The Cognitive effects and academic Outcomes following  Adenotonsillectomy in children with Obstructive Sleep Apnea (OSA) 

Background: Obstructive sleep apnea (OSA) in children is characterized by repeated airway obstructions during sleep. The peak incidence for pediatric OSA is during early childhood, in particular, the period between 2 and 8 years of age
Aims/Objectives: The aim of this study to evaluate the effect of adenotonsillectomy (AT) on the scholastic achievement of children with Obstructive Sleep Apnea (OSA) to put a plan for proper management of those children.
Material and Methods: 50 children were selected from 150 children suspected with OSA who came to our unit complaining from symptoms of (OSA) and seeking for adenotonsillectomy. 50 children well diagnosed as OSA due to adenotonsillar hypertrophy confirmed by polysomnography . full history was taken from parents, audiological evaluation and  All 50 children underwent a battery of neurocognitive tests containing process-oriented intelligence scales(Stanford Binet Intelligence scale and Illinois Test of psycholinguistic ability) pre and post adenotonsillectomy to show the effect of Adenotonsillectomy(AT) on scholastic achievement of children with Obstructive Sleep Apnea (OSA).
Results: Children with OSAS had lower scores in neurocognitive tests(Illinois test and Stanford Binet intelligent scale) and Percentage (%) of the child's scores of his subjects (Academic performance)  indicating impaired neurocognitive function and school performance, but 8 months after adenotonsillectomy, the children with OSAS demonstrated a statistical highly significant differences were obtained between preoperative and postoperative examination of the study group as regard the symptoms of OSA, IQ and Mental age, auditory perceptual assessment (APA), PLA of VSM (Visual sequential memory), AA (Auditory association) VA (Visual association), AC (Auditory closure), VC (Visual closure), GC (Grammatic closure) and SB (Sound Blending) (p<0.001).
Conclusions: the school performance and neurocognitive functions improve after Adenotonsillectomy indicating that the impaired school performance and neurocognitive functions are mostly reversible, at least 8 months following adenotonsillectomy.
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INTRODUCTION: 
Obstructive sleep apnea (OSA) in children is a disorder characterized by repeated and/or prolonged airway obstructions during sleep, in the form of apneas and hypopneas throughout the night1. The peak incidence for pediatric OSA is during early childhood2, in particular, the period between 2 and 8 years of age3. In children, OSA affects 1 to 3% of the population and appears to affect males and females equally4. The most commonly identified risk factor for childhood obstructive sleep apnea syndrome is adenotonsillar hypertrophy. Thus, the primary treatment is adenotonsillectomy, which accounts for more than 500,000 procedures annually in the United States alone5. OSA is known as sleep-disordered breathing (SDB). This spectrum ranges in severity from OSA to upper airway resistance syndrome (UARS) to habitual primary snoring. OSA affects an estimated 1 to 3% of the pediatric6. OSA has been associated with a broad range of psychological problems, of which neurocognitive and depression difficulties, particularly in memory and, attention, learning and executive function, are the most widely reported. The prevailing, current view is that the neurocognitive impairment seen in OSA is due to the adverse effects of sleep fragmentation and/or intermittent hypoxia7. Several studies have extensively documented the presence of significantly reduced IQ scores compared with control children8. School problems have been reported in multiple case series of children with OSA, and such findings may underscore more extensive behavioral disturbances such as restlessness, aggressive behavior, excessive daytime sleepiness, and poor test performances9.

The purpose of the present study is to evaluate the effect of adenotonsillectomy (AT) on the scholastic and cognitive achievement of children with Obstructive Sleep Apnea (OSA) to put a plan for proper management of those children.



[bookmark: _GoBack]Subjects and Methods
The current study is a prospective one that has done at the Department of Otorhinolaryngology. It was approved by the Research ethics committee of our Faculty of Medicine, and signed informed consent were obtained from the parents/guardian of the children.
The present study was carried out from October 2016 to July 2019 and included 50 children age between 5 to 10 years old, all patients were selected randomly from The Otolaryngology Outpatient Clinic. The children subjected to clinical history that stressed on snoring and/or sleep apnea that noticed by parents, clinical examination with special attention to oropharyngeal examination, A flexible fiberoptic 2.2-mm laryngoscope (Olympus, model ENF-XP, Olympus America, Melville, NY, USA), employed exclusively to this end and connected to a Storz microcamera (Karl Storz, Tuttlingen, Germany) and a Storz light source, was used. The examination was recorded on DVD to define Adenoid hypertrophy and examination of the tonsils, hypertrophied tonsils were graded by Brodsky 5 scale. The nasal examination was done by using a 2.7 mm nasal endoscope to exclude any nasal lesion that influence snoring, aural and neck evaluation were done. Inclusion criteria included children with adenotonsillar hypertrophy with sleep disorder breathing with normal mentality and hearing were selected for this study. Exclusion criteria included children with congenital facial abnormalities, nasal causes of sleep disorder breathing, obesity, children with hearing impairment, Children with the previous adenotonsillectomy, children with mental illness and uncooperative children.

 Polysomnography was done for all children to evaluate the degree of sleep apnea. The selected patients subjected to auditory perceptual assessment (APA) of speech to assess the degree of closed nasality, audiological evaluation (tympanometry, Hearing Free field audiometry and Behavioral Observational Audiometry, pure tone audiometry {Conditioned play or conventional audiometry} and Auditory Brainstem Response) were done to exclude any hearing impairment. The patients also subjected to Psychometric evaluation by Intelligence Quotient "IQ" using the Stanford Binet Intelligence Scale (5th edition) 11. 
Illinois test of psycholinguistic abilities (ITPA) is an individually administered battery of tests designed to measure the spoken and written language abilities of children aged 5-12. It consists of twelve subtests. It gives a language age and a diagnostic profile of psycholinguistic abilities, to our knowledge, this is the first study to use this test. The percentage of the child's scores of his Academic performance in two academic terms were obtained from academic reports taken from the school. Adenotonsillectomy was done to all cases under general anesthesia and after eight months of adenotonsillectomy, the patients were followed by APA of speech, IQ test and Tympanogram, Illinois’ test and Academic performance.
The data was collected from every battery of evaluation and subjected to I.B.M. compatible computer using software called SPSS (Statistical Package for social science) for windows version 13 for statistical evaluation. Graphics were done by Excel. Quantitative data were presented by mean and standard deviation, while qualitative data were presented by frequency distribution. Wilcoxon signed-rank test for ordinal qualitative data between the two times: Significant level at P-value < 0.05. Paired samples T-test for parametric quantitative data between the two times: Significant level at P-value < 0.05. Pearson’s correlation: Significant level at P-value < 0.05. Spearman’s rho correlation: Significant level at P-value < 0.05
P-value was considered statistically significant (S) if <0.05 and highly significant (HS) if <0.001 and no significant (NS) if >0.05. 



Results:-
The results of the first step in our study included 150 children were referred to our unit from ENT clinic complaining from symptoms of obstructive sleep apnea (OSA) and seeking for adenotonsillectomy, they were 78 (52%) males and 72(48%) females  with a mean age  100.4±14.6  months  and a range of (70-120) months(table-1). they were evaluated for Auditory perceptual assessment (APA), X.ray nasopharynx (lateral view), ENT examination and the following were the results: According to the ENT examination, 75(50%) children had enlarged tonsils Brodsky grade III, 45(30%) children had enlarged tonsils Brodsky grade IV, 30(20%) children with enlarged tonsils Brodsky grade II. 105 (70%) children had a positive adenoid faces and 45(30%) children had negative adenoid faces (Table-2).

Nasopharyngoscopic examination revealed : Velar mobility: 123(82%) children had grade IV velar mobility,24 children (16%) with grade III velar mobility and 3 children (2%) with grade II velar mobility. Lateral pharyngeal wall mobility: 81 children (54%) had grade IV, 63 children (42%) had grade III, 3 children (2%) had grade II and 3 children (2%) had grade I. Adenoid: 78 children (52%) their adenoid were occupied 75-100% of the choanal area(Grade IV), 51 children (34%) their adenoid were occupied 50-75% of the choanal area(Grade III) and 21 children (14%) their adenoid were occupied 25%-50% (Grade II). Type of closure: 66 children (44%) had circular type of closure, 12 children (8%) had sagittal type of closure, 72 children (48%) had coronal type of closure (Table-3). X-ray finding of nasopharynx revaled 78 children (52%) had sever adenoid, 51 children (34%) had moderate adenoid, 21 children (14%) had mild adenoid(Table-4).
According to  APA ,ENT examination and X.ray finding 90 children with the following criteria ( moderate and sever closed nasality,tonsils enlargement Brodsky grade III and IV, positive adenoid faces, adenoid were occupied 50-100 % choanal area by nasopharyngoscopic examination and moderate to severe  adenoid by X.ray finding) were selected to underwent polysomonygraphy (PGs) test.

Results from the Polysomnography(PGs) revealed 70 children were confirmed by PGs as OSA but 20 children were missed in the follow up so they were excluded from our study. Finally we had 50 children were confirmed by PGs as had OSA and their Apnea-Hypopnea Index (AHI) were with a mean of 11±5.9  and a range of  (3-26).The O2 saturation were with a mean of 87.5±4.5 and a range (80-96).(Table -5) 
The results of the second step included :In this step we had 50 children were confirmed by PGs as had OSA. Demographic data reveled that the children in this study included 50 children with obstructive sleep apnea (OSA).They were  24   males (48%) and  26  females (52  %), with a mean age  101.5±15.6  months  and a range of (72-120) months (table-6). The results obtained from the 50 children pre and post adenotonsillectomy revealed a statistically highly significant difference were obtained between the study group as regards the auditory perceptual assessment (APA) (Table -7). Statistical highly significant differences were obtained between the preoperative and postoperative examination of the study group as regards  the results of typmanometery (Table-8), the symptoms of OSA( Table-9), IQ and Mental age(p<0.001) (Table 10).
Statistical highly significant differences were obtained between the preoperative and postoperative examination of the study group as regards the PLA of AR (auditory reception), VR (visual reception), (auditory sequential memory), VE (Visual Expression), ME (Mental Expression),(p<0.05). A statistical highly significant differences were obtained between preoperative and postoperative examination of the study group as regard the PLA of VSM (Visual sequential memory), AA (Auditory association) VA (Visual association), AC (Auditory closure), VC (Visual closure), GC (Grammatical closure) and SB (Sound Blending)(p<0.001) (table-11). Statistical highly significant differences were obtained between the preoperative and postoperative examination of the study group as regards the Total PLA. (p<0.001). The mean Total PLA in the preoperative examination of the study group were 82.6±12.1 with a range (50-98) months, and the mean Total PLA in the postoperative examination of the study group were 83.1±12 with a range (50-98) months (Table -12).
Statistical significant differences were obtained between the preoperative and postoperative examination of the study group as regard Academic performance. (p<0.05). The mean Academic performance in the preoperative examination of the study group were 78.6±12.1 with a range (46-94) percentage, and the mean Total row score in the postoperative examination of the study group were 83.1±12 with a range (50-98) percentage (Table-13).
A high negative significant correlation was obtained between AHI and O2 saturation, IQ, and Academic Performance of the study group (p<0.001) (Table-14).



Discussion
Obstructive sleep apnea (OSA) in children is a disorder characterized by repeated and/or prolonged airway obstructions during sleep, in the form of apneas and hypopneas throughout the night1. Obstructive sleep apnea syndrome (OSAS) exhibits specific cognitive dysfunctions that include deficits in memory, problem-solving and behavioral functioning13. This is problematic, as SDB with AHI < 1 can still impact children's academic performance and behavior14. Adenotonsillar hypertrophy is the most common cause of OSAS in healthy children. Friedman et al.,15 reports that young children who snore frequently and loudly during sleep are at greater risk for poor academic performance in later years, even well after snoring has resolved, suggests that the neurocognitive deficits may be only partially reversible after treatment. Adenotonsillectomy results in significant improvement in clinical as well as polysomnography parameters. Improvement in learning and behavior has been reported following the treatment of OSAS in children. The purpose of the present study was to evaluate the effect of adenotonsillectomy (AT) on the scholastic and cognitive achievement of children with OSAS to put a plan for the proper management of those children. The study group included 50 children well diagnosed as OSAS due to adenotonsillar hypertrophy confirmed by polysomnography. Parents in our study reported night time symptoms including mouth breathing, apneic episodes, frequent awakenings, and restlessness. Children also had enuresis, behavior problems, deficient attention span, and daytime somnolence. In our study, there was the improvement of almost OSAS symptoms post adenotonsillectomy like snoring, mouth breathing, nasal obstruction, excessive daytime somnolence, and nighttime awakening. Improvement of almost OSAS symptoms in our study may be attributed to the removal of the upper airway obstruction after AT. As 60% of patients in our study had severe degree of hyponasal speech and 40% had moderate degree of hyponasal speech pre-AT, but 8 months post AT only 4 % of the patients had moderate hyponasal speech and 12 % had mild degree of hyponasal speech This improvement of the auditory perceptual assessment can be attributed to the removal of the obstructive effect of adenoid on the choana i.e. get rid of the anatomic and physiological factors that constrict the space of nasopharynx and compromising the soft tissues surrounding of the pharynx that predispose to upper airway collapse and change in normal resonance of the vocal tract. 
Cognition is a mental act that includes perception, reasoning, awareness, and intuition. Executive function encompasses the mental processes that enable children to plan, focus, remember instructions, and juggle multiple tasks successfully. Psychological evaluations were carried out before and after Adenotonsillectomy for our patient revealed significant improvements in the intellectual performance test so proper treatment of such conditions may benefit the child's intellectual and school performances. The mean IQ of children in our study was increasing from 80.9±5.9 (pre AT) to 84.1±5.6 (post AT). Our result revealed a high negative significant correlation between AHI and IQ, of the study group (p<0.001). This improvement of IQ in our patients can be attributed to the improvement of the upper airway obstruction during sleep, ho intermittent hypoxemia, disruption of normal ventilation, enough hours of a deep sleep, and long duration (eight months) post AT giving enough duration to raise intellectual functions so improvement in IQ results post AT. These results match most of the published data about the improvement of IQ after adenotonsillectomy in children with OSA. As Friedman et al, 15 conducted a prospective study to evaluate neurocognitive functions of children with OSAS, before and after adenotonsillectomy, he found that six to ten months after adenotonsillectomy, the children with OSAS demonstrated significant improvement in sleep characteristics, as well as in daytime behavior, and their neurocognitive performance improved considerably in most tests conducted. However; on the other side Abd-Allatif et al., 19 in their study stated that the intelligent quotient (IQ) as an indicative parameter of neurocognitive function in children with adenoid hypertrophy not improved with adenoidectomy and there is no relation between adenoid hypertrophy and IQ.  Taylor et al20 stated that significant improvement in the NESPY Auditory attention and response set of children with OSA seven months after early adenotonsillectomy. Children with primary snoring as well as those with OSA are at higher risk for deficits in attention compared to control children when measured on parental report scales, and that such deficits are substantially improved following treatment with adenotonsillectomy9
In our study, the mean PLA of Auditory association, visual association, auditory closure, visual closure, and manual expression, were raised 8 months after AT. This wide improvement in neurocognitive functions was attributed to the correction of the obstructive symptoms, improvement of sleep disruption, intermittent hypoxemia and inattention after AT, so the improvement of the neurocognitive function. Also due to the increase in the intellectual functions demonstrated from the results of the IQ test.
We think that normal language development in children is so important factor in acquisition reading and writing skills. Most children with OSA had a history of delayed language during their early life. As most of the phonetic sounds are acquired during ages 3–7 years, which is also the peak age for hypertrophy of the tonsils and childhood OSA. Correa etal 24 stated that the late diagnosis and treatment of obstructive sleep apnea is associated with a delay in verbal skill acquisition. The early diagnosis and treatment of OSA should be emphasized, not only because of the possible implications for oral language, as demonstrated in the reviewed studies, which tend to worsen as the chronological age increases but also for the benefits in neurocognitive performance and quality of life of these children. Weber et al.25 stated that OSA children show a higher frequency of disorders of receptive and expressive language skills, mostly underdiagnosed and thus not treated. A more multi-disciplinary investigation of OSA children is needed to foster the evidence. In our study, there were improvements in the PLA of VE (Verbal Expression) and grammatical closure. This improvement can be attributed to children with OSA due to adenotonsillar hypertrophy had Eustachian tube dysfunction, positive middle ear pressure, middle ear fluid accumulation, conductive hearing loss, all these causes impaired language acquisition, causing impairment in language development (semantic, syntactic, phonological and pragmatic development).
Ikedia et al26 reported that To assess whether tonsillectomy and adenotonsillectomy surgeries would bring benefits as far as school performance is concerned in children with OSA, psychological evaluations were carried out before and after the surgery. Gozal & Pope27 investigated 300 children with the worst grades in a school, 18.1% of them had gas-exchange (O2 and CO2) disorders during sleep. Of those with sleep obstructive disorders, half were submitted to adenoidectomy. They noticed that the group submitted to adenoidectomy had a significant increase in school performance. The other half, without disorders, kept their mean scores. Adenotonsillectomy is effective in treating breathing problems in most children with OSAS and also appears to help improve their academic and intellectual performance and general behavior15. 
In our study, eight months post AT, the mean of Academic performance was increasing from 78.6±12.1 (pre AT) to 83.1±12 (post AT). This raising was demonstrated from increasing in the scores of the children' school subjects also from the results of the tests carried out (Stanford Binet Intelligence Scale and Illinois tests) .parents of our children noticed that their children became more attentive and slept better without snoring, less impulsive and hyperactive which benefitted not only the children but also the entire family.
This improvement can be attributed firstly, to correction of sleep disruption, Intermittent nocturnal hypoxia, frequent arousals from sleep, inattentive behaviors, impulsivity, anxiety, aggression, hyperactivity, and deficits in emotional regulation, alertness, or attention to tasks after adenotonsillectomy; this correction leads to improvement in the memory and IQ resulting to increase in the academic performance. Secondly to the improvement of language expression after adenotonsillectomy, which was impaired in the Illinois subtests; this was demonstrated from increasing in the mean age of the verbal expression, grammatical closure and sound blending subtests of Illinois test 8 months post AT than pre AT. Since language is a very important factor for good academic achievement so this important finding can help in the prediction of poor scholastic achievement or learning disabilities through appreciation of language impairment; also shed light on the importance of early detection or screening for language impairment in children in a hope to prevent possible serious late learning disability. This study (up to our knowledge) is the first study to use Illinois test to determine specific strengths and weaknesses among language abilities, for early identification of children at-risk for school failure. An improvement of 12 points of Illinois’ test in the Mental Processing following adenotonsillectomy is a very substantial change. This change enables the children to reach their original abilities and fulfill their cognitive potential. Cognitive factors such as memory, attention, intellectual and school performance improved significantly after adenotonsillectomy. Besides, visual and auditory short-term memory, as well as the ability to solve problems and to think analytically improved. These findings suggest that OSAS is a reversible disruptive factor to the neurocognitive function and school performance of children, at least in the short term (8 months after therapy). 

From our study, we conclude that children with OSA due to adenotonsillar hypertrophy had poor academic achievement owing to obstructive symptoms of upper respiratory tract leading to nocturnal hypoxemia, interruptive sleep, Eustachian tube dysfunction also due to language impairment but eight months after AT there was increase in the academic achievement as a result of improvement of all previously mentioned factors.


Referrances:
1.American Academy of Pediatrics, Subcommittee on Obstructive Sleep Apnea Syndrome. Clinical practice guideline: diagnosis and management of childhood obstructive sleep apnea syndrome. Pediatrics 2002; 109: 704-711.

2.Brietzke SE, Gallagher D. The effectiveness of tonsillectomy and adenoidectomy in the treatment of pediatric obstructive sleep apnea/hypopnea syndrome. A meta-analysis. Otolaryngology - Head & Neck Surgery 2006; 134(6): 979-984.

3. Tauman R, Gozal D. Obesity and obstructive sleep apnea in children. Paediatric Respiratory Reviews 2006; 7(4):247-259.

4. Ong TH.  Obstructive sleep apnea syndrome: clinical features in children vs. adults. Medicine & Health, Rhode Island 2006; 89(3): 104-106.

5. Bhattacharyya N, Lin HW. Changes and consistencies in the epidemiology of pediatric adenotonsillar surgery 1996–2006. Otolaryngol Head Neck Surg 2010; 143:680–684.

6. O'Brien L,  Gozal D. Consequences of Sleep Apnea Syndrome. In S.D. Sheldon, R; Kryger, MH; Ferber, R (Ed.), Principles and Practice of Pediatric Sleep Medicine, 2006.p.212-218.

7. Bucks RS, Olaithe M, Eastwood P. Neurocognitive function in obstructive sleep apnoea: A meta‐review, Official Journal of Asian Pacific Society of Respiration 2012; 18: 61-70.


8. O’Brien LM, Mervis CB, Holbrook CR, Bruner JL, Klau CJ, Rutherford J, Raffield TJ, Gozal D. Neurobehavioral implications of habitual snoring in children. Pediatrics 2004; 114:44–49.

9. Gozal D. Obstructive Sleep Apnea in Children: Implications for the Developing Central Nervous System, Semin Pediatr Neurol 2008; 15(2): 100–106.

10. Berry RB, Budhiraja R, Gottlieb DJ, Gozal D, Iber C, Kapur VK. Rules for scoring respiratory events in sleep: update of the 2007 AASM Manual for the Scoring of sleep and associated events. Deliberations of the sleep apnea definitions task force of the American academy of sleep medicine. J Clin Sleep Med 2012; 8: 597-619.

11. Gary CL. Orthogonal Higher Order Factor Structure of the Stanford-Binet Intelligence Scales- Fifth Edition for Children and Adole-scents .School Psychology Quarterly 2008; 23: 533-541.
12.Adel Aziz A,  Shaheen EA,  Osman DM, El Sabagh A. Arabic psycholinguistic screening tool: A preliminary study. The Egyptian Journal of Otorhinolaryngology 2012; 28 : 64-73.

13. Wang Y, WANG JJ,  ZHA, SM, LI1 YZ. Changes of Serum Brain-derived M-Q Neurotrophic Factor in Children with Obstructive Sleep Apnoea–Hypopnoea Syndrome following Adenotonsillectomy. The Journal of International Medical Research 2010; 38: 1942 – 1951.

14. Rosen CL, Storfer-Isser A, Taylor HG, Kirchner HL, Emancipator JL, et al.  Increased behavioral morbidity in school-aged children with sleep-disordered breathing. Pediatrics 2004; 114: 1640-1648. 

15. Friedman BC, Amitai AH, Kozminsky E. Adenotonsillectomy improves neurocognitivefunction in children with obstructive sleep apnea syndrome. Sleep J 2003; 26: 999 – 1005.

16. Hoban TF. Obstructive Sleep Apnea in Children,  Current Treatment Options . Neurology 2005; 7:353–361.

17. Robison JG, Wilson C, Otteson TD. Increased Eustachian tube dysfunction in infants with obstructive sleep apnea. Laryngoscope 2012 ;122:1170–1177.
18. 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; 344 (16): 1188-1195.

19. Abd-Allatif M, Ibrahim H, Yehia S, Abd-Elwahab S, Raghib K . The Effect of A adenoid Hypertrophy On Intelligence Quotient At Preschool Age. AAMJ 2014;12:344-360.

20. Taylor HG,  Bowen SR, Beebe DA et al. Cognitive Effects of Adenotonsillectomy for Obstructive Sleep Apnea. Pediatrics 2018; 38:66-98. 

21. Montgomery-Downs HE, Crabtree VM, Gozal D. Cognition, sleep and respiration in at-risk children treated for obstructive sleep apnea. Eur Respir J 2005 ;25(2):336–342

22. Maski K, ,Steinhart E, Holbrook H, Eliot S. Katz, Kapur KK, Stickgold R.  Impaired memory consolidation in children with obstructive sleep disordered breathin. PLoS One  2017; 12:11-15.

23. Owens-Stivel J, McGuinn M. Neuropsy-chological and behavioral correlates of obstructive sleep apnea in children. Sleep Res1997; 26:452-455.

24.Corrêa CC, CavalheiroM G, Maximino LP, Weber SA. Obstructive sleep apnea and oral language disorders, Braz. j. otorhinolaryngol. 2017; 83:212-226. 

25. Weber S, Correa C, Abramides DV, Maximino LP. Oral language performance in children with obstructive sleep apnea European Respiratory. Journal 2016; 48: 43-54. 
26. Ikeda FH, de Campos Horta HP, Bruscato WL, Dolci JL. Intellectual and school performance evaluation of children submitted to tonsillectomy and adenotonsillectomy before and after surgery. Braz J Otorhinolaryngol 2012;78(4):17-23.

27. Gozal D, Pope D.  Snoring during early childhood and academic performance at ages 13-14 years. Pediatrics 2001;107: 1394-1399.








