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Sleep apnea, Objectives: To evaluate the prevalence of high risk for obstructive sleep apnea syndrome (HR-
Obstructive; OSAS) in Brazilian children with cerebral palsy (CP) using the Pediatric Obstructive Sleep Apnea
Cerebral palsy; Screening Tool (PosaST) and to analyze its association with demographic, clinical and functional
Children; (Gross Motor Function Classification System [GMFCS]) variables.

Risk; Methods: Multicenter, cross-sectional, exploratory study.

Questionnaire Results: There were 312 children (median age 6.0 years, IQR 5.0—8.0) included. The prev-

alence of HR-OSAS in GMFCS [-V was 9.0 %. The prevalence of HR-OSAS in GMFCS V (14.7 %)
was significantly higher compared to GMFCS I-IV (6.4 %) and to the frequency of OSAS in
typically developing (TD) children assessed by polysomnography (5.8 %) according to liter-
ature data. Significantly higher frequencies of palatine tonsil hypertrophy, hospitaliza-
tions and outpatient antibiotic use for respiratory causes (last 12 months),
gastroesophageal reflux disease, drooling and epilepsy were found in GMFCS V. Palatine
tonsil hypertrophy was significantly associated with HR-OSAS. GMFCS V was significantly
correlated with HR-OSAS at the expense of its significantly higher prevalence of palatine
tonsil hypertrophy.

Conclusions: The prevalence of HR-OSAS in Brazilian children with CP (GMFCS V) was higher than
the frequency of OSAS in TD children assessed by polysomnography. HR-OSAS was significantly
more prevalent in GMFCS V compared with GMFCS I-IV. Palatine tonsil hypertrophy was signifi-
cantly associated with HR-OSAS. GMFCS V was significantly correlated with HR-OSAS due to its
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significantly higher prevalence of palatine tonsil hypertrophy. PosaST may be a reliable question-
naire for Brazilian children with CP, but studies are needed to define the HR-OSAS cutoff score in
this population.
© 2025 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Pediatria. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction Method
Sleep-disordered breathing (SDB) is a group of respira- Setting

tory disorders observed during sleep, with higher preva-
lences in preschool and school children[1]. Its main risk
factor is adenotonsillar hypertrophy[1,2]. Obstructive
sleep apnea syndrome (OSAS) is an SDB subtype. It is
defined as a syndrome of upper airway dysfunction dur-
ing sleep, characterized by snoring and/or increased
respiratory effort secondary to increased upper airway
resistance[3]. OSAS affects up to 5.8% of typically
developed (TD) children assessed by polysomnography
[4—6] and 10.5% of those evaluated by questionnaires
[7]. Most children are approximately 2 to 8 years of
age, due to the relative size of the upper airway lym-
phatic tissue[3]. The most predictive symptoms of OSAS
are snoring, respiratory distress during sleep, and
parentally witnessed apnea[8]. OSAS confers a risk of
developing associated behavioral, learning, metabolic
and cardiovascular morbidities[2,9,10,11].

Cerebral palsy (CP) is the most common physical disabil-
ity in childhood[12]. Children with CP are at increased risk
for OSAS [13—15]. In addition to adenotonsillar hypertrophy,
children with CP may also present other characteristics that
result in airway collapse or obstruction, such as hypotonia of
the palate and constrictor muscles, glossoptosis, and laryn-
geal dystonia [16].

Nocturnal in-laboratory polysomnography is the gold
standard test for the diagnosis of OSAS in children with clini-
cal manifestations of SDB [1]. However, in countries where
access to polysomnography is poor, assessments from ques-
tionnaires are effective clinical tools used to identify
patients at increased risk for OSAS [1,17,18]. Some American
[5,19,20], European [14,16,21] and Asian [22] studies used
questionnaires for assessment and demonstrated higher
prevalences of OSAS in children with CP compared to con-
trols.

The Pediatric Obstructive Sleep Apnea Screening Tool
(PosaST) questionnaire consists of six questions about pedi-
atric sleep and has high sensitivity and moderate specificity
for high risk for moderate to severe OSAS (HR-OSAS) in pre-
schoolers and schoolchildren [1].

This study aimed to: (1) evaluate Brazilian children
with CP consecutively treated at the SARAH Network of
Rehabilitation Hospitals, regarding the prevalence of HR-
OSAS using the PosaST Brazilian version; (2) analyze
its association with demographic, clinical and functional
variables.

The hypotheses were: (1) the prevalence of HR-OSAS
would be significantly higher in children with CP compared
to TD children assessed by polysomnography and question-
naire; (2) children with CP with more severe functional
impairment would have a significantly higher prevalence of
HR-OSAS than those less impaired.

This study was performed at eight units of the SARAH Net-
work of Rehabilitation Hospitals, a public network of reha-
bilitation hospitals in Brazil, present in four of the five
regions of the country. Some of the units serve both inpa-
tients and outpatients, and others only outpatients. In all
units, there were one or two professionals responsible for
collecting data, with one coordinating pediatrician integrat-
ing all units and processing the data.

Design and participants

The study used a multicenter, cross-sectional and explor-
atory design. There are no reliable studies regarding the
prevalence of CP in Brazilian children. Thus, it was not possi-
ble to carry out the sample size calculation, and a conve-
nience sample was used. Participants were recruited from a
sample of children with CP consecutively treated at the
SARAH Network of Rehabilitation Hospitals between June
and November 2024. Inclusion criteria were children with
CP aged 3 to 9 years. Exclusion criteria were a history of
adenotonsillectomy, continuous use of inhaled corticoste-
roids, use of tracheostomy tubes and/or oxygen supple-
mentation. The study was approved by the Research
Ethics Committee of the SARAH Network of Rehabilitation
Hospitals (Certificate of Submission for Ethics Assessment
77,935,124.4.0000.0022).

Data collection, measures and variables

Data were collected by pediatricians and one speech thera-
pist. Patients’ legal guardians were approached, the objec-
tives of the study were explained, and informed consent for
the research and publication of results was completed.
Demographic and functional data were collected from the
patient’s electronic medical records. Clinical data were
accessed through anamnesis and physical examination. The
PosaST was applied in the form of an interview, lasting
approximately ten minutes, using a standardized technique.
Online meetings were held to standardize the method of
applying the scale and collecting data. Three hundred and
nineteen children met the inclusion criteria.

Functional skills were analyzed using the Brazilian version
of the Gross Motor Classification System (GMFCS) [23], five
increasing severity levels (I to V), globally used scale. Fried-
man criteria (zero - tonsils not visualized; 1 - tonsils visible
in the tonsillar fossa; 2 - tonsils visible beyond the anterior
pillars; 3 - tonsils occupy 3/, of the space between the ante-
rior pillars; 4 - tonsils completely obstructing the airway
between the anterior pillars) [3] were used to access pala-
tine tonsil volumes. Prevalence of OSAS in TD children was
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defined as those assessed by polysomnography® and ques-
tionnaire (Pediatric Sleep Questionnaire - PSQ)[7].

The PosaST is translated and validated for Brazilian Portu-
guese and culture in children aged 3 to 9 years, with accept-
able validity and good reliability and agreement with the
apnea-hypopnea index (AIH - number of apneas and hypo-
pneas per hour of total sleep time on polysomnography). A
score > 2.72 is considered indicative of HR-OSAS. All ques-
tions are answered using the Likert scale: "never" (0),
"rarely” (once a week; 1), "occasionally” (twice a week; 2),
"frequently” (three to four times a week; 3) and "almost
always" (more than four times a week; 4). The authors of the
scale validation in Brazil authorized its use in this study'.

Statistical analysis

The data were described using median (interquartile range -
IQR) or mean (standard deviation - SD) for continuous varia-
bles and frequency (percentage) for categorical variables.
Categorical variables were presented as follows: age (3—9/
6—9 years); sex (male/female); Friedman criteria (0; 1; 2;
3; 4) and (0—2/3—4); hospitalizations for respiratory causes
in the last 12 months (yes/no), (more than one, yes/no) and
(1-2; 3—4; 5—6; > 6); respiratory complications with antibi-
otics used in the last 12 months (more than one, yes/no) and
(1-2; 3—4; 5-6; > 6); gastroesophageal reflux disease
(GERD) (yes/no); drooling (yes/no); epilepsy (yes/no);
GMFCS (I; II; 1lI; IV; V) and (I-IV/V); PosaST (OSAS low/high
risk).

Univariate models were constructed for the following
comparisons: prevalences of demographic and clinical varia-
bles in GMFCS I-IV vs GMFCS V samples; the prevalence of
HR-OSAS in GMFCS |-V and GMFCS V samples vs prevalence of
OSAS in TD children assessed by polysomnography and ques-
tionnaire. Multivariate binary logistic regression models for
HR-OSAS and Friedman criteria levels 3—4 were constructed.
Bilateral p-values less than or equal to 0.05 were considered
significant. Estimates were presented with a 95 % confidence
interval (95 % Cl) and the odds ratio (OR) was calculated.

Analyses were performed in Jamovi 2.3.16 (Jamovi,
2022). STROBE reporting guidelines were followed.

Results

Among the 319 children who met the inclusion criteria,
seven were removed after applying the exclusion criteria.
The final sample consisted of 312 children (GMFCV I-V). The
continuous variable age did not present a normal distribu-
tion according to the Shapiro-Wilk test. Most of the 312 chil-
dren (59.0%) were aged 6—9 years (median 6.0 years, IQR
5.0-8.0), 164 males, 69.5 % GMFCS I-1V, from the five regions
and 14 of the 26 states of the country (Table 1). The GMFCS I-
IV sample consisted of 217 children, 60.4 % aged 6—9 years
(median 6.0 years, IQR 4.0—8.0), 111 males. The GMFCS V
sample comprised 95 children, 55.8% aged 6—9 vyears
(median 6.0 years, IQR 4.0—8.0), and 54 males. There were
no significant differences in age groups and sex frequencies
comparing GMFCS I-1V vs GMFCS V samples (Table 2).

The following variables were significantly more frequent
in the GMFCS V sample compared to GMFCS I-IV: Friedman
criteria 3—4 (OR=2.75; 95% Cl 0.47, 1.57); hospitalizations

Table 1  Frequencies of demographic, clinical and func-

tional characteristics.

GMFCS I-V
n=312
Characteristic n (%)
Age (years)
3-5 128 (41.0)
6-9 184 (59.0)
Sex
Female 147 (47.1)
Male 165 (52.9)
Friedman classification
0 36 (11.5)
1 98 (31.4)
2 105 (33.7)
3 69 (22.1)
4 4(1.3)
Friedman classification
0-2 239 (76.6)
3-4 73 (23.4)
Hospitalizations for respiratory causes
(last 12 months)
0 264 (84.6)
1-2 35(11.2)
3-4 8(2.6)
5-6 3(1.0)
> 2 (0.6)
Hospitalizations for respiratory causes
(last 12 months)
Yes 48 (15.4)
No 264 (84.6)
Hospitalizations for respiratory causes
(> 1in the last 12 months)
Yes 13 (4.2)
No 299 (95.8)
Outpatient use of antibiotics (last 12 months)
0 129 (41.3)
1-2 96 (30.8)
3-4 50 (16.0)
5-6 10 (3.2)
> 27 (8.7)
Outpatient use of antibiotics (last 12 months)
Yes 183 (58.7)
No 129 (41.3)
Outpatient use of antibiotics
(> 1in the last 12 months)
Yes 87 (27.9)
No 225 (72.1)
GERD
Yes 36 (11.5)
No 276 (88.5)
Drooling
Yes 136 (43.6)
No 176 (56.4)
Epilepsy
Yes 138 (44.2)
No 174 (55.8)
GMFCS
| 85 (27.2)
Il 35(11.2)
1] 45 (14.4)
\% 52 (16.7)
\ 95 (30.5)
GMFCS
I-IvV 217 (69.5)
\ 95 (30.5)
HR-OSAS
Yes 28 (9.0)
No 284 (91.0)

GERD, gastroesophageal reflux disease; GMFCS, Gross Motor
Function Classification System; HR-OSAS, high risk for obstruc-

tive sleep apnea syndrome.
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Table 2 Frequencies and univariate models for comparison between prevalence of demographic, clinical and functional charac-

teristics.

Characteristic GMFCS I-IV GMFCS V p* Cl95% OR

n=217 n=95
n (%) n (%)

Age (years)
3-5 86 (39.6) 42 (44.2) 0.45 —0.68,0.30 0.83
6-9 131 (60.4) 53 (55.8)

Sex
Female 106 (48.8) 41 (43.2) 0.35 —0.26, 0.71 1.26
Male 111 (51.2) 54 (56.8)

Friedman classification
0-2 179 (82.5) 60 (63.2) <0.001 0.47,1.57 2.75
3-4 38 (17.5) 35 (36.8)

Hospitalizations for respiratory causes (last 12 months)
Yes 25 (11.5) 23 (31.9) 0.005 0.27,1.53 2.45
No 192 (88.5) 72 (68.1)

Hospitalizations for respiratory causes (> 1 in the last

12 months)

Yes 5(2.3) 8 (8.4) 0.02 0.22, 2.51 3.89
No 212 (97.7) 87 (91.6)

Outpatient use of antibiotics (last 12 months)
Yes 118 (54.4) 30 (31.6) 0.02 0.09, 1.11 1.82
No 99 (45.6) 65 (68.4)

Outpatient use of antibiotics (> 1 in the last 12 months)
Yes 62 (28.6) 25 (22.1) 0.68 —0.66, 0.43 0.89
No 155 (71.4) 70 (77.9)

GERD
Yes 15 (7.0) 21 (19.2) <0.001 —2.05, —0.63 0.26
No 202 (93.0) 74 (80.8)

Drooling
Yes 59 (27.2) 77 (81.0) <0.001 —3.03, —1.84 0.09
No 158 (72.8) 18 (19.0)

Epilepsy
Yes 67 (30.9) 71 (74.7) <0.001 1.35, 2.44 6.62
No 150 (69.1) 24 (25.3)

HR-OSAS
Yes 14 (6.4) 14 (14.7) 0.02 0.13,1.70 2.51
No 203 (93.6) 81 (85.3)

*Chi-square.

Cl, confidence interval; GERD, gastroesophageal reflux disease; GMFCS, Gross Motor Function Classification System; HR-OSAS, high risk for

obstructive sleep apnea syndrome; OR, odds ratio.

for respiratory causes in the last 12 months (OR=2.45; 95 %
C10.27, 1.53); more than one hospitalization for respiratory
causes in the last 12 months (OR=3.89; 95% Cl 0.22, 2.51);
use of antibiotics in the last 12 months (OR=1.82; 95% ClI
0.09, 1.11); GERD (OR=0.26; 95% Cl —2.05, —0.63); drool-
ing (OR=0.09; 95% CI —3.03, —1.84); epilepsy (OR=6.62;
95% Cl 1.35, 2.44); HR-OSAS (OR=2.51; 95% Cl 0.13, 1.70)
(Table 2).

There was a significantly higher prevalence of HR-OSAS
in the GMFCS V sample (14.7 %) compared to the preva-
lence of OSAS in TD children assessed by polysomnogra-
phy (OR=0.01; 95% ClI —7.79, —1.86). The comparisons
between the prevalence of HR-OSAS in GMFCS |-V and TD
children assessed by polysomnography (OR=1.59; 95% Cl
0.95, 2.67) and PSQ (OR=0.84; 95% CI 0.55, 1.28) and
between GMFCS V and TD children evaluated by PSQ

(OR=1.48; 95% Cl 0.82, 2.66) showed no significant dif-
ferences (Table 3).

The multivariate model for HR-OSAS in GMFCS I-V exclud-
ing the Friedman criteria as a dependent variable showed
significant positive associations with more than one period
of antibiotics use for respiratory causes in the last 12 months
(OR=5.54; 95% ClI 0.68, 2.75) and GMFCS V (OR=3.15; 95%
C10.24, 2.05). The multivariate model for HR-OSAS in GMFCS
I-V including the Friedman criteria as a dependent variable
showed significant positive correlations with Friedman crite-
ria 3—4 (OR=8.64; 95% ClI 1.18, 3.13) and more than one
period of antibiotics use for respiratory causes in the last
12 months (OR=4.86; 95% Cl 0.45, 2.72). The multivariate
model for Friedman criteria 3—4 showed significant positive
associations with GMFCS V (OR=2.51; 95 % Cl 0.29, 1.55) and
HR-OSAS (OR =8.24; 95 % Cl 1.13, 3.09) (Table 4).
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Table 3  Univariate models for comparison between prevalences of high risk for obstructive sleep apnea syndrome in children
with CP and of obstructive sleep apnea syndrome in typically developed children.
Sample Prevalence p* Cl95% OR
GMFCS |-V 9.0% 0.422 0.55,1.28 0.84
PSQ’ 10.5%
GMFCS |-V 9.0% 0.072 0.95, 2.67 1.59
PSG® 5.8%
GMFCS V 14.7% 0.191 0.82, 2.66 1.48
PSQ’ 10.5 %
GMFCS V 14.7 % 0.001 1.45, 5.41 2.80
PSG® 5.8%
*Chi-square.

Cl, confidence interval; GMFCS, Gross Motor Function Classification System; OR, odds ratio; PSG, polysomnography; PSQ, Pediatric Sleep

Questionnaire.

Discussion

To the best of our knowledge, this is the largest sample of
children with CP ever described for OSAS assessment. The
final sample was composed of children from the five regions
of Brazil and 14 of the 26 states. As CP is a syndrome with a
variable spectrum of severity, the sample was analyzed in its
entirety (GMFCS I-V) and separately in GMFCS I-IV and GMFCS
V samples.

The availability of polysomnography is quite low in the
Brazilian public health system, similar to other low and mid-
dle-income countries (LMICs), where assessments from ques-
tionnaires are effective for identifying patients at increased
risk for OSAS[1,17]. A study examined the association
between the results of polysomnography and PSQ in 745
Turkish patients aged 2—18 years with multiple diagnoses,
the CP group (80 individuals) had the highest PSQ sensitivity
(88.8 %) for the diagnosis of OSAS[18]. Some other studies
used the PSQ [15,16] and the Sleep Disturbance Scale for
Children (SDSC) in children with CP [14,19,20,22,24]. The
PosaST was specifically constructed and validated for the
screening of risk for OSAS. Although PSQ (22 items), SDSC
(25 items), and PosaST (6 items) are validated and adapted
for Brazilian Portuguese and culture, and PSQ is the most
sensitive screening questionnaire for OSAS in children [25],
PosaST was used in the present study because it is shorter,
requiring less time and effort from parents to answer ques-
tions, making it more suitable for low-resource settings in
Brazil. Furthermore, the six behavioral items of the PSQ do
not allow us to differentiate whether these symptoms would
be due to OSAS or primary comorbidity in children with CP,
which may generate an interpretation bias when used in this
population.

The main risk factor for SDB in children is adenotonsillar
hypertrophy[1,2]. Respiratory illnesses are the main cause
of hospital admissions [26] in CP. A consensus statement on
respiratory disease in CP defined the following risk factors:
GMFCS V; at least one hospital admission for respiratory
illness in the past year; at least two courses of antibiotics
for chest infections in the past year; dysphagia; current seiz-
ures; daily cough, or weekly wheeze, phlegm or gurgly
chest; GERD; mealtime respiratory symptoms; snoring every
night[27]. Based on these data, the variables to be analyzed
in the present study were defined.

The prevalences of HR-OSAS were 9.0 % (GMFCS I-V) and
14.7 % (GMFCS V). In 2008 a study evaluated 998 Brazilian
schoolchildren (9—14 years) via a specific questionnaire
about symptoms of SDB [28], but it was not possible to use it
for comparison with the present data due to the incompati-
ble age ranges (3—9 years vs 9—14 years). Significantly
higher risk factors for OSAS were found among children
with CP and CP with epilepsy than among children with
other developmental disabilities in 215 American children
evaluated via PSQ[15]. Regarding SDB (OSAS included, but
not specifically), some studies found significantly higher
frequencies in children with CP (12% to 44%)
[14,16,19,20—22,24]. SDB was significantly more prevalent
in 94 Turkish children with CP aged 2—18 years in PSQ scores
compared to 94 TD pairs[16]. SDB was the most common
sleep disorder in 100 Egyptian children with CP evaluated
via questionnaires[13]. SDB symptoms were significantly
more frequent in 61 Polish children with CP than in the con-
trol group studied via questionnaires[21]. Among 173 lIrish
children with CP, 14.5 % experienced SDB according to SDSC
[24]. Forty-one American children with CP had significantly
higher SBD-PSQ scores than TD controls aged 8—12 years
[19]. One hundred and nine Malaysian children with CP
scored significantly higher than their healthy siblings on
SDB/SDSC subscale[22]. SDB prevalences of 14.0% and
25.6 % were found respectively in 165 Italian children with
CP aged 6—16 years [14] and in 43 Brazilian children with CP
aged 4—18 years [20] using the SDSC.

Studies conducted in the USA [4,5] with respectively 110
and 700 TD children evaluated through polysomnography
(using AIH > 5 as the diagnostic criterion) and in China [6]
with 619 TD children (using the International Criteria of
Sleep Disorders version |l criteria) reported OSAS prevalence
rates of 1.2 % to 5.8 %. In a study analyzed via PSQ 1642 Ital-
ian TD children, 10.5 % were considered at risk for OSAS[7].
The prevalence of HR-OSAS found in the present study in the
GMFCS V (14.7 %) sample was significantly higher than that
reported by the studies that used polysomnography (1.2 % to
5.8%) [4—6], but did not show a significant difference com-
paring with that one in which PSQ was used (10.5 %)[7]. The
prevalence of HR-OSAS found in the GMFCS |-V sample
(9.0 %) was not significantly higher than those of the studies
that used polysomnography (1.2% to 5.8%) [4—6] and PSQ
(10.5%)[7].
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Table 4  Multivariate model for high risk for obstructive sleep apnea syndrome and Friedman classification 3—4.

HR-OSAS Friedman classification 3—4

HR-OSAS

95% CI p OR

CF

95%Cl p OR

OR CF

95% Cl p

CF

Characteristic

1.56
0.89

0.17
0.

—-0.19, 1.08
—0.72,0.48

0.45

1.99
1.05
8.64

0.17
0.92

~0.31, 1.69
~0.87,0.97
1.18, 3.13

0.69
0.05
2.16

2.37
1.06

0.06

0.

—0.05, 1.83

0.89

Age, 3—5 years vs 6—9 years

Sex, female vs male

70

—0.12

—0.89, 0.82 94

—0.03

<.001

Friedman classification, 3—4 vs

—0.08, 1.47 0.08 2.01

0.203 2.54 0.52 —0.99, 2.04 0.50 1.69 0.69

—0.51, 2.40

0.94

Outpatient use of antibiotics

(last 12 months), yes vs no
Outpatient use of antibiotics
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CF, coefficient; Cl, confidence interval; GMFCS, Gross Motor Function Classification System; HR-OSAS, high risk for obstructive sleep apnea syndrome; OR, odds ratio.

No significant differences were found in the frequencies
of age groups, sex and more than one period of antibiotic
use for respiratory causes in the past year when comparing
GMFCS I-IV vs GMFCS V. Contrary, Elsayed et al. (2013) found
SDB significantly more frequent in school children than in
preschoolers with CP[13]. The following variables were sig-
nificantly more frequent in the GMFCS V than in the GMFCS
I-IV sample: Friedman criteria 3—4, hospitalizations, more
than one hospitalization and antibiotic use for respiratory
causes in the past year, GERD, drooling and epilepsy. Based
on the risk factors described above, the authors already
expected to find these significant differences between the
samples.

Among the confirmed hypotheses was the significantly
higher prevalence of HR-OSAS in GMFCS V (14.7 %) compared
to GMFCS I-1V (6.4 %). Other studies also found higher preva-
lences of OSAS with increasing GMFCS levels[13,15].

The multivariate model for HR-OSAS including the
Friedman criteria as a dependent variable showed signifi-
cant positive correlations with Friedman criteria 3—4 and
more than one period of antibiotics use for respiratory
causes in the last 12 months, but this model did not find
a significant association with GMFCS V. Taking this finding
into consideration, the authors constructed a new multi-
variate model for HR-OSAS excluding the Friedman crite-
ria as a dependent variable. This new model showed
significant positive associations with more than one
period of antibiotics use for respiratory causes in the last
12 months and GMFCS V. Thinking about the differences
found between the two models, the authors developed a
multivariate model for Friedman criteria 3—4 that
showed significant positive correlations with GMFCS V and
HR-OSAS. Therefore, the Friedman criteria 3—4 variable
had a significant correlation with HR-OSAS, regardless of
GMFCS, and the GMFCS V variable became significantly
associated with HR-OSAS in the GMFCS I-V sample at the
expense of the significantly higher prevalence of Fried-
man criteria 3—4 in children classified as GMFCS V.
Koyuncu E et al. (2017) also did not find significant rela-
tionships between SDB, age and sex [16]. Newman et al.
(2006) did not find significant correlations between
demographic and clinical variables[24].

Limitations and strengths

The main limitations of this study were the convenience
sample, which prevented us from generalizing these results
to the population of Brazilian children with CP, and the use
of PosaST which was not validated exclusively for children
with CP. Therefore, the authors used as a criterion for defin-
ing HR-OSAS in children with CP the cut-off score (> 2.72)
found in the validation study of the questionnaire in the Bra-
zilian TD children. This cut-off score could be either higher
or lower than 2.72 in children with CP, which would change
the present results.

Strengths of this study include: its sample size and multi-
center design, with representatives from most of the
national territory; the coherence of its results showing the
higher prevalence of OSAS in children with CP classified as
GMFCS Vin relation to TD children evaluated by polysomnog-
raphy, and in children with CP with greater functional sever-
ity, and its correlation with palatine tonsils hypertrophy and

278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319

320

321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337



338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362

363

364
365
366
367
368
369
370
371
372
373
374

375

376

377

378
379

380

381
382

383

384

JID: JPED

[mSP6P;August 8, 2025;12:47]

Jornal de Pediatria xxxx;xxx(xxx): 101432

more than one respiratory infection requiring antibiotic
therapy in the last 12 months.

The present study suggests some possible conclusive find-
ings. OSAS is more prevalent in children with CP classified as
GMFCS V than in TD children evaluated via polysomnography.
Its prevalence is higher in those with greater functional
severity. More severe functional severity also determines a
significantly higher prevalence of palatine tonsil hypertro-
phy, one or more hospitalizations, and one period of outpa-
tient antibiotic use for respiratory causes in the last 12
months, GERD, drooling, and epilepsy. More than one period
of outpatient use of antibiotics for respiratory causes in the
last 12 months and palatine tonsil hypertrophy are signifi-
cantly correlated with HR-OSAS. Palatine tonsil hypertrophy
(Friedman 3—4) was a factor strongly and significantly asso-
ciated with HR-OSAS, and its high prevalence in those classi-
fied as GMFCS V made this subsample significantly correlated
with HR-OSAS. PosaST can be a reliable questionnaire in this
population of patients in LMICs. Studies are needed to define
the PosaST cut-off score for HR-OSAS in children with CP by
comparing it with polysomnography results. It would be
interesting to compare results between children with CP
who have had PosaST and PSQ evaluations to analyze if one
method is more accurate than the other in relation to poly-
somnography parameters.
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tries; OR, odds ratio; OSAS, obstructive sleep apnea syn-
drome; PosaST, Pediatric Obstructive Sleep Apnea Screening
Tool; PSG, polysomnography; SD, standard deviation; SDSC,
Sleep Disturbance Scale for Children; SDB, sleep-disordered
breathing; SRDB, Sleep-related Breathing Disorder Scale;
TD, typically developing.

Funding source

The authors.

Conflicts of interest

The authors have no interests which might be perceived as
posing a conflict or bias.

Acknowledgments

The authors would like to thank all the children and their
families who agreed to participate in the study.

Editor

M.L. Nunes

References

1.

Pires PJ, Mattiello R, Lumertz MS, Morsch TP, Fagondes SC,
Nunes ML, et al. Validation of the Brazilian version of the pedi-
atric obstructive sleep apnea screening tool questionnaire. J
Pediatr (Rio J). 2019;95:231-7.

. Tauman R, Gozal D. Obstructive sleep apnea syndrome in chil-

dren. Expert Rev Respir Med. 2011;5:425—40.

. Gulotta G, lannella G, Vicini C, Polimeni A, Greco A, de Vincen-

tiis M, et al. Risk factors for obstructive sleep apnea syndrome
in chil-dren: state of the art. Int J Env Res Public Health.
2019;16:3235.

. O’Brien LM, Holbrook CR, Mervis CB, Klaus CJ, Bruner JL, Raf-

field TJ, et al. Sleep and neurobehavioral characteristics of 5-
to 7-year-old children with parentally reported symptoms of
attention-deficit/hyperactivity disorder. Pediatrics. 2003;111:
554—63.

. Bixler EO, Vgontzas AN, Lin HM, Liao D, Calhoun S, Vela-Bueno

A, et al. Sleep disordered breathing in children in a general pop-
ulation sample: prevalence and risk factors. Sleep.
2009;32:731—6.

. Li AM, So HK, Au CT, Ho C, Lau J, Ng SK, et al. Epidemiology of

obstructive sleep apnoea syndrome in Chinese children: a two-
phase community study. Thorax. 2010;65:991—7.

. Paduano S, Paduano FP, Aiello D, Barbara L, Zampogna S, Pujia

R, et al. OSAS in developing age: screening of a southern Italy
population. Eur J Paediatr Dent. 2019;20:302-5.

. Brouilette R, Hanson D, David R, Klemka L, Szatkowski A, Fern-

bach S, et al. A diagnostic approach to suspected obstructive
sleep apnea in children. J Pediatr. 1984;105:10—4.

. Gozal D, Kheirandish-Gozal L, Serpero LD, Sans Capdevila O,

Dayyat E. Obstructive sleep apnea and endothelial function in
school-aged nonobese children: effect of adenotonsillectomy.
Circulation. 2007;116:2307—14.

. Bhattacharjee R, Kheirandish-Gozal L, Pillar G, Gozal D. Cardio-

vascular complications of obstructive sleep apnea syndrome:
evidence from children. Prog Cardiovasc Dis. 2009;
51:416—33.

. Tan HL, Kheirandish-Gozal L, Gozal D. Obstructive sleep apnea

in children: update on the recognition, treatment and manage-
ment of persistent disease. Expert Rev Respir Med. 2016;
10:431-9.

. Novak I. Evidence-based diagnosis, health care, and rehabilita-

tion for children with cerebral palsy. J Child Neurol. 2014;
29:1141-56.

. Elsayed RM, Hasanein BM, Sayyah HE, El-Auoty MM, Tharwat N,

Belal TM. Sleep assessment of children with cerebral palsy:
using validated sleep questionnaire. Ann Indian Acad Neurol.
2013;16:62-5.

. Romeo DM, Brogna C, Musto E, Baranello G, Pagliano E, Casalino

T, et al. Sleep disturbances in preschool age children with cere-
bral palsy: a questionnaire study. Sleep Med. 2014;15:
1089€93.

. Garcia J, Wical B, Wical W, Schaffer L, Wical T, Wendorf H,

Roiko S. Obstructive sleep apnea in children with cerebral
palsy and epilepsy. Dev Med Child Neurol. 2016;58:
1057-62.

. Koyuncu E, Tirkkani MH, Sarikaya FG, Ozgirgin N. Sleep disor-

dered breathing in children with cerebral palsy. Sleep Med.
2017;30:146-50.

. Izu SC, Itamoto CH, Pradella-Hallinan M, Pizarro GU, Tufik S,

Pignatari S, et al. Obstructive sleep apnea syndrome (OSAS) in
mouth breathing children. Braz J Otorhinolaryngol. 2010;
76:552—6.

. Kalyoncu M, Naml: N, Yegit CY, Yanaz M, Gulieva A, Ergenekon

AP, et al. Is the pediatric sleep questionnaire sensitive for
sleep-disordered breathing in children with complex chronic
disease? Sleep Breath. 2024;28:331-7.

385

386
387
388
389
390

392
393
394
395
396

398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
21
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451



452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467

JID: JPED [mSP6P;August 8, 2025;12:47]
B.L. Dias, F.M. de Lima, D. Fava et al.

19. Sandella DE, O’Brien LM, Shank LK, Warschausky SA. Sleep and 25. Incerti Parenti S, Fiordelli A, Bartolucci ML, Martina S, D’Anto V,
quality of life in children with cerebral palsy. Sleep Med. Alessandri-Bonetti G. Diagnostic accuracy of screening ques-
2011;12:252€6. tionnaires for obstructive sleep apnea in children: a systematic

20. Zuculo GM, Knap CC, Pinato L. Correlation between sleep and review and meta-analysis. Sleep Med Rev. 2021;
quality of life in cerebral palsy. Codas. 2014;26:447—56. 57:101464.

21. Zarowski M, Mojs E, Gajewska E, Steinborn B, Samborski W. 26. Murphy NA, Hoff C, Jorgensen T, Norlin C, Young PC. Costs and
[Prevalence of sleep problems in children with cerebral palsy. complications of hospitalizations for children with cerebral
Preliminary study]. Ann Acad Med Stetin. 2008;54:59—64. palsy. Pediatr Rehabil. 2006;9:47—-52.

22. Atmawidjaja RW, Wong SW, Yang WW, Ong LC. Sleep disturban- 27. Gibson N, Blackmore AM, Chang AB, Cooper MS, Jaffe A, Kong
ces in Malaysian children with cerebral palsy. Dev Med Child WR, et al. Prevention and management of respiratory disease in
Neurol. 2014;56:681—5. young people with cerebral palsy: consensus statement. Dev

23. Hiratuka E, Matsukura TS, Pfeifer LI. Cross-cultural adaptation Med Child Neurol. 2021;63:172—-82.
of the gross motor function classification system into Brazilian- 28. Petry C, Pereira MU, Pitrez PM, Jones MH, Stein RT.
Portuguese (GMFCS). Rev Bras Fisioter. 2010;14:537—44. The prevalence of symptoms of sleep disordered breathing

24. Newman CJ, O’Regan M, Hensey O. Sleep disorders in children in Brazilian schoolchildren. J Pediatr (Rio J). 2008;84:
with cerebral palsy. Dev Med Child Neurol. 2006;48:564—8. 123-9.

468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483



	Obstructive sleep apnea syndrome in children with cerebral palsy in Brazil: a multicenter study
	Introduction
	Method
	Setting
	Design and participants
	Data collection, measures and variables
	Statistical analysis

	Results
	Discussion
	Limitations and strengths

	Abbreviations
	Funding source
	Conflicts of interest
	Acknowledgments
	References


