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Abstract

Objectives: ToQ2 X Xevaluate the prevalence of high risk for obstructive sleep apnea syndrome (HR-

OSAS) in Brazilian children with cerebral palsy (CP) using the Pediatric Obstructive Sleep Apnea

Screening Tool (PosaST) and to analyze its association with demographic, clinical and functional

(Gross Motor Function Classification System [GMFCS]) variables.

Methods: Multicenter, cross-sectional, exploratory study.

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

alence of HR-OSAS in GMFCS I-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/).

1 Introduction

2 Sleep-disordered breathing (SDB) is a group of respira-

3 tory disorders observed during sleep, with higher preva-

4 lences in preschool and school children[1]. Its main risk

5 factor is adenotonsillar hypertrophy[1,2]. Obstructive

6 sleep apnea syndrome (OSAS) is an SDB subtype. It is

7 defined as a syndrome of upper airway dysfunction dur-

8 ing sleep, characterized by snoring and/or increased

9 respiratory effort secondary to increased upper airway

10 resistance[3]. OSAS affects up to 5.8 % of typically

11 developed (TD) children assessed by polysomnography

12 [4�6] and 10.5 % of those evaluated by questionnaires

13 [7]. Most children are approximately 2 to 8 years of

14 age, due to the relative size of the upper airway lym-

15 phatic tissue[3]. The most predictive symptoms of OSAS

16 are snoring, respiratory distress during sleep, and

17 parentally witnessed apnea[8]. OSAS confers a risk of

18 developing associated behavioral, learning, metabolic

19 and cardiovascular morbidities[2,9,10,11].

20 Cerebral palsy (CP) is the most common physical disabil-

21 ity in childhood[12]. Children with CP are at increased risk

22 for OSAS [13�15]. In addition to adenotonsillar hypertrophy,

23 children with CP may also present other characteristics that

24 result in airway collapse or obstruction, such as hypotonia of

25 the palate and constrictor muscles, glossoptosis, and laryn-

26 geal dystonia [16].

27 Nocturnal in-laboratory polysomnography is the gold

28 standard test for the diagnosis of OSAS in children with clini-

29 cal manifestations of SDB [1]. However, in countries where

30 access to polysomnography is poor, assessments from ques-

31 tionnaires are effective clinical tools used to identify

32 patients at increased risk for OSAS [1,17,18]. Some American

33 [5,19,20], European [14,16,21] and Asian [22] studies used

34 questionnaires for assessment and demonstrated higher

35 prevalences of OSAS in children with CP compared to con-

36 trols.

37 The Pediatric Obstructive Sleep Apnea Screening Tool

38 (PosaST) questionnaire consists of six questions about pedi-

39 atric sleep and has high sensitivity and moderate specificity

40 for high risk for moderate to severe OSAS (HR-OSAS) in pre-

41 schoolers and schoolchildren [1].

42 This study aimed to: (1) evaluate Brazilian children

43 with CP consecutively treated at the SARAH Network of

44 Rehabilitation Hospitals, regarding the prevalence of HR-

45 OSAS using the PosaST Brazilian version; (2) analyze

46 its association with demographic, clinical and functional

47 variables.

48 The hypotheses were: (1) the prevalence of HR-OSAS

49 would be significantly higher in children with CP compared

50 to TD children assessed by polysomnography and question-

51 naire; (2) children with CP with more severe functional

52 impairment would have a significantly higher prevalence of

53 HR-OSAS than those less impaired.

54Method

55Setting

56This study was performed at eight units of the SARAH Net-

57work of Rehabilitation Hospitals, a public network of reha-

58bilitation hospitals in Brazil, present in four of the five

59regions of the country. Some of the units serve both inpa-

60tients and outpatients, and others only outpatients. In all

61units, there were one or two professionals responsible for

62collecting data, with one coordinating pediatrician integrat-

63ing all units and processing the data.

64Design and participants

65The study used a multicenter, cross-sectional and explor-

66atory design. There are no reliable studies regarding the

67prevalence of CP in Brazilian children. Thus, it was not possi-

68ble to carry out the sample size calculation, and a conve-

69nience sample was used. Participants were recruited from a

70sample of children with CP consecutively treated at the

71SARAH Network of Rehabilitation Hospitals between June

72and November 2024. Inclusion criteria were children with

73CP aged 3 to 9 years. Exclusion criteria were a history of

74adenotonsillectomy, continuous use of inhaled corticoste-

75roids, use of tracheostomy tubes and/or oxygen supple-

76mentation. The study was approved by the Research

77Ethics Committee of the SARAH Network of Rehabilitation

78Hospitals (Certificate of Submission for Ethics Assessment

7977,935,124.4.0000.0022).

80Data collection, measures and variables

81Data were collected by pediatricians and one speech thera-

82pist. Patients’ legal guardians were approached, the objec-

83tives of the study were explained, and informed consent for

84the research and publication of results was completed.

85Demographic and functional data were collected from the

86patient’s electronic medical records. Clinical data were

87accessed through anamnesis and physical examination. The

88PosaST was applied in the form of an interview, lasting

89approximately ten minutes, using a standardized technique.

90Online meetings were held to standardize the method of

91applying the scale and collecting data. Three hundred and

92nineteen children met the inclusion criteria.

93Functional skills were analyzed using the Brazilian version

94of the Gross Motor Classification System (GMFCS) [23], five

95increasing severity levels (I to V), globally used scale. Fried-

96man criteria (zero - tonsils not visualized; 1 - tonsils visible

97in the tonsillar fossa; 2 - tonsils visible beyond the anterior

98pillars; 3 - tonsils occupy 3/4 of the space between the ante-

99rior pillars; 4 - tonsils completely obstructing the airway

100between the anterior pillars) [3] were used to access pala-

101tine tonsil volumes. Prevalence of OSAS in TD children was
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102 defined as those assessed by polysomnography6 and ques-

103 tionnaire (Pediatric Sleep Questionnaire - PSQ)[7].

104 The PosaST is translated and validated for Brazilian Portu-

105 guese and culture in children aged 3 to 9 years, with accept-

106 able validity and good reliability and agreement with the

107 apnea-hypopnea index (AIH - number of apneas and hypo-

108 pneas per hour of total sleep time on polysomnography). A

109 score � 2.72 is considered indicative of HR-OSAS. All ques-

110 tions are answered using the Likert scale: ''never'' (0),

111 ''rarely'' (once a week; 1), ''occasionally'' (twice a week; 2),

112 ''frequently'' (three to four times a week; 3) and ''almost

113 always'' (more than four times a week; 4). The authors of the

114 scale validation in Brazil authorized its use in this study1.

115 Statistical analysis

116 The data were described using median (interquartile range -

117 IQR) or mean (standard deviation - SD) for continuous varia-

118 bles and frequency (percentage) for categorical variables.

119 Categorical variables were presented as follows: age (3� D47X X9/
120 6� D48X X9 years); sex (male/female); Friedman criteria (0; 1; 2;

121 3; 4) and (0� D49X X2/3� D50X X4); hospitalizations for respiratory causes

122 in the last 12 months (yes/no), (more than one, yes/no) and

123 (1� D51X X2; 3� D52X X4; 5� D53X X6; > 6); respiratory complications with antibi-

124 otics used in the last 12 months (more than one, yes/no) and

125 (1� D54X X2; 3� D55X X4; 5� D56X X6; > 6); gastroesophageal reflux disease

126 (GERD) (yes/no); drooling (yes/no); epilepsy (yes/no);

127 GMFCS (I; II; III; IV; V) and (I-IV/V); PosaST (OSAS low/high

128 risk).

129 Univariate models were constructed for the following

130 comparisons: prevalences of demographic and clinical varia-

131 bles in GMFCS I-IV vs GMFCS V samples; the prevalence of

132 HR-OSAS in GMFCS I-V and GMFCS V samples vs prevalence of

133 OSAS in TD children assessed by polysomnography and ques-

134 tionnaire. Multivariate binary logistic regression models for

135 HR-OSAS and Friedman criteria levels 3� D57X X4 were constructed.

136 Bilateral p-values less than or equal to 0.05 were considered

137 significant. Estimates were presented with a 95 % confidence

138 interval (95 % CI) and the odds ratio (OR) was calculated.

139 Analyses were performed in Jamovi 2.3.16 (Jamovi,

140 2022). STROBE reporting guidelines were followed.

141 Results

142 Among the 319 children who met the inclusion criteria,

143 seven were removed after applying the exclusion criteria.

144 The final sample consisted of 312 children (GMFCV I-V). The

145 continuous variable age did not present a normal distribu-

146 tion according to the Shapiro-Wilk test. Most of the 312 chil-

147 dren (59.0 %) were aged 6�D58X X9 years (median 6.0 years, IQR

148 5.0� D59X X8.0), 164 males, 69.5 % GMFCS I-IV, from the five regions

149 and 14 of the 26 states of the country (Table 1). The GMFCS I-

150 IV sample consisted of 217 children, 60.4 % aged 6� D60X X9 years

151 (median 6.0 years, IQR 4.0� D61X X8.0), 111 males. The GMFCS V

152 sample comprised 95 children, 55.8 % aged 6� D62X X9 years

153 (median 6.0 years, IQR 4.0� D63X X8.0), and 54 males. There were

154 no significant differences in age groups and sex frequencies

155 comparing GMFCS I-IV vs GMFCS V samples (Table 2).

156 The following variables were significantly more frequent

157 in the GMFCS V sample compared to GMFCS I-IV: Friedman

158 criteria 3� D64X X4 (OR = 2.75; 95 % CI 0.47, 1.57); hospitalizations

Table 1 Frequencies of demographic, clinical and func-

tional characteristics.

GMFCS I-V

D1X Xn D2X X= 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)

> 6 2 (0.6)

Hospitalizations for respiratory causes

(last 12 months)

Yes 48 (15.4)

No 264 (84.6)

Hospitalizations for respiratory causes

(> 1 in 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)

> 6 27 (8.7)

Outpatient use of antibiotics (last 12 months)

Yes 183 (58.7)

No 129 (41.3)

Outpatient use of antibiotics

(> 1 in 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

I 85 (27.2)

II 35 (11.2)

III 45 (14.4)

IV 52 (16.7)

V 95 (30.5)

GMFCS

I-IV 217 (69.5)

V 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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159 for respiratory causes in the last 12 months (OR = 2.45; 95 %

160 CI 0.27, 1.53); more than one hospitalization for respiratory

161 causes in the last 12 months (OR = 3.89; 95 % CI 0.22, 2.51);

162 use of antibiotics in the last 12 months (OR = 1.82; 95 % CI

163 0.09, 1.11); GERD (OR = 0.26; 95 % CI �2.05, �0.63); drool-

164 ing (OR = 0.09; 95 % CI �3.03, �1.84); epilepsy (OR = 6.62;

165 95 % CI 1.35, 2.44); HR-OSAS (OR = 2.51; 95 % CI 0.13, 1.70)

166 (Table 2).

167 There was a significantly higher prevalence of HR-OSAS

168 in the GMFCS V sample (14.7 %) compared to the preva-

169 lence of OSAS in TD children assessed by polysomnogra-

170 phy (OR = 0.01; 95 % CI �7.79, �1.86). The comparisons

171 between the prevalence of HR-OSAS in GMFCS I-V and TD

172 children assessed by polysomnography (OR = 1.59; 95 % CI

173 0.95, 2.67) and PSQ (OR = 0.84; 95 % CI 0.55, 1.28) and

174 between GMFCS V and TD children evaluated by PSQ

175(OR = 1.48; 95 % CI 0.82, 2.66) showed no significant dif-

176ferences (Table 3).

177The multivariate model for HR-OSAS in GMFCS I-V exclud-

178ing the Friedman criteria as a dependent variable showed

179significant positive associations with more than one period

180of antibiotics use for respiratory causes in the last 12 months

181(OR = 5.54; 95 % CI 0.68, 2.75) and GMFCS V (OR = 3.15; 95 %

182CI 0.24, 2.05). The multivariate model for HR-OSAS in GMFCS

183I-V including the Friedman criteria as a dependent variable

184showed significant positive correlations with Friedman crite-

185ria 3�D65X X4 (OR = 8.64; 95 % CI 1.18, 3.13) and more than one

186period of antibiotics use for respiratory causes in the last

18712 months (OR = 4.86; 95 % CI 0.45, 2.72). The multivariate

188model for Friedman criteria 3� D66X X4 showed significant positive

189associations with GMFCS V (OR = 2.51; 95 % CI 0.29, 1.55) and

190HR-OSAS (OR = 8.24; 95 % CI 1.13, 3.09) (Table 4).

Table 2 Frequencies and univariate models for comparison between prevalence of demographic, clinical and functional charac-

teristics.

Characteristic GMFCS I-IV GMFCS V p* CI 95 % OR

D3X Xn D4X X= 217 D5X Xn D6X X= 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.

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

obstructive sleep apnea syndrome; OR, odds ratio.
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191 Discussion

192 To the best of our knowledge, this is the largest sample of

193 children with CP ever described for OSAS assessment. The

194 final sample was composed of children from the five regions

195 of Brazil and 14 of the 26 states. As CP is a syndrome with a

196 variable spectrum of severity, the sample was analyzed in its

197 entirety (GMFCS I-V) and separately in GMFCS I-IV and GMFCS

198 V samples.

199 The availability of polysomnography is quite low in the

200 Brazilian public health system, similar to other low and mid-

201 dle-income countries (LMICs), where assessments from ques-

202 tionnaires are effective for identifying patients at increased

203 risk for OSAS[1,17]. A study examined the association

204 between the results of polysomnography and PSQ in 745

205 Turkish patients aged 2� D67X X18 years with multiple diagnoses,

206 the CP group (80 individuals) had the highest PSQ sensitivity

207 (88.8 %) for the diagnosis of OSAS[18]. Some other studies

208 used the PSQ [15,16] and the Sleep Disturbance Scale for

209 Children (SDSC) in children with CP [14,19,20,22,24]. The

210 PosaST was specifically constructed and validated for the

211 screening of risk for OSAS. Although PSQ (22 items), SDSC

212 (25 items), and PosaST (6 items) are validated and adapted

213 for Brazilian Portuguese and culture, and PSQ is the most

214 sensitive screening questionnaire for OSAS in children [25],

215 PosaST was used in the present study because it is shorter,

216 requiring less time and effort from parents to answer ques-

217 tions, making it more suitable for low-resource settings in

218 Brazil. Furthermore, the six behavioral items of the PSQ do

219 not allow us to differentiate whether these symptoms would

220 be due to OSAS or primary comorbidity in children with CP,

221 which may generate an interpretation bias when used in this

222 population.

223 The main risk factor for SDB in children is adenotonsillar

224 hypertrophy[1,2]. Respiratory illnesses are the main cause

225 of hospital admissions [26] in CP. A consensus statement on

226 respiratory disease in CP defined the following risk factors:

227 GMFCS V; at least one hospital admission for respiratory

228 illness in the past year; at least two courses of antibiotics

229 for chest infections in the past year; dysphagia; current seiz-

230 ures; daily cough, or weekly wheeze, phlegm or gurgly

231 chest; GERD; mealtime respiratory symptoms; snoring every

232 night[27]. Based on these data, the variables to be analyzed

233 in the present study were defined.

234The prevalences of HR-OSAS were 9.0 D68X X% (GMFCS I-V) and

23514.7 % (GMFCS V). In 2008 a study evaluated 998 Brazilian

236schoolchildren (9� D69X X14 years) via a specific questionnaire

237about symptoms of SDB [28], but it was not possible to use it

238for comparison with the present data due to the incompati-

239ble age ranges (3� D70X X9 years vs 9� D71X X14 years). Significantly

240higher risk factors for OSAS were found among children

241with CP and CP with epilepsy than among children with

242other developmental disabilities in 215 American children

243evaluated via PSQ[15]. Regarding SDB (OSAS included, but

244not specifically), some studies found significantly higher

245frequencies in children with CP (12 % to 44 %)

246[14,16,19,20�22,24]. SDB was significantly more prevalent

247in 94 Turkish children with CP aged 2� D72X X18 years in PSQ scores

248compared to 94 TD pairs[16]. SDB was the most common

249sleep disorder in 100 Egyptian children with CP evaluated

250via questionnaires[13]. SDB symptoms were significantly

251more frequent in 61 Polish children with CP than in the con-

252trol group studied via questionnaires[21]. Among 173 Irish

253children with CP, 14.5 % experienced SDB according to SDSC

254[24]. Forty-one American children with CP had significantly

255higher SBD-PSQ scores than TD controls aged 8�D73X X12 years

256[19]. One hundred and nine Malaysian children with CP

257scored significantly higher than their healthy siblings on

258SDB/SDSC subscale[22]. SDB prevalences of 14.0 % and

25925.6 % were found respectively in 165 Italian children with

260CP aged 6� D74X X16 years [14] and in 43 Brazilian children with CP

261aged 4�18 years [20] using the SDSC.

262Studies conducted in the USA [4,5] with respectively 110

263and 700 TD children evaluated through polysomnography

264(using AIH > 5 as the diagnostic criterion) and in China [6]

265with 619 TD children (using the International Criteria of

266Sleep Disorders version II criteria) reported OSAS prevalence

267rates of 1.2 % to 5.8 %. In a study analyzed via PSQ 1642 Ital-

268ian TD children, 10.5 % were considered at risk for OSAS[7].

269The prevalence of HR-OSAS found in the present study in the

270GMFCS V (14.7 %) sample was significantly higher than that

271reported by the studies that used polysomnography (1.2 % to

2725.8 %) [4�6], but did not show a significant difference com-

273paring with that one in which PSQ was used (10.5 %)[7]. The

274prevalence of HR-OSAS found in the GMFCS I-V sample

275(9.0 %) was not significantly higher than those of the studies

276that used polysomnography (1.2 % to 5.8 %) [4�6] and PSQ

277(10.5 %)[7].

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* CI 95 % OR

GMFCS I-V 9.0 % 0.422 0.55, 1.28 0.84

PSQ7 10.5 %

GMFCS I-V 9.0 % 0.072 0.95, 2.67 1.59

PSG6 5.8 %

GMFCS V 14.7 % 0.191 0.82, 2.66 1.48

PSQ7 10.5 %

GMFCS V 14.7 % 0.001 1.45, 5.41 2.80

PSG6 5.8 %

*Chi-square.

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

Questionnaire.
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278No significant differences were found in the frequencies

279of age groups, sex and more than one period of antibiotic

280use for respiratory causes in the past year when comparing

281GMFCS I-IV vs GMFCS V. Contrary, Elsayed et al. (2013) found

282SDB significantly more frequent in school children than in

283preschoolers with CP[13]. The following variables were sig-

284nificantly more frequent in the GMFCS V than in the GMFCS

285I-IV sample: Friedman criteria 3� D75X X4, hospitalizations, more

286than one hospitalization and antibiotic use for respiratory

287causes in the past year, GERD, drooling and epilepsy. Based

288on the risk factors described above, the authors already

289expected to find these significant differences between the

290samples.

291Among the confirmed hypotheses was the significantly

292higher prevalence of HR-OSAS in GMFCS V (14.7 %) compared

293to GMFCS I-IV (6.4 %). Other studies also found higher preva-

294lences of OSAS with increasing GMFCS levels[13,15].

295The multivariate model for HR-OSAS including the

296Friedman criteria as a dependent variable showed signifi-

297cant positive correlations with Friedman criteria 3� D76X X4 and

298more than one period of antibiotics use for respiratory

299causes in the last 12 months, but this model did not find

300a significant association with GMFCS V. Taking this finding

301into consideration, the authors constructed a new multi-

302variate model for HR-OSAS excluding the Friedman crite-

303ria as a dependent variable. This new model showed

304significant positive associations with more than one

305period of antibiotics use for respiratory causes in the last

30612 months and GMFCS V. Thinking about the differences

307found between the two models, the authors developed a

308multivariate model for Friedman criteria 3� D77X X4 that

309showed significant positive correlations with GMFCS V and

310HR-OSAS. Therefore, the Friedman criteria 3� D78X X4 variable

311had a significant correlation with HR-OSAS, regardless of

312GMFCS, and the GMFCS V variable became significantly

313associated with HR-OSAS in the GMFCS I-V sample at the

314expense of the significantly higher prevalence of Fried-

315man criteria 3�D79X X4 in children classified as GMFCS V.

316Koyuncu E et al. (2017) also did not find significant rela-

317tionships between SDB, age and sex [16]. Newman et al.

318(2006) did not find significant correlations between

319demographic and clinical variables[24].

320Limitations and strengths

321The main limitations of this study were the convenience

322sample, which prevented us from generalizing these results

323to the population of Brazilian children with CP, and the use

324of PosaST which was not validated exclusively for children

325with CP. Therefore, the authors used as a criterion for defin-

326ing HR-OSAS in children with CP the cut-off score (� 2.72)

327found in the validation study of the questionnaire in the Bra-

328zilian TD children. This cut-off score could be either higher

329or lower than 2.72 in children with CP, which would change

330the present results.

331Strengths of this study include: its sample size and multi-

332center design, with representatives from most of the

333national territory; the coherence of its results showing the

334higher prevalence of OSAS in children with CP classified as

335GMFCS V in relation to TD children evaluated by polysomnog-

336raphy, and in children with CP with greater functional sever-

337ity, and its correlation with palatine tonsils hypertrophy andT
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338 more than one respiratory infection requiring antibiotic

339 therapy in the last 12 months.

340 The present study suggests some possible conclusive find-

341 ings. OSAS is more prevalent in children with CP classified as

342 GMFCS V than in TD children evaluated via polysomnography.

343 Its prevalence is higher in those with greater functional

344 severity. More severe functional severity also determines a

345 significantly higher prevalence of palatine tonsil hypertro-

346 phy, one or more hospitalizations, and one period of outpa-

347 tient antibiotic use for respiratory causes in the last 12

348 months, GERD, drooling, and epilepsy. More than one period

349 of outpatient use of antibiotics for respiratory causes in the

350 last 12 months and palatine tonsil hypertrophy are signifi-

351 cantly correlated with HR-OSAS. Palatine tonsil hypertrophy

352 (Friedman 3� D80X X4) was a factor strongly and significantly asso-

353 ciated with HR-OSAS, and its high prevalence in those classi-

354 fied as GMFCS V made this subsample significantly correlated

355 with HR-OSAS. PosaST can be a reliable questionnaire in this

356 population of patients in LMICs. Studies are needed to define

357 the PosaST cut-off score for HR-OSAS in children with CP by

358 comparing it with polysomnography results. It would be

359 interesting to compare results between children with CP

360 who have had PosaST and PSQ evaluations to analyze if one

361 method is more accurate than the other in relation to poly-

362 somnography parameters.

363 Abbreviations

364 AIH, apnea-hypopnea index; CI, confidence interval; CP,

365 cerebral palsy; GERD, gastroesophageal reflux disease;

366 GMFCS, Gross Motor Function Classification System; HR-

367 OSAS, high risk for obstructive sleep apnea syndrome; IQR,

368 interquartile range; LMICs, low and middle-income coun-

369 tries; OR, odds ratio; OSAS, obstructive sleep apnea syn-

370 drome; PosaST, Pediatric Obstructive Sleep Apnea Screening

371 Tool; PSG, polysomnography; SD, standard deviation; SDSC,

372 Sleep Disturbance Scale for Children; SDB, sleep-disordered

373 breathing; SRDB, Sleep-related Breathing Disorder Scale;

374 TD, typically developing.
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