a University hospital. The association of 
the demographic factors and symptoms presented by the 
patients and the OSA severity were analyzed, in addition 
to the impact on the quality of life of the children, aiming 
at the construction of a local institutional protocol for 
diagnosis, management, and follow-up. 
 

2. Material And Methods 
In this single-center cross-sectional study, we invited all 
87 patients, aged between 2 to 15 years old, at follow-
up at the Pediatric Genetics and Adolescent Medicine 
outpatient clinics, and who had a confirmed diagnosis of 
DS by karyotype examination. A sample of 35 children 
agreed to participate, 34 of which were due to free 
trisomy of chromosome 21 and one due to mosaicism. As 
the clinical manifestations of the DS were similar, they 
were all analyzed as a single group.  
 
The study protocol was applied to all children, 
independent of respiratory complaints. Patients were 
summoned by phone or at outpatient clinics to undergo 
full-night polysomnography (PSG) at the Sleep 
Laboratory. between March 2021 and June 2022. 
Standardized questionnaires were applied to identify 
signs and symptoms associated with obstructive 
respiratory disorders, as well as to investigate associated 
conditions on the day of the PSG. 
 
The diagnosis of OSA was established by the apnea and 
hypopnea index (AHI) with the number of apneas and 
hypopneas > 1 event per hour (e/h) and classified as 
mild - AHI 1 to 5 e/h, moderate - AHI 5.1 at 10 e/h and 
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severe - AHI > 10 e/h. Apnea is defined as obstructive 
(OA) when no airflow is observed with the maintenance 
of chest wall movements at the PSG for a period of at 
least 2 breaths duration, central (CA) when no nasal flow 
and chest movements are identified for more than 20 
seconds, or more than a 2- breath-period if accompanied 
by desaturation or awakening; and mixed (MA) when 
characterized by obstructive and central components. 
Hypopneas correspond to a reduction in airflow by at 
least 50% during the period of at least two breaths with 
a corresponding drop in oxygen saturation by 3% 
and/or awakening. Scoring of the events, and definitions 
of diagnosis and severity are in agreement with the 
standard classification.1 
 

There was no exclusion criterion, but polysomnographic 
examinations were prioritized. The 35 participants 
included were divided into 3 groups defined by age to 
reduce sample heterogeneity: group 1 - 1 to 4 years old, 
group 2 - 5 to 11 years old, and group 3 - ≥ 12 years 
old. For the final analysis, all children undergoing 
polysomnography and data collection were included in 
this study, regardless of their history of upper airway 
surgery or the use of any drug therapy. 
 

2.1. DATA COLLECTION 
The research was carried out through the application of 
standardized questionnaires: 1.modified Epworth scale,17 
composed of 8 questions that indicate excessive daytime 
sleepiness when scored > 10 points; 2. Pediatric Sleep 
Questionnaire (PSQ),18 consisting of 22 questions 
suggesting the presence of sleep breathing disorder 
when scored > 7; 3. the Obstructive Sleep Apnea 
questionnaire in children (OSA-18),19 consisting of 18 
questions that assess the impact of OSA on the quality of 
life of the patients and their caregivers stratified into 
small (< 60), moderate (60 - 80) and large impact (> 
80) (Supplementary files A.1, A.2 and A.3), and a 
structured qualitative interview (Appendix B).  
 

Demographic and clinical data, sociodemographic 
characteristics, and anthropometric measures were 
obtained from electronic medical charts. The 
questionnaires were applied by four previously trained 
participants, to standardize the instruments, and to 
reduce divergences and failures in the acquisition of 
information.  
 

Tonsillar hypertrophy was considered through clinical 
analysis using the Brodsky scale to assess the size of the 

palatine tonsil; patients who presented more than 50% 
airway obstruction by the palatine tonsil (grades III and 
IV) were considered to have tonsillar hypertrophy.20 
Hypertrophy of the adenoids were assessed by the 
otolaryngologist by nasofibroscopy or X-ray at a later 
moment. All data collection was performed by the 
pediatric team, except the polysomnographic exam. All 
children with a positive PSG were sent to the 
otolaryngologic evaluation at a later moment.  
 
2.2. STATISTICAL ANALYSIS 
Data were analyzed using SAS statistical software 
version 9.2 and statistical analyzes performed with chi-
square test, analysis of variance, Tukey's test and Fisher’s 
Exact test. The significance level of 0.05 was considered 
for all analyses. Continuous variables were expressed as 
mean ± standard deviation (SD) and categorical 
variables were described as frequency and percentage. 
Correlations were made between disease severity and 
gender, ethnicity, age, habitual (> 3 times per week) or 
sporadic (≤ 3 times per week) reported snoring, 
comorbidities, excessive daytime sleepiness, presence of 
respiratory disorder, and impact on quality of life.  
 
2.3. ETHICAL CONSIDERATIONS 
Following ethical principles in research, this project was 
submitted and approved by the Research Ethics 
Committee - CAAE: 35462720.8.0000.5411, according 
to Resolution n.466-CNS-MS.21 

 
The inclusion of patients took place after the consent of 
the person responsible, with the signature of the Free and 
Informed Consent Term and, when possible, of the Term 
of Assent for minors aged between 12 and 17 years / 
11 months and 29 days. 
 

3. Results 
3.1. CHARACTERISTICS OF THE POPULATION 
In our study, 35 SD patients accepted the invitation, being 
57.1% girls and 42.9% boys. Obesity was observed in 
11.4%, prematurity was reported in 42.9%. The main 
comorbidities were wheezing/asthma (22.9%), recurrent 
otitis (11.5%), enuresis (14.2%), allergic rhinitis (5.7%) 
and hypothyroidism (2.8%), present only in group 2. 
Tonsillar hypertrophy was diagnosed by the pediatrician 
in 42.9% of the patients, and behavioral changes were 
observed by the parents in 51.4% (Table 1).  

 
Table 1: General characteristics of the study patients*. 

Variables Categories Group 1 Group 2 Group 3 Total 
  N(%) N(%) N(%) N(%) 

Sex Female 4 (44.4) 13 (61.9) 3 (60.0) 20 (57.1) 

Male 5 (55.6) 8 (38.1) 2 (40.0) 15 (42.9) 

Snoring Yes 8 (88.9) 16 (76.2) 3 (60.0) 27 (77.2) 

No 1 (11.1) 5 (23.8) 2 (40.0) 8 (22.8) 

Prematurity Yes 6 (66.7) 6 (28.6) 3 (60.0) 15 (42.9) 

No 3 (33.3) 15 (71.4) 2 (40.0) 20 (57.1) 

Comorbidities Wheezing/Asthma 3 (33.3) 4 (19.1) 1 (20.0) 8 (22.9) 

Allergic rhinitis - (0.0) 2 (9,5) - (0.0) 2 (5.7) 

Otitis 1 (11.1) 2 (9.5) 1 (20.0) 4 (11.5) 

Enuresis 3 (33.3) 2 (9.5) - (0.0) 5 (14.2) 

Hypothyroidism - (0.0) 1 (4.8) - (0.0) 1 (2.8) 

Not mentioned 2 (22.3) 10 (47.6) 3 (60.0) 15 (42.9) 
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*Analysis of categorical variables described by frequency and percentage. 
 
Groups defined by age: group 1 - 1 to 4 years old, 
group 2 - 5 to 11 years old and group 3 - ≥ 12 years 
old. The mean age and body mass index (BMI) z-score 
were, respectively, 87.5 months (± 45.5) and 0.6 (± 1.3).  
 

The PSG exam was finalized by 27 patients, three missed 
the date due to flu symptoms and five did not accept to 

perform the exam due to agitation. OSA was diagnosed 
in 96.3% of the cases (n=25) and 37% were diagnosed 
with severe disease (n=10), with a mean AHI of 11.3 e/h 
(± 12.5). The mean oxygen saturation was 95.8% (± 1.4) 
and the mean minimum oxygen saturation was 84.7% (± 
6.0) (Table 2).  

 
Table 2: Descriptive analysis of characteristics of the studied population. 

Variables Average SD Minimum Maximum 

Age (months) 87.5 45.5 22.0 184.0 
BMI z-score 0.6 1.3 -2.0 3.0 
AHI (e/h) 11.3 12.5 0.5 61.8 
OA (e/h) 3.0 8.0 0.0 41.5 
CA (e/h) 2.7 4.9 0.0 19.8 
MA (e/h) 0.1 0.2 0.0 1.1 
Hypopnea 5.5 5.5 0.2 17.6 
Average SatO2 95.8 1.4 93.0 98.0 
Minimum SatO2 84.7 6.0 71.0 93.0 

Analysis of continuous variables described by average and SD = standard deviation; BMI = body mass index; AHI = 
apnea and hypopnea index; OA = obstructive apnea; CA = central apnea; MA = mixed apnea; SatO2 = oxygen 
saturation; kg/m² = kilogram per square meter; e/h = events per hour. 
 
The distribution of the patients according to the OSA 
severity showed moderate or severe disease in more than 
half of the population (59.2%), mainly in groups 2 and 
3. Snoring was reported by parents in 79.7%% of the 
cases, with the complaint being > 3 times a week in 
47.0% of severe OSA, 42.9% of moderate and 32.4% 
of mild one.  
 

3.2. OBSTRUCTIVE SLEEP APNEA SEVERITY 
The parental report of snoring showed a significant 
correlation with the OSA severity in the study population 
(p 0.002). No relation was found regarding the 
characterization of snoring > 3 times a week, and the 
presence of comorbidities (p 0.32 and 0.43, respectively) 
(Table 3). 

Table 3: Association of snoring and comorbidities with obstructive sleep apnea (OSA) severity. 

Variables Severe 
OSA 
N (%)  

Moderate 
OSA 
N (%) 

Mild OSA 
N (%) 

Normal 
N (%) 

P  

Snoring* Yes 7 (25.9) 8 (29.6) 12 (44.5) - (0.0) 0.0002 

No - (0.0) - (0.0) - (0.0) 3 (100.0) 

Usual 5 (31.2) 6 (37.5) 5 (31.3) - (0.0) 0.32 

Sporadic 2 (18.2) 2 (18.2) 7 (63.6) - (0.0) 

Comorbidities Wheezing/Asthma 3 (42.9) 3(42.9) 1 (14.2) - (0.0) 0.43 

Allergic rhinitis - (0.0) 2 (100.0) - (0.0) - (0.0) 

Otitis 1 (25.0) 1 (25.0) 2 (50.0) - (0.0) 

Enuresis - (0.0) 1 (33.3) 2 (66.7) - (0.0) 

Hypothyroidism - (0.0) - (0.0) - (0.0) 1 (100.0) 

Not mentioned 3 (30.0) 5(50.0) 2 (20.0) - (0.0) 

Tonsillar 
hypertrophy 

Yes 3 (21.4) 4 (28.6) 6 (42.9) 1 (7.1) 0.78 

No 4 (25.0) 4 (25.0) 6 (37.5)  2 (12.5) 

 Not mentioned - (0.0) 3(75.0) 1 (25.0) - (0.0)  

Obesity Yes 1 (25.0) 1 (25.0) 2 (50.0) - (0.0) 0.57 

No 2 (8.3) 8 (33.3) 11 (45.9) 3 (12.5) 

 Not mentioned - (0.0) 2 (100.0) - (0.0) - (0.0)  

Analysis of categorical variables described by frequency and percentage with Fisher’s Exact-test and significance level 
of 0.05. Percentage calculated on each line. 
* Not mentioned = 20.6% 

Variables Categories Group 1 Group 2 Group 3 Total 
  N(%) N(%) N(%) N(%) 

Tonsillar 
hypertrophy 

Yes 5 (55.6) 8 (38.2) 2 (40.0) 15 (42.9) 

No 4 (44.4) 13 (61.8) 3 (60.0) 20 (57.1) 

Obesity Yes 1 (25.0) 3 (14.3) - (0.0) 4 (11.4) 

No 8 (88.9) 18 (85.7) 5 (100.0) 31 (88.6 ) 

Behavior change Yes 6 (66.7) 12 (57.1) - (0.0) 18 (51.4) 

No 3 (33.3) 5 (23.8) 5 (100.0) 13 (37.2) 
 Not mentioned 0 (0,00) 4 (19.1) 0 (0.0) 4 (11.4) 
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The Epworth scale was significantly associated with the 
severity of the disease (p 0.001), with higher scores in the 
severe OSA group (Table 4a). 
 

Regarding the comparisons of the variables according 
between the age groups, mean AHI showed (p 0.03), with 

a significant difference between group 1 and group 3, 
whereas the applied questionnaires and the BMI z-score 
showed no associated with the age groups. The PSQ 
instrument was not related to the severity of OSA (Table 
4b).  

 
Table 4a: Analysis of variables according to disease severity. 

Variables Measure Severe OSA Moderate OSA Mild OSA p 

Epworth 
Average 10.2a 5.0b 3.2b 

0.001 
SD 3.4 2.0 4.3 

PSQ 
Average 11.3 7.0 8.5 

0.2 
SD 6.4 2.6 4.4 

OSA-18 
Average 67.1 54.4 62.3 

0.6 
SD 23.6 23.3 24.4 

BMI 
z-score 

Average 0.9 0.4 0.3 
0.5 

SD 1.3 0.9 1.6 

Analysis of variance and Tukey's test with significance level p ≤ 0.05. Means followed by at least 1 common letter do 
not differ statistically. SD = standard deviation; PSQ = pediatric sleep questionnaire; BMI = body mass index. 
 
Table 4b: Analysis of variables according to age group. 

Analysis of variance and Tukey's test with significance level p ≤ 0.05. Means followed by at least 1 common letter do 
not differ statistically. AHI = apnea and hypopnea index; SD = standard deviation; PSQ = pediatric sleep questionnaire; 
BMI = body mass index. 
 
The research on the impact of the disease on quality of 
life highlighted the moderate to large impact on the 
overall well-being of children and adolescents with 

severe OSA (70%) through the application of the OSA-
18 form (Figure 1). 

 
Figure 1: Association between obstructive sleep apnea questionnaire (OSA-18) severity and the impact on quality of life 
(IMPQV). 

 
Source: Survey data (2021-2022). 
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Variable Measure Group 1 Group 2 Group 3 p 

AHI Average 4.7b 9.8ab 22.5a 0.03 

SD 3.5 7.6 20.5 

Epworth Average 5.9 6.3 6.0 0.9 

SD 3.5 4.3 4.8 

PSQ Average 7.3 10.4 6.7 0.12 

SD 4.7 4.8 2.7 

OSA-18 Average 52.4 69.4 49.3 0.06 

SD 20.9 22.6 12.0 

BMI 
z-score 

Average 0.3 0.7 0.4 0.8 

SD 1.7 1.3 0.9 
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4. Discussion 
n our study population, the DS patients had a high 
prevalence of OSA, and more than one-third were 
diagnosed with severe disease. The predominance of the 
condition in the present sample was documented in the 
age group between 5 and 11 years old, as also 
observed in previous studies enrolling DS children.15,22 
Abijai et al observed a similar prevalence of severe OSA 
in 60 out of 81 (74%) patients in his sample.23 The 
association between the report of snoring by the parents 
and the severity of OSA found in our study group was 
also reported in other studies,6,22 enhancing the 
importance of the investigation of respiratory symptoms 
in the anamnesis, mostly in the high-risk age group.  
 
 However, we consider that the high prevalence of OSA 
in our population might be overestimated, as during the 
pandemic of covid-19, lasting during the whole study 
period,24 only the caregivers of more symptomatic 
children agreed to participate. At a time when hospitals 
were focused on combating the pandemic (National 
Contingency Plan (PCN),25 participation in the study and 
the performing of an objective diagnosis for OSA was 
essential for the referral to the otolaryngologist and a 
possible surgical treatment.  
 
The small sample size is also related to the study period 
during the pandemic. DS patients are more vulnerable to 
the severe form of covid-19, and parents and caregivers 
did not feel safe to bring their children for a PSG exam. 
Besides this, the risk of transmission made the use of 
personal protection equipment mandatory, those being 
more difficult for DS children to wear.  
 
The various craniofacial characteristics, as midface and 
mandibular hypoplasia, small oropharynx, narrow 
nasopharynx, relative macroglossia and glossoptosis, 
adenotonsillar hypertrophy, besides the generalized 
hypotonia, and obesity are found in all three types of 
chromosomal alterations associated with DS.26 These 
anatomic and functional alterations of the upper airway 
lead to intermittent airway obstruction with accumulation 
of secretion and impairment of adequate ventilation, 
increasing the predisposition to recurrent respiratory 
infections, obesity, and OSA.27 In addition, hypoxemia 
and hypercapnia resulting from the collapse of the upper 
airways during sleep trigger alternating events of 
abnormal breathing and awakening, stimulating the 
sympathetic nervous system with systemic vasoconstriction 
and arterial hypertension, as well as altering perfusion, 
with the production of inflammatory mediators that 
contribute significantly to cardiovascular outcomes and 
progression to pulmonary hypertension due to prolonged 
hypoxia.28 Thus, the outcomes of untreated OSA can 
result in severe problems, including developmental 
delays, behavioral changes and impacts on cognitive and 
social functions.29,30 In our study group, we found a high 
prevalence of severe OSA, tonsillar hypertrophy in 
almost half of the children, although not associated with 
the severity of OSA, and important hypoxia, with a mean 
minimum oxygen saturation of 85%, but drifting as low 
as 71%. This means that all of them were at high risk for 
any of the systemic repercussions cited above, and all 
would benefit from an earlier diagnosis and treatment 
planning. 
 

In our analysis, the higher prevalence of severe OSA in 
older age groups has caveats due to the studied 
population. First, the reduced number of participants in 
group 3 should be highlighted, which may have 
compromised the association with disease severity. In 
addition, group 2 (5 to 11 years old) is known to cover 
the age group with the highest prevalence of 
adenotonsillar hypertrophy, which overlaps with the 
anatomical and functional alterations of DS.31,32 

 
The serious consequences associated with the high 
prevalence of OSA in children and adolescents with DS 
make it imperative to perform screening in this 
population.31 Regardless of age or parental report, 
polysomnography is recommended as the gold standard 
for diagnosis. However, pediatric sleep centers are in 
limited numbers, mostly in the public health system there 
are only few sleep centers performing sleep studies in 
children. Given this reality, the proposal to use tools such 
as the modified Epworth scale becomes attractive. The 
results of this study are original with the Epworth scale 
significantly associated with OSA severity, and 
corroborate the current literature that emphasizes the 
relationship between parents' reports of habitual snoring 
and the presence of obstructive sleep-disordered 
breathing.1  
 
It is noteworthy that in this sample, the Epworth scale was 
associated with the severity of OSA, with more severe 
cases being diagnosed in older patients, who are also 
more likely to score due to the better perception of 
daytime sleepiness by them and their parents. Children 
younger than 5 years old still have daytime sleep habits 
that may impair the recognition of excessive daytime 
sleepiness. In addition, it is emphasized that the use of the 
PSQ instrument was satisfactory as a screening tool to 
identify sleep-breathing disorders in the studied 
population but did not present a statistically significant 
association with the severity of OSA. 
 
The strengths of this study include the analysis of 
variables that predict the severity of OSA in DS through 
the application of questionnaires that are easy to 
understand and to be performed. The full-night 
polysomnography of each of the participants enhances 
our representative results and allowed the authors to 
develop a protocol for the screening and follow-up of 
these patients in hospitals with low resources. Despite the 
highlighted aspects, the limitations are recognized: this 
study was carried out in a single center of a university 
hospital, limiting the sample size. As a public hospital, 
access to polysomnographic studies needed to be 
aligned with the long waiting lists, in addition to the 
impacts of the covid-19 pandemic, impeding an increase 
in the sample size.  
 
The proposal to develop a clinical protocol has the clear 
aim of helping general pediatricians to suspect OSA in 
patients with DS. The Epworth scale was chosen as a 
screening tool since it represents an instrument easy to 
apply and which was significantly associated with severe 
health impairment in the present study population.  
 
Early diagnosis through an interdisciplinary approach is 
of fundamental importance in preventing cardiovascular 
and neurocognitive worsening, besides changes in the 
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growth and facial development of these patients. We 
reinforce that a better diagnostic accuracy will be 
achieved with the early involvement of the 
otorhinolaryngologist, and other specialized 
examinations that are necessary. Multidisciplinary 
planning of the treatment is mandatory, including the 
postoperative period when surgery was indicated.23 Thus, 
through the flowchart, the pediatrician is able to identify 
the risk factors for OSA and coordinate the reference to 
the multidisciplinary team, participating in the decision of 
the indication of polysomnography in children with DS 
even before the age of four years, if necessary.  

5. Conclusion 
The high prevalence of OSA in the studied sample 
reinforces the importance of a multidisciplinary team for 
early diagnosis and treatment design in children and 
adolescents with DS. The results of this study demonstrate 
that the parental reports of snoring and the identification 
of excessive daytime sleepiness according to the Epworth 
scale and disease severity are good screening tools. The 
entirety of the study enabled the construction of an 
institutional protocol to improve the diagnostic steps of 
these patients (Figure 2). 

 
Figure 2: Flowchart for the investigation of OSA in DS children proposed at the local. service 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SD = Down syndrome; OSA = obstructive sleep apnea; EDS = excessive daytime sleepiness. 
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Supplementary Files 
A.1: MODIFIED EPWORTH SCALE 
 
What is your child's chance of dozing off or falling asleep in the following situations? 
 
0 = no chance 
1 = little chance 
2 = moderate chance 
3 = high chance 
 
1. Sitting and reading. 
2. Watching TV. 
3. Sitting inactive in a public place (cinema, meeting). 
4. As a passenger in a car for a period of 1 hour without breaks. 
5. Lying down to rest in the afternoon when possible. 
6. Sitting and talking to someone. 
7. Sitting quietly after lunch. 
8. In the car, while standing in traffic for a few minutes. 
 
A.2: PEDIATRIC SLEEP QUESTIONNAIRE (PSQ) 

PSQ  Yes No Don’t 
know 

During sleep, your child:    

A1. snores more than half the time    

A2. always snores    

A3. snores loudly    

A4. has deep or noisy breathing    

A5. Do you have difficulty breathing or struggle to breathe?    

A6. Have you ever seen your son (or daughter) stop breathing in their sleep?    

Your son (or daughter):    

A7. tends to breathe with an open mouth during the day    

A8. wake up with a dry mouth    

A9. Pee in bed from time to time    

Your son (or daughter):    

B1. Do you wake up tired in the morning?    

B2. has a problem with daytime drowsiness?    

B3. Has a teacher or other person ever commented that your child seems 
sleepy during the day? 

   

B4. Is it difficult to wake up your child in the morning?    

B5. Does your child wake up with a headache in the morning?    

B6. Has your child stopped growing normally at some point since birth?    

B7. Is your child overweight?    

Does your child often:    

C1. Doesn't seem to hear when you talk to him directly    

C2. Has difficulty organizing tasks and activities    

C3. Is easily distracted by extraneous stimuli    

C4. Has restless hands or feet or is restless when sitting    

 
A.3: OBSTRUCTIVE SLEEP APNEA QUESTIONNAIRE (OSA-18) 

In the past 4 weeks, how 
often has your child had... 

Never Almost 
never 

Few 
times 

Some-
times 

Many 
times 

Often Always 

Sleep disorder 
...snoring loudly? 
...breathing stops at night? 
... gagging or wheezing while 
sleeping? 
... restless sleep or frequent 
awakening? 

 
1 
1 
 
1 
 
1 

 
2 
2 
 
2 
 
2 

 
3 
3 
 
3 
 
3 

 
4 
4 
 
4 
 
4 

 
5 
5 
 
5 
 
5 

 
6 
6 
 
6 
 
6 

 
7 
7 
 
7 
 
7 

Physical symptoms 
... mouth breathing due to 
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In the past 4 weeks, how 
often has your child had... 

Never Almost 
never 

Few 
times 

Some-
times 

Many 
times 

Often Always 

nasal obstruction? 
... colds or upper respiratory 
infections? 
... nasal discharge and 
congestion? 
...difficulty swallowing food? 

1 
 
1 
 
1 
 
1 

2 
 
2 
 
2 
 
2 

3 
 
3 
 
3 
 
3 

4 
 
4 
 
4 
 
4 

5 
 
5 
 
5 
 
5 

6 
 
6 
 
6 
 
6 

7 
 
7 
 
7 
 
7 

Emotional problems 
... mood swings or tantrums? 
...aggressive or hyperactive 
behavior? 
... disciplinary problems? 

 
 
1 
 
1 
1 

 
 
2 
 
2 
2 

 
 
3 
 
3 
3 

 
 
4 
 
4 
4 

 
 
5 
 
5 
5 

 
 
6 
 
6 
6 

 
 
7 
 
7 
7 

Everyday problems 
...excessive daytime 
sleepiness? 
... episodes of lack of attention 
or concentration? 
... difficulty getting out of bed 
in the morning? 

 
 
1 
 
1 
 
1 

 
 
2 
 
2 
 
2 

 
 
3 
 
3 
 
3 

 
 
4 
 
4 
 
4 

 
 
5 
 
5 
 
5 

 
 
6 
 
6 
 
6 

 
 
7 
 
7 
 
7 

Informant opinion 
How often do the above 
problems... 
... caused concern? 
... worried that your child could 
not get enough air? 
... interfered with daily 
activities? 
... left you frustrated? 

 
 
 
1 
 
1 
 
1 
1 

 
 
 
2 
 
2 
 
2 
2 

 
 
 
3 
 
3 
 
3 
3 

 
 
 
4 
 
4 
 
4 
4 

 
 
 
5 
 
5 
 
5 
5 

 
 
 
6 
 
6 
 
6 
6 

 
 
 
7 
 
7 
 
7 
7 

 
B: INSTRUMENT FOR DATA COLLECTION 

Date: Age: Weight: 

Sex: ( ) Female ( ) Male Ethnicity (self-reported): 

 
1. Does your child experience snoring while sleeping, witnessed apnea, restless sleep or mouth breathing? 
( ) Yes 
( ) No 
2. If your child only snores, how often? 
( ) ≤ 3 times a week 
( ) > 3 times a week 
3. Does your child have one or more of the following conditions? 
( ) History of prematurity 
( ) Parents/siblings diagnosed with OSA / adenotonsillar hypertrophy / history of childhood adenotonsillectomy 
( ) Enuresis 
( ) Growth delay / failure 
( ) Systemic arterial hypertension 
( ) Obesity 
( ) Metabolic syndrome 
( ) History of recurrent otitis media / placement of a tympanostomy tube 
( ) Recurrent wheezing or asthma 
( ) Excessive daytime sleepiness 
( ) Academic difficulties 
( ) Behavioral changes 
 
 
 
 


