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Summary 

Introduction: One in 700 newborns in the United States is born with cleft palate every 

year. It is estimated that the prevalence of sleep-disordered breathing symptoms in 

children with cleft palate, compared with children without craniofacial anomalies, is about 

three-fold higher. Recurrent and persistent episodes of upper airway obstruction during 

sleep in typically developing children has been associated with health and 

neurodevelopmental morbidities, including behavioral problems, learning difficulties, 

poor school performance, low quality of life and depressive symptoms.  Behavioral 

problems are common in children with orofacial clefts. However, to date only one study 

has investigated the impact of Sleep-Disordered Breathing in this pediatric population, 

and no study has assessed other sleep disorders such as sleep-related movement 

disorders and the impact on daytime functioning in pediatric cleft populations, who may 

be a particularly susceptible cohort not only for Sleep-Disordered Breathing, but also for 

Sleep-related movement disorders due to functional difficulties. In addition, children with 

repaired cleft palate are also at high risk for middle ear disease and speech problems, 

two medical conditions routinely assessed in this pediatric population. The common risk 

factors, peak incidence, and close pathophysiology between middle ear disease, 

habitual snoring, the cardinal symptom of Sleep-Disordered Breathing, and speech 

problems have prompted some authors to suggest that these conditions may be related 

in general pediatric populations. Nevertheless, the association between these three 

common medical problems, that might impact positively on early diagnosis of Sleep-

Disordered Breathing, has not been investigated in children with cleft palate.  

Objectives: The aims of this study were: 1. To assess the frequency of Sleep-Disordered 

Breathing in preschool and school age children with cleft palate and to investigate 

whether Sleep-Disordered Breathing, and its severity play a role in neurobehavioral 

outcomes/quality of life in the study population, 2. To investigate the frequency and 

characteristics of habitual snoring, middle ear disease and speech problems in the same 

pediatric population, and to assess the association between these three medical 

conditions, 3. To investigate for the first time the frequency of Sleep-related movement 

disorders and growing pains symptoms in young children with non-syndromic cleft 

palate, and to determine differences in daytime (internalizing and externalizing 

symptoms) and bedtime behavior between Sleep-related movement disorders and 

growing pains in this patient populations.  
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Methods: Parents of children between 2.0 and 7.9 with different non-syndromic cleft 

palate anomalies (isolated cleft palate, cleft lip and/or palate, and Pierre Robin 

sequence) completed the Pediatric Sleep Questionnaire, a middle ear disease 

questionnaire, and the Conners’ Early Childhood Scale. Symptomatic children were 

referred for a nocturnal polysomnography. Audiograms and speech assessment were 

also conducted. 

Results: Ninety-five children were enrolled, 15% of children screened positive for Sleep-

Disordered Breathing or reported habitual snoring and 84.6% were identified with sleep 

apnea. Ninety-eight per cent reported middle ear disease, 17.1% speech problems, 

14.1% screened positive for periodic limb movements, 8.5% reported restless legs 

syndrome symptoms and 9.9% growing pains.  

Positive screening for Sleep-Disordered Breathing was associated with an elevated 

frequency of behavioral problems (elevated T‐scores for anxiety and physical symptoms, 

and significant differences in mean T-scores for inattention/hyperactivity, social 

functioning/atypical behavior, social functioning, and mood), and lower quality of life 

scores for emotional and family well‐being. Children with moderate/severe apnea 

compared to those with mild apnea showed differences in mean T‐score for externalizing 

behavioral problems (aggressive and defiant temper), and lower family quality of life 

scores.  

Habitual snoring and early episodes of middle ear disease were more likely to be 

reported for children with isolated cleft palate when compared to those with cleft lip and 

palate. While children with cleft lip and palate had a higher frequency of middle ear 

disease with effusion compared to those with Robin sequence. The odds ratio for 

habitual snoring in children with ≥ 1 episode of otitis media in the last year was 7.37 (95% 

confidence interval 1.55–35.15, p=0.012). Moreover, there was a trend for children with 

speech problems reported by parents to have habitual snoring.  

Children who screened positive for periodic limb movements and restless legs syndrome 

were more likely to report sleepiness and long sleep latency compared to those who did 

not endorse the respective sleep problems. However, these differences were not 

statistically significant between children with and without growing pains. Children who 

reported periodic limb movements had a higher T-score for emotional and somatic 

symptoms. Sleepiness was associated to an increased frequency of externalizing, 

psychiatric and somatic problems. While children with long sleep latency reported more 

emotional and somatic symptoms, and those with reduced sleep duration more  
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internalizing difficulties.  

Conclusions: In children with cleft palate the presence of Sleep-Disordered Breathing 

and moderate/severe sleep apnea was associated with behavioral problems and lower 

family well-being. Anatomical factors play a role in the frequency of upper airway 

symptoms in children with cleft palate. A recent history of at least one episode of middle 

ear disease was associated with an increased frequency of habitual snoring. Parents of 

young children with cleft palate reported frequently periodic limb movements, restless 

leg syndrome and growing pains. Daytime/bedtime behavior varies depending on the 

presence of sleep-related movement disorders. Sleepiness and sleep variables might 

play a role on behavioral problems in children with cleft and Sleep-related movement 

disorders symptoms. 
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Resum 

Introducció: Un de cada 700 nounats als Estats Units neix amb fissura palatina cada 

any. S'estima que la prevalença dels símptomes respiratoris durant el son en nens amb 

paladar fes, en comparació amb nens sense anomalies craniofacials, és 

aproximadament tres vegades superior. Episodis recurrents i persistents d'obstrucció de 

la via aèrea superior durant el son en población pediátrica general s'han associat amb 

problemes de salut i comorbiditats del neurodesenvolupament com ara problemes de 

comportament, dificultats d'aprenentatge, baix rendiment escolar, pitjor qualitat de vida 

i símptomes depressius.  Els problemes de comportament són comuns en nens amb 

fissura palatina. Fins ara només un estudi ha investigat l'impacte dels trastorns 

respiratoris durant el son en aquesta població pediàtrica. I no hi ha cap estudi que hagi 

avaluat altres trastorns del son, com ara trastorns del moviment relacionats amb el son 

i l'impacte en el funcionament diürn, tot i tractar-se d’una població particularment 

susceptible a causa de les dificultats funcionals que presenta. D’altra banda, els nens 

amb fissura palatina tenen un risc elevat de presentar patología de l'oïda mitja i 

problemes del llenguatge, dues condicions mèdiques avaluades de forma rutinaria en 

aquesta població pediàtrica. La patología de l’oïda mitja, els símptomes respiratoris 

obstructius i els trastorns del llenguatge tenen factors en comú com ara factors de risc i 

mecanismes fisiofisiopatològics. No obstant, l'associació entre aquestes tres patologies, 

que podria afavorir el diagnòstic precoç dels trastorns respiratoris durant el son, no s'ha 

investigat fins ara en nens amb fissura palatina.  

Objectius: Els objectius d'aquest estudi eren: 1. Avaluar la freqüència dels trastorns 

respiratoris durant el son en nens en edat preescolar i escolar amb fissura palatina i 

investigar el paper de la presència i la severitat dels trastorns respiratoris durant el son 

en els problemes neuro-conductual i de qualitat de vida en la població de l'estudi, 2. 

Investigar la freqüència i les característiques del ronc habitual, de la patología de l'oïda 

mitja i els problemes del llenguatge en una mateixa població pediàtrica, i avaluar 

l'associació entre aquestes tres condicions mèdiques, 3. Investigar per primera vegada 

la freqüència dels trastorns del moviment relacionats amb el son i els dolors de 

creixement en nens de curta edat amb fissura palatina congènita no-sindròmica, i 

determinar les diferències en el comportament diürn (internalització i externalització) i 

nocturn, previ a l’inici del son, entre els diferents tipus de trastorns del moviment 

relacionats amb el son i els dolors de creixement en la población d’estudi. 

vii  



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

 

Mètodes: Pares/mares de nens d'entre 2,0 i 7,9 amb diferents anomalies congènites del 

paladar no-sindròmiques (paladar fes aïllat, llavi leporí i paladar fes, i seqüència de 

Pierre Robin) van completar el Qüestionari de Son Pediàtric, un qüestionari sobre la 

patologia de l'oïda mitja i l’Escala de la infantesa primarenca de Conners. Els nens 

simptomàtics van ser derivats per fer a una polisomnografia nocturna. També es van dur 

a terme audiogrames i l’avaluació de la parla. 

Resultats: Un total de 95 van ser reclutats, dels quals el 15% dels nens presentar un 

cribratge positiu pels trastorns respiratoris durant la son o ronc de forma habitual i el 

84,6% van ser diagnòsticats d’apnea del son. El 98% van presentar antecedents de 

patología de l'oïda mitja, el 17,1% problemes del llenguatge, el 14,1% van presentar un 

cribratge positiu pels moviments periòdics de cames, el 8,5% síndrome de cames 

neguitoses i el 9,9% dolors creixement. 

La presència d’un cribratge positiu pels trastorns respiratoris durant el son es va associar 

amb una freqüència elevada de problemes de comportament (puntuacions elevades per 

ansietat i símptomes físics, i diferències significatives en les puntuacions  mitjanes per 

problemes d'atenció/hiperactivitat, funcionament social/conducta atípica i l'estat d'ànim), 

i una pitjor puntuació per qualitat de vida a nivell emocional i familiar. Els nens amb 

apnea moderada/severa, en comparació amb aquells amb apnea lleu, van mostrar 

diferències significatives en la puntuació mitjana per problemes conductuals 

d’externalització (temperament agressiu i desafiant), i pitjor puntuació en la qualitat de 

vida en el àmbit familiar. 

Els nens amb fissura palatina aïllada van reportar amb més freqüència ronc de forma 

habitual i episodios d’otitis mitja durant els primers mesos de vida en comparació amb 

aquells nens amb llavi leporí i paladar fes. Per altra banda, els nens amb llavi leporí i 

paladar fes tenien una major freqüència d’otitis mitja serosa en comparació amb aquells 

amb seqüència de Pierre Robin. La ràtio de risc de presentar ronc habitual en nens amb 

≥ d’un episodi d'otitis mitja en l'últim any va ser de 7,37 (interval de confiança del 95% 

1,55-35,15, p=0,012). Finalment, els nens amb problemes del llenguatge reportat pels 

pares van mostrar també una tendència a presentar ronc habitual. 

Els nens amb cribratge positiu pels moviments periòdics de les cames i síndrome de les 

cames neguitoses presentaren amb més freqüència somnolència diürna i una latència 

de son allargada en comparació amb aquells que no van presentar aquests problemes. 

No es van objetivar diferències significatives en aquestes dues variables de son en nens 

amb i sense dolors de creixement. La presència de moviments periòdics de cames es 
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va associar a un augment en la puntuació per símptomes emocionals i somàtics. Els 

problemes conductuals d’externalització van ser més freqüents en nens amb 

somnolència diürna, així com els problemes psiquiàtrics i somàtics. Per altra banda, els 

nens amb latència de son allargada van reportar més símptomes emocionals i somàtics, 

i aquells amb un temps de son reduït més problemes conductuals d'internalització. 

Conclusions: En nens amb fissura palatina, la presència de trastorns respiratoris durant 

el son i/o apnea moderada/severa es va associar amb problemes de comportament i 

pitjor qualitat de vida, especialmente en l’àmbit familiar. D’acord amb els resultats 

d’aquest estudi els factors anatòmics tenen un paper en la freqüència dels símptomes 

relacionats amb la via aèrea superior en nens amb paladar fes. Per altra banda, 

l'antecedent d’un episodi d'otitis mitja en l’últim any es va associar amb un increment en 

la incidència del ronc. Tant la presència de moviments periòdics de cames, com de 

cames neguitoses o dolors de creixement van ser reportats amb freqüència pels 

pares/mares de nens amb paladar fes, variant els problemes del comportament 

diürn/nocturn en relació amb el tipus de trastorn. La presència de somnolència diurna, 

així com alteracions en variables de son podrien intervindre en els problemes 

conductuals en nens amb fissura palatina i trastorns del moviment relacionats amb el 

son. 
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1.1. Definition 

A cleft is an opening or a fissure of the lip or of the roof of oral cavity which is not normally 

open as a result of developmental anomalies during gestation. Orofacial clefts include a 

heterogeneous group of birth defects including cleft lip, isolated cleft palate and cleft lip 

and palate. Cleft lip (CL) consists in an opening from the lateral side of the upper lip to 

the philtrum and the alveolus. When the CL extends to the palatine suture it is considered 

a cleft lip and palate (CL/P), but sometimes the opening of the roof of oral cavity appears 

alone and is defined as isolated cleft palate (CP). Severity of clefts can vary widely. The 

mild form of CP is considered in those cases located in the uvula, while the severest 

form affects the soft palate. A complete CP involves the uvula, soft and hard palate. 

1.2. Cleft lip and/or palate: Epidemiology, classification, and embryology 

Craniofacial anomalies are highly prevalent congenital malformations, exceeded only by 

cardiovascular malformations. Approximately one in 700 children born in the United 

States has CL/P.1 The incidence of CL/P varies between genders and different ethnic 

populations. Isolated cleft palate occurs more commonly in females (1/2000), 

approximate 2:1 ratio compared to males, likely due to the delay in the fusion of the 

palatal shelves in female embryos.2 Asian populations (China, Japan) have the highest 

incidence (3.6/1000) of orofacial cleft, Sub-Saharans, Africans, and African Americans 

the lowest (0.2-1.7/1000), and Caucasians and Native Americans an intermediate 

incidence (0.9-2.7/1000).3–5 Moreover, prevalence of this craniofacial anomaly varies 

among different geographical areas. In fact in Europe, Northern countries have higher 

incidence, in particular Finland with the highest incidence of CP in the world (2.6-

8.1/1000), while Southern countries of Europe, such  Portugal (0.8/1000),  have lower.1,6–

8 According to the EUROCAT epidemiological study published in 2007 orofacial clefts 

can be divided into four groups: non-syndromic CL/P, non-syndromic isolated cleft 

palate, syndromic CL/P, and syndromic isolated cleft palate.6 The non-syndromic clefts 
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represent approximately 71% with the remaining 29% of cases associated with other 

malformations (musculoskeletal, central nervous and cardiac systems), chromosomal 

aberrations and syndromes.6 The most common orofacial cleft is cleft lip and palate 

(46%), followed by isolated cleft palate (33%). Unilateral clefts are more common than 

bilateral with a ratio of 4:1, and occur more frequently on the left side.5 See Figure 1.  

Pierre Robin sequence was described in 1923 by a French stomatologist.9 This 

craniofacial anomaly, characterized by mandibular hypoplasia, glossoptosis, airway 

obstruction and in 80–90 % of cases cleft palate, is not considered a syndrome. The 

incidence of Pierre Robin sequence varies from 1/8500 to 1/30,000 newborns.10 

Regarding to the embryological development, cleft lip and/or palate results from a failure 

of fusion of the medial nasal prominence (from the fronto-nasal prominence) to contact 

or to maintain contact with the lateral nasal and maxillary processes that occurs between 

the 6th and 9th weeks of embryologic development. See Figure 2. The variety of fusion 

patterns between the two prominences results in heterogeneous degree of orofacial cleft 

as it is shown in Figure 1. 

Figure 1 Types of cleft lip and/or palate 
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The pathophysiological mechanism of these craniofacial anomalies is still unknown. 

However, accumulating evidence suggests that genetic or unmodifiable factors (gender, 

ethnicity, positive family history or advanced age of parents), and environmental or 

modifiable factors are involved in the genesis of orofacial clefts.  Intrauterine exposure 

during the periconceptional period and the first trimester of gestation to alcohol, 

phenytoin, and other anticonvulsants, retinoic acid, maternal tobacco smoking as well as 

nutrition deficiencies and hyperglycemia have been associated with an increased risk of 

cleft palate in the offspring. Moreover, while specific genes have been identified 

associated to syndromic cleft palates and to Pierre Robin sequence, it has been 

hypothesized that multiple genes are involved in non-syndromic cleft lip and palate.11,12 

Some of the main genes involved in non-syndromic cleft palate embryology are 

summarized in table 1. In addition, genes related to folate and homocysteine metabolism 

are also essential in cell proliferation, cell death, migration and differentiation and they 

have been investigated for their potential association with cleft palate.   

Figure 2 Development of lip and palate in humans  

 

 

Dixon MJ, Marazita ML, Beaty TH and Murray JC Cleft lip and palate: understanding genetic and 

environmental influences. Nature Reviews Genetics, (2011): 12(3), 167-178.)13 
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The disruption of the development of both facial and airway structures impacts in several 

important upper airway functions such as breathing, feeding, hearing, speech, and even 

growth and other developmental functions. Therefore, early surgical management of 

CL/P is mandatory to closure the velopharyngeal port and minimizes speech and eating 

difficulties. Repair of the cleft palate is usually undertaken between 6 and 14 months of 

age but may be delayed until 4 years of age. The timing and surgery repair varies 

depending on three factors: type of cleft palate, comorbidities associated with the 

orofacial cleft and the surgical team. However, concern about palatal operations has 

been raised due to the increased risk of upper airway obstruction.  

Table 1 Genes involved in cleft palate embryology 

Gene Locus Function Studies 

CDH1 
Cadherin 

16q22.1 Cell-adhesion: Participates in the epithelial-
mesenchymal transition, allowing the palatal 
fusion 

Letra 200914 

CRISPLD2 16q24.1 Cell-adhesion: Involved in cellular migration Chiquet 200715 
Swindell 201516 

JAG2 14q32.33 Cell-adhesion: Participates in the signaling 
mechanism during the palatal development for 
the correct adhesion of the palatal selves 

Casey 200617 

IRF6 1q32.2 Cell-adhesion: Participates also in the signaling 
mechanism during the oral epithelial 
differentiation 

Richardson 200918 

FOXE1 9q22.33 Cell-adhesion: It is a transcription factor, which 
are required for proper palatal formation 

Venza 201119 

TGFA 2p13.3 Cell-adhesion: Probably involved in the fusion of 
the palatal shelves at the level of the medial 
edge 

Lidral 199820 
Letra 201221 

TCOF1 5q32-q33.1 Cell proliferation: Participates in the formation of 
the neural crests 

Dixon 200622 

MSX1 4p16.2 Cell proliferation: Plays a critical role in the 
epithelial-mesenchimal interaction during the 
formation of craniofacial bones 

Satokama and 
Maas, 199423 

TBX22 Xq21.1 Cell proliferation: Involved in the mesenchymal 
proliferation and elevation of palatal shelves  

Marçano 200424 
Stanier and Moore 
200425 

PAX7 1p36.13 Cell proliferation: Participates in the formation of 
the neural crests. 

Monsoro-Burq 
201526 

GRHL3 1p36.11 Cell proliferation: Intervenes in the processes of 
closure of the neural tube and craniofacial 
development 

Peyrard-Janvid 
201427 

ROCK1 
 

18q11.1 Cell migration: Regulates stress fiber, focal 
adhesion and modulates cytoskeleton 
organization 

Philips 201228 

FLNB 3p14.3 Involved in cytoskeleton-dependent cell 
proliferation, differentiation, and cell migration. 

Hu 201429,30 
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1.3. Sleep-disordered breathing in general pediatric populations  

Since the first report by Guilleminault in 1976 of several cases of pediatric obstructive 

sleep apnea (OSA),31 knowledge about prevalence, mode of presentation, and negative 

outcomes associated with untreated OSA has notably improved in general pediatric 

population.   

Sleep-disordered breathing (SDB) is a common medical condition in young children that 

encompasses a range of breathing disorders during sleep, from habitual snoring at one 

end of the spectrum to OSA at the other (Table 2). The latter is characterized by recurrent 

episodes of upper airway obstruction during sleep that causes, intermittent hypoxemia, 

disruption of normal ventilation and multiple arousals that results to significant medical 

and neurobehavioral morbidity. In general pediatric populations, it is estimated that 

approximately 11% have habitual snoring reporting by parents and about 4% have OSA 

based on polysomnography.32–37 However, the prevalence of pediatric SDB could vary 

widely depending on the severity and the diagnostic method employed.32,34,38–40  

 

Table 2 Definition of obstructive sleep-disordered breathing and its clinical entities 

Obstructive sleep-disordered breathing (SDB) 
A syndrome of upper airway dysfunction during sleep characterized by snoring and/or increased 
respiratory effort that result from increased upper airway resistance and pharyngeal collapsibility 

Obstructive SDB clinical entities 

I. Primary snoring, the mildest and most prevalent manifestation, which is defined as 
habitual snoring for more than 3 nights per week without apnoeas, hypopnoeas, frequent 
arousals or gas exchange abnormalities.  

II. Upper airway resistance syndrome (UARS) comprises snoring, increased work of 
breathing and frequent arousals, without recognizable obstructive events or gas 
exchange abnormalities. 

III. Obstructive hypoventilation is characterized by snoring plus elevated end-expiratory 
carbon dioxide partial pressure in the absence of recognizable obstructive events. 

IV. OSA syndrome manifests with recurrent events of partial or complete upper airway 
obstruction (hypopnoeas, obstructive or mixed apnoeas) with disruption of normal 
oxygenation, ventilation, and sleep pattern.  
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In a typically developing population, SDB occurs in all ages, but is especially prevalent 

in preschool and young school children between 2 and 6 years of age when 

adenotonsillar hyperplasia, considered the main risk factor, is most common.41 Upper 

airway obstruction has been correlated not only with an increase of soft tissue structures, 

but also to a narrow anatomical airway, especially in older children. Positive family history 

of snoring is common in pediatric SDB. Other risk factors related to SDB are: allergies 

or recurrent upper airway infections such bronchitis or otitis media, gastroesophageal 

reflux, obesity and overweight, hypothyroidism, neuromuscular disease and craniofacial 

malformations.41–47 All these anatomical and/or functional factors results in a narrow or 

dysfunctional upper airway that leads to increased upper airway collapsibility, decreased 

upper airway patency and respiratory drive (Figure 3).  

 

Figure 3 Variation of upper airway on normal breathing, snoring and OSA 

 

According to the Task Force on the diagnosis and management of obstructive SDB in 

children aged 2-18 years of the European Respiratory Society published in 2016 

recognition of a child at risk for SDB has been summarized in the following four points 

(at least one or more should be positive):48 
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 Symptoms of upper airway obstruction, frequently reported by parents, such as 

habitual and loud snoring, witnessed sleep apnea, mouth breathing, restless 

sleep, nighttime awakenings, sweating or abnormal sleeping positions.  

 Physical examination:  tongue size, palatal, uvula and lip integrity, tonsils size 

(Mallampati and Friedman classification Figure 4),49 lateral facial profile 

(retrusive chin or mandibular hypoplasia), type of breathing (nasal or mouth, 

hyponasality), occlusion, obesity, allergic rhinitis, neuromuscular disorders, 

craniofacial malformations, and syndromes. It should be noted that many 

children with SDB have a normal physical examination.  

 Prematurity or family history of SDB 

 Objective findings of SDB: lateral neck radiography, flexible 

nasopharyngoscopy, cephalometry, upper airway MRI or CT. However, 

radiological evaluation is not routinely used on SDB assessment in clinic. 

Figure 4 Diagram of modified Mallampati (upper row) and Friedman tongue position 
(lower row) grades 

  

 

In 2007 Gozal et al proposed to differentiate two types of OSA: 1. Type I for a child with 

an OSA associated with marked lymphadenoid hypertrophy without obesity, 2. Type II 

for a overweight or obese child with OSA, associated with mild lymphadenoid 
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hyperplasia.50 This second phenotype is similar to adults. Clinical differences between 

pediatric Type I and II of OSA are shown in table 3.  

Table 3. Types I and II for pediatric OSA 

 

Nocturnal polysomnography (PSG) or polygraphy is considered the gold standard to 

objective diagnosis and severity assessment of OSA and it is recommended prior to 

adenotonsillectomy.48  

1.4. Sleep-disordered breathing in children with cleft palate 

Craniofacial anomalies such as CL/P have been associated with an increased risk of 

SDB compared to general pediatric populations. To date, the limited literature about the 

prevalence of SDB symptoms in this pediatric population suggests that the frequency of 

obstructive symptoms varies from 21% up to 37%, which represents between two and 
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almost four-fold increase compared to children without craniofacial anomalies.43,51–53 The 

summary of published research studies about the prevalence of SDB in children with 

CL/P and Pierre Robin (PR) sequence is shown in table 4. The retrospective study of 

Muntz, published in 2008, included 539 medical records of children with cleft palate over 

three years and found that 22% reported SDB symptoms.54 MacLean, in a prospective 

study, assessed for the first time the frequency of SDB symptoms in 248 infants and 

preschoolers with cleft palate using a standardized questionnaire, the pediatric sleep 

questionnaire (PSQ).55,56 Results of this study showed that 31% of children screened 

positive for SDB.56 Robison et al in a retrospective research investigated 459 children 

aged from 0 to 18 years with CP and 48 children with PR sequence for the presence of 

snoring and/or apneas. This study identified obstructive sleep symptoms in 37.5% of 

children with CP and in 73% of children with PR sequence.53 The studies of Silvestre 

and Moraleda-Cibrián, both published in 2014, have several points in common: large 

sample sizes, the same screening  tool for SDB (the PSQ), same age range of the study 

population, and they were not retrospective studies.43,57 The incidence of positive 

screening for SDB – about 15% - was a little bit lower in the study of Silvestre compared 

to previous studies.57 Moraleda-Cibrián and colleagues in a large cohort of children with 

craniofacial malformations that included a diagnosis of different orofacial clefts found that 

21% of children with CL/P, 23% with CP and 43% with PR sequence screened positive 

for SDB.43  

The frequency objectively-measured OSA based on symptomatic pediatric populations 

with orofacial clefts is considerably high. See table 4. MacLean et al published the first 

study that investigated the frequency of OSA in this pediatric population.58 This 

retrospective review of PSG data found that 87% of children with CP were found to have 

OSA and 28% of these had severe OSA. A few years later the retrospective studies of 

Robison and Moraleda-Cibrián et al showed similar results (83% in children with non-

syndromic cleft palate: 89% for CP, 81% for CL/P and 86% in PR sequence 
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respectively).53,59 The recent retrospective study of Khayat et al found a lower frequency 

of OSA (48%) in a review of PSG data of infants with PR sequence likely due to the small 

sample size and the younger age of the study population.60 

 

Table 4 Summary of studies about the prevalence of SDB and OSA in children with 
isolated cleft palate, cleft lip and palate or Pierre Robin sequence 

Author Year Type  
of study 

Age N Methods Results 

MacLean58 
 

2008 Retrospective Children 62 PSG PSG consistent for 
OSA: 87% 
 

Muntz54 
 

2008 Retrospective Children 539 Medical 
history 

Symptoms suggestive of 
SDB: 22% 
 

MacLean56 2009 
 

Prospective 0-5 
years 

248 Questionnaire Positive symptoms for 
SDB: 31.4% 
 

Robison53  
 

2011 Retrospective 0-18 
years 

459 
+  

48 Pierre 
Robin 

sequence 

Medical history 
+ 

PSG 

 

Snoring and/or apneas: 
37.5% 
PSG positive for OSA: 
83.1% 
PR sequence: symptoms 
of SDB 72.9%, OSA 
33.3%  

 

Silvestre57 
 

2014 Prospective 2-18 
years 

867 Questionnaire 
PSQ 

Incidence of positive 
screening for SDB was 
14.7% 
 

Moraleda-
Cibrián43 
 

2014 Cross-
sectional 

2-18 
years 

575 Questionnaire 
PSQ 

Positive screening for 
SDB 21% of children with 
CLP, 23% with CP and 
43% of children with PR 
sequence 
 

Moraleda-
Cibrián59 
 

2015 Retrospective 2-18 
years 

151 PSG PSG positive for OSA: 
89% CP, 81% CLP and 
86% PR sequence 
 

Khayat60 2017 Retrospective Infants 46 PSG PSG positive for OSA 
47.8% 
 

SDB Sleep disordered breathing, OSA obstructive sleep apnea, PR Pierre Robin sequence, PSG 
Polysomnography, PSQ Pediatric Sleep Questionnaire. 

 

Although overnight PSG remains the diagnostic gold standard test it is not always easily 

accessible especially in children with cleft palate and other craniofacial malformations 

due to elevated cost, other medical concerns and that they are infrequently referred to a 

sleep clinic. Therefore, assessment of SDB based on validated screen questionnaires 

such as the PSQ is not uncommon in this pediatric population. The PSQ was validated 

to screen for SDB in otherwise healthy pediatric populations aged 2-18 years and it has 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

12 
 

been widely used in research.43,55,56,61 It includes a 22-item sleep-related breathing 

disturbance (SRBD) scale that contains questions regarding obstructive sleep symptoms 

such as habitual snoring, apnea or nocturnal breathing. A threshold score ≥0.33, which 

is a positive response to at least 33% of answered questions, showed a sensitivity of 

78% and a specificity of 72% and is used as the cut-off point to identify children at high 

risk for SDB.55 

While adenotonsillar hypertrophy is considered the main cause of SDB in general 

pediatric populations, the mechanisms involved in the pathophysiology of obstructive 

sleep symptoms in children with cleft palate are more complex, and likely multifactorial. 

They include obstructive factors, anatomical factors related to the reduced dimensions 

of the upper airway, and functional factors such neuromuscular dysfunction related to 

the craniofacial anomaly. In addition to the enlarged lymphoid tissue of the upper airway 

typical of childhood due to recurrent infections, other obstructive factors such 

macroglossia in children with PR sequence also play a role in the frequency of SDB 

symptoms in children with non-syndromic cleft palate. Other important risk factor for SDB  

in this pediatric population are surgical procedures to repair the craniofacial anomaly and 

to improve velopharyngeal insufficiency (palatoplasty,62–65 pharyngeal flap (PF),62,65–68 

and sphincter pharyngoplasty (SP)69,70). In general, post-surgery incidence of OSA is 

higher compared to pre-operative results because they induce a reduction of upper 

airway diameter. For instance, the pharyngeal flap surgery confers an increased risk for 

OSA, greater in prospective studies than in retrospective, that varies from 20 to 96%.62,65–

68 Moreover, surgical procedures to correct velopharyngeal insufficiency were also 

associated to an increased frequency of OSA even higher than palotoplasty.62,69,70 

Therefore, it appears that surgical procedures, specifically PF and SP, should be taken 

into account as a risk factor for OSA. However, it should be pointed out that post-surgical 

frequency of OSA varies widely likely due to the limited information available and to other 

risk factors involved such specific characteristics of the craniofacial anomaly. In fact, a 
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study of MacLean undertaken in 50 infants with CL/P found an elevated risk for SDB and 

obstructive events even before the palate repair was performed.71 Moreover, a study 

conducted in children with cleft palate suggested that dimensions of the upper airway in 

children with cleft are more similar to typically developing children with obstructive sleep 

apnea than to controls, even when no significant differences in apnea-hypopnea index 

(AHI) were found among both groups. 72 Studies in children with PR sequence have 

found a frequency of SDB symptoms about 2 and 3.5-fold higher compared to children 

with non-syndromic cleft palate suggesting that micrognathia induces a greater reduction 

of upper airway dimensions.43,53,60 Finally, neuromuscular factors are also involved in the 

presence of SDB in this pediatric population. Changes in innervation, morphology, and 

insertion of the muscles of the oropharynx related to the presence of the cleft results in 

upper airway instability and velopharyngeal insufficiency.73,74 Therefore, a better 

anatomical and functional assessment of SDB previous to surgical procedures in children 

with orofacial clefts is important due to the heterogenicity of this pediatric population and 

the multiple risk factors involved in upper airway obstruction compared to children without 

craniofacial malformations.  

1.5. Otitis media in pediatric populations 

Otitis media is a common medical condition in young children and the most frequent 

diagnosis in primary care offices. By one year of age, about 40% of children will have 

suffered at least one episode of otitis media and up to 85% by three years of age.42,75  

Non-modifiable risk factors for otitis media are: age younger than five years, male 

gender, Caucasian, prior or recent ear or other upper airway infection, positive family 

history of ear infection, prematurity, low birth weight and craniofacial anomalies.75,76 

However, environmental factors, considered potentially modifiable factors, are also 

involved in ear infection susceptibility such as: exposure to tobacco or pollution, allergies, 

lack of breastfeeding or gastroesophageal reflux.77–81 Diagnosis of acute otitis media is 
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based on pneumatic otoscopy examination. Treatment includes antibiotics that allow the 

resolution of the episode in the vast majority of cases as well as tympanocentesis for 

those cases with severe symptoms and without improvement despite multiple antibiotic 

treatments. Moreover, it is not infrequent that children with otitis media suffer ≥ 3 acute 

episodes in one year considered recurrent acute otitis media. When the middle ear 

disease lasts three months and is accompanied with effusion it is considered chronic 

otitis media. Long-term consequences of recurrent and chronic otitis media include: 

hearing impairment, delay speech development, learning and behavioral problems and 

decreased quality of life.82,83 Consequently, myringotomy with tymptanostomy tube 

insertion is not an uncommon treatment in children with chronic or recurrent otitis media. 

1.6. Otitis media and sleep-disordered breathing in general pediatric 

populations 

The close pathophysiology between recurrent or chronic otitis media and SDB, common 

risk factors and peak incidence prompted some researchers to consider that these two 

conditions may be related in general pediatric populations. Gozal surveyed over 16,000 

parents of children aged 5-7 years from the Jefferson County Public schools and found 

that 11.3% reported habitual snoring, defined as snoring at least 3 nights per week, and 

of these, 44.8% had positive history of recurrent otitis media.42 Investigation of the same 

pediatric population found a positive association between habitual snoring and recurrent 

otitis media or tympanostomy tube insertion. Odds ratio for recurrent otitis media among 

snoring children was 1.95 (confidence interval (CI): 1.8-2.2), and 2.19 (CI: 2.0-2.4) for 

tymptanostomy tube insertion compared to non-snoring children.42 Similar results were 

obtained by the research group of Tauman et al in Israel. This case-control study 

included 457 surveys of children and investigated the increased risk for snoring in 

children who underwent tympanostomy tube insertion (OR=3.4, CI: 1.6-7.2) and 

adenotonsillectomy (OR=4.4, CI: 1.7-11.2).84 Later, Robison et al showed that the 

prevalence of eustachian tube insertion was higher in patients diagnosed of OSA 
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compared to general pediatric populations (32% vs. 4-7%).85 Moreover, a Canadian 

study demonstrated that performing adenoidectomy or adenotonsillectomy at the time of 

initial insertion of tympanostomy tubes substantially reduced the likelihood additional 

hospitalizations and operations related to otitis media among children of two years of 

age or older.86 

1.7. Otitis media and speech problems in children with cleft palate 

Children with cleft anomalies are at high risk for middle ear disease from recurrent acute 

otitis media to otitis media with effusion and hearing loss. In a case-control longitudinal 

study of 22 children with cleft lip and palate and 20 children without cleft, aged from 1 to 

5 years, Flynn et al found a higher prevalence of otitis media with effusion in children 

with cleft compared to controls (74.7% vs. 19.4%, p<0.001) and independent of age.87 

Moreover, the frequency of hearing loss was also more elevated and pronounced in the 

cleft group (cleft 89.7% and 35.71 dB vs. non- cleft 70.0% and 26.41dB).87 Palatal muscle 

dysfunction, before and after surgery, is considered the main cause of the high incidence 

of otitis media in children with cleft palate (Figure 5). The levator palatini muscle elevates 

the soft palate and excludes the nasopharynx from the oropharynx during speech and 

swallowing. In children with cleft palate, the levator muscle orientation changes, being 

longitudinal, and therefore, parallel to the cleft margin. Similarly, the tensor palatini 

muscle orientation is more longitudinal in children with cleft resulting in an inadequate 

opening of the eustachian tube. Although, when the child grows the Eustachian tube 

becomes stronger due to an improvement of the cartilaginous support, children with cleft 

require frequently myringotomy and tube placement during the early developmental 

period. Therefore, while the presence of cleft has been linked to a high risk for middle 

ear disease and SDB symptoms, the association between these two pathologies has not 

previously been studied in this pediatric population. 
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Figure 5 Anatomy of the cleft palate. (A) Normal anatomy; note the sling formed by the 
two sides of the levator palatini muscle. (B) Cleft palate; the levator muscle is oriented 
longitudinally, somewhat parallel with the cleft margin. 

 

Lalwani AK. Current diagnosis and treatment otolaryngology. Neck and Head surgery, 3rd Edition. 

 

Speech and breathing are two functions of the upper airway that share not only 

anatomical structures, but also a common embryonic development. Davidson, in a study 

from an evolutionary perspective, postulated that anatomical changes of the larynx in 

relation to the development of speech might contribute to upper airway obstruction at 

night due to changes of soft tissue anatomy and cranial base angulation.88 

Speech difficulties and language delay are common in children born with orofacial 

cleft.89–91 During normal speech production, the velopharyngeal wall act as a bidirectional 

valve, closing off the nose from the mouth: to prevent airflow and acoustic energy from 

going into the nose during the production of oral sounds, to allow nasal respiration and 

to prevent that food and liquid enter the nose.92 In 1987 Loney and Bloem proposed, for 

the first time, the adoption of a standardized nomenclature to define velopharyngeal 

dysfunction. The term of velopharyngeal insufficiency (VPI) was defined as any 

malfunctioning that results in imperfect closure of the velopharyngeal apparatus and 

includes both velopharyngeal incompetent and velopharyngeal inadequate.93 Later, 

Trost-Cardamone and other authors agreed with those recommendations proposed a 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

17 
 

taxonomy classification for velopharyngeal disorders based on etiology.94,95 See Figure 

6.  

Figure 6. Classification of velopharyngeal dysfunction 

 

 

In children with cleft palate VPI is considered the main cause of speech difficulties. 

During speech assessment, VPI results in leakage of air into the nasal cavity and 

therefore, specific speech resonance patterns such as excessive nasality or 

hypernasality, the cardinal sign of VPI, audible/visible nasal emission and weak pressure 

consonants.  Interestingly, De Serres et al investigated - for the first time in pediatric 

populations with cleft - speech outcomes and obstructive sleep symptoms. They found 

that hyponasality and snoring were frequently reported.96 Subsequently, Moraleda-

Cibrián et al in a study of 487 children with craniofacial malformations showed that 35% 

had hypernasality, 11% hyponasality, 19% consistent visible nasal emission (NE) and 

2% audible NE or nasal turbulence during speech assessment.91 As expected, children 
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with VPI were more likely to have hypernasality compared to those with competent or 

borderline competent velopharyngeal mechanism (73% vs. 27%, p = 0.0001) and 

children with consistent NE or audible/nasal turbulence were more likely to have VPI 

than children with other NE patterns (97% or 100% vs. 18%, p = 0.0001). Moreover, 75% 

of children with hyponasality had reduced or absent NE, compared to only 6% with 

hypernasality or 7% with normal nasality (p = 0.0001). Finally, in a logistic regression the 

adjusted OR for SDB in those children with hyponasality was 2.10 (95% CI: 1.21-3.61,  

p = 0.008) and for those with reduced or absent nasal emission was 1.75 (95% CI: 1.06-

2.88, p = 0.028).91 Therefore, a routine and accurate speech assessment of children with 

cleft could be a useful clinical tool not only to identify VPI status, but also to suspect 

obstructive sleep symptoms in this pediatric population and in children with other 

craniofacial malformations.  

1.8. Other sleep disorders in pediatric populations 

Despite the increased risk for both SDB and behavioural problems observed in children 

with cleft palate, the frequency of other sleep disorders is infrequently investigated in this 

pediatric population. Sleep-related movement disorders (SRMD) encompass a wide 

range of stereotypical and non-purposeful movements that occur during wake-sleep or 

sleep-wake transitions or during sleep. Restless legs syndrome (RLS) is an urge to move 

one or both legs associated with leg discomfort that is worse at night or rest and relieved 

with movement.97 Restless legs syndrome is a clinical diagnosis. Previous studies in 

different pediatric populations without craniofacial malformations found that the 

frequency of RLS varied from 1 to 6%.98–101 The pediatric ‘REST’ study that included over 

10,000 subjects in the United States and the United Kingdom using the RLS consensus 

criteria102 showed a prevalence of RLS of 2% among preadolescents and adolescents.103 

About one quarter of subjects reported moderate-severe symptoms, without 

predominance between genders. The periodic limb movements (PLMS) consist of brief 

and periodic jerks occurring at 20-40 seconds intervals. Periodic limb movements 
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disorder (PLMD) is considered in those cases with ≥5 PLMS per hour of sleep associated 

with significant sleep disturbance.104 The PLMS and PLMD require overnight PSG which 

is a labor intensive, expensive, and not easily employed in pediatric populations outside 

of academic centers and with other medical conditions. To address this problem Chervin 

et al published the PLMS scale included in the Pediatric Sleep Questionnaire. A six-items 

scale to screen PLMS, RLS and growing pains in pediatric populations with a reasonable 

validity and reliability that could be useful for research studies.105 The range of frequency 

of PLMS in general pediatric populations varies from 5% to 26% according to PSG data 

and from 8 to 12% according to survey studies.98,103,106–108 Several large population 

studies have shown an association between RLS and PLMS.109,110 While the 

pathophysiology of RLS and PLMS is still unclear emerging evidence of common risk 

factors for RLS and PLMS such as dopaminergic system dysfunction, low iron stores 

and genetic susceptibility have been proposed. 98,111 

In contrast to RLS, the definition of growing pains is not unified. Symptoms of growing 

pains are typically bilateral and occur in children aged between 3-12 years of age, 

typically by the end of the day, persist at least 3 months, are not accompanied by 

movement limitation, and physical examination and laboratory tests are negative. 

Studies of the last two decades have suggested that RLS and growing pains are 

frequently overlapping, and largely familial 112,113. Picchietti in a cross-sectional study 

found that growing pains were more common in children with RLS than in children 

without (80.6% vs. 63.2%, p<0.001), and over half (54.5%) of children with RLS have 

been reported to experience growing pains.101,103 Interestingly, a study of  twins 

demonstrated that about 18% of twins with concordant growing pains met criteria for RLS 

vs. only 2% of twins with discordant growing pains (p = 0.01).114 However, the frequency 

and association between SRMD and growing pains has not been investigated in children 

with cleft palate.  
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1.9. Comorbidities associated with sleep-disordered breathing and other 

sleep disorders in general pediatric populations and in cleft populations 

Inflammation is an essential immune response of the body to fight against infections or 

injury processes, and to maintain tissue homeostasis. In the past decade, evidence has 

demonstrated the association between intermittent hypoxia or sleep fragmentation and 

an increase of peripheral biomarkers of inflammation, such as C-reactive protein, 

cytokines, chemokines, and prostaglandins. Activation of these peripheral pathways 

promotes several systematic inflammatory responses or cascades involved in end-organ 

endothelial dysfunction, neurobehavioral disturbance and cardiovascular 

dysregulation.115–122  

The role of sleep in cognitive and behavioural development has been widely recognized 

in school age children and adolescents. However, little is known in children under school 

age or in specific pediatric populations such as children with craniofacial malformations. 

Neurobehavioral dysfunction associated with sleep-disordered breathing, restless legs, 

periodic limb movements, sleep deprivation and other sleep disorders encompasses a 

range from inattention/hyperactivity deficit disorder (ADHD), to learning and memory 

difficulties, daytime sleepiness and aggressive behavior.61,118,120,123–126 The main 

pathophysiological mechanisms involved in these processes, investigated mainly in 

laboratory studies in mice exposure to intermittent hypoxia, included:  activation of 

inflammatory pathways127 and an excess free radicals that results in oxidative stress and 

cell apoptosis in hippocampus and cortex regions.128–130 Interestingly, not all children with 

sleep disorders present cognitive dysfunction, suggesting that other factors may play a 

role in this association such as genetic factors or obesity.115,131,132 Apolipoprotein E 

(ApoE) is a lipoprotein synthesized in the brain and involved in cholesterol transport and 

deposition. It is though that ApoE could be a key factor in neurodegerative processses.133 

In fact, children with OSA and ApoEε4 allele have shown a higher cognitive susceptibility 

compared to children with OSA and normal cognition. In addition, adipose tissue 
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produces and secretes a host of chemokines, also called adipokines, which results in 

metabolism dysfunction and stimulates also pro-inflammatory responses.131,134  

Scholastic under-achievement and behavioral problems are frequent in children with 

repaired cleft palate compared to controls. According to parents and teachers one third 

of children with CL/P report learning difficulties by the end of the primary school.135 A 

review of medical charts and educational records  found that about 46% of the children 

with clefts showed learning disabilities, with the highest rate among males with CP (79%) 

and lowest among males with CL/P (37%).136 In a more recent population-based study, 

children with non-syndromic clefts were more than three times likely to  have received 

special education services  compared to controls.137 Lower reading skills, word 

recognition and reading comprehension were common in young children aged 6-7 years 

with cleft compared to non-cleft peers with continued low scores in reading 

comprehension in those with CP.138,139 Reasons for the learning difficulties are likely 

multifactorial in this pediatric population. Reading difficulties and behavioral problems 

could play a role in scholastic under-achievement. Moreover as we have shown 

previously, an increased risk for behavioral difficulties due to untreated OSA, sleep 

disturbance or deficiency has been widely recognized in pediatric populations without 

craniofacial anomalies.61,116,140 Nevertheless, up to now only one study has investigated 

the impact of neurocognition in infants with cleft and OSA.52 The issue is important since 

SDB could be considered a modifiable risk factor for under scholastic achievement and 

daytime behavioral problems especially in pediatric populations with a high risk for 

obstructive sleep symptoms such as children with cleft.  

In the last few decades evidence for an association between pediatric OSA and 

cardiovascular dysfunction has also increased.141–143 Intermittent hypoxia and repeated 

cortical arousal, considered the triggers for cardiovascular morbidity, increase negative 

intrathroracic pressure, produce an activation of the sympathetic system, pro-

inflammatory processes and oxidative stress that induce a disruption of the endothelium.  
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The metabolic syndrome includes a clustering of hypertension, insulin resistance, 

dyslipidemia and obesity. The frequency of metabolic syndrome in adolescents is 

estimated about 4-10% and appears to predict cardiovascular risk profile in adults.144,145 

Up to now obesity was considered one of the main risk factors for metabolic syndrome. 

However similar to obesity, OSA has been identified as an important risk factor for 

metabolic syndrome.146,147 Redline, in a study of 270 adolescents, demonstrated after 

adjusting for age, race, sex, and preterm status, that children with SDB had a six-fold 

increase in the odds ratio of metabolic syndrome compared with those without OSA.148 

Unsurprisingly, similar to adults when obesity and OSA coincide in children the risk for 

metabolic syndrome is even higher (a significant association between fasting insulin 

levels and AHI, arousal index, and desaturation time).149 The issue is important due to a 

longitudinal study in a pediatric population has demonstrated that many components of 

the metabolic syndrome become more prevalent between 10 and 19 years of age.150 

Moreover, emerging data support an association between visceral adipose tissue 

dysfunction and OSA.134,151,152 Among the several adipokines, elevated leptin levels has 

been reported in pediatric patients with OSA independent of the BMI.134 The infiltration 

by macrophages of adipocytes has been postulated as pathophysiological mechanism 

involved on insulin resistance.152  

Somatic growth impairment was also initially described as a comorbidity associated to 

pediatric OSA, with an estimated frequency ≤5%.147 Several pathophysiological 

mechanisms have been postulated to cause poor growth in pediatric populations with 

OSA: 1. Increased energy expenditure due to an increased work of breathing during 

sleep, 2. Swallowing difficulties and diminished appetite, 3. Stress and catabolism, and 

4. Decreased levels of insulin-like growth factor-I and growth factor release secondary 

to sleep architecture disturbance.147,153,154 Interestingly, several studies have 

demonstrated that while treatment of OSA with tonsillectomy and/or adenoidectomy 

increase heigh and weight in those children with somatic growth impairment, it appears 
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that obesity associated with OSA does not improve after surgical treatment of OSA in 

obese nor in morbidly obese children either.155–157 

In addition, psychological distress and depressive mood are also common particularly in 

adolescents and pre-adolescents with OSA.158 While some studies have shown an 

association between BMI and mood disorders,159,160 Crabtree in a study population of 85 

children with suspected SDB aged 8 to 12 years found that snoring was associated with 

a high risk for depressive symptoms, particularly anhedonia, independently of the AHI 

and BMI.158  

Quality of life (QoL) is considered one of the most relevant health outcomes measures 

in medicine. The health-related QoL, based on the World Health Organization, is 

characterized by a multidimensional perspective of patient health focusing on well-being 

from the impact of disease and/or treatment on different aspects of life.161 Instruments 

used in childhood to assess the QoL can be divided into generic and disease-specific 

measures. Generic instruments can be more advantageous because they can be used 

in a population with a specific disease and allow comparison of the results with the 

general population using the same instrument. Several studies have investigated the 

impact of OSA on QoL in children and adolescents without craniofacial malformations. 

While some cross-sectional and longitudinal studies have found weak correlations or no 

association between the presence and severity of OSA and QoL,162,163 two points are 

important to take into account. First, it appears that the presence of overweight /obesity 

in children and adolescent with OSA without craniofacial anomalies was associated with 

a significant decrease in QoL scores.164 Second, long-term follow-up and prospective 

studies of children reveal an improvement of sleep-related QoL and behavior post-

adenotonsillectomy compared to before the surgery.165,166 Research studies about the 

impact of orofacial anomalies such as CL/P on health-related QoL and caregiver well-

being has been also increased. It appears that the impact on QoL was higher for 

adolescents with orofacial clefts than in primary schoolers, and for caregivers and 
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siblings of preschoolers.167–170  However, little is known about the impact of SDB on QoL 

in this pediatric population.52   
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2. HYPOTHESIS 
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Hypothesis 

Null hypothesis (H0):  We hypothesize that no differences in the frequency of Sleep-

Disordered Breathing symptoms and Obstructive Sleep Apnea will be found in young 

children with repaired non-syndromic orofacial clefts compared to previous studies in 

general pediatric populations. In the same way, we hypothesize that no differences in 

the frequency of behavioral problems and quality of life will be found in children with cleft 

with and without Sleep-Disordered Breathing. 

Alternative hypothesis (H1): We hypothesize that the frequency of Sleep-Disordered 

Breathing symptoms and Obstructive Sleep Apnea will be higher in children with repaired 

non-syndromic orofacial clefts compared to previous studies in general pediatric 

populations. Similarly, children with cleft palate and Sleep-Disordered Breathing will 

report a higher frequency of behavioral problems and lower quality of life scores 

compared to those children with cleft palate but without Sleep-Disordered Breathing. 
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3. OBJECTIVES 
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This PhD research study includes six objectives and three articles. 

Primary Aims 

Aim 1 To determine the frequency of positive screening for Sleep-Disordered Breathing 

and Obstructive Sleep Apnea in young children with repaired non-syndromic cleft palate 

anomalies.   

Aim 2 To assess whether the presence of Sleep-Disordered Breathing and severity of 

Obstructive Sleep Apnea impacts on behavior and quality of life in the same pediatric 

population.  

Secondary Aims 

Aim 3 To investigate the frequency of habitual snoring, the cardinal symptom of Sleep-

Disordered Breathing, and other upper airway symptoms such as otitis media and 

speech difficulties in children with orofacial clefts. 

Aim 4 To assess the association between otitis media, speech problems, and habitual 

snoring in the same pediatric population.   

Aim 5 To investigate the frequency of other sleep disorders such as sleep-related 

movement disorders (periodic limb movements and restless legs syndrome) and growing 

pains symptoms in young children with orofacial cleft. 

Aim 6 To determine whether periodic limb movements, restless legs syndrome and/or 

growing pains play a role in daytime (internalizing and externalizing symptoms) and 

bedtime behavior in this patient population. 
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Figure 1 Summary of the main objectives of the present study 
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Figure 7. Summary of the main objectives of the present study 
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4. RESULTS 
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4.1. ARTICLE 1 

 

 

 

 Authors: Moraleda-Cibrián M, Edwards SP, Kasten SJ, Warschausky SA, 

Buchman SR, Monasterio-Ponsa C, O'Brien LM 

 Citation: Pediatr Pulmonol. 2021 Oct;56(10):3358-3365.  

 Objectives:  

Aim 1 To determine the frequency of positive screening for Sleep-Disordered 

Breathing and Obstructive Sleep Apnea in young children with repaired non-

syndromic cleft palate anomalies.   

Aim 2 To assess whether the presence of Sleep-Disordered Breathing and 

severity of Obstructive Sleep Apnea impacts on behavior and quality of life in 

the same pediatric population 

 Impact factor: 3.039 

 Quartile: Q1 
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 Resum 

Impacte dels Trastorns Respiratoris del Son en el Comportament i la 

Qualitat de Vida en nens de 2 a 7 anys amb llavi leporí i/o paladar fes no-

síndròmic 

Introducció: Els nens amb fissura palatina tenen un risc elevat de presentar Trastorns 

Respiratoris del Son. No obstant, la información disponible sobre l’impacte dels 

Trastorns Respiratoris del Son és molt limitada en aquesta población pediàtrica. L’objetiu 

d’aquest estudi era investigar la freqüència dels Trastorns Respiratoris del Son en nens 

de curta edat amb llavi leporí i/o paladar fes no-sindròmic, així com el seu paper en el 

comportament i la qualitat de vida en la población d’estudi. 

Mètodes: Estudi trasversal de 95 nens de 2,0 a 7,9 anys amb diferents tipus de fissura 

palatina no-sindròmica. El pares van completar un qüestionari sobre el son (Qüestionari 

Pediatric de Son), un sobre comportament (Escala de la infantesa primarenca de 

Conner), i un qüestionari genèric sobre la qualitat de vida (qüestionari KINDL). Els nens 

simptomàtics van ser derivats a la Unitat de Son per la realització d’una polisomnografia 

nocturna.  

Resultats: En general, el 14,7% dels nens (49,5% de sexe masculí) van presentar un 

cribratge positiu pels trastorns respiratoris del son. Es va realizar una polisomnografía 

nocturna en el 27,4% de la población d’estudi que va permetre identificar la presencia 

d’apnea obstructiva del son en el 84,6% del casos (índex d'apnea-hipòpnea [AHI] ≥1), 

dels quals un 27,2% de severitat moderada-severa. El cribratge positiu pels trastorns 

respiratoris del son es va associar amb puntuacions elevades (≥ 65) per ansietat i 

símptomes físics. A més diferències significatives en les puntuacions mitjanes per 

inatenció/hiperactivitat (64,2 ± 15,7 vs. 53,9 ± 11,4, p=0,02), funcionament 

social/conducta atípica (60,6 ± 11,7 vs. 51,9 ± 7,3, p=0,004 i 59,5 ± 10,9 vs. 51,2 ± 8,0, 

p = 0,01) i estat d'ànim (57,5 ± 8,2 vs. 50,7 ± 8,2, p=0,03). Els nens amb fissura palatina 

i trastorns respiratoris del son també van presentar puntuacions més baixes en qualitat 

de vida en l’àmbit emocional i familiar respecte els nens sense trastorns respiratoris del 

son (80,7 ± 13,4 vs. 90,0 ± 8,7, p= .01, 66,7 ± 15,8 vs. 76,9 ± 11,9, p=0,04). Per altre 

banda, els nens amb una apnea del son moderada-severa, en comparació amb ells amb 

apnea lleu, van mostrar diferències signifiacatives en la puntuació mitjana per 

comportament agressiu (65,2 ± 12,1 vs. 52,3 ± 11,3, p=0,04), temperament desafiant 

(62,8 ± 9,2 vs. 51,6 ± 10,2, p=0,03) i la qualitat de vida en l’àmbit familiar (59,4 ± 15,2 

vs. 77,1 ± 9,6, p=0,006). 

Conclusions: En nens amb fissura palatina de menys de 8 anys la presència de 

símptomes obstructius respiratoris durant el son o apnea moderada/severa es va 

associar amb problemas de comportament (internalització / externalització) i baixa 

qualitat de vida especialmente en l’àmbit familiar. 
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Abstract

Introduction: Children with cleft are at high risk for sleep‐disordered breathing

(SDB). However, little is known about the impact of SDB in this pediatric population.

The aim of this study was to investigate whether SDB play a role in behavior and

quality of life (QoL) in young children with cleft.

Methods: Cross‐sectional study of 95 children aged 2.0–7.9 years with cleft palate.

Parents completed a sleep (Pediatric Sleep questionnaire), a behavior (Conners' Early

Childhood scale), and a generic health‐related QoL (KINDL questionnaire) assess-

ment. Symptomatic children were referred for a polysomnography (PSG).

Results: Overall, 14.7% of children (49.5% boys) screened positive for SDB and

27.4% had a PSG, which identified 84.6% with sleep apnea (apnea‐hypopnea index

[AHI] ≥1) and 27.2% with AHI ≥5. Positive screening for SDB was associated with

elevated T‐scores for anxiety and physical symptoms, significant differences in mean

T‐scores for inattention/hyperactivity (64.2 ± 15.7 vs. 53.9 ± 11.4, p = .02), social

functioning/atypical behaviour, social functioning (60.6 ± 11.7 vs. 51.9 ± 7.3, p = .004

and 59.5 ± 10.9 vs. 51.2 ± 8.0, p = .01) and mood (57.5 ± 8.2 vs. 50.7 ± 8.2, p = .03).

Lower QoL scores for emotional and family well‐being were also reported in children

with SDB (80.7 ± 13.4 vs. 90.0 ± 8.7, p = .01, 66.7 ± 15.8 vs. 76.9 ± 11.9, p = .04).

Children with AHI ≥5 compared to those with AHI ≥1 and <5 showed significant

differences in mean T‐score for aggressive behaviour (65.2 ± 12.1 vs. 52.3 ± 11.3,

p = .04), defiant temper (62.8 ± 9.2 vs. 51.6 ± 10.2, p = .03) and lower family QoL

scores (59.4 ± 15.2 vs. 77.1 ± 9.6, p = .006).

Conclusions: In children with cleft palate the presence of SDB symptoms and

moderate/severe sleep apnea was associated with behavioral (internalizing/ex-

ternalizing) problems and lower family well‐being.
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1 | INTRODUCTION

Sleep‐disordered breathing (SDB) is a syndrome characterized by

upper airway dysfunction during sleep that includes a constellation of

breathing disorders ranging from snoring at one end of the spectrum

to obstructive sleep apnea (OSA) the severest form. In preschool and

young school aged children the prevalence of SDB is estimated to be

approximately 11% and end estimates of OSA prevalence of up to

4%.1 Recurrent and persistent episodes of upper airway obstruction

during sleep in typically developing children has been associated with

health and neurodevelopmental morbidities, including behavioral

problems, learning difficulties, poor school performance, low quality

of life (QoL) and depressive symptoms.2–5

Cleft lip and/or palate (CL/P) is the most common congenital

craniofacial anomaly. Children with CL/P have an increased risk for

breathing disorders.6–10 To date, the limited literature about the

prevalence of SDB in this pediatric population suggests that the

frequency of obstructive symptoms varies from 21% up to 34%,

which represents an approximate three‐fold increase compared to

children without craniofacial anomalies.6,7,9,10 In symptomatic chil-

dren with heterogeneous craniofacial anomalies the frequency of

objectively‐measured OSA has been reported to be 70%–81%.11

An increased prevalence of scholastic under‐achievement and

problematic behaviors has been frequently reported in children with

CL/P compared to controls. Studies have shown that early reading skills

were lower in children with CL/P compared to non‐cleft peers.12,13 A

Dutch study also suggested that one‐third of children with CL/P had

learning difficulties.14 Behavioral, emotional and other health problems

may compromise academic performance in early childhood. In school

age children with CL/P 18%–35% have been reported to display greater

frequency of internalizing behavior problems such as social inhibition.15

In addition, an increase in externalizing behaviors has been reported in

females with CL/P over 13 years of age.15

In the last decade there has been an increase in the number of

studies reporting the impact of CL/P on health‐related QoL and

caregiver well‐being, the former is now considered one of the most

relevant health outcomes in medicine.16–19 The aim of the proposed

study was to assess the frequency of sleep‐related breathing dis-

orders in young children with cleft palate and to investigate whether

SBD and severity of sleep apnea play a role in neurobehavioral out-

comes/QoL in preschool and school age children with cleft palate.

2 | METHODS

2.1 | Study design and participants

Children with different non‐syndromic cleft palate anomalies at-

tending at the Craniofacial Anomalies Program of the C.S. Mott

Children's Hospital, University of Michigan, were invited to partici-

pate in this cross‐sectional study. This study was approved by the

Institutional Review Board at the University of Michigan (ID

HUM00054515). Families were approached by a study team member

(MM) and parents signed an informed consent during the clinical

appointment. Study aims were not described in detail during the

recruitment process to avoid biased survey responses. Inclusion cri-

teria were age between 2.0 and 7.9 years old and confirmed diag-

nosis of non‐syndromic repaired unilateral or bilateral isolated cleft

palate, cleft lip and cleft palate, or Pierre Robin sequence with cleft

palate. Children with syndromic cleft palate, diagnosed with devel-

opmental delay and/or neurological disorders or who had a surgical

procedure in the previous 3 months were excluded. Families who

participated received a $50 gift card for parents and a small toy for

children as a token of appreciation.

2.2 | Measurements

Parents completed three questionnaires (the Pediatric Sleep ques-

tionnaire, the Conners' Early Childhood scale, and the KINDL ques-

tionnaire) during the clinical appointment that generally took between

20 and 30min. Demographic information such as gender, age, eth-

nicity, height and weight were obtained from the Pediatric Sleep

Questionnaire. Body mass index (BMI = weight in kg/height in m2) and

BMI percentiles, adjusted for age and gender, were calculated. The

study population was classified into three weight groups according to

the BMI percentile threshold recommended by Centers for Disease

Control for pediatric populations: underweight (BMI <5th percentile),

normal weight (BMI ≥5th percentile and <85th percentile) and

overweight/obese (≥85th percentile).

2.2.1 | Obstructive sleep symptoms

The Pediatric Sleep Questionnaire is a well‐validated tool in pediatric

populations that includes a sleep‐related breathing disturbance

(SRBD) scale20 to screen for SDB in children aged 2–18 years. The

22‐item SRBD scale contains questions regarding obstructive sleep

symptoms such as habitual snoring, apnea or nocturnal breathing.

Responses options were “yes,” “no,” or “don't know.” “Don't know” or

“not available” responses were considered missing. A threshold score

≥0.33, which is a positive response to at least 33% of answered

questions, showed a sensitivity of 78% and a specificity of 72%20 and

was the cut‐off point to identify children at high risk for SDB.21

2.2.2 | Behavioural data

The Conners' Early Childhood (EC) questionnaire22 is a comprehensive

parent report tool and well‐validated instrument designed to assess a

wide range of behavioural, emotional and social concerns and major

developmental milestones in toddlers and preschool‐aged children from

2 to 6 years old. The behavioral assessment includes seven indicators of

potential problematic areas such as inattention/hyperactivity, defiant/

aggressive behaviors, social functioning/atypical behaviors, anxiety,

mood and affect and physical symptoms. The new versions of the
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Conners EC also include three Global Index (GI) Scores: restless‐

impulsive, emotional lability and total GI. There are 190 questions and

response options vary from 0 to 3 or from 0 to 2. Raw scores are

converted to standard T‐scores adjusted by age and gender with a range

of 0 to 100, mean of 50, and SD of 10. The cut‐off point of the scale is

as follows: T‐score between 60 and 64 (mean + 1–1.5 SD) for high

average score, T‐score ≥65 (mean + ≥1.5 SD) for elevated T‐score and

T‐score ≥70 for very elevated score associated with a greater number

and/or frequency of reported concerns than typically reported in gen-

eral pediatric populations. The Conners EC has shown strong psycho-

metric properties in all the overall scales and factors.22–25 The internal

reliability obtained for the parents' form was 0.89 (Cronbach's alfa

coefficient) and the content validity for all the contents (modified kappa

or Pearson correlations) was higher than 0.76.

2.2.3 | Quality of life data

Generic health‐related QoL was investigated using the KINDL

questionnaire, specifically validated for preschool and young school

aged children under than 8 years of age. The KINDL consists of a 24

Likert‐scaled items associated with six dimensions: physical well‐

being, emotional well‐being, self‐esteem, family, friends and everyday

functioning (school or nursery school/kindergarten). Response op-

tions range from 1 to 5 (never, seldom, sometimes, often, and always)

and reverse scoring is applied to some items. Transformed summary

score for subscales has a range from 0 to 100. High scores for the

items and subscales of the KINDL questionnaire correspond to a

higher health‐related QoL. Split half reliability of 0.80 is good and

discriminant validity meets psychometric standards.26

2.2.4 | Obstructive sleep apnea

Finally, a nocturnal polysomnogram (PSG) was performed in a sub-

group of patients with clinical suspicion of OSA. Sleep studies were

scored by an experienced pediatric sleep technologist using the al-

ternative rule recommended by the American Academy of Sleep

Medicine.17,18 The apnea‐hypopnea index (AHI), the main variable

assessed, was calculated as the average of apneas (obstructive, mixed

and central) and hypopneas per hour of sleep. Pediatric sleep apnea

was considered in those cases with an AHI ≥1. The study population

was categorized into three severity groups of OSA: mild OSA (AHI

1–4.9), moderate OSA (AHI 5.0–9.9), and severe OSA (AHI ≥10).

2.3 | Statistical analysis

Statistical analysis was conducted using SPSS 15.0 (IBM). To ensure

accuracy, data were double‐entered. The characteristics of the

sample population were summarized by means and SD for normally

distributed continuous variables, medians and interquartile ranges for

non‐normally distributed continuous variables, and counts and/or

percentages for categorical variables with 95% confidence intervals.

The χ2 test was used to evaluate differences in the frequency of

positive screening for SDB and OSA according to dichotomized de-

mographic and craniofacial characteristics of the study population.

The non‐parametric test, U the Mann–Whitney, was used to compare

differences in mean T‐scores for behavioral problems and scores for

assessed dimensions of QoL between children with positive and

negative screening for SDB and between children with AHI ≥1 and <5

compared to children with AHI ≥5. Analysis of variance (ANOVA) was

used to compare differences in mean T‐scores for behavioral pro-

blems and scores for assessed dimensions of QoL between children

with no‐OSA, mild OSA and moderate/severe OSA. All p values re-

ported are two‐tailed with statistical significance set at <.05.

3 | RESULTS

A total of 96 children were recruited. Of those, one child was ex-

cluded in the final analysis due to the presence of another congenital

craniofacial anomaly. Thus, the final sample size included was 95. The

mean participant age was 5.1 ± 1.5 years, 49.5% were male, 64.2%

were Caucasian and 73.7% had cleft lip and palate as the cleft di-

agnosis. Those and other demographic and anatomical features of the

study population are shown in Table 1.

TABLE 1 Summary of the main characteristics of the study
population

All the population
N = 95 (%)

Age (mean ± SD) 5.1 ± 1.5

Male 47 (49.5%)

Ethnicity

Caucasian 61 (64.2%)

Asian 26 (27.4%)

African‐American 4 (4.2%)

Other ethnicities 4 (4.2%)

Craniofacial anomaly

Isolate cleft palate 16 (16.8%)

Cleft lip and palate 70 (73.7%)

Pierre Robin sequence with cleft

palate

9 (9.5%)

Uni/bilateral

Unilateral cleft 38 (54.3%)

Bilateral cleft 32 (45.7%)

Weight group

Underweight 8 (8.4%)

Normal weight 76 (80.0%)

Overweight/obese 11 (11.6%)
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3.1 | Positive screening of SDB

Overall, 14.7% of children screened positive for SDB. The frequency

of positive SDB was calculated according with each specific char-

acteristic of the study population. Children with isolated cleft palate

were more likely to screen positive for SDB compared to children

with cleft lip and palate (31.3% vs. 11.4%, p = .046). Nevertheless, no

significant differences were found in the frequency of SDB among

children with other anatomical and demographic characteristics

(diagnosis, unilateral/bilateral, gender, racial background or weigh

groups according to the BMI percentile) (see Table 2).

3.2 | Obstructive sleep apnea

Of the 95 children who were enrolled in the study, 26 (27.4%) un-

derwent a full‐night diagnostic PSG for clinical reasons. The decision

to undergo PSG was made by the clinical team; responses to the

questionnaires were not available to the treating clinicians. The PSG

results were reviewed and sleep apnea (AHI ≥1) was identified in 22

(84.6%) of 26 children. Of those, 72.7% had mild OSA and 27.3% had

moderate/severe OSA. The mean AHI was 1.9 ± 9.0 (maximum

AHI = 83.4). First, we assessed the frequency of OSA according to

demographic and anatomical characteristics of the study population.

Significant differences in the frequency of OSA were only found

between genders (100% of boys vs. 71.4% of girls, p = .044). Second,

we investigated differences in the frequency of moderate/severe

OSA according to demographic and anatomical characteristics of the

study population. In this case, we found that children with isolated

cleft palate were more likely to have AHI ≥5 compared to children

with cleft lip and palate (66.7% vs. 9.1%, p = .013) (Table 2).

3.3 | Behavior assessment in children with positive
screening for SDB

Children who screened positive for SDB showed elevated T‐scores

(≥65) for anxiety and physical symptoms when compared to those

who screened negative (Table 3). Moreover, those who screened

positive for SDB had significant higher T‐score not only for anxiety

and physical symptoms, but also for inattention/hyperactivity, inter-

nalizing behavior problems (social functioning/atypical behavior and

social functioning) and mood/affect (Table 3). High T‐score for GI

restless‐impulsive and total GI were also observed (see Table 3).

TABLE 2 Frequency of SDB, presence and severity of OSA in a sample of children with nonsyndromic with cleft palate anomalies according
to the demographic and anatomical characteristics

Negative screening
for SDB

Positive screening
for SDB No‐OSA (AHI <1)

Mild OSA (AHI ≥1
and <5)

Moderate/severe
OSA (AHI ≥5)

N = 81 N = 14 N = 4 N = 16 N = 6

Age (mean ± SD) 5.1 ± 1.5 4.9 ± 1.5 4.5 ± 1.1 5.2 ± 1.4 5.2 ± 1.7

Male 38 (80.9%) 9 (19.1%) 0 (0.0%) 8 (66.7%)* 4 (33.3%)

Ethnicity

Caucasian 50 (82.0%) 11 (18.0%) 3 (16.7%) 11 (61.1%) 4 (22.2%)

Asian 23 (88.5%) 3 (11.5%) 1 (16.7%) 4 (66.6%) 1 (16.7%)

African‐American 4 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (100.0%)

Other ethinicities 4 (100.0%) 0 (0.0%) 0 (0.0%) 1 (100.0%) 0 (0.0%)

Craniofacial anomaly

Isolated CP 11 (68.6%) 5 (31.2%)* 0 (0.0%) 2 (33.3%) 4 (66.7%)*

CLP 62 (88.6%) 8 (11.4%)* 2 (15.4%) 10 (76.9%) 1 (7.7%)*

RS with CP 8 (88.9%) 1 (11.1%) 2 (28.6%) 4 (57.1%) 1 (14.3%)

Uni/bilateral

Unilateral cleft 34 (89.5%) 4 (10.5%) 1 (10.0%) 7 (70.0%) 2 (20.0%)

Bilateral cleft 28 (87.5%) 4 (12.5%) 1 (25.0%) 3 (75.0%) 0 (0.0%)

Weight group

Underweight 6 (75.0%) 2 (25.0%) 1 (25.0%) 2 (50.0%) 1 (25.0%)

Normal weight 66 (86.7%) 10 (13.2%) 3 (16.7%) 12 (66.6%) 3 (16.7%)

Overweight/obese 9 (81.8%) 2 (18.2%) 0 (0.0%) 2 (50.0%) 2 (50.0%)

Abreviations: CLP, cleft lip and palate; CP, cleft palate; OSA, obstructive sleep apnea; RS, Robin sequence, SDB, sleep‐disordered breathing.

*p < .05.

4 | MORALEDA‐CIBRIÁN ET AL.



Finally, since the 22‐item SRBD scale contains six question items

related to behaviour, a sensitivity analysis was conducted using only

the 16 items of the SRBD scale. High T‐scores were found for ag-

gressive behaviour, defiant temper, anxiety, physical symptoms, GI

emotional lability and total GI, but not for inattention/hyperactivity.

However, in this second sensitivity analysis differences persisted

significant only for physical symptoms (p = .005) and were close to be

significant for GI emotional lability (0 = 0.07).

3.4 | Behavior assessment in children with OSA

Differences in mean T‐score for behavioral problems among children

with (AHI ≥1) and without OSA (AHI <1) were statistically significant

only for anxiety (p = .02). Nevertheless, children with moderate/

severe OSA compared to children with mild OSA showed elevated

T‐scores (≥65) that were statistically significant for two of the as-

sessed externalizing behavior problems, defiant temper and ag-

gressive behavior, but not for the other externalizing and internalizing

behavior problems that were investigated (see Table 3). When we

compared the three OSA groups (No‐OSA, mild OSA and moderate/

severe OSA) using ANOVA, differences were also significant for

defiant temper (p = .02) and aggressive behavior (p = .05). Finally, we

did not observe elevated T‐scores (≥65) for any of the three GI

composites among children with moderate/severe OSA compare to

children with mild OSA, but we found high T‐scores for GI Restless‐

Impulsive and total GI. Differences were statistically significant only

for total GI (Table 3).

3.5 | Quality of life in children with positive
screening for SDB

Children who screened positive for SDB had lower scores for emo-

tional and family well‐being compared to children who screened

negative for SDB (see Table 4).

3.6 | Quality of life in children with OSA

No significant differences were found for the different assessed di-

mensions of QoL among children with (AHI ≥1) and without (AHI <1)

OSA. However, differences between children with moderate/severe

OSA compared with children with mild OSA were statistically

TABLE 3 Differences in mean T‐score for behavioral problems among children with positive and negative screening for SDB, and children
without OSA, mild and moderate/severe OSA

Study
population
2–6 years Negative SDB Positive SDB p value

No‐OSA
(AHI <1)

Mild OSA
(AHI ≥1 and <5)

Moderate/severe
OSA (AHI ≥5)

N = 85 N = 72 N = 13 N = 4 N = 15 N = 6 p* value

Inattention/
hyperactivity

55.4 ± 12.6 53.9 ± 11.4 64.2 ± 15.7 .02 66.0 ± 20.8 56.1 ± 14.6 64.2 ± 7.7 .11

Defiant aggressive
behavior

53.8 ± 10.6 52.8 ± 9.6 59.3 ± 14.4 .14 62.0 ± 6.1 52.3 ± 11.3 65.2 ± 12.1 .04

Defiant temper 53.3 ± 9.9 52.3 ± 9.2 58.5 ± 12.6 .10 65.0 ± 8.2 51.6 ± 10.2 62.8 ± 9.2 .03

Aggression 52.0 ± 12.8 51.2 ± 12.1 56.4 ± 15.8 .21 49.7 ± 9.0 52.3 ± 14.6 58.3 ± 18.8 .23

Social functioning/
atypical

behaviors

53.2 ± 8.6 51.9 ± 7.3 60.6 ± 11.7 .004 57.3 ± 9.9 55.3 ± 11.7 56.7 ± 7.9 .47

Social functioning 52.5 ± 8.9 51.2 ± 8.0 59.5 ± 10.9 .01 58.0 ± 10.2 52.9 ± 10.2 56.2 ± 10.8 .52

Atypical behaviors 53.6 ± 9.9 52.6 ± 9.0 59.2 ± 12.9 .06 52.8 ± 6.9 56.9 ± 12.8 55.8 ± 8.0 .91

Anxiety 53.9 ± 11.8 51.8 ± 9.8 65.4 ± 15.3 .04 74.3 ± 13.7 56.0 ± 11.9 57.0 ± 7.4 .68

Mood and affect 51.8 ± 8.9 50.7 ± 8.2 57.5 ± 10.5 .03 58.0 ± 9.3 52.3 ± 10.5 59.2 ± 8.4 .09

Physical symptoms 52.6 ± 11.8 50.2 ± 9.1 66.1 ± 15.9 .001 66.3 ± 15.2 54.6 ± 12.3 59.0 ± 8.8 .52

GI restless impulsive 53.8 ± 12.2 52.3 ± 10.8 61.9 ± 16.0 .047 67.8 ± 19.2 53.8 ± 14.8 62.2 ± 7.9 .06

GI emotional lability 52.9 ± 9.7 52.0 ± 8.6 57.9 ± 13.4 .19 54.3 ± 15.8 51.1 ± 8.4 59.4 ± 17.0 .44

Total GI 53.6 ± 11.1 52.2 ± 9.7 61.7 ± 14.7 .04 65.3 ± 15.0 53.1 ± 13.0 61.7 ± 10.1 .045

Note: p* value indicates differences in mean T‐scores between children with mild and moderate/severe OSA. When we compared the T‐score between

the three groups (no‐OSA, mild OSA and moderate/severe OSA) differences were also significant for defiant temper (p = .02). Significant p values (p < .05)
are in bold.

Abbreviations: GI, Global Index; OSA, obstructive sleep apnea.
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significant for family well‐being (Table 4). Differences in QoL scores

between the three OSA groups (no‐OSA, mild and moderate/severe

OSA) using ANOVA were also significant for family well‐

being (p = .009).

4 | DISCUSSION

This study has demonstrated that a sizable proportion of children

with repaired cleft palate screen positive for SDB. Positive screening

for SDB in children with cleft, using the 22‐item SRBD scale, is as-

sociated with high frequencies of externalizing and internalizing be-

havioral problems, poorer emotional and family well‐being. In a

subset of children who underwent PSG, higher AHI is associated with

externalizing problems and lower family well‐being. These results

are important given that from our experience pediatric cleft popu-

lations are infrequently referred to sleep clinics, except in specific

situacions,27 despite the established high risk for a constellation of

breathing disorders, due to adenotonsillar hypertrophy related to a

reduced upper airway dimensions and additional pathophysiological

factors such palatal muscles dysfunction. These findings, therefore,

suggest that children with cleft palate may benefit from SDB

screening and OSA diagnosis even in those cases with clinical sus-

picions in the absence of formal screening. In typically developing

children, recurrent and persistent SRBDs have been associated with

neuropsychological impairments. Even short‐term hypoxia exposure

from high altitude has been shown to induce significant executive

and memory deficits in healthy children. Learning difficulties and

behavioral problems are commonly observed in children with

CL/P.16,28–30 Richman in a review about academic performance and

neurocognitive functioning from infancy to young adulthood sug-

gested that intellectual functioning in cleft populations was within

the normal range and point out the importance of considering en-

vironmental and biological factors as well.28 According to parents and

teachers one‐third of children with CL/P report learning difficulties

by the end of the primary school.14 Internalizing behavioral problems,

such as social inhibition, may contribute to learning difficulties in

children with CL/P due to decrease expectations by teachers and

peers. However, knowledge about externalizing behavioral problems,

such hyperactivity or impulsivity, that could affect academic

achievements is still reduced in this pediatric population.31 While the

reasons for the learning difficulties in children with cleft conditions

are likely multifactorial and related to impairments in hearing, speech,

cognition, behavior and other factors, the presence of SDB may

contribute as well. Nevertheless, little is known about the association

between the different comorbidities related to CL/P and how impact

on neurodevelopment.

In the last two decades, interest in the assessment of health‐

related QoL in children with CL/P has increased. Studies have in-

vestigated the impact of CL/P on the QoL of patients and care-

givers.17–19,32 Findings have included evidence of no significant

differences in self‐reported health‐related QoL,17 and mixed findings

of lower parental QoL.18,32 Up to now little is known about theT
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impact of SDB on QoL in this population. One study of infants with

clefts concluded that SDB in early infancy was associated with lower

QoL at 3 years of age.16 Similarly, in the current study we have

shown that children younger than 8 years old with cleft anomalies

and SDB have lower emotional and family well‐being QoL compared

to children with cleft in the absence of SDB. Severity of OSA was

associated only with lower scores for family well‐being.

The major strength of the study is that it provides information

about the associations of obstructive sleep symptoms and OSA,

with specific areas of behavior and QoL in young children with

CL/P. Screening of SDB was based on a well‐validated ques-

tionnaire and in a subgroup of children there were objective data

about diagnosis and severity of OSA. Study limitations include the

small sample size of children with specific types of cleft that reduce

the power to detect group differences, the vast majority of children

were Caucasian and English speakers. Another limitation was the

lack of a non‐cleft control group. Children with Pierre Robin se-

quence were included as they have a non‐syndromic cleft palate

anomaly, although mandibular hypoplasia may impact the findings in

this group. In addition, the study is cross‐sectional and cannot

support strong causal interpretations. Not all children underwent

polysomnography so objective data are only available in a subgroup

who sought clinical referral. The AHI was calculated as the average

of obstructive, mixed and central apneas and hypopneas per hour of

sleep and although the number of central apneas was low it is

plausible that it could impact the severity of OSA. Last, while the

SDB screening tool is validated in the general pediatric population it

has not been validated in children with cleft.

In conclusion, the presence of SDB symptoms and moderate/

severe sleep apnea appears to have an impact on neurobehavioral

outcomes and QoL of children younger than 8 years of age and their

caregivers. Further studies are needed to examine whether early

treatment of breathing disorders might have an impact on behavior

and QoL in pediatric cleft populations.
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Resum 

Associació entre el ronc, otitis mitja i problemas del llenguatge en nens 

amb anomalies palatines congènites no-sindròmiques 

Introducció: La freqüència tant dels trastorns respiratoris del son, com de la patología 

d’oïda mitja i dels trastorns del llenguatge és elevada en població pediátrica amb fissura 

palatina. Estudis en població pediátrica general han trobat una associació entre la 

presencia de símptomes obstructius respiratoris durant el son, otitis mitja i problemas 

del llenguatge. No obstant, aquesta associació, que podria ser de gran interés en el 

diagnòstic dels trastorns respiratoris del son, moltes vegades infradiagnòsticats en nens 

amb padadar fes i altes malformacions craneofacials, no ha estat mai estudiada en 

aquesta población pediàtrica. 

Mètodes: Aquest estudi transversal va incloure nens de 2,0 a 7,9 anys amb diferents 

tipus de fissures palatines congènites no-sindròmiques. Els pares van completar el 

qüestionari de son pediàtric i un qüestionari sobre patología de l’oïda mitja. També es 

van realizar audiogrames i avaluació del llenguatge. 

Resultats: Noranta-cinc nens van ser inclosos. Un 15,2% de les famílies van reportar la 

presència de ronc de forma habitual (>3-4 vegades/semana), 97,6% patología de oïda 

mitja i un 17,1% problemes del llenguatge. Els nens amb fissura palatina aïllada en 

comparació amb aquells amb llavi leporí i fissura palatina va presentar amb més 

freqüència ronc de forma habitual (37,5% vs 10,3%, p=0,007) i episodios d’otitis mitja 

durant el primer any de vida (92,3% vs 58,2%, p=0,021). Per altre banda, els nens amb 

llavi leporí i paladar fes van presentar amb més freqüència otits mitja serosa en 

comparació amb nens amb seqüència de Pierre Robin (86,4% vs 57,1%, p=0,049). El 

ràtio de risc de presentar ronc de forma habitual en la población d’estudi va ser 7,4 

vegades superior en aquells nens amb almenys un episodi d’otitis mitja durant l’últim 

any (95% interval de confiança 1,55–35,15, p=0,012). Per últim, els nens amb problemes 

del llengutage reportats pels pares van mostrar una tendència a presentar ronc de forma 

habitual (30,8% vs 11,5%, p=0,076). 

Conclusions: Els factors anatòmics tenen un paper important en la freqüència dels 

símptomes relacionats amb la via aèrea superior en nens amb fissura palatina. Episodis 

recents d’otitis mitja es van associar a un augment en la freqüència del ronc habitual.  
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Abstract. The purpose of this study was to investigate the association between
habitual snoring (HS), middle ear disease (MED), and speech problems in children
with cleft palate. This cross-sectional study included children aged 2.0–7.9 years
with non-syndromic cleft palate anomalies. Parents completed the Pediatric Sleep
Questionnaire and a questionnaire about MED. Audiograms and speech assessment
were also conducted. Ninety-five children were enrolled; 15.2% of families reported
HS, 97.6% MED, and 17.1% speech problems. HS (37.5% vs 10.3%, P = 0.007) and
early episodes of MED (92.3% vs 58.2%, P = 0.021) were more likely to be reported
for children with isolated cleft palate when compared to those with cleft lip and
palate. Children with cleft lip and palate had a higher frequency of MED with
effusion compared to those with Robin sequence (86.4% vs 57.1%, P = 0.049). The
odds ratio for HS in children with �1 episode of MED in the last year was 7.37 (95%
confidence interval 1.55–35.15, P = 0.012). There was a trend for children with
speech problems reported by parents to have HS (30.8% vs 11.5%, P= 0.076).
Anatomical factors play a role in the frequency of upper airway symptoms in
children with cleft palate. A recent history of at least one episode of MED was
associated with an increased frequency of HS.

Key words: children; cleft palate; otitis media;
Pierre Robin sequence; snoring; speech delay.
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Every year, one in 700 newborns in the
United States is born with cleft palate.
Studies suggest that approximately 70%
of cleft palates are non-syndromic1,2. This
midface congenital anomaly includes a
heterogeneous group of orofacial clefts.
The development of both facial and air-
way structures is critical for mastication,
swallowing, and other upper airway func-
tions such as breathing, hearing, and
speech3–6.
Habitual snoring (HS), the cardinal

symptom of sleep disordered-breathing
(SDB), is frequently reported in children
with cleft palate7–12. It is estimated that
the prevalence of SDB symptoms is al-
most three-fold higher in children with
syndromic and non-syndromic cleft palate
than in children without craniofacial
anomalies9–11. However, this complex
medical problem, associated with signifi-
cant morbidity when untreated13–18, is
frequently overlooked in children with
craniofacial anomalies, likely due to other
medical problems. Of note, children with
repaired cleft palate are at high risk for
middle ear disease (MED) and speech
problems, two medical conditions routine-
ly assessed in this pediatric
population3,5,19–22. The common risk fac-
tors, peak incidence, and close pathophys-
iology between MED and HS has
prompted some authors to suggest that
these two conditions may be related in
general pediatric populations23–25. Long-
term sequelae of MED, such as hearing
impairment, may play a critical role in
speech difficulties22. In addition, children
with a repaired cleft palate and reduced
cross-sectional upper airway are at an
increased risk for SDB symptoms and also
for speech problems26,27.
Therefore, the purpose of this study was

to investigate the frequency and charac-
teristics of HS, MED, and speech pro-
blems in young children with non-
syndromic cleft palate anomalies and to
assess the association between HS in chil-
dren with cleft palate with and without
MED and speech delay.

Patients and methods

All children included in this study were
followed at the Craniofacial Anomalies
Program at C.S. Mott Children’s Hospital,
University of Michigan. In order to have a
homogeneous sample, only families of
children with specific non-syndromic cleft
palate anomalies were invited to partici-
pate in this cross-sectional study. Inclu-
sion criteria were as follows: (1) age 2.0–
7.9 years, (2) confirmed diagnosis of a
non-syndromic cleft palate anomaly that

included isolated cleft palate, cleft lip and
palate, or Pierre Robin sequence with cleft
palate, (3) lack of other major medical
problems, and (4) primary caregiver able
to read and write English. A total of 270
records were reviewed for eligibility, and
written informed consent was obtained
from 99% (95/96) of the parents/guardians
invited to participate.
Parents completed the Pediatric Sleep

Questionnaire and a questionnaire about
MED during the clinical appointment.
Audiogram and speech assessments were
also conducted by specialized healthcare
professionals. Demographic and anatomi-
cal characteristics of the study population
were extracted from the medical records
and included sex, age (calculated from
date of birth), ethnic background, and
confirmed orofacial cleft based on genetic
results and/or clinical report. Height and
weight were collected from the medical
records. Body mass index (BMI, kg/m2)
and BMI percentiles, adjusted for age and
sex, were calculated (https://www.bcm.
edu/cnrc-apps/bodycomp/bmiz2.
html#CDC). This study was approved by
the Institutional Review Board at the Uni-
versity of Michigan.

Habitual snoring

The Pediatric Sleep Questionnaire (PSQ)
was used to investigate SDB symptoms in
the study population28. The PSQ consists
of 70 questions; of these, 22 items consti-
tute the sleep-related breathing distur-
bance scale (SRBD). The PSQ is a
validated tool widely used in research to
screen sleep disturbance in children �2
years of age9,12,27. Habitual snoring, the
key SDB symptom and main variable for
this specific research, was considered in
those cases with a positive answer to
question A2 of the SRBD (‘‘Snores more
than half of the time?’’).

Middle ear disease

A brief questionnaire designed by the
study team was used to investigate the
main characteristics of MED. This includ-
ed 17 questions about the characteristics of
the episodes, such as the number of ear
infections in the last year, duration and
severity, presence of fluid, onset of MED,
pharmacological treatment, tympanost-
omy tube insertion, and suspicions for
hearing loss or speech problems. Ques-
tions about allergies and exposure to to-
bacco smoke at home were also included.
A positive history of MED was considered
in those cases with at least one positive
response to characteristics of MED. Early

MED included children whose first epi-
sode of MED occurred during the first 12
months of life. Recurrent acute otitis me-
dia was considered in those children who
reported �3 acute episodes of otitis media
in the past 12 months, and chronic otitis
media with effusion in those cases with
MED accompanied by effusion that lasted
at least 3 months. Finally, the study popu-
lation was classified into three hearing
impairment categories according to audio-
gram results performed during the clinical
appointment: normal hearing, mild hear-
ing loss, and moderate-to-severe hearing
loss.

Speech assessment

A speech-language pathologist (MB) ap-
plied the Pittsburgh Weighted Speech Sca-
le29, a standardized method for auditory-
perceptual velopharyngeal insufficiency
assessment based on five speech compo-
nents: nasality, nasal emission, nasal gri-
mace,phonatory characteristics, and
articulation. The weighted score for each
component and the sum of all scores were
calculated by one of the study authors
(MM). The study population was divided
into four groups according to the velophar-
yngeal insufficiency status: 0 = competent
velopharyngeal mechanism, 1–2 = border-
line competent, 3–6 = borderline incom-
petent, �7 = incompetent velopharyngeal
mechanism. Moreover, a question about
suspicions for speech problems was also
included in the MED questionnaire (‘‘Do
you think your child’s ear infections affect
his/her speech or language?’’).

Statistical analysis

Data were double-entered in all cases to
ensure accuracy. The three main outcome
variables were HS, MED, and speech pro-
blems. Analysis of variance (ANOVA)
was used to compare means and standard
deviations (SD) for continuous variables
(age and BMI) and the x2 test (or Fisher’s
exact test) was used to compare categori-
cal variables. An unadjusted bivariate
analysis was first performed using the
x2 test to investigate differences in the
frequency of HS, MED, and speech pro-
blems among the three groups of children
with different non-syndromic orofacial
clefts, and to assess differences in the
frequency of HS between children with
specific characteristics of MED, with and
without speech problems, and further to
investigate the frequency of HS, MED, or
speech problems between children with
and without allergies and with and without
exposure to smoke at home. The Bonfer-
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roni post-hoc test was used for multiple
group comparisons. All tests were two-
tailed. In the case that the x2 test result
was statistically significant, logistic re-
gression was performed to evaluate the
risk for HS. Odds ratios (OR) and corre-
sponding 95% confidence intervals (CI)
were calculated from the logistic regres-
sion models. Analyses were conducted
using SPSS 15.0 (IBM Corp., Armonk,
NY, USA). Differences were considered
statistically significant if the P-value was
<0.05.

Results

A total of 270 medical records of children
attending the Craniofacial Anomalies Pro-
gram at C.S. Mott Children’s Hospital
were reviewed. The records of 95 children
with a non-syndromic cleft palate who met
the inclusion criteria were included in the
final analysis. The children in the study
population ranged in age from 2.5 to 7.8
years; the mean age was 5.1 years (SD 1.5
years). All children had a BMI within
normal limits. These and other character-
istics of the sample are reported in Table 1.

Habitual snoring and other sleep

disordered-breathing symptoms in

children with cleft palate

Habitual snoring was reported by 15.2% of
families with children with non-syndro-
mic cleft palate, heavy or loud breathing
by 27.8%, breathing through the mouth by
31.8%, and dry mouth on waking up in the
morning by 18.8%. No significant differ-
ence in the frequency of HS was found
between boys and girls (57.1% vs 42.9%,
P = 0.503). Children with isolated cleft
palate were more likely to report HS than

children with cleft lip and palate and
children with Robin sequence (37.5% vs
10.3% vs 12.5%, P = 0.024) (Fig. 1).
Differences in frequency of HS remained
statistically significant between children
with isolated cleft palate and children with
cleft lip and palate (37.5% vs 10.3%, P =
0.007). However, there were no statisti-
cally significant differences in the fre-
quency of HS between children with
isolated cleft palate and children with
Robin sequence (37.5% vs 12.5%, P =
0.204).

Characteristics and consequences of

middle ear disease

The vast majority of children with cleft
palate (97.6%) had a positive history of
MED, and of those, 63.2% had their first
episode of MED during the first year of
life. Children with isolated cleft palate
were more likely to have early symptoms
of MED when compared to children with
cleft lip and palate (92.3% vs 58.2%, P =
0.021), as well as those with Robin se-
quence (92.3% vs 50.0%, P = 0.027)
(Fig. 1). The overall frequency of recur-
rent acute otitis media was 15.8% (isolated
cleft palate 18.8%, cleft lip and palate
14.3%, and Robin sequence 22.2%; P =
0.78). The frequency of otitis media with
effusion was high (83.3%) overall, partic-
ularly in children with cleft lip and palate
compared to those with Robin sequence
(cleft lip and palate 86.4% vs Robin se-
quence 57.1%, P = 0.049). Chronic otitis
media with effusion was not reported by
any family. The vast majority of children
in the study population (95.8%) had un-
dergone tympanostomy tube insertion.
Audiograms were performed in 93 of
the 95 children and 1.1% had severe hear-

ing impairment. There was a trend for
children with otitis media with effusion
to be more likely to have hearing loss
(mild, moderate, or severe) when com-
pared to children without (43.8% vs
15.4%, P = 0.056).

Speech problems

Overall, speech problems were reported
by 17.1% of families and an incompetent/
borderline incompetent velopharyngeal
mechanism was present in 41.5% of chil-
dren according to the Pittsburgh Weighted
Speech Scale results. No statistically sig-
nificant differences in the frequency of
incompetent velopharyngeal mechanism
were found between genders (58.8% male
vs 41.2% female, P = 0.330), ethnic back-
grounds (P = 0.392), and cleft palate
anomalies (P = 0.438) (see Table 1).

Habitual snoring, middle ear disease, and

speech: association, environmental and

anatomical risk factors

Children with a cleft palate anomaly who
reported at least one episode of MED in
the last 12 months were more likely to
have HS when compared to those children
who did not (25.5% vs 4.4%, P = 0.005;
OR 7.37, 95% CI 1.55–35.15, P = 0.012).
After adjusting for age, gender, ethnic
background, and subtype of cleft anomaly,
the odds of HS in children with at least one
episode of MED in the last 12 months
persisted (OR 10.06, 95% CI 1.56–
64.89, P = 0.015). Moreover, there was
a trend for children with longer episodes
of MED (between 2 and 4 weeks) to be
more likely to report HS compared to
those who reported shorter episodes of
MED (<2 weeks) (35.7% vs 14.8%, P =
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Table 1. Summary of demographic data and the main characteristics of the study population.

Total population
(N = 95)

Habitual snoring
(n = 14)

Middle ear disease
(n = 80)

Velopharyngeal insufficiency
(n = 34)

Age (years), mean � SD 5.1 � 1.5 4.5 � 1.5 5.2 � 1.5 5.4 � 1.4
BMI (kg/m2), mean � SD 15.4 � 1.6 15.3 � 1.8 15.4 � 1.6 15.0 � 1.3
Sex
Male 47 (49.5%) 8 (57.1%) 42 (52.5%) 20 (58.8%)
Female 48 (50.5%) 6 (42.9%) 38 (47.5%) 14 (41.2%)

Race background
White 61 (64.2%) 11 (78.6%) 57 (71.3%) 25 (73.5%)
Asian 26 (27.4%) 2 (14.3%) 17 (21.3%) 8 (23.5%)
Black and African-American 4 (4.2%) 0 (0%) 2 (2.5%) 1 (2.9%)
Others 4 (4.2%) 1 (7.1%) 4 (5%) 0 (0%)

Orofacial diagnosis
Isolated cleft palate 16 (16.8%) 6 (42.9%) 13 (16.3%) 5 (14.7%)
Cleft lip and palate 70 (73.7%) 7 (50.0%) 59 (73.8%) 24 (70.6%)
Robin sequence with cleft palate 9 (9.5%) 1 (7.1%) 8 (10%) 5 (14.7%)

Allergies 36 (37.9%) 2 (14.3%) 28 (35%) 16 (47.1%)
Smokers at home 20 (21.1%) 4 (28.6%) 18 (22.5%) 8 (23.5%)

BMI, body mass index; SD, standard deviation.
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0.076). Similarly, the frequency of HS was
higher among children with effusion com-
pared to those without (20.6% vs 0%, P =
0.084) and among children who had a
tympanostomy tube inserted compared
to children who did not (20.0% vs 6.5%,
P = 0.090). However, after adjusting by
Bonferroni post-hoc test, only the correla-
tion between HS in children with at least
one episode of MED in the last 12 months
persisted. Fig. 2 summarizes the frequency
of HS according to the characteristics of
MED.
No differences in the frequency of HS

were found among children with an in-
competent/borderline incompetent velo-
pharyngeal mechanism and children
with a competent/borderline competent
velopharyngeal mechanism (incompetent

12.1% vs competent 14.9%, P = 0.723).
There was a trend for children with speech
problems reported by parents to be more
likely to have HS when compared to those
whose parents did not report speech pro-
blems (30.8% vs 11.5%, P = 0.076).
Of the 95 children, 36 (37.9%) reported

a history of allergies and 20 (21.1%) were
exposed to tobacco smoke at home. No
significant difference was found between
children with and without a history of
allergies and the frequency of HS (aller-
gies 5.9% vs no allergies 20.7%, P =
0.056) or the main characteristics of
MED (early disease, recent episodes, re-
current disease, duration, presence of flu-
id, or tympanostomy tube insertion).
Allergies were not associated with a
higher frequency of hearing loss (allergies

17.6% vs no allergies 40.7%, P = 0.022).
No statistically significant difference in
the frequency of HS was found between
children who lived with smokers at home
and those who did not (smokers at home
21.1% vs no smokers 13.7%, P = 0.427).
Similarly, the frequency of hearing im-
pairment between children with and with-
out exposure to smoking at home did not
differ significantly (26.3% vs 33.8%, P =
0.534).

Discussion

This cross-sectional study showed that
recent episodes of otitis media in children
aged 2–7 years with a repaired cleft palate
were associated with an increased fre-
quency of HS, a key characteristic of
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Fig. 1. Frequency of habitual snoring, middle ear disease, and velopharyngeal insufficiency in relation to the specific cleft palate diagnosis.
HS, habitual snoring, MED, middle ear disease; VPI, velopharyngeal insufficiency. Cleft diagnosis: ICP, isolated cleft palate; CLP, cleft lip and
palate; RS, Pierre Robin sequence with cleft palate.*P < 0.05, **P < 0.01 (after Bonferroni test adjustment).

Fig. 2. Frequency of habitual snoring in the study population in association with characteristics and consequences of middle ear disease and
speech problems.
MED, middle ear disease; TTI, tympanostomy tube insertion; VPI, velopharyngeal insufficiency. Note: Hearing loss results are based on
audiogram report. *P < 0.05, **P < 0.01 (after Bonferroni test adjustment).
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SDB. Moreover, there was a trend for
children with speech difficulties reported
by their parents to have more frequently
HS. The study findings also suggest that in
children with a cleft palate, intrinsic fac-
tors such as the type of cleft anomaly play
a role in the frequency of HS and specific
MED symptoms.
The presence of craniofacial anomalies

in a newborn has compromised the mor-
phology of upper airway symptoms from
birth predisposing to early obstructive
sleep symptoms. In a previous study per-
formed at the University of Michigan, the
frequency of SDB in symptomatic chil-
dren with craniofacial malformations re-
ferred to the sleep clinic was greater than
70%30. The issue is important, because
SDB is frequently overlooked in children
with cleft palate, likely due to the com-
plexity of this medical condition, lack of
general knowledge, and even difficulties
in access to a sleep clinic. Interestingly,
approximately 80% of children with cleft
palate and other craniofacial anomalies
snore. Moreover, snoring and other noc-
turnal breathing symptoms reported by the
parents, such as mouth breathing and dry
mouth, were associated with a high fre-
quency and greater severity of SDB30.
Therefore, an important step in the diag-
nosis and prevention of the significant
morbidity associated with SDB in children
with cleft palate is to recognize the key
characteristic of this common medical
condition and identify potential risk fac-
tors.
It is well known that otitis media is one

of the most common infection processes in
children with cleft palate. The present
study provides evidence that most young
children with cleft palate had their first
episode of otitis media during the first year
of life, a critical developmental period for
hearing and speech. In children with cleft
palate, the abnormal insertion of the mus-
cles responsible for the opening of the
Eustachian tube is considered one of the
causes of MED. Nevertheless, other ana-
tomical and environmental factors such as
reduced dimensions of the airway or en-
vironmental exposures might also play a
role. Interestingly, risk factors involved in
the pathophysiology of MED in the gen-
eral pediatric population are also linked to
HS, and have prompted some authors to
hypothesize that these two medical con-
ditions may be related in children without
craniofacial malformations23,24. Gozal
et al. showed that HS was associated with
increased odds of MED and also the need
for tympanostomy tube placement23. Sim-
ilarly, Tauman et al. found that children
who had undergone tympanostomy tube

insertion had increased odds of snoring
and adenotonsillectomy (OR 3.4, 95% CI
1.6–7.2)24. A previous study conducted in
children with cleft palate found that the
sphenopalatine angle was smaller in those
children with hearing loss compared to
children who had normal hearing6. More-
over, in the present study, an association
was found between the orofacial diagnosis
(isolated cleft palate, cleft lip and palate,
and Robin sequence) and HS or specific
characteristics of MED. Environmental
factors, reported by parents, such as aller-
gies or exposure to smoke at home, were
not associated with a higher frequency of
HS or a higher frequency of severe hearing
loss. It appears that intrinsic factors related
to the dimensions/characteristics of the
upper airway play a significant role in
the pathophysiology of MED and HS
compared with environmental factors in
children with cleft palate.
Speech is an upper airway function that

shares anatomical and embryonic devel-
opment with breathing. Otitis media and
speech difficulties are symptoms frequent-
ly reported and routinely assessed in chil-
dren with cleft palate. Nevertheless, HS is
often underestimated in this pediatric pop-
ulation. We have previously shown that
specific characteristics of resonance dur-
ing speech assessment are associated with
an increased risk for SDB in children with
craniofacial malformations27. Moreover,
the results of the current study also suggest
that even speech problems reported by
parents could be associated with an in-
creased frequency of HS in children with
cleft palate.
Several strengths of this study should be

noted. This study was specifically
designed to assess the association between
three common medical conditions related
to the upper airway – HS, MED, and
speech – in a pediatric population with
cleft palate. The homogeneous sample,
focused on young children with a specific
craniofacial anomaly, provides clear data
about these common comorbidities during
a developmental period. The increased
frequency of HS in children with cleft
and specific characteristics of MED
should be considered an important finding
to take into account to screen for SDB.
Polysomnography is considered the gold
standard for SDB diagnosis. Nevertheless,
in pediatric populations with multiple
medical concerns, sleep diagnoses may
be overlooked. Screening for SDB symp-
toms in this population – via simple office-
based assessments – may provide more
timely referral, diagnosis, and manage-
ment. Despite these strengths, there are
several limitations. Questionnaires, rather

than direct assessment, were the tools use
to evaluate some of the main variables
such as HS and MED characteristics in
the study population. Another limitation is
the small sample sizes of children with the
specific types of cleft, which reduced the
power to detect group differences.
In summary, children with a non-syn-

dromic cleft palate anomaly who reported
a recent history of at least one episode of
MED were more frequently reported to
have HS, a key characteristic of SDB.
Moreover, a trend for children with cleft
and speech problems reported by their
parents to be more likely to have HS
was observed. The study findings support
the need for screening and evaluation of
SDB in children with MED and speech
problems as a standard of care during this
critical developmental period in this pedi-
atric population.
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Aim 5 To investigate the frequency of other sleep disorders such as sleep-related 
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Aim 6 To determine whether periodic limb movements, restless legs syndrome 

and/or growing pains play a role in daytime (internalizing and externalizing 
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Resum 

Trastorns del moviment relacionats amb el son i dolors creixement: 

diferències en comportament diürn i nocturn en nens de 2 a 6 anys amb 

fissura palatina 

Introducció: Els problemes del comportament són comuns en nens amb trastorns del 

son. No obstant fins ara, tot i l’elevada freqüència dels trastorns del comportament en 

nens amb paladar fes, cap estudi ha investigat l'associació entre els trastorns del 

moviment relacionats amb el son (síndrome de cames neguitoses i moviments periòdics 

de cames) i els problemes conductuals en aquesta població pediàtrica. Per tant, 

l'objectiu d'aquest estudi era avaluar la freqüència i l'impacte dels trastorns del moviment 

relacionats amb el son i els dolors de creixement en el comportament diürn i nocturn en 

nens de curta edat amb fissura palatina. 

Mètodes: Estudi transversal sobre el son i el comportament en nens de 2,0-6,9 anys 

amb fissura palatina. Els pares van completar el Qüestionari de Son Pediàtric, que inclou 

preguntes sobre moviments periòdics de cames, síndrome de cames neguitoses, dolors 

de creixement, somnolència diürna, latència i duración del son, i el Qüestionari de la 

infantesa primerenca de Conner amb preguntes sobre les dificultats de comportament. 

Resultats: Entre els 71 nens amb fissura palatina (52,1% de sexe masculí) el 14,1 % 

va resultar positius en el cribratge per moviments periòdics de cames, el 8,5% van 

reportar símptomes de cames neguitoses i 9,9% dolors de creixement. Els nens amb 

cribratge positiu per moviments periòdics de cames i cames neguitoses van presentar 

amb més freqüència somnolència diürna (moviments periòdics de cames: 40,0% vs. 

4,9%, p= 0,001; cames neguitoses 33,3% vs. 7,7%, p=0,04) i augment de la latència de 

son (moviments periòdics de cames 80% vs. 32,8%, p=0,005; cames neguitoses 100% 

vs. 33,8%, p=0,002) en comparació amb aquells que no van presentar aquests 

símptomes. Aquestes diferències no van ser significatives en nens amb i sense dolors 

de creixement. A més, els nens amb moviments periòdics de cames i cames neguitoses 

van presentar més afectació de l’estat d’ànim (58,2 ± 7,6 vs. 50,7 ± 8,4, p=0,01) i 

símptomes somàtics (66,2 ± 15,2 vs. 49,9 ± 9,5, p=0,0001). Per altra banda, la 

somnolència diürna es va associar amb un increment en la freqüència de problemes 

conductuals d’externalització, psiquiàtrics i somàtics. Mentre que els nens amb latència 

allargada van reportar amb més freqüència símptomes emocionals i somàtics, i aquells 

amb un temps de son reduït més dificultats conductuals d'internalització. 

Conclusions: Els pares de nens de curta edat amb fissura palatina van reportar amb 

freqüència moviments periòdics de cames, cames neguitoses i dolors de creixement. 

Diferències en el comportament diürn i nocturn, prèvies al son, van ser objectivades en 

funció de la presència dels diferents tipus de trastorns dels moviments estudiats. La 

somnolència diürna i altres variables de son podrien intervindre en els problemes de 

comportament en nens amb paladar fes i trastorns del moviments relacionats amb el 

son. 
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Sleep-related movement disorders and growing pains: differences in
daytime and bedtime behavior in 2e6 year old children with cleft
palate

Marta Moraleda-Cibri�an a, f, *, Sean Edwards b, Steven Kasten c, Seth Warschausky d,
Steven Buchman c, Louise O'Brien a, b, e, **

a Michael Aldrich Sleep Disorders Laboratory and Sleep Disorders, University of Michigan, Ann Arbor, United States
b Department of Oral & Maxillofacial Surgery, University of Michigan, Ann Arbor, United States
c Department of Surgery, Division of Plastic and Reconstructive Surgery, University of Michigan, Ann Arbor, United States
d Department of Physical Medicine & Rehabilitation, University of Michigan, Ann Arbor, United States
e Department of Obstetrics & Gynecology, University of Michigan, Ann Arbor, United States
f Sleep Disorders Center, Centro M�edico Teknon, Barcelona, Spain

a r t i c l e i n f o

Article history:
Received 20 May 2021
Received in revised form
10 July 2021
Accepted 13 July 2021
Available online 21 July 2021

Keywords:
Behavior
Cleft palate
Growing pains
Periodic limb movements
Restless legs syndrome
Sleepiness

a b s t r a c t

Background: Behavioural difficulties are common in children with sleep disorders. However, up to now
no study has investigated the association between sleep-related movement disorders (SRMD) and
behavior in children with craniofacial cleft. The aim of this study was to assess the frequency and impact
of SRMD and growing pains in daytime/bedtime behavior in young children with cleft palate.
Methods: Cross-sectional survey study of sleep and behavior in 2.0e6.9 year old children with cleft
palate. Parents completed the Pediatric Sleep Questionnaire, which queries reports of periodic limb
movements (PLMS), restless leg syndrome (RLS), growing pains, daytime sleepiness, sleep latency/
duration, and the Conners' Early Childhood Questionnaire which asks about behavioral difficulties.
Results: Among 71 children with cleft palate (52.1% boys) 14.1 % screened positive for PLMS, 8.5% re-
ported RLS and 9.9% growing pains. Childrenwho screened positive for PLMS and RLS were more likely to
report sleepiness (PLMS 40% vs. 4.9%, p ¼ 0.001; RLS 33.3% vs. 7.7%, p ¼ 0.04) and long sleep latency
(PLMS 80% vs. 32.8%, p ¼ 0.005; RLS 100% vs. 33.8%, p ¼ 0.002) compared to those who did not endorse
the respective sleep problems. Children who reported PLMS had a higher T-score for emotional
(58.2 ± 7.6 vs. 50.7 ± 8.4, p ¼ 0.01) and somatic symptoms (66.2 ± 15.2 vs. 49.9 ± 9.5, p ¼ 0.0001).
Sleepiness was associated to an increased frequency of externalizing, psychiatric and somatic problems.
While children with long sleep latency reported more emotional and somatic symptoms, and those with
reduced sleep duration more internalizing difficulties.
Conclusions: Parents of young children with cleft palate reported frequently PLMS, RLS and growing
pains. Daytime/bedtime behavior varies depending on the presence of SRMD. Sleepiness and sleep
variables might play a role on behavioural problems in children with cleft and SRMD symptoms.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Sleep-related movement disorders (SRMD) encompass a wide
range of stereotypical and non-purposeful movements that occur
during wake-sleep or sleepewake transition or during sleep. It is
estimated that, in general pediatric populations, the frequency of
restless legs syndrome (RLS) is about 2% and varies from 5% to 26%
for periodic limb movements (PLMS) [1e5]. Several large popula-
tion studies have shown an association between RLS and PLMS;
despite the pathophysiology of RLS and PLMS being unclear.
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Emerging evidence of common risk factors for RLS and PLMS such
as dopaminergic system dysfunction, low iron stores and genetic
susceptibility have been proposed [2,6]. In addition, several authors
have suggested that RLS and growing pains are frequently over-
lapping, and largely familial [7,8].

The role of sleep in cognitive and behavioural development has
been widely recognized in school age children and adolescents
[9e11]. Nevertheless, this association is still unclear in younger
pediatric populations. The prevalence of attention-deficit/
hyperactivity disorder (ADHD) is about 5e7% in general pediatric
populations, but increase up to 30e35% in children with RLS or
PLMS symptoms [12e14]. Behavioural problems are common in
children with craniofacial clefts. Richman et al. found that up to
50e60% of childrenwith cleft lip and palate and isolated cleft palate
have internalizing behavior that increased in girls over nine years of
age [15]. However, less is known about risk for externalizing
behavior such inattention/hyperactivity, impulsivity disorder or
aggressiveness, behavioral traits of likely neuropsychiatric disor-
ders in childrenwith craniofacial clefts [16,17]. Causes of behavioral
problems in children with cleft could be multifactorial (genetics/
developmental, environmental, sleep disorders and other medical
problems). However, an increased risk for behavioral difficulties
due to untreated obstructive sleep apnea or insufficient sleep
duration in pediatric populations with and without craniofacial
anomalies it has been recognized [11,18e20]. To date, no study has
assessed whether SRMD or growing pains may play a role on
daytime functioning in the pediatric cleft populationwho may be a
particularly susceptible cohort to SRMD and growing pains related
functional difficulties, given their high frequency of cognitive and
behavior difficulties. Therefore, the purpose of this study was to
investigate the frequency of PLMS, RLS and growing pains symp-
toms in young children with non-syndromic cleft palate, and to
determine whether PLMS, RLS and/or growing pains play a role in
daytime (internalizing and externalizing symptoms) and bedtime
behavior in this patient population.

2. Material and methods

2.1. Study population

The studywas approved by the Institutional Review Board at the
University of Michigan. This cross-sectional study was part of a
larger investigation specifically designed to assess frequency of
different sleep disorders in young children with cleft palate, the
most common craniofacial malformation, and to assess daytime
and bedtime behavior. Families of consecutive children with cleft
palate seen in the Craniofacial Anomalies Program whose primary
caregiver was able to read and write English were selected and
approached by a study team member (MM). Children were
included if they were between 2.0 and 6.9 years old with a
confirmed diagnosis of cleft palate and no other major medical
problems such as suspected developmental delay, syndromic cleft
palate, neurological or behavioural disorders. Written informed
consent was obtained from parents.

2.2. Measurements

Parents of enrolled children completed the Pediatric Sleep
Questionnaire (PSQ) [21], and the Conners' Early Childhood Ques-
tionnaire [22] during the clinical appointment (see below). Data
extracted from medical records included gender, age, racial back-
ground, weight, height and confirmed diagnosis of cleft palate.

Body Mass Index (BMI ¼ weight in Kg/height in m2) and BMI per-
centiles, adjusted for age and sex, were calculated.

2.2.1. Sleep-related movement disorders and growing pains
The PSQ is a well-validated tool widely used in research to

screen sleep disorders in children aged 2e18 years. The PSQ con-
tains 70 questions and includes several validated component scales.
The PLMS scale of the PSQ was used to screen for PLMS in children
with cleft palate (Appendix 1) [23]. This scale includes six items:
four items about nighttime awakenings and daytime symptoms
(A16, A44, B1, B7), one item about restless legs syndrome symp-
toms (RLS) (A13) and one item about growing pains (A13b). The
questions about RLS and growing pains have double weight
assigned in the PLMS scale and were also evaluated separately.
Responses options were ‘yes’, ‘no’, or ‘don't know’. ‘Don't know’ or
‘not available’ responses were considered missing. The PLMS score
varies from 0.0 to 1.0. Children with a threshold score �0.33 were
considered to have high risk for PLMS. In general pediatric pop-
ulations, a score �0.33 has a sensitivity of 0.79, and a specificity of
0.56 for 5 or more PLMS per hour of sleep [23].

2.2.2. Sleepiness and bedtime behavioral assessment
In order to assess the frequency of daytime sleepiness the four-

item sleepiness subscale of the PSQ was used: 1) unrefreshed in
morning; 2) problemwith sleepiness; 3) sleepy per teacher; and 4)
hard to wake up [21]. High risk for sleepiness was considered
present in those children with a threshold score �0.33. Sleep la-
tency was collected from the PSQ. Long sleep latency was consid-
ered when the average to fall sleep was �30 min. Total sleep time
(TST) weekdays was also reported on the PSQ. Suboptimal sleep
durationwas considered when TST was more than 1 h less than the
minimum recommended time by the National Sleep Foundation
per age.

2.2.3. Daytime behavioral assessment
The Conners' Early Childhood questionnaire is a comprehensive

parent report tool designed to assess a wide range of behavioural,
emotional, social concerns, and major developmental milestones
(adaptive skills, communication, motor skills, play and pre-
academic/cognitive) in toddlers and preschool-aged children from
2 to 6 years old [22]. The Conners' Early Childhood is well validated
instrument which contains 190 questions. The behavioural
assessment of the Conners' Early Childhood includes seven in-
dicators of potential problematical areas such as inattention/hy-
peractivity, defiant/aggressive behaviours, social functioning/
atypical behaviours, anxiety, mood and affect and physical symp-
toms. Response options vary from 0 to 3 or from 0 to 2. Raw scores
were converted to standard T-scores adjusted by age and gender
with a range of 0e100, mean of 50, and standard deviation (SD) of
10. ‘High average score’was defined as a T-score between 60 and 64
(mean ± 1e1.5 SD) and is associated with a slightly higher number
and/or frequency of reported concern. For the current study, a high
average T-score or above was considered clinically significant.

2.3. Statistical analysis

The main variables of the study were frequency of PLMS, RLS
and growing pains symptoms, daytime sleepiness, sleep latency,
sleep duration and T-scores for daytime behavioural problems. The
study population was divided into three age groups (toddlers <3
years, pre-schooler 3.0e5.9 years and school aged children 6.0
years and older) and into three weigh groups according to the BMI
percentile threshold recommended by Centers for Disease Control.
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Data were summarized by means and SD for continuous variables,
and percentages for categorical variables with 95% of confident
intervals. The c2 test was used to examine differences between
categorical variables such demographic data (gender, BMI groups,
racial background) and the presence of the main variables of the
study (PLMS, RLS, growing pains, daytime sleepiness, long sleep
latency and suboptimal TTS according to age). Moreover, compar-
isons of continuous variables such as mean sleep latency and T-
scores for behavioral problems were conducted using the student t-
test. All test results were two-tailed and differences were consid-
ered statistically significant if the p-value was <0.05. Analyses were
conducted using SPSS 15.0 (IBM, Armonk, NY).

3. Results

A total of 80 children with non-syndromic cleft palate aged
2.0e6.9 years were enrolled. Of these, nine children were excluded
due to the presence of other craniofacial or congenital anomalies,
syndromes, autism and developmental delay. Therefore, the final
sample size was n ¼ 71. The mean participant age was 4.8 ± 1.3
years, 52.1% were boys and 62.0% were Caucasian. Among the 71
children, 56 (78.9%) were of normal weight according to the BMI
percentile. Summary of the main characteristics of the study pop-
ulation are shown in Table 1.

3.1. Periodic limb movements, restless legs syndrome and growing
pains symptoms

The PLMS score was �0.33 in ten children (14.1%), six (8.5%)
reported RLS symptoms, and seven (9.9%) growing pains. None of
the children were diagnosed or on treatment for these conditions.
Caucasian children were more likely to report PLMS symptoms
compared to children of other races (20.5% vs 3.7%, p ¼ 0.049).
Moreover, the mean age in childrenwith growing pains was higher
compared with children without (Table 2). But, no other statisti-
cally significant differences were found in the frequency of SRMD
and growing pains according to the other demographic character-
istics in the study population (Table 2). Two thirds (66.7%) of chil-
dren who reported RLS symptoms screened positive for PLMS,
while only 40% of children who screened positive for PLMS re-
ported RLS symptoms (p ¼ 0.0001). Moreover, most children with
growing pains symptoms screened positive for PLMS (85.7% vs.
6.3%, p ¼ 0.0001), while only few of them reported RLS symptoms
(14.3% vs. 7.8, p ¼ 0.56). The frequency of positive screening for
sleep disordered breathing (SDB) was higher in those children who

screened positive for PLMS compared to those who did not (40.0 vs.
13.1%, p ¼ 0.035). Nevertheless, this association was not found in
children who reported RLS symptoms (33.3 vs. 15.4%, p ¼ 0.26), nor
for those who reported growing pains (14.3 vs. 17.2%, p ¼ 0.85).

3.2. Sleepiness, sleep latency and sleep duration

Overall, seven children (9.9%) screened positive for daytime
sleepiness. Childrenwho screened positive for PLMS and thosewho
reported RLS symptoms were more likely to have daytime sleepi-
ness compared with children who screened negative for PLMS and
RLS. There was a trend for children with growing pains to have
daytime sleepiness. See Table 2.

Sleep latency �30 min was reported by 28 children (39.4%) in
this study population of young children with cleft palate. Among
the total population, no statistically significant association was
found in the mean sleep latency between age groups. Nevertheless,
children with RLS symptoms and positive screening for PLMS re-
ported more that 20e30 min on average to fall sleep compared to
those who did not reported PLMS or RLS symptoms. Differences on
mean sleep latency were not statistically significant for children
with and without growing pains (Table 2). The mean of sleep
duration in the study population on weekdays was 10.2 ± 0.9 h.
Suboptimal TST was higher in the younger age group (toddlers
100%, pre-schoolers 11,5% vs. school aged children 0%, p ¼ 0.0001).
No association was found between suboptimal TTS and positive
screening for sleepiness (10.0% vs. 9.8%, p ¼ 0.99). However, long
sleep latency was reported by 100% of children who screened
positive for daytime sleepiness and only 32.8% of those children
who screened negative for sleepiness (p ¼ 0.001).

3.3. Association between sleep-related movement disorders/
growing pains, and daytime/bedtime problems

The T-score for inattention/hyperactivity was high (�60) in
twenty-two children (31.0%). Forty per cent of childrenwho screened
positive for PLMS, 50% with RLS symptoms, and 28.6% with growing
pains had a high T-score for inattention/hyperactivity, but differ-
ences in T-score for inattention/hyperactivity were not statistically
significant between childrenwith andwithout PLMS, RLS or growing
pains. Nevertheless, children who screened positive for PLMS had a
high T-score that was statistically significant for mood/affect prob-
lems and for physical symptoms compared with children who
screened negative for PLMS (T-score mood/affect 58.2 ± 7.6 vs.
50.7 ± 8.4, p ¼ 0.01, T-score physical symptoms 66.2 ± 15.2 vs.
49.9± 9.5, p¼ 0.0001). Moreover, therewas a trend for childrenwho
screened positive for PLMS compared to those who did not to have a
high mean T-score for defiant aggressive temper, defiant temper and
atypical behavior. See Table 3. In the same way, children who re-
ported growing pains trended to have a high T-score for defiant
aggressive temper, defiant temper, social functioning and mood/
affect problems compare with children who did not report growing
pains (Table 3). But differences in mean T-scores for any of the seven
indicators of potential problematical areas were not statistically
significant among children with and without RLS symptoms.

Finally, we examined the association of the frequency of high T-
score (�60) of the seven assessed indicators of potential prob-
lematical behaviours with positive screening for daytime sleepi-
ness, long sleep latency and suboptimal TST. Children with positive
screening for sleepiness had a significantly elevated T-score for a
variety of daytime problems (externalizing behaviour, emotional/
psychiatric and somatic symptoms), while children with long sleep
latency reported statistically significant elevated T-scores for
emotional and somatic symptoms and children with suboptimal
TTS per age for internalizing problems (Table 4).

Table 1
Demographic and other characteristics of the study population.

N (%)
(n ¼ 71)

Age (mean ± SD (years)) 4.8 ± 1.3
BMI percentile (mean ± SD) 44.9 ± 31.6
Boys 37 (52.1)
Race
Caucasian 44 (62.0)
Asian 21 (29.6)
African-American 3 (4.2)
Other 3 (4.2)

PLMs score (mean ± SD) 0.1 ± 0.2
Positive screening for PLMS 10 (14.1)
RLS symptoms 6 (8.5)
Growing pains symptoms 7 (9.9)
Sleepiness score (mean ± SD) 0.1 ± 0.2
Sleep Latency (mean ± SD (minutes)) 24.7 ± 17.2

SD standard deviation, PLMS periodic limb movements, RLS restless legs
syndrome.
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4. Discussion

We have demonstrated that sleep-related movement disorders,
daytime and bedtime dysfunctional problems such as sleepiness,
inattention/hyperactive, and long sleep latency are commonly re-
ported by parents of young children under seven years of age with a
repaired cleft palate. It appears that daytime and bedtime behavior
varies widely depending on SRMD and growing pains. While diffi-
cultieswith sleep onsetwere reported in the three groups of children
with SRMD and growing pains compared to those without symp-
toms, differences in mean sleep latency were only statistically sig-
nificant in childrenwith positive screening for PLMS and RLS with an
increased sleep latency of about 30 and 20 min respectively
compared to childrenwithout RLS or PLMS symptoms. The presence
of PLMS and RLS play a role in bedtime problems and also daytime
sleepiness, while growing pains did not play a role in bedtime or in
daytime behavior. In addition, daytime sleepiness or isolated

findings of PLMS of SRMD might partially contribute to inattention/
hyperactivity in young children with cleft palate, the most common
developmental behavioural disorder behavior.

Results of the present study differ from previous studies in older
children.While the frequency of inattention/hyperactivity was high
in childrenwith SRMD compared to childrenwithout symptoms, no
statistically significant differences in inattention/hyperactivity
were found in the present study of children younger than seven
years of age. Furthermore, it appears that only the presence of PLMS
symptoms was associated with increased T-scores for specific
daytime behaviors such as emotional and somatic problems, and
could potentially increased externalizing and internalizing symp-
toms. In addition, the presence of growing pains symptoms was
associated with a trend for increased T-scores for externalizing
symptoms.

Screening for PLMS, RLS and growing pains could be challenging
in children under school age as there is currently a lack of tools

Table 2
Differences in demographic characteristics and sleep variables or symptoms (mean sleep latencies, frequency of long sleep latency and frequency of sleepiness) among children
with positive or negative screening for PLMS, RLS, and growing pains.

Positive PLMS
(n ¼ 10)
N (%)

Negative PLMS
(n ¼ 61)
N (%)

p
value

Positive RLS
(n ¼ 6)
N (%)

Negative RLS
(n ¼ 65)
N (%)

p
value

Positive
Growing pains
(n ¼ 7)
N (%)

Negative
Growing pains
(n ¼ 64)
N (%)

p
value

Age (mean ± SD years) 5.0 ± 1.2 4.7 ± 1.3 0.45 4.5 ± 1.2 4.8 ± 1.3 0.58 5.6 ± 1.1 4.7 ± 1.3 0.07
BMI percentile (mean ± SD) 54.6 ± 33.1 43.4 ± 31.3 0.34 51.8 ± 37.3 44.3 ± 31.3 0.65 47.9 ± 32.5 44.6 ± 31.7 0.80
Boys 7 (70.0) 30 (49.2) 0.22 4 (66.7) 33 (50.8) 0.46 5 (71.4) 32 (50.0) 0.28
Caucasian 9 (90.0) 35 (57.4) 0.049 4 (66.7) 40 (61.5) 0.80 6 (85.7) 38 (59.3) 0.17
Mean Sleep Latency (min) 44.0 ± 23.0 21.5 ± 13.9 0.01 52.5 ± 22.7 22.1 ± 14.3 0.02 33.9 ± 19.5 23.7 ± 16.8 0.22
Long Sleep Latency (>30 min) 8 (80.0) 20 (32.8) 0.005 6 (100.0) 22 (33.8) 0.002 4 (57.1) 24 (37.5) 0.31
Sleepiness 4 (40.0) 3 (4.9) 0.001 2 (33.3) 5 (7.7) 0.04 2 (28.6) 5 (7.8) 0.08

PLMS periodic limb movements, RLS restless legs syndrome, SD standard deviation, p-value <0.05, in bold, was considered statistically significant.

Table 3
Differences in mean T-score for behavioral problems among children with positive or negative screening for PLMS, RLS, and growing pains.

Positive PLMS
(n ¼ 10)

Negative PLMS
(n ¼ 61)

p
value

Positive RLS
(n ¼ 6)

Negative RLS
(n ¼ 65)

p
value

Positive
Growing
pains (n ¼ 7)

Negative
Growing pains
(n ¼ 64)

p
value

Inattention/Hyperactivity 61.2 ± 12.9 53.7 ± 11.6 0.11 57.3 ± 19.4 54.5 ± 11.3 0.74 59.4 ± 8.5 54.3 ± 12.3 0.18
Defiant Aggressive Behavior 59.1 ± 9.7 52.8 ± 31.3 0.08 56.3 ± 16.0 53.4 ± 10.0 0.68 58.1 ± 5.5 53.2 ± 10.8 0.07
Defiant Temper 58.5 ± 9.4 52.4 ± 9.5 0.08 53.8 ± 15.1 53.2 ± 9.2 0.93 57.0 ± 4.7 52.9 ± 10.0 0.08
Aggression 54.0 ± 12.6 51.4 ± 13.0 0.55 57.0 ± 15.5 51.2 ± 12.6 0.41 52.9 ± 9.4 51.6 ± 13.2 0.76
Social Functioning/Atypical Behaviors 54.6 ± 10.7 52.3 ± 7.5 0.53 58.5 ± 10.1 52.1 ± 7.6 0.18 51.0 ± 9.5 52.8 ± 7.8 0.64
Social Functioning 50.5 ± 10.3 52.3 ± 8.2 0.61 57.2 ± 8.5 51.6 ± 8.4 0.18 46.3 ± 7.5 52.7 ± 8.4 0.07
Atypical Behaviors 60.8 ± 13.5 51.8 ± 8.0 0.07 58.2 ± 13.9 52.6 ± 8.9 0.38 59.6 ± 13.5 52.3 ± 8.7 0.20
Anxiety 61.0 ± 15.0 52.6 ± 10.7 0.12 56.2 ± 8.4 53.6 ± 11.9 0.51 54.4 ± 13.5 53.7 ± 11.6 0.90
Mood and Affect 58.2 ± 7.6 50.7 ± 8.4 0.01 54.8 ± 10.2 51.5 ± 8.5 0.47 57.0 ± 7.4 51.2 ± 8.6 0.09
Physical Symptoms 66.6 ± 15.2 49.9 ± 9.5 0.0001 60.5 ± 13.1 51.1 ± 11.0 0.14 56.7 ± 11.5 51.4 ± 11.3 0.28

PLMS periodic limb movements, RLS restless legs syndrome, p-value <0.05, in bold, was considered statistically significant.

Table 4
Differences in the frequency of behavioral problems according to the presence of daytime sleepiness, long sleep latency and reduced sleep duration.

Positive
Sleepiness
(n ¼ 7)

Negative
Sleepiness
(n ¼ 64)

p
value

Long
Sleep
Latency (n ¼ 28)

Normal
Sleep
Latency (n ¼ 43)

p
value

Sub-optimal
TST (n ¼ 10)

Normal TST
(n ¼ 61)

p
value

Inattention/Hyperactivity 42.9 29.7 0.47 28.6 32.6 0.72 30.0 31.1 0.94
Defiant Aggressive Behavior 71.4 20.3 0.03 35.7 18.6 0.10 50.0 21.3 0.053
Defiant Temper 71.4 17.2 0.01 25.0 20.9 0.69 40.0 19.7 0.15
Aggression 57.4 10.6 0.09 21.4 18.6 0.77 20.0 19.9 0.98
Social Functioning/Atypical Behaviors 42.9 18.8 0.14 28.6 16.3 0.21 60.0 14.8 0.001
Social Functioning 42.9 21.9 0.22 35.7 16.3 0.06 50.0 19.7 0.04
Atypical Behaviors 28.6 21.9 0.69 21.4 23.3 0.86 30.0 21.1 0.54
Anxiety 71.4 21.9 0.005 39.3 18.6 0.054 40.0 24.6 0.31
Mood and Affect 57.1 9.4 0.01 25.0 7.0 0.03 20.0 13.1 0.56
Physical Symptoms 85.7 15.6 0.0001 42.9 9.3 0.001 20.0 23.0 0.84

TST total sleep time, p-value <0.05, in bold, was considered statistically significant.
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specifically developed to assess these medical conditions in pedi-
atric populations. Efforts to make a clinical diagnosis of RLS based
on informant descriptions in young children are problematic and
polysomnography is not always available to diagnose PLMS in pe-
diatric populations.

Sleep difficulties are common in school age children and ado-
lescents, which affect up to 40% of children in general pediatric
populations. Causes of sleep disruption in children are multifacto-
rial such as environmental or cultural factors, genetics, sleep-
disordered breathing (SDB) and other sleep disorders or medical
conditions [11,24]. A robust association has been reported in the
literature between sleep disruption and daytime behavioral prob-
lems [11,14,19,24e26]. Recent studies have also suggested that
sleepiness might contribute to externalizing behavior [11,24].
Spruyt and Gozal (2011) in a review suggested that contrary to
adults, daytime sleepiness in children may display not only as
‘inactive’ behavior, but also as an ‘overactive’ behavior such as hy-
peractivity or aggressive behavior [24]. Therefore, daytime sleepi-
ness should be considered as a potential factor involved in daytime
behavior in pediatric populations. In the current study, children
who reported SRMD especially those who screened positive for
PLMS were more likely to have daytime sleepiness compared to
those without. Of note, children who screened positive for daytime
sleepiness had significantly more externalizing behaviour, as well
as emotional and somatic symptoms. In contrast, suboptimal TST
was associated with significantly more internalizing difficulties,
and children with long sleep latency more emotional and somatic
problems.

The main strength of our study is that we investigated for the
first time both the frequency of different SRMDs and growing pains
in children with congenital clefts as well as the impact on daytime
function (sleepiness, internalizing and externalizing behaviors),
bedtime difficulties (sleep latency) and sleep duration in the same
pediatric population. Secondly, the target study population younger
than seven years is important since early identification of sleep
problems may provide a window of opportunity to intervene and
potentially minimize development of inattention/hyperactivity and
other behavioral problems prior to increasingly challenging aca-
demics pursuits. Third, children with non-syndromic cleft palate,
after excluding childrenwith neurological or behavioural disorders,
should now be considered a high-risk study population due to the
increased risk for later behavioral problems. Finally, children
without PLMS, RLS or growing pains were the comparison group
rather than typically developing children.

This study has a number of limitations. First, the assessment of
SRMD symptoms was based on the parental report from the PSQ
rather than polysomnography to identifiy PLMS. The PSQ is a vali-
dated tool for screening SRMD in pediatric populations but has not
been specifically validated in children with clefts. Nevertheless, a
previous study in a large pediatric population without craniofacial
anomalies has shown that a score �0.33 had a sensitivity of 0.79,
and a specificity of 0.56 for �5 PLMs per hour of sleep [23].
Moreover, use of this screening tool has clinical applicability since
polysomnography is labor intensive, expensive, and not easily
employed in pediatric populations with other medical conditions.
Another limitation is that RLS screening was based on a single
question rather than the pediatric RLS criteria proposed Picchietti
et al. [27] and insufficient to formally diagnose RLS and distinguish
it from several mimics.

The present study suggests that daytime symptoms and bedtime
difficulties differ widely in young children with cleft palate and
symptoms of PLMS, RLS or growing pains. In addition, while causes
of behavioral, emotional or somatic problems are multifactorial, it
appears that daytime sleepiness secondary to sleep disruption or
suboptimal TST may play a role in early daytime symptoms in this

pediatric population. Therefore, screening of sleep problems such as
SRMD should be considered in children with cleft palate and
behavioral problems. Further studies aiming to assess behavior on
pediatric populations with these medical conditions are needed.
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Appendix 1

PLMS scale includes six items (A13 and A13b have double
weight assigned in the PLMS score)

A13 Does your child describe restlessness of the legs when in
bed?

A13b Does your child have ‘growing pains’ that are worst in
bed?

A16 At night, does your child usually get out of bed (for any
reason)?

A44 Does your child wake up more than twice a night on
average?

B1 Does your child wake up feeling unrefreshed in themorning?
B7 Does your child wake up with headaches in the morning?
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Results of the present study have demonstrated that a sizable proportion of preschoolers 

and young school age children with non-syndromic cleft palate anomalies, non-selected 

for sleep or behavioral problems, screen positive for SDB or report habitual snoring, the 

key symptom of SDB.  The incidence of positive screening for SDB compared to other 

studies in pediatric cleft populations was similar to the study of Silvestre (15%),57 and a 

little bit lower compared to other two studies probably due to the younger age of the 

current study population.43,54 Nocturnal PSG, performed in a subgroup of patients with 

clinical suspicion of OSA objectively identified the presence of OSA in more than 80% of 

children; notably more than 25% were diagnosed with moderate-severe OSA. These 

findings are consistent with the results of MacLean and a previous study of Moraleda-

Cibrián et al in children with syndromic and non-syndromic craniofacial 

malformations.58,59 Interestingly, according to the outcomes of the present study, and in 

concordance with previous literature, the increased frequency of SDB and OSA in the 

study population of non-syndromic cleft represent approximately 1.5-fold, and more than 

20-fold higher respectively compared to other investigations in general pediatric 

populations.32 Our findings further show: (1) a higher frequency of positive screening for 

SDB in children with isolated cleft palate, (2) a higher frequency of OSA in males, and 

(3) a higher AHI in children with isolated cleft palate. Therefore, evaluation of OSA should 

be highly recommended in this pediatric population due to the established high risk and 

severity for a constellation of breathing disorders especially in those cases with clinical 

suspicions even in the absence of formal screening.  

The presence of craniofacial anomalies in a newborn has compromised the morphology 

of upper airway symptoms from birth, predisposing to obstructive symptoms.171 The 

upper airway is part of the respiratory system between the nostrils or lips and the trachea. 

This structure represents a common anatomical pathway for different human functions 

and it is involved not only in breathing, but also in olfaction, coordination of swallowing 

and ventilation, protection from aspiration of food, defense of infection, and 
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speech.171,172 Otitis media and speech difficulties are symptoms frequently reported and 

routinely assessed in children with cleft palate.69,87,90,173–177 In the present study the vast 

majority of families reported that children with non-syndromic cleft had the first episode 

of otitis media through the first year, a critical developmental period for hearing and 

speech.171,172 The abnormal insertion of the muscles responsible of the opening of 

Eustachian tube is considered the main cause of MED in this pediatric population. 

Nevertheless, apart from the reduced dimensions of the airway, upper airway infections, 

environmental exposures, and other risk factors also play a role in obstructive sleep 

symptoms. Interestingly, although literature is limited, several years ago it was 

hypothesized that if habitual snoring and MED share pathophysiological and anatomical 

mechanisms these two medical conditions may be linked in children without craniofacial 

malformations.42,84 This cross-sectional study confirms, for the first time, this association 

in children with clefts and shows that recent episodes of otitis media in children aged 2-

7 years with a repaired cleft palate are associated with an increased frequency of  

habitual snoring. Moreover, it appears that intrinsic factors related to the 

dimensions/characteristics of the upper airway play a significant role in the 

pathophysiology of otitis media and habitual snoring compared with environmental 

factors in children with cleft palate. Similarly, we have previously shown that specific 

characteristics of resonance during speech assessment were associated with an 

increased risk for SDB in children with craniofacial malformations,91 suggesting that 

findings of speech assessment may provide additional information about SDB risk. 

Results of the current study also suggest that parentally-reported speech problems could 

be associated with an increased frequency of habitual snoring in children with cleft 

palate. Therefore, these findings support the need for screening and evaluation SDB in 

children with MED and speech problems as a standard of care during this critical 

developmental period. 
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In typically developing children, persistent sleep-related breathing disturbances have 

been associated with behavioral and cognitive impairments.61,117,119,178 Even short-term 

hypoxic exposure from high altitude has been shown to induce significant executive and 

memory deficits in healthy children.179 Learning difficulties and behavioral problems are 

common in children with CL/P.52,180–184  Factors involved in school under-achievement in 

this pediatric population are likely multifactorial from hearing and speech difficulties to 

cognition and behavioral impairment, and SDB or other medical problems. Behavioral 

problems, that sometimes start early in life, can lead to reduced academic achievement 

and sever developmental impairment throughout childhood. Internalizing behavioral 

problems, such social isolation, are frequently reported in cleft populations and may 

contribute to learning difficulties due to decreased expectations by peers and teachers 

even when intellectual functioning is within the normal range.135,180,185  A recent New 

Zealand study of 378 children with orofacial clefts aged 5-12 years found that while over 

90% of children with CL/P had normal prosocial skills, they may not be easily accepted 

by their peers which may result in behavioral problems.185 Externalizing behavior 

problems have been associated among general pediatric populations with snoring and 

other symptoms of SDB.61,178 Externalizing behavioral traits such 

inattention/hyperactivity, aggression or impulsivity that can emerge early in the course of 

development, persist across developmental stages, occur in a multitude of 

developmental disorders and directly impact on learning skills and academic 

achievements. However, externalizing behavioral problems have been less investigated 

in this pediatric population.183,186 Nopoulos in a study published in 2010 found 

substantially elevated hyperactivity/impulsivity/inattention scores in boys with isolated 

CL/P compared to a healthy comparison group, directly related to the volume of the 

ventromedial prefrontal cortex, an area of the brain with an important role in these 

behaviors.186  
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Nevertheless, while the high risk for SDB and behaviour problems have been recognized 

in children with cleft, little is known about the association between snoring or sleep-

related breathing disorders and neurobehavioral impairment in this pediatric population. 

MacLean et al in a observational follow-up study of infants with history of CL/P concluded 

that neurocognition was within normal range at least at 3 years of age despite high AHI 

in infancy.52 Interestingly, findings of the present study demonstrate in preschool and 

young school age children with non-syndromic cleft palate that positive screening for 

SDB was associated with significant higher T‐scores for inattention/hyperactivity and 

internalizing behaviour problems, and moderate/severe OSA with externalizing problems 

(defiant temper and aggressive behaviour). These findings are consistent with data from 

previous studies about the impact of SDB in pediatric populations without craniofacial 

malformations.61,178 O’Brien et al found that the risk for SDB based on PSQ data was 

twice as high among children with conduct problems compared to those without.61 

Moreover, some studies have suggested the potential reversibility of behavioral 

impairment after treatment of disparate childhood sleep disorders.165,187,188  Thus, studies 

to assess risk factors for learning and behavioral difficulties in young children with cleft 

such SDB are needed to investigate its contribution and potential reversibility of these 

common developmental comorbidities in children with cleft palate. 

The impact of SDB on health-related QoL in children with cleft was also investigated in 

the current study. Six dimensions of QoL (physical well-being, emotional well-being, self-

esteem, family, friends and everyday functioning (school or nursery 

school/kindergarten)) based on the KINDL questionnaire, a generic health-related QoL, 

were evaluated.189 The assessment found lower scores for family well-being in children 

who screened positive for SDB and in children identified with moderate/severe OSA, 

while lower scores for emotional well-being were only reported in children who screened 

positive for SDB. Previous studies had investigated the impact of the presence of this 

craniofacial anomaly on QoL of patients and caregivers.167–170,190–192 A self-reported study 
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about health-related QoL suggested that the impact of cleft was higher in adolescents.169 

Smith et al in a prospective study of infants up to 3 years of age demonstrated that QoL 

scores were within a normal range independently of AHI.52 Regarding family well-being, 

QoL outcomes were lower for caregivers of young children with cleft.170,190 Results of the 

present study add to this literature by demonstrating an association between different 

sleep-disordered breathing disrturbances and families’ and/or emotional well-being, and 

severity of OSA and QoL of preschool and young school children with cleft. 

Daytime dysfunction has been also associated with reduced or disrupted sleep in 

pediatric populations without craniofacial malformations.61,116,117,126,193–195 Nowadays 

insufficient sleep is the most common sleep problem in children and adolescents with 

significant associated behavioral problems.140,196–198  However, knowledge about the 

frequency and impact on daytime and bedtime behavior of SRMD and growing pains, 

sometimes misinterpreted as restless legs, in children with orofacial cleft is still limited 

despite their high risk for behavior problems.  

Results of the present study found that between 8 and 14% of parents of young children 

with cleft palate reported PLMS, RLS and/or growing pains. Of note, screening for SRMD 

and growing pains could be challenging especially in children under school age. Efforts 

to make a clinical diagnosis of RLS based on informant descriptions in young children 

are problematic and PSG is not always available to diagnose PLMS in pediatric 

populations. Thus, validated pediatric tools such the PLMS scale designed by Chervin, 

a six-items scale included in the PSQ to screen PLMS, RLS and growing pains with a 

reasonable validity and reliability,116 could help to identify SRMD in pediatric populations 

in order to refer them to sleep clinics and to confirm the diagnosis. However, available 

data about the frequency of pediatric SRMD based on the PLMS scale is lackling116 

Difficulties in falling sleep, restless sleep and inattetion/ hyperactivity are more frequently 

reported in general pediatric populations with RLS and PLMS than in controls.194,199,200 

Results of the current study showed that sleep onset difficulties were reported in all three 
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groups (PLMS, RLS and growing pains). However, differences in mean sleep latency 

and daytime sleepiness were only statistically significant in children with positive 

screening for PLMS and RLS compared to those with negative screening.  

Regarding behavioral problems, our findings differ from previous studies in older children 

without craniofacial malformations.116 Differences in T-scores for social functioning, 

inattention/hyperactivity or aggressive behavior, internalizing and externalizing 

difficulties respectively, among the three groups were not statistically significant. 

However, the presence of PLMS symptoms was associated with increased T-scores for 

specific daytime behaviors such emotional and somatic problems and may partially 

contribute to inattention/hyperactivity with higher mean T-scores (>60) in children who 

screened positive for PLMS compared to those who screened negative. Similarly, T-

scores were higher for defiant aggressive and temper behavior and for social functioning 

and emotional problems in children with growing pains compared with those without, but 

not quite statistically significant. Thus, while bedtime disturbance and daytime sleepiness 

were statistically significant for children with cleft who screened positive for PLMS and 

RLS, externalizing behavioral problems were closer to be significant in children with 

PLMS symptoms and growing pains. These findings are important since they might 

contribute to differentiate SRMD and growing pains based on clinical features in pediatric 

populations. However, further studies are needed to confirm daytime and bedtime 

differences between these three movement disorders. The interrelation between sleep 

disruption and inattention/hyperactivity or other externalizing behavioral problems is 

likely bidirectional and multifactorial. Different explanations have been postulated. 

Several studies have suggested that unrecognized daytime sleepiness might contribute 

to aggressive and other externalizing behavior problems.61,116,195 Contrary to adults, 

daytime sleepiness in children may manifest not only as ‘inactive’ behavior, but also as 

an ‘overactive’ behavior such as hyperactivity or aggressive behavior.195 Results of the 

present study showed that daytime sleepiness was frequently reported in children who 
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screened positive for SRMD especially those with PLMS symptoms and plausibly due to 

a higher sleep disturbance compared with the other groups.  Of note, children with 

daytime sleepiness had significantly more externalizing/internalizing behaviour 

difficulties compared to children without daytime sleepiness. Therefore, while daytime 

and bedtime behaviors vary widely depending on the presence of SRMD and growing 

pains, outcomes related to daytime sleepiness are consistent with previous studies in 

general pediatric populations.61,116,195 

This research study has several strengths. First, this study provides information in young 

children with CL/P about the frequency of obstructive sleep symptoms and OSA, the 

association of different upper airway symptoms, the relationship of obstructive sleep 

symptoms with specific areas of behavior and QoL, and the frequency and behavioral 

impact of SRMD and growing pains. Second, screening of SDB was based on a well-

validated questionnaire and in a subgroup of children there were objective data about 

diagnosis and severity of OSA based on polysomnographic results. Third, the high 

frequency and severity of OSA in children who underwent polysomnography suggest 

that children with cleft palate may benefit from OSA evaluation. Fourth, the increased 

frequency of habitual snoring and specific characteristics of MED should be considered 

an important finding to take into account to screen SDB in pediatric clefts populations 

that may provide more timely referral, diagnosis, and management of sleep diagnoses 

that are frequently overlooked.  Differences in daytime functioning (such as sleepiness, 

internalizing and externalizing behaviors), bedtime difficulties (long sleep latency) and 

sleep duration (decreased) between children with SRMD and growing pains found in the 

present study may contribute to understand better overlaps and disconnects between 

PLMS, RLS and growing pains. However, further studies based on objective data are 

needed to confirm these clinical features. This study population - focused on children up 

to seven years of age with a specific craniofacial anomaly - provides important data about 

the frequency of specific sleep disorders, and associations with upper airway symptoms 
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and comorbidities that represents a window of opportunity to intervene and potentially 

minimize development of behavioral problems prior to increasingly challenging academic 

pursuits.  Finally, comparison between children with cleft with and without sleep and/or 

upper airway symptoms rather than typically developing children should be considered 

also a strength of this research study. 

Despite these strengths, there are several limitations. First, the small sample size of 

children with specific types of clefts, such as those with Pierre Robin sequence, which 

reduces the power to detect group differences. Another limitation was the lack of a non-

cleft control group. However, the goal of this study was to determinate the frequency of 

SDB and its associations to other upper airway symptoms within the cleft population. 

Third, while the PSQ is a validated tool widely used for screening SDB (and less 

frequently SRMD) in general pediatric populations, it has not been specifically validated 

in children with clefts despite the high risk for SDB and behavioral problems. Moreover, 

objective data was available only in a subgroup of children who were referred for clinical 

PSG. Another limitation is that RLS screening was based on a single question rather 

than the pediatric RLS criteria proposed Picchietti et al and insufficient to formally 

diagnose RLS and distinguish it from several mimics.103 Finally, the study is cross-

sectional and cannot support causal interpretations. 
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6.  CONCLUSION 
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1. In preschoolers and school age children with cleft palate Sleep-Disordered 

Breathing symptoms are common.  However, evaluation of sleep apnea should be 

highly recommended, especially in those cases with clinical suspicions even in the 

absence of formal screening, due to the established high risk in this pediatric 

population.  

 

2. The presence of Sleep-Disordered Breathing symptoms and moderate/severe 

sleep apnea were associated with high frequencies of externalizing and internalizing 

behavioral problems, and lower emotional and family well‐being. 

 

3. The study findings also suggest that in children with a cleft palate, intrinsic factors 

such as the type of cleft anomaly play a role in the frequency of habitual snoring and 

specific middle ear disease symptoms. 

 

4. A recent history of at least one episode of middle ear disease was associated 

with an increased frequency of habitual snoring. Therefore, screening and evaluation 

of Sleep-Disordered Breathing should be considered in children with upper airway 

symptoms, particularly with middle ear disease, as a standard of care in a critical 

developmental period.  

 

5. Sleep related-movement disorders and growing pains symptoms have been also 

frequently reported by parents of young children with non-syndromic cleft palate. 

 

6.  Interestingly, the present study suggests that daytime symptoms and bedtime 

difficulties differ widely in young children with cleft palate and symptoms of periodic 

limb movements, restless legs syndrome or growing pains. Finally, screening of sleep 

problems such as Sleep-related movement disorders should be also considered in 

children with cleft palate and behavioral problems. 

 

 

 

 

 

 

 

  

 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

68 
 

7. BIBLIOGRAPHY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

69 
 

1.  Mossey P, Castilla E. Global registry and database on craniofacial anomalies. 

Report of WHO registry meeting on craniofacial anomalies. 2001.  

2.  Wang W, Guan P, Xu W, Zhou B. Risk factors for oral clefts: a population-based 

case-control study in Shenyang, China. Paediatr Perinat Epidemiol. 

2009;23(4):310–20.  

3.  Tolarová M, Cervenka J. Classification and birth prevalence of orofacial clefts. Am 

J Med Genet. 1998 Jan;75(2):126–37.  

4.  Saad AN, Parina RP, Tokin C, Chang DC, Gosman A. Incidence of oral clefts 

among different ethnicities in the state of California. Ann Plast Surg. 2014;72 

(Suppl. 1).  

5.  Vanderas AP. Incidence of cleft lip, cleft palate, and cleft lip and palate among 

races: a review. Cleft Palate J. 1987;24 3:216–25.  

6.  Calzolari E, Pierini A, Astolfi G, Bianchi F, Neville AJ, Rivieri F, et al. Associated 

anomalies in multi-malformed infants with cleft lip and palate: An epidemiologic 

study of nearly 6 million births in 23 EUROCAT registries. Am J Med Genet Part 

A. 2007 Mar 15;143A(6):528-37. 

7.  Lithovius RH, Ylikontiola LP, Harila V, Sándor GK. A descriptive epidemiology 

study of cleft lip and palate in Northern Finland. Acta Odontol Scand. 2014 

Jul;72(5):372–5.  

8.  Pereira A V, Fradinho N, Carmo S, de Sousa JM, Rasteiro D, Duarte R, et al. 

Associated Malformations in Children with Orofacial Clefts in Portugal: A 31-Year 

Study. Plast Reconstr surgery Glob open. 2018;6(2):e1635.  

9.  Robin P. Backward fall of the roof of the tongue as a cause of respiratory 

disturbance. Bull Acad Med. 1923;89:37.  

10.  Varadarajan S, Madapis T, Thirumal Raj, Gupta A, Patil S, Hassan T et al. Genetic 

Mutations Associated with Pierre Robin Syndrome/Sequence: A Systematic 

Review. Rev Artic Mol Syndr. 2021;12:69–86.  



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

70 
 

11.  Marazita ML. The Evolution of Human Genetic Studies of Cleft Lip and Cleft 

Palate. Annu Rev Genomics Hum Genet. 2012;13:263–83.  

12.  Marcella Martinelli, Annalisa Palmieri, Francesco Carinci, Luca Scapoli. Non-

syndromic Cleft Palate: An Overview on Human Genetic and Environmental Risk 

Factors. 2020 Oct 20;8:592271. 

13.  Dixon MJ, Marazita ML, Beaty TH, Murray JC. Cleft lip and palate: understanding 

genetic and environmental influences. Nat Rev Genet. 2011 Mar;12(3):167–78.  

14.  Letra A, Menezes R, Granjeiro JM, Vieira AR. AXIN2 and CDH1 Polymorphisms, 

Tooth Agenesis and Oral Clefts. 2009 Feb;85(2):169-73. 

15.  Chiquet BT, Lidral AC, Stal S, Mulliken JB, Moreno LM, Arcos-Burgos M, et al. 

CRISPLD2: a novel NSCLP candidate gene. Hum Mol Genet. 2007 

Sep;16(18):2241–8.  

16.  Swindell EC, Yuan Q, Maili LE, Tandon B, Wagner DS, Hecht JT. Crispld2 is 

required for neural crest cell migration and cell viability during  zebrafish 

craniofacial development. Vol. 53, Genesis (New York, N.Y. : 2000). 2015. p. 660–

7.  

17.  Casey LM, Lan Y, Cho E-S, Maltby KM, Gridley T, Jiang R. Jag2-Notch1 signaling 

regulates oral epithelial differentiation and palate  development. Dev Dyn  an Off 

Publ Am Assoc  Anat. 2006 Jul;235(7):1830–44.  

18.  Richardson RJ, Dixon J, Jiang R, Dixon MJ. Integration of IRF6 and Jagged2 

signalling is essential for controlling palatal  adhesion and fusion competence. 

Hum Mol Genet. 2009 Jul;18(14):2632–42.  

19.  Venza I, Visalli M, Parrillo L, De Felice M, Teti D, Venza M. MSX1 and TGF-beta3 

are novel target genes functionally regulated by FOXE1. Hum Mol Genet. 2011 

Mar;20(5):1016–25.  

20.  Lidral AC, Romitti PA, Basart AM, Doetschman T, Leysens NJ, Daack-Hirsch S, 

et al. Association of MSX1 and TGFB3 with nonsyndromic clefting in humans. Am 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

71 
 

J Hum Genet. 1998 Aug;63(2):557–68.  

21.  Letra A, Fakhouri W, Fonseca RF, Menezes R, Kempa I, Prasad JL, et al. 

Interaction between IRF6 and TGFA genes contribute to the risk of nonsyndromic 

cleft  lip/palate. PLoS One. 2012;7(9):e45441.  

22.  Dixon J, Jones NC, Sandell LL, Jayasinghe SM, Crane J, Rey J-P, et al. 

Tcof1/Treacle is required for neural crest cell formation and proliferation  

deficiencies that cause craniofacial abnormalities. Proc Natl Acad Sci U S A. 2006 

Sep;103(36):13403–8.  

23.  Satokata I, Maas R. Msx1 deficient mice exhibit cleft palate and abnormalities of 

craniofacial and tooth  development. Nat Genet. 1994 Apr;6(4):348–56.  

24.  Marçano ACB, Doudney K, Braybrook C, Squires R, Patton MA, Lees MM, et al. 

TBX22 mutations are a frequent cause of cleft palate. Vol. 41, Journal of medical 

genetics. 2004. p. 68–74.  

25.  Stanier P, Moore GE. Genetics of cleft lip and palate: syndromic genes contribute 

to the incidence of  non-syndromic clefts. Hum Mol Genet. 2004 Apr;13 Spec 

No:R73-81.  

26.  Monsoro-Burq AH. PAX transcription factors in neural crest development. Semin 

Cell Dev Biol. 2015 Aug;44:87–96.  

27.  Peyrard-Janvid M, Leslie EJ, Kousa YA, Smith TL, Dunnwald M, Magnusson M, 

et al. Dominant mutations in GRHL3 cause Van der Woude Syndrome and disrupt 

oral periderm  development. Am J Hum Genet. 2014 Jan;94(1):23–32.  

28.  Phillips HM, Papoutsi T, Soenen H, Ybot-Gonzalez P, Henderson DJ, Chaudhry 

B. Neural crest cell survival is dependent on Rho kinase and is required for  

development of the mid face in mouse embryos. PLoS One. 2012;7(5):e37685.  

29.  Hu J, Lu J, Lian G, Zhang J, Hecht JL, Sheen VL. Filamin B regulates chondrocyte 

proliferation and differentiation through Cdk1  signaling. PLoS One. 

2014;9(2):e89352.  



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

72 
 

30.  Hu J, Lu J, Lian G, Ferland RJ, Dettenhofer M, Sheen VL. Formin 1 and filamin B 

physically interact to coordinate chondrocyte proliferation  and differentiation in 

the growth plate. Hum Mol Genet. 2014 Sep;23(17):4663–73.  

31.  Guilleminault C, Eldridge FL, Simmons FB, Dement WC. Sleep apnea in eight 

children. Pediatrics. 1976 Jul;58(1):23–30.  

32.  Lumeng JC, Chervin RD. Epidemiology of pediatric obstructive sleep apnea. 

Proceedings of the American Thoracic Society. 2008. Feb 15;5(2):242-52 

33.  Ali NJ, Pitson DJ, Stradling JR. Snoring, sleep disturbance, and behaviour in 4-5 

year olds. Arch Dis Child. 1993 Mar;68(3):360–6.  

34.  Gislason T, Benediktsdóttir B. Snoring, apneic episodes, and nocturnal 

hypoxemia among children 6 months to 6 years  old. An epidemiologic study of 

lower limit of prevalence. Chest. 1995 Apr;107(4):963–6.  

35.  Sánchez-Armengol A, Fuentes-Pradera MA, Capote-Gil F, García-Díaz E, Cano-

Gómez S, Carmona-Bernal C, et al. Sleep-related breathing disorders in 

adolescents aged 12 to 16 years: Clinical and polygraphic findings. Chest. 2001 

May;119(5):1393–400.  

36.  Castronovo V, Zucconi M, Nosetti L, Marazzini C, Hensley M, Veglia F, et al. 

Prevalence of habitual snoring and sleep-disordered breathing in preschool-aged 

children in an Italian community. J Pediatr. 2003 Apr;142(4):377–82.  

37.  Brunetti L, Rana S, Lospalluti ML, Pietrafesa A, Francavilla R, Fanelli M, et al. 

Prevalence of obstructive sleep apnea syndrome in a cohort of 1,207 children of 

Southern Italy. Chest. 2001 Dec;120(6):1930–5.  

38.  Redline S, Kapur VK, Sanders MH, Quan SF, Gottlieb DJ, Rapoport DM, et al. 

Effects of Varying Approaches for Identifying Respiratory Disturbances on Sleep 

Apnea Assessment. Am J Respir Crit Care Med [Internet]. 2000;161:369–74.  

39.  Sinha D, Guilleminault C. Sleep disordered breathing in children. Indian J Med 

Res. 2010 Feb;131:311–20.  



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

73 
 

40.  Standards and indications for cardiopulmonary sleep studies in children. American  

Thoracic Society. Am J Respir Crit Care Med. 1996 Feb;153(2):866–78.  

41.  Bixler EO, Vgontzas AN, Lin H-M, Liao D, Calhoun S, Vela-Bueno A, et al. THE 

Sleep disordered breathing in children in a general population sample: prevalence 

and risk factors. Sleep. 2009;32(6).  

42.  Gozal D, Kheirandish-Gozal L, Capdevila OS, Dayyat E, Kheirandish E. 

Prevalence of recurrent otitis media in habitually snoring school-aged children. 

Sleep Med. 2008 Jul;9(5):549-54  

43.  Moraleda-Cibrián M, Edwards SP, Kasten SJ, Berger M, Buchman SR, O’Brien 

LM. Symptoms of sleep disordered breathing in children with craniofacial 

malformations. J Clin Sleep Med. 2014 Mar;10(3):307–12.  

44.  Tauman R, Gozal D. Obesity and obstructive sleep apnea in children. Paediatric 

Respiratory Reviews. 2006 Dec;7(4):247-59.  

45.  McColley SA, Carroll JL, Curtis S, Loughlin GM, Sampson HA. High prevalence 

of allergic sensitization in children with habitual snoring and  obstructive sleep 

apnea. Chest. 1997 Jan;111(1):170–3.  

46.  Arens R, Muzumdar H. Sleep, sleep disordered breathing, and nocturnal 

hypoventilation in children with  neuromuscular diseases. Paediatr Respir Rev. 

2010 Mar;11(1):24–30.  

47.  Karkos PD, Leong SC, Benton J, Sastry A, Assimakopoulos DA, Issing WJ. Reflux 

and sleeping disorders: a systematic review. J Laryngol Otol. 2009;123(4):372–4.  

48.  Kaditis AG, Luz M, Alvarez A, Boudewyns A, Alexopoulos EI, Ersu R, et al. 

Obstructive sleep disordered breathing in 2-to 18-year-old children: diagnosis and 

management. Eur Respir J. 2016;47:69–94.  

49.  Yu JL, Rosen I. Utility of the modified Mallampati grade and Friedman tongue 

position in the assessment of obstructive sleep apnea. J Clin Sleep Med. 

2020;16(2):303–8.  



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

74 
 

50.  Dayyat E, Kheirandish-Gozal L, Gozal D. Childhood Obstructive Sleep Apnea: 

One or Two Distinct Disease Entities? Sleep Med Clin. 2007 Sep;2(3):433–44.  

51.  Muntz H, Wilson M, Park A, Smith M, Grimmer JF. Sleep disordered breathing 

and obstructive sleep apnea in the cleft population. Laryngoscope. 2008 

Feb;118(2):348-53  

52.  Smith CB, Walker K, Badawi N, Waters KA, MacLean JE. Impact of sleep and 

breathing in infancy on outcomes at three years of age for children with Cleft Lip 

and/or Palate. Sleep. 2014 May 1;37(5):919-25.  

53.  Robison JG, Otteson TD. Increased prevalence of obstructive sleep apnea in 

patients with cleft palate. Arch Otolaryngol - Head Neck Surg. 2011 Mar; 

137(3):269-74 

54.  Muntz H, Wilson M, Park A, Smith M, Grimmer JF. Sleep disordered breathing 

and obstructive sleep apnea in the cleft population. Laryngoscope. 2008 

Feb;118(2):348-53 

55.  Chervin RD, Hedger K, Dillon JE, Pituch KJ. Pediatric sleep questionnaire (PSQ): 

Validity and reliability of scales for sleep-disordered breathing, snoring, 

sleepiness, and behavioral problems. Sleep Med. 2000 Feb 1;1(1):21-32. 

56.  MacLean JE, Waters K, Fitzsimons D, Hayward P, Fitzgerald DA. Screening for 

obstructive sleep apnea in preschool children with cleft palate. Cleft Palate 

Craniofac J. 2009;46(2):117–23.  

57.  Silvestre J, Tahiri Y, Paliga JT, Taylor JA. Screening for obstructive sleep apnea 

in children with syndromic cleft lip and/or palate. J Plast Reconstr Aesthetic Surg. 

2014 Nov;67(11):1475-80. 

58.  MacLean JE, Fitzsimons D, Hayward P, Waters KA, Fitzgerald DA. The 

identification of children with cleft palate and sleep disordered breathing using a 

referral system. Pediatr Pulmonol. 2008;43(3):245–50.  

59.  Moraleda-Cibrián M, Edwards SP, Kasten SJ, Buchman SR, Berger M, O’Brien 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

75 
 

LM. Obstructive sleep apnea pretreatment and posttreatment in symptomatic 

children with congenital craniofacial malformations. J Clin Sleep Med. 2015 Jan 

15;11(1):37-43. 

60.  Khayat A, Bin-Hassan S, Al-Saleh S. Polysomnographic findings in infants with 

Pierre Robin sequence. Ann Thorac Med. 2017;12(1):25–9.  

61.  O’Brien LM, Lucas NH, Felt BT, Hoban TF, Ruzicka DL, Jordan R, et al. 

Aggressive behavior, bullying, snoring, and sleepiness in schoolchildren. Sleep 

Med. 2011 Aug;12(7):652–8.  

62.  Orr WC, Levine NS, Buchanan RT. Effect of cleft palate repair and pharyngeal 

flap surgery on upper airway  obstruction during sleep. Plast Reconstr Surg. 1987 

Aug;80(2):226–32.  

63.  Rose E, Staats R, Thissen U, Otten JE, Schmelzeisen R, Jonas I. Sleep-related 

obstructive disordered breathing in cleft palate patients after palatoplasty. Plast 

Reconstr Surg. 2002 Aug;110(2):392-6 

64.  Liao Y-F, Yun C, Huang C-S, Chen PKT, Chen N-H, Hung K-F, et al. Longitudinal 

follow-up of obstructive sleep apnea following Furlow palatoplasty in  children with 

cleft palate: a preliminary report. Cleft palate-craniofacial J  Off Publ Am Cleft  

Palate-Craniofacial Assoc. 2003 May;40(3):269–73.  

65.  Liao Y-F, Noordhoff MS, Huang C-S, Chen PKT, Chen N-H, Yun C, et al. 

Comparison of obstructive sleep apnea syndrome in children with cleft palate  

following Furlow palatoplasty or pharyngeal flap for velopharyngeal insufficiency. 

Cleft palate-craniofacial J  Off Publ Am Cleft  Palate-Craniofacial Assoc. 2004 

Mar;41(2):152–6.  

66.  Sirois M, Caouette-Laberge L, Spier S, Larocque Y, Egerszegi EP. Sleep apnea 

following a pharyngeal flap: a feared complication. Plast Reconstr Surg. 1994 

Apr;93(5):943–7.  

67.  Liao Y-F, Chuang M-L, Chen PKT, Chen N-H, Yun C, Huang C-S. Incidence and 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

76 
 

severity of obstructive sleep apnea following pharyngeal flap surgery  in patients 

with cleft palate. Cleft palate-craniofacial J  Off Publ Am Cleft  Palate-Craniofacial 

Assoc. 2002 May;39(3):312–6.  

68.  Abramson DL, Marrinan EM, Mulliken JB. Robin Sequence: Obstructive Sleep 

Apnea following Pharyngeal Flap. Cleft Palate-Craniofacial J. 1997 

May;34(3):256–60.  

69.  Abyholm F, D’Antonio L, Davidson Ward SL, Kjøll L, Saeed M, Shaw W, et al. 

Pharyngeal flap and sphincterplasty for velopharyngeal insufficiency have equal  

outcome at 1 year postoperatively: results of a randomized trial. Cleft palate-

craniofacial J  Off Publ Am Cleft  Palate-Craniofacial Assoc. 2005 Sep;42(5):501–

11.  

70.  Saint Raymond C, Bettega G, Deschaux C, Lebeau J, Raphael B, Lévy P, et al. 

Sphincter pharyngoplasty as a treatment of velopharyngeal incompetence in 

young  people: a prospective evaluation of effects on sleep structure and sleep 

respiratory disturbances. Chest. 2004 Mar;125(3):864–71.  

71.  MacLean JE, Fitzsimons D, Fitzgerald DA, AWaters K. The spectrum of sleep-

disordered breathing symptoms and respiratory events in infants with cleft lip 

and/or palate. Arch Dis Child. 2012 Dec;97(12):1058-63 

72.  Rose E, Thissen U, Otten JE, Jonas I. Cephalometric assessment of the posterior 

airway space in patients with cleft palate after palatoplasty. Cleft Palate-

Craniofacial J. 2003 Sep;40(5):498-503. 

73.  Evans A, Ackermann B, Driscoll T. Functional anatomy of the soft palate applied 

to wind playing. Med Probl Perform Art. 2010 Dec;25(4):183–9.  

74.  Logjes RJH, Bleys RLAW, Breugem CC. The innervation of the soft palate 

muscles involved in cleft palate: a review of the  literature. Clin Oral Investig. 2016 

Jun;20(5):895–901.  

75.  Gaddey HL, Wright MT, Nelson TN. Otitis Media: Rapid Evidence Review. Am 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

77 
 

Fam Physician. 2019 Sep;100(6):350–6.  

76.  Gultekin E, Develioğlu ON, Yener M, Ozdemir I, Külekçi M. Prevalence and risk 

factors for persistent otitis media with effusion in primary  school children in 

Istanbul, Turkey. Auris Nasus Larynx. 2010 Apr;37(2):145–9.  

77.  Aniansson G, Alm B, Andersson B, Håkansson A, Larsson P, Nylén O, et al. A 

prospective cohort study on breast-feeding and otitis media in Swedish infants. 

Pediatr Infect Dis J. 1994 Mar;13(3):183–8.  

78.  Duffy LC, Faden H, Wasielewski R, Wolf J, Krystofik D. Exclusive breastfeeding 

protects against bacterial colonization and day care  exposure to otitis media. 

Pediatrics. 1997 Oct;100(4):E7.  

79.  Marseglia GL, Pagella F, Caimmi D, Caimmi S, Castellazzi AM, Poddighe D, et 

al. Increased risk of otitis media with effusion in allergic children presenting with  

adenoiditis. Otolaryngol neck Surg  Off J Am Acad  Otolaryngol Neck Surg. 2008 

May;138(5):572–5.  

80.  Bowatte G, Tham R, Perret JL, Bloom MS, Dong G, Waidyatillake N, et al. Air 

Pollution and Otitis Media in Children: A Systematic Review of Literature. Int J 

Environ Res Public Health. 2018 Feb;15(2).  

81.  Kum-Nji P, Meloy L, Herrod HG. Environmental tobacco smoke exposure: 

prevalence and mechanisms of causation of  infections in children. Pediatrics. 

2006 May;117(5):1745–54.  

82.  Brouwer CNM, Maillé AR, Rovers MM, Grobbee DE, Sanders EAM, Schilder 

AGM. Health-related quality of life in children with otitis media. Int J Pediatr 

Otorhinolaryngol. 2005 Aug;69(8):1031–41.  

83.  Cai T, McPherson B, Li C, Yang F. Hearing Loss in Children With Otitis Media 

With Effusion: Actual and Simulated  Effects on Speech Perception. Ear Hear. 

2018;39(4):645–55.  

84.  Tauman R, DeRowe A, Ophir O, Greenfeld M, Sivan Y. Increased risk of snoring 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

78 
 

and adenotonsillectomy in children referred for tympanostomy tube insertion. 

Sleep Med. 2010 Feb;11(2):197-200.  

85.  Robison JG, Wilson C, Otteson TD, Chakravorty SS, Mehta DK. Increased 

eustachian tube dysfunction in infants with obstructive sleep apnea. 

Laryngoscope. 2012 May;122(5):1170–7.  

86.  Coyte PC, Croxford R, McIsaac W, Feldman W, Friedberg J. The role of adjuvant 

adenoidectomy and tonsillectomy in the outcome of the insertion of tympanostomy 

tubes. N Engl J Med. 2001 Apr 19;344(16):1188-95.  

87.  Flynn T, Möller C, Jönsson R, Lohmander A. The high prevalence of otitis media 

with effusion in children with cleft lip and palate as compared to children without 

clefts. Int J Pediatr Otorhinolaryngol. 2009 Oct;73(10):1441-6. 

88.  Davidson TM. The Great Leap Forward: the anatomic basis for the acquisition of 

speech and  obstructive sleep apnea. Sleep Med. 2003 May;4(3):185–94.  

89.  Kuehn DP, Moller KT. The state of the art: Speech and language issues in the 

cleft palate population. Cleft Palate-Craniofacial Journal. 2000.  

90.  Sell D. Issues in perceptual speech analysis in cleft palate and related disorders: 

a  review. Int J Lang Commun Disord. 2005;40(2):103–21.  

91.  Moraleda-Cibrián M, Berger M, Edwards SP, Kasten SJ, Buchman SR, O’Brien 

LM. Association between symptoms of sleep-disordered breathing and speech in 

children with craniofacial malformations. J Clin Sleep Med. 2014 Jun 

15;10(6):671-6.  

92.  Smith B, Guyette TW. Evaluation of cleft palate speech. Clinics in Plastic Surgery. 

2004 Apr;31(2):251-60. 

93.  Loney RW, Bloem TJ. Velopharyngeal dysfunction: recommendations for use of 

nomenclature. Cleft Palate J. 1987 Oct;24(4):334–5.  

94.  Trost-Cardamone JE. Coming to terms with VPI: a response to Loney and Bloem. 

Cleft Palate J. 1989 Jan;26(1):68–70.  



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

79 
 

95.  Peterson-Falzone SJ, Trost-Cardamone JE, Kamell MP, Hardin-Jones M. The 

Clinician’s Guide To Treating Cleft Palate Speech. 2nd editio. Mosby, Elsevier, 

editors. 2006.  

96.  de Serres LM, Deleyiannis FW, Eblen LE, Gruss JS, Richardson MA, Sie KC. 

Results with sphincter pharyngoplasty and pharyngeal flap. Int J Pediatr 

Otorhinolaryngol. 1999 Apr;48(1):17–25.  

97.  Allen RP, Picchietti D, Hening WA, Trenkwalder C, Walters AS, Montplaisi J. 

Restless legs syndrome: diagnostic criteria, special considerations, and 

epidemiology. Sleep Med. 2003 Mar;4(2):101-19.  

98.  Kotagal S, Silber MH. Childhood-onset restless legs syndrome. Ann Neurol. 2004 

Dec;56(6):803–7.  

99.  Walters AS, Picchietti DL, Ehrenberg BL, Wagner ML. Restless legs syndrome in 

childhood and adolescence. Pediatr Neurol. 1994 Oct;11(3):241–5.  

100.  Yilmaz K, Kilincaslan A, Aydin N, Kor D. Prevalence and correlates of restless 

legs syndrome in adolescents. Dev Med Child Neurol. 2011 Jan;53(1):40–7.  

101.  Turkdogan D, Bekiroglu N, Zaimoglu S. A prevalence study of restless legs 

syndrome in Turkish children and adolescents. Sleep Med. 2011 Apr;12(4):315–

21.  

102.  Picchietti DL, Bruni O, de Weerd A, Durmer JS, Kotagal S, Owens JA, et al. 

Pediatric restless legs syndrome diagnostic criteria: An update by the international 

restless legs syndrome study group. Sleep Med. 2013;14(12):1253–9.  

103.  Picchietti D, Allen RP, Walters AS, Davidson JE, Myers A, Ferini-Strambi L. 

Restless legs syndrome: Prevalence and impact in children and adolescents - The 

peds REST study. Pediatrics. 2007 Aug;120(2):253-66  

104.  Sateia MJ. International classification of sleep disorders, 3rd ed (ICSD-3). Darien, 

IL: American. Chest J. 2014 Nov;146(5):1387-1394 

105.  Chervin RD, Hedger KM. Clinical prediction of periodic leg movements during 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

80 
 

sleep in children. Sleep Med. 2001 Nov;2(6):501–10.  

106.  Crabtree VM, Ivanenko A, O’Brien LM, Gozal D. Periodic limb movement disorder 

of sleep in children. J Sleep Res. 2003 Mar;12(1):73–81.  

107.  Kirk VG, Bohn S. Periodic limb movements in children: prevalence in a referred 

population. Sleep. 2004 Mar 15;27(2):313–5. 

108.  Traeger N, Schultz B, Pollock AN, Mason T, Marcus CL, Arens R. 

Polysomnographic values in children 2-9 years old: additional data and review of 

the literature. Pediatr Pulmonol. 2005 Jul;40(1):22–30.  

109.  Montplaisir J, Boucher S, Poirier G, Lavigne G, Lapierre O, Lespérance P. Clinical, 

polysomnographic, and genetic characteristics of restless legs syndrome: a  study 

of 133 patients diagnosed with new standard criteria. Mov Disord. 1997 

Jan;12(1):61–5.  

110.  Winkelmann J, Schormair B, Xiong L, Dion PA, Rye DB, Rouleau GA. Genetics of 

restless legs syndrome. Sleep Med. 2017 Mar;31:18–22.  

111.  Muhle H, Neumann A, Lohmann-Hedrich K, Lohnau T, Lu Y, Winkler S, et al. 

Childhood-onset restless Legs syndrome: Clinical and genetic features of 22 

families. Mov Disord. 2008 Jun 15;23(8):1113-21. 

112.  Walters AS, Gabelia D, Frauscher B. Restless legs syndrome (Willis-Ekbom 

disease) and growing pains: Are they the same thing? A side-by-side comparison 

of the diagnostic criteria for both and recommendations for future research. Sleep 

Medicine. 2013 Dec;14(12):1247-52.   

113.  Nevsimalova S, Kemlink D, Prihodova I, Sonka K. P076 Restless legs syndrome 

and growing pains in childhood and adolescence. Eur J Paediatr Neurol. 2009. 

114.  Champion D, Pathirana S, Flynn C, Taylor A, Hopper JL, Berkovic SF, et al. 

Growing pains: twin family study evidence for genetic susceptibility and a genetic  

relationship with restless legs syndrome. Eur J Pain. 2012 Oct;16(9):1224–31.  

115.  Tauman R, Ivanenko A, O’Brien LM, Gozal D. Plasma C-reactive protein levels 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

81 
 

among children with sleep-disordered breathing. Pediatrics. 2004 

Jun;113(6):e564-9.  

116.  Chervin RD, Archbold KH, Dillon JE, Pituch KJ, Panahi P, Dahl RE, et al. 

Associations between symptoms of inattention, hyperactivity, restless legs, and 

periodic leg movements. Sleep. 2002 Mar 15;25(2):213-8.  

117.  O’Brien LM. The neurocognitive effects of sleep disruption in children and 

adolescents. Child Adolesc Psychiatr Clin N Am. 2009 Oct;18(4):813–23.  

118.  O’Brien LM, Mervis CB, Holbrook CR, Bruner JL, Smith NH, McNally N, et al. 

Neurobehavioral correlates of sleep-disordered breathing in children. J Sleep Res. 

2004 Jun;13(2):165–72.  

119.  Owens J, Spirito A, Marcotte A, McGuinn M, Berkelhammer L. 

Neuropsychological and Behavioral Correlates of Obstructive Sleep Apnea 

Syndrome in  Children: A Preliminary Study. Sleep Breath. 2000;4(2):67–78.  

120.  Chervin RD, Ruzicka DL, Archbold KH, Dillon JE. Snoring predicts hyperactivity 

four years later. Sleep. 2005 Jul;28(7):885–90.  

121.  Lavie P, Lavie L. Cardiovascular morbidity and mortality in obstructive sleep 

apnea. Curr Pharm Des. 2008;14(32):3466–73.  

122.  Lavie L. Oxidative stress inflammation and endothelial dysfunction in obstructive 

sleep  apnea. Front Biosci (Elite Ed). 2012 Jan;4:1391–403.  

123.  Gozal D, Wang M, Pope DWJ. Objective sleepiness measures in pediatric 

obstructive sleep apnea. Pediatrics. 2001 Sep;108(3):693–7.  

124.  Gozal D, Pope DWJ. Snoring during early childhood and academic performance 

at ages thirteen to fourteen  years. Pediatrics. 2001 Jun;107(6):1394–9.  

125.  Ravid S, Afek I, Suraiya S, Shahar E, Pillar G. Sleep disturbances are associated 

with reduced school achievements in first-grade  pupils. Dev Neuropsychol. 

2009;34(5):574–87.  

126.  Corkum P, Tannock R, Moldofsky H. Sleep disturbances in children with attention-



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

82 
 

deficit/hyperactivity disorder. J Am Acad Child Adolesc Psychiatry. 1998 

Jun;37(6):637–46.  

127.  Gozal D, Capdevila OS, Kheirandish-Gozal L, Crabtree VM. APOE epsilon 4 

allele, cognitive dysfunction, and obstructive sleep apnea in  children. Neurology. 

2007 Jul;69(3):243–9.  

128.  Gozal E, Gozal D, Pierce WM, Thongboonkerd V, Scherzer JA, Sachleben LR, et 

al. Proteomic analysis of CA1 and CA3 regions of rat hippocampus and differential 

susceptibility to intermittent hypoxia. J Neurochem. 2002 Oct;83(2):331–45.  

129.  Dyugovskaya L, Berger S, Polyakov A, Lavie P, Lavie L. Intermittent Hypoxia 

Affects the Spontaneous Differentiation in Vitro of Human Neutrophils into Long-

Lived Giant Phagocytes. Oxid Med Cell Longev. 2016;2016:9636937.  

130.  Dyugovskaya L, Polyakov A, Lavie P, Lavie L. Delayed neutrophil apoptosis in 

patients with sleep apnea. Am J Respir Crit Care Med. 2008 Mar;177(5):544–54.  

131.  Tauman R, O’Brien LM, Gozal D. Hypoxemia and obesity modulate plasma C-

reactive protein and interleukin-6 levels in  sleep-disordered breathing. Sleep 

Breath. 2007 Jun;11(2):77–84.  

132.  O’Brien LM, Serpero LD, Tauman R, Gozal D. Plasma adhesion molecules in 

children with sleep-disordered breathing. Chest. 2006 Apr;129(4):947–53.  

133.  Laws SM, Hone E, Gandy S, Martins RN. Expanding the association between the 

APOE gene and the risk of Alzheimer’s disease:  possible roles for APOE 

promoter polymorphisms and alterations in APOE transcription. J Neurochem. 

2003 Mar;84(6):1215–36.  

134.  Tauman R, Serpero LD, Capdevila OS, O’Brien LM, Goldbart AD, Kheirandish-

Gozal L, et al. Adipokines in children with sleep disordered breathing. Sleep. 2007 

Apr;30(4):443–9.  

135.  Hoek IHC, Kraaimaat FW, Admiraal RJC, Kuijpers-Jagtman AM, Verhaak CM. 

[Psychosocial adjustment in children with a cleft lip and/or palate]. Ned Tijdschr 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

83 
 

Geneeskd. 2009;153:B352. 

136.  Broder HL, Richman LC, Matheson PB. Learning disability, school achievement, 

and grade retention among children with  cleft: a two-center study. Cleft palate-

craniofacial J  Off Publ Am Cleft  Palate-Craniofacial Assoc. 1998 Mar;35(2):127–

31.  

137.  Yazdy MM, Autry AR, Honein MA, Frias JL. Use of special education services by 

children with orofacial clefts. Birth Defects Res A Clin Mol Teratol. 2008 

Mar;82(3):147–54.  

138.  Richman LC, Eliason MJ, Lindgren SD. Reading disability in children with clefts. 

Cleft Palate J. 1988 Jan;25(1):21–5.  

139.  Chapman KL. The relationship between early reading skills and speech and 

language performance in young children with cleft lip and palate. Cleft Palate-

Craniofacial J. 2011 May;48(3):301-11. 

140.  Owens JA, Weiss MR. Insufficient sleep in adolescents: Causes and 

consequences. Minerva Pediatr. 2017;69(4):326–36.  

141.  Smith DF, Amin RS. OSA and Cardiovascular Risk in Pediatrics. Chest. 2019 

Aug;156(2):402–13.  

142.  O’Driscoll DM, Foster AM, Ng ML, Yang JSC, Bashir F, Nixon GM, et al. Acute 

cardiovascular changes with obstructive events in children with sleep  disordered 

breathing. Sleep. 2009 Oct;32(10):1265–71.  

143.  Horne RSC, Shandler G, Tamanyan K, Weichard A, Odoi A, Biggs SN, et al. The 

impact of sleep disordered breathing on cardiovascular health in overweight  

children. Sleep Med. 2018 Jan;41:58–68.  

144.  Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH. Prevalence of a metabolic 

syndrome phenotype in adolescents: Findings from the Third National Health and 

Nutrition Examination Survey, 1988-1994. Arch Pediatr Adolesc Med. 2003 

Aug;157(8):821–7.  



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

84 
 

145.  De Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger JW, Rifai N. 

Prevalence of the metabolic syndrome in American adolescents: Findings from 

the Third National Health and Nutrition Examination Survey. Circulation. 2004 

Oct;110(16):2494–7.  

146.  Tauman R, Shalitin S, Lavie L. Oxidative stress in obese children and adolescents 

with and without type 2 diabetes  mellitus is not associated with obstructive sleep 

apnea. Sleep Breath. 2019 Mar;23(1):117–23.  

147.  Gozal D, Sans Capdevila O, Kheirandish-Gozal L. Metabolic alterations and 

systemic inflammation in obstructive sleep apnea among nonobese and obese 

prepubertal children. Am J Respir Crit Care Med. 2008 May 15;177(10):1142-9. 

148.  Redline S, Storfer-Isser A, Rosen CL, Johnson NL, Kirchner HL, Emancipator J, 

et al. Association between metabolic syndrome and sleep-disordered breathing in 

adolescents. Am J Respir Crit Care Med. 2007 Aug;176(4):401–8.  

149.  De La Eva RC, Baur LA, Donaghue KC, Waters KA. Metabolic correlates with 

obstructive sleep apnea in obese subjects. J Pediatr. 2002 Jun;140(6):654–9.  

150.  Morrison JA, Friedman LA, Harlan WR, Harlan LC, Barton BA, Schreiber GB, et 

al. Development of the metabolic syndrome in black and white adolescent girls: A 

longitudinal assessment. Pediatrics. 2005 Nov;116(5):1178–82.  

151.  Gustafson B. Adipose tissue, inflammation and atherosclerosis. J Atheroscler 

Thromb. 2010 Apr;17(4):332–41.  

152.  Suganami T, Ogawa Y. Adipose tissue macrophages: their role in adipose tissue 

remodeling. J Leukoc Biol. 2010 Jul;88(1):33–9.  

153.  Marcus CL, Carroll JL, Koerner CB, Hamer A, Lutz J, Loughlin GM. Determinants 

of growth in children with the obstructive sleep apnea syndrome. J Pediatr. 1994 

Oct;125(4):556–62.  

154.  Everett AD, Koch WC, Saulsbury FT. Failure to thrive due to obstructive sleep 

apnea. Clin Pediatr (Phila). 1987 Feb;26(2):90–2.  



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

85 
 

155.  Soultan Z, Wadowski S, Rao M, Kravath RE. Effect of treating obstructive sleep 

apnea by tonsillectomy and/or adenoidectomy on  obesity in children. Arch Pediatr 

Adolesc Med. 1999 Jan;153(1):33–7.  

156.  Roemmich JN, Barkley JE, D’Andrea L, Nikova M, Rogol AD, Carskadon MA, et 

al. Increases in overweight after adenotonsillectomy in overweight children with  

obstructive sleep-disordered breathing are associated with decreases in motor 

activity and hyperactivity. Pediatrics. 2006 Feb;117(2):e200-8.  

157.  Goldstein SJ, Wu RH, Thorpy MJ, Shprintzen RJ, Marion RE, Saenger P. 

Reversibility of deficient sleep entrained growth hormone secretion in a boy with  

achondroplasia and obstructive sleep apnea. Acta Endocrinol (Copenh). 1987 

Sep;116(1):95–101.  

158.  Crabtree VM, Varni JW, Gozal D. Health-related quality of life and depressive 

symptoms in children with suspected  sleep-disordered breathing. Sleep. 2004 

Sep;27(6):1131–8.  

159.  Erickson SJ, Robinson TN, Haydel KF, Killen JD. Are overweight children 

unhappy?: Body mass index, depressive symptoms, and  overweight concerns in 

elementary school children. Arch Pediatr Adolesc Med. 2000 Sep;154(9):931–5.  

160.  Sheslow D, Hassink S, Wallace W, DeLancey E. The relationship between self-

esteem and depression in obese children. Ann N Y Acad Sci. 1993 Oct;699:289–

91.  

161.  WHO. https://www.who.int/tools/whoqol.  

162.  Baldassari CM, Alam L, Vigilar M, Benke J, Martin C, Ishman S. Correlation 

between REM AHI and quality-of-life scores in children with  sleep-disordered 

breathing. Otolaryngol neck Surg  Off J Am Acad  Otolaryngol Neck Surg. 2014 

Oct;151(4):687–91.  

163.  Fenger KN, Andersen IG, Holm LA, Holm J-C, Homøe P. Quality of life in children 

and adolescents with overweight or obesity: Impact of obstructive sleep apnea. 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

86 
 

Int J Pediatr Otorhinolaryngol. 2020 Nov;138:110320.  

164.  Øverland B, Berdal H, Akre H. Correlations between disease-specific quality of life 

and polysomnographic findings  in children with obstructive sleep apnea. Int J 

Pediatr Otorhinolaryngol. 2020 Jul;134:110077.  

165.  Song IS, Hong S-N, Joo JW, Han MS, Hwang SJ, Seo MY, et al. Long-term results 

of sleep-related quality-of-life and behavioral problems after adenotonsillectomy. 

Laryngoscope. 2020 Feb;130(2):546–50.  

166.  Silva VC da, Leite AJM. Quality of life in children with sleep-disordered breathing: 

evaluation by OSA-18. Braz J Otorhinolaryngol. 2006;72(6):747–56.  

167.  Kramer F-J, Gruber R, Fialka F, Sinikovic B, Schliephake H. Quality of life and 

family functioning in children with nonsyndromic orofacial  clefts at preschool 

ages. J Craniofac Surg. 2008 May;19(3):580–7.  

168.  Sagheri D, Ravens-Sieberer U, Braumann B, von Mackensen S. An Evaluation of 

Health-Related Quality of Life (HRQoL) in a group of 4-7 year-old  children with 

cleft lip and palate. J Orofac Orthop. 2009 Jul;70(4):274–84.  

169.  Aslan BI, Gülşen A, Tirank ŞB, Findikçioğlu K, Uzuner FD, Tutar H, et al. Family 

Functions and Life Quality of Parents of Children With Cleft Lip and Palate. J 

Craniofac Surg. 2018 Sep;29(6):1614–8.  

170.  De Cuyper E, Dochy F, De Leenheer E, Van Hoecke H. The impact of cleft lip 

and/or palate on parental quality of life: A pilot study. Int J Pediatr 

Otorhinolaryngol. 2019 Nov;126:109598.  

171.  Beals SP, Joganic EF. Form and function in craniofacial deformities. Seminars in 

Pediatric Neurology. 2004 Dec;11(4):238-42.  

172.  Carrie S, Sprigg A, Parker AJ. Skull base factors in relation to hearing impairment 

in cleft palate children. Cleft Palate-Craniofacial J. 2000 Mar;37(2):166-71. 

173.  Sheahan P, Miller I, Sheahan JN, Earley MJ, Blayney AW. Incidence and outcome 

of middle ear disease in cleft lip and/or cleft palate. Int J Pediatr Otorhinolaryngol. 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

87 
 

2003 Jul;67(7):785-93. 

174.  Dhillon RS. The middle ear in cleft palate children pre and post palatal closure. J 

R Soc Med. 1988 Dec;81(12):710-3.  

175.  Kwan WMY, Abdullah VJ, Liu K, Van Hasselt CA, Tong MCF. Otitis media with 

effusion and hearing loss in chinese children with cleft lip and palate. Cleft Palate-

Craniofacial J. 2011 Nov;48(6):684-9. 

176.  Richman LC, Eliason M. Type of reading disability related to cleft type and 

neuropsychological patterns. Cleft Palate J. 1984 Jan;21(1):1-6. 

177.  Jocelyn LJ, Penko MA, Rode HL. Cognition, communication, and hearing in young 

children with cleft lip and palate and in control children: A longitudinal study. 

Pediatrics. 1996; Apr;97(4):529-34. 

178.  Chervin RD, Archbold KH, Dillon JE, Panahi P, Pituch KJ, Dahl RE, et al. 

Inattention, hyperactivity, and symptoms of sleep-disordered breathing. 

Pediatrics. 2002 Mar;109(3):449–56.  

179.  Rimoldi SF, Rexhaj E, Duplain H, Urben S, Billieux J, Allemann Y, et al. Acute and 

Chronic Altitude-Induced Cognitive Dysfunction in Children and Adolescents. J 

Pediatr. 2016 Feb;169:238-43. 

180.  Richman LC, Eliason M. Psychological characteristics of children with cleft lip and 

palate: Intellectual, achievement, behavioral and personality variables. Cleft 

Palate Journal. 1982 Oct;19(4):249-57. 

181.  Richman LC. Behavior and achievement of cleft palate children. Cleft Palate J. 

1976 Jan;13:4-10. 

182.  Tobiasen JM, Levy J, Carpenter MA, Hiebert JM. Type of facial cleft, associated 

congenital malformations, and parents’ ratings of school and conduct problems. 

Cleft Palate J. 1987 Jul;24(3):209-15. 

183.  Hunt O, Burden D, Hepper P, Stevenson M, Johnston C. Parent reports of the 

psychosocial functioning of children with cleft lip and/or palate. Cleft Palate-



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

88 
 

Craniofacial J. 2007 May;44(3):304-11. 

184.  Richman LC, Millard T. Brief report: cleft lip and palate: longitudinal behavior and 

relationships of cleft conditions to behavior and achievement. J Pediatr Psychol. 

1997 Aug;22(4):487–94.  

185.  Thompson JMD, Ayrey SL, Slykerman RF, Stone PR, Fowler P V. Behavioral 

Outcomes in Children With an Orofacial Cleft in a National Study in New  Zealand. 

Cleft palate-craniofacial J  Off Publ Am Cleft  Palate-Craniofacial Assoc. 2021 

Aug;58(8):1032–9.  

186.  Nopoulos P, Boes AD, Jabines A, Conrad AL, Canady J, Richman L, et al. 

Hyperactivity, impulsivity, and inattention in boys with cleft lip and palate: 

relationship to ventromedial prefrontal cortex morphology. J Neurodev Disord 

2010 Dec;2(4):235–42. 

187.  Walters AS, Mandelbaum DE, Lewin DS, Kugler S, England SJ, Miller M. 

Dopaminergic therapy in children with restless legs/periodic limb movements in 

sleep  and ADHD. Dopaminergic Therapy Study Group. Pediatr Neurol. 2000 

Mar;22(3):182–6.  

188.  Ali NJ, Pitson D, Stradling JR. Sleep disordered breathing: effects of 

adenotonsillectomy on behaviour and  psychological functioning. Eur J Pediatr. 

1996 Jan;155(1):56–62.  

189.  Villalonga-Olives E, Kiese-Himmel C, Witte C, Almansa J, Dusilova I, Hacker K, 

et al. Self-reported health-related quality of life in kindergarten children: 

Psychometric properties of the Kiddy-KINDL. Public Health. 2015 Jul;129(7):889-

95.  

190.  Khanchezar F, Moradi N, Tahmasebi Fard N, Latifi SM, Bassak Nejad S, Hosseini 

Beidokhti M. The Effect of Teamwork on Children With Cleft Lip and Palate and 

Their Mother’s Quality of Life. Cleft Palate-Craniofacial J. 2019  Nov;56(10):1353-

1358. 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

89 
 

191.  Emeka CI, Adeyemo WL, Ladeinde AL, Butali A. A comparative study of quality of 

life of families with children born with cleft lip and/or palate before and after 

surgical treatment. J Korean Assoc Oral Maxillofac Surg. 2017 Aug;43(4):247-

255. 

192.  Naros A, Brocks A, Kluba S, Reinert S, Krimmel M. Health-related quality of life in 

cleft lip and/or palate patients – A cross-sectional study from preschool age until 

adolescence. J Cranio-Maxillofacial Surg. 2018 Oct;46(10):1758-1763. 

193.  Rowland AS, Lesesne CA, Abramowitz AJ. The epidemiology of attention-

deficit/hyperactivity disorder (ADHD): a public health view. Ment Retard Dev 

Disabil Res Rev. 2002;8(3):162–70.  

194.  Picchietti DL, England SJ, Walters AS, Willis K, Verrico T. Periodic limb movement 

disorder and restless legs syndrome in children with attention-deficit hyperactivity 

disorder. J Child Neurol. 1998 Dec;13(12):588–94.  

195.  Spruyt K, Gozal D. Sleep disturbances in children with attention-

deficit/hyperactivity disorder. Expert Rev Neurother. 2011 Apr;11(4):565–77.  

196.  Owens JA, Mindell JA. Pediatric Insomnia. Pediatric Clinics of North America. 

2011 Jun;58(3):555-69.  

197.  Pin Arboledas G, Soto Insuga V, Jurado Luque MJ, Fernández Gomariz C, 

Hidalgo Vicario I, Lluch Roselló A, et al. Insomnio en niños y adolescentes. 

Documento de consenso. Pediatr Integr. 2017 Mar;86(3):165.e1-165.e11 

198.  Maski K, Owens JA. Insomnia, parasomnias, and narcolepsy in children: clinical 

features, diagnosis, and management. The Lancet Neurology. 2016 

Oct;15(11):1170-81 

199.  Allen RP, Picchietti D, Hening WA, Trenkwalder C, Walters AS, Montplaisi J. 

Restless legs syndrome: diagnostic criteria, special considerations, and  

epidemiology. A report from the restless legs syndrome diagnosis and 

epidemiology workshop at the National Institutes of Health. Sleep Med. 2003 



Sleep-Disordered Breathing in Children with Cleft Palate 
2021/2022 

 

90 
 

Mar;4(2):101–19.  

200.  Walters AS. The relationship of restless legs syndrome and periodic limb 

movements disorder in sleep to ADHD. In: Attention Deficit Disorder: Practical 

Coping Mechanisms. 2006.  

 

 



Barcelona, 5 d’Abril de 2022 

 

A qui correspongui, 

 

Jo, Marta Moraleda Cibrián amb DNI 44008579, declaro que el projecte de recerca de 

la tesis doctoral amb títol ‘Sleep-Disordered Breathing in Children with Cleft Palate’: 

- Va ser aprovat pel comité ètic de la Universitat de Michigan 

- És un treball original  

- Ha complert els codis ètics i de bones pràctiques. 

 

Atentament, 

 

 

 

Barcelona, 5.4.2022 



Barcelona, 11 d’Abril de 2022 

 

A qui correspongui, 

 

Louise O’Brien i Carme Monasterio Ponsa, com a directores de la tesis doctoral titulada 

‘Sleep-Disordered-Breathing in Children with Cleft Palate’ declaren que: 

- El projecte de recerca va ser aprovat pel comité ètic de la Universitat de 

Michigan 

- És un treball original  

- Ha complert els codis ètics i de bones pràctiques. 

 

Atentament, 

 

                                                                                                                                                                  

                                   

Louise M. O’Brien                                                                             Carme Monasterio Ponsa 

 

 


