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Abstract
Objective:  to conduct a systematic review and meta-analysis to evaluate the effect of leukotriene receptor antagonist (LTRA) for obstructive sleep apnea (OSA) in children.
Search methods:  Data source was a comprehensive search of MEDLINE, Scopus, Ovid, Web of Science, and the Cochrane Library was reviewed in May 2018.  Manual searches and subject matter expert inputs were also obtained.  This review included studies assessing efficacy of LTRA for the treatment of OSA in children in which apnea hypopnea index (AHI) were reported.
Results:  A total of three studies (143 patients) met our inclusion criteria.  Pooled random effects analysis demonstrated a statistically significant improvement of polysomnographic respiratory events, with average AHI reduction of 2.72 events per hour, [95% confidence interval (CI) (-3.95,   -1.49); P < 0.0001] and overall increase in minimal arterial oxygen saturation of 3.27% [95%CI 1.78, 4.77); P < 0.0001] in favor of LTRA.  Significant reduction in adenoidal-nasopharyngeal ratio (A/N ratio) in favor of LTRA of 0.21 [95% CI (-0.25, - 0.17); P < 0.00001] was also demonstrated.
Conclusion:  Leukotriene receptor antagonist provided benefits in children with OSA, by reducing AHI, increasing minimal arterial oxygen saturation and reducing adenoid size.  Data were based on meta-analysis of control trial with 12-16 months of follow up.
Keywords:  leukotriene receptor antagonist, montelukast, sleep apnea, children.

List of any Abbreviations/Acronyms
AHI		apnea hypopnea index 
A/N 		adenoidal-nasopharyngeal 
BMI 		body mass index
CI 		confidence interval
CPAP 		continuous positive airway pressure
IL		interleukin
IV 		independent variable
LTRA 		Leukotriene receptor antagonist 
OSA		obstructive sleep apnea 
OAI  		obstructive apnea index
OAHI  		obstructive apnea hypopnea index		
RDI		respiratory disturbance index
RCT 		randomized controlled trials
SD 		standard deviation
TST 		total sleep time

Introduction
	Obstructive sleep apnea is a common disease in children; the worldwide estimated prevalence of which is over 1-6% (1-4).  The treatment is mandatory as it is associated with various consequences, including cardiovascular abnormalities (5), neurocognitive and behavioral morbidity (6).  Adenotonsillectomy is the first line therapy in OSA children (7).  However, a high prevalence of residual OSA of up to 70% after adenotonsillectomy was reported (8, 9).  Moreover, the operation is painful and requires hospitalization and is associated with high risk of post-operative complications, including postoperative respiratory compromise and bleeding (7, 10).  Alternative non-surgical treatments included continuous positive airway pressure (11) , rapid maxillary expansion (12) , oral appliance (13), high-flow nasal cannula (14), positional therapy (15, 16), weight reduction (17) and anti-inflammatory medications, in which intranasal corticosteroids demonstrated a short term beneficial effect on AHI, desaturation index, and respiratory arousal index in children with mild to moderate OSA (18).
	Leukotriene receptor antagonist (LTRA) is another anti-inflammatory medication, which reduces inflammation by inhibiting leukotriene synthesis at the level of leukotriene receptor.  The clinical use is common for treating allergic rhinitis and asthma (19, 20).  As for pediatric OSA treatment, LTRA has also been recently reported as a beneficial treatment with a short-term use of 12-16 weeks, in terms of reducing adenoid size and obstructive respiratory events, increasing oxygenation and improving sleep architecture, in a various degrees of severity (21-23).   We therefore conducted a systematic review and meta-analysis to evaluate the effect of leukotriene receptor antagonist for the treatment of OSA in children.  The primary outcome of this study is the improvement of obstructive apnea hypopnea index (OAHI) between leukotriene receptor antagonist and control and the secondary outcomes included minimal oxygen saturation and adenoid size.
Method
Computerized and manual searches were performed to identify all relevant data.  A search of five databases (MEDLINE, Scopus, Ovid, Web of Science, and the Cochrane Library) was performed from inception through December 2017, with an update through May 2018.  Only studies in English were included.  Keywords, MeSH terms, and phrases searched included combinations of the following “leukotriene receptor antagonist OR montelukast,” AND “sleep apnea”.  An example of a search on MEDLINE is (("leukotriene antagonists"[Pharmacological Action] OR "leukotriene antagonists"[MeSH Terms] OR ("leukotriene"[All Fields] AND "antagonists"[All Fields]) OR "leukotriene antagonists"[All Fields] OR ("leukotriene"[All Fields] AND "receptor"[All Fields] AND "antagonist"[All Fields]) OR "leukotriene receptor antagonist"[All Fields]) OR ("montelukast"[Supplementary Concept] OR "montelukast"[All Fields])) AND ("sleep apnoea"[All Fields] OR "sleep apnea syndromes"[MeSH Terms] OR ("sleep"[All Fields] AND "apnea"[All Fields] AND "syndromes"[All Fields]) OR "sleep apnea syndromes"[All Fields] OR ("sleep"[All Fields] AND "apnea"[All Fields]) OR "sleep apnea"[All Fields])
The titles and abstracts for each of the results were reviewed for relevance.  Full text versions of relevant articles were obtained for complete evaluation.  References from the selected articles were also reviewed and included in the review.  As an additional step, each time a relevant article was encountered during the review of titles and abstracts, the “related citations/articles” and “cited by” features of the five databases and Google Scholar were searched to identify any additional potentially relevant articles.	
Study selection
Inclusion criteria consisted of clinical trials (RCTs) comparing LTRA against placebo in children between one and 16 years old.  Report of quantitative outcomes data of AHI or RDI comparing LTRA and control was required.  Only English language study designs were included.  Exclusion criteria consisted of studies without respiratory outcome, combined treatments and studies on adults.     
Data abstractions and study quality assessment
Two authors (PS and NC) performed literature searches, screened titles and abstracts, and retrieved articles for further review. Data included patient’s age, sex, body mass indices (BMI) and quantitative polysomnographic data of AHI, minimal oxygen saturation and A/N ratio.  The Cochrane Collaboration’s tool was used for assessing risk of bias (24).  It appraised the study’s adequacy in relation to six domains: sequence generation, allocation concealment, blinding of participants, personnel and outcome assessors, incomplete outcome data, selective outcome reporting and other sources of bias.
We assigned a judgment of either “Yes” (low risk of bias), “No” (high risk of bias) or 
“Unclear” (unclear or unknown risk of bias).
Statistical analysis
Statistical analysis was performed, using Cochrane Collaboration’s Review Manager (REVMAN) Software version 5.3. OAHI, minimal oxygen saturation and A/N ratio mean differences (leukotriene receptor antagonist and placebo or no treatment), standard deviations, and 95% confidence interval (95% CI) were calculated.  The null hypothesis was that there is no difference between leukotriene receptor antagonists and control.  The REVMAN random effects model for pooling effects was applied if heterogeneity of treatment effects was presented and a fixed effects model was used if no heterogeneity was present.  Forest plots were graphically inspected, and heterogeneity was assessed with the I2 statistic (low: 25%, moderate: 50%, and high: 75%) (25).  Preferred reporting items for systematic reviews and meta-analysis (PRISMA) statement (26) were adhered to as much as possible.	
Results 
The search identified a total of 461 articles after removal of duplicates.  After the preliminary review of titles and abstracts, a total of 7 studies were identified as relevant, and full texts were downloaded for further evaluation (Fig. 1).  
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Fig. 1. PRISMA flow diagram demonstrates literature search and study selection. N number of article


A total of three articles were included in this study (21-23), with a total of 143 patients identified within these articles.  The mean patient age was 5.28±2.17 years old.  The mean obstructive apnea hypopnea index (OAHI) was 6.71 ± 2.9 events per hour.   The study of Goldbart, et al.(2005) reported children’s weight as average BMI (21), which was 19.7 ± 0.9 kg/m2 whereas the study of Goldbart, et al. (2012) and Kheirandish-Gozal used average Z score which was 0.80 ± 1.2 and 1.4 ± 0.46,  respectively (22, 23)(Table 1).

	
References
	
N

	
Male/Female
	Mean ages
(years)
	
OAHI (events/hour)
	
Study durations(weeks)
	
Follow up(weeks)
	
Study

	Goldbart et al.(2005)

	
40

	
18/22
	
5.51 ± 1.92

	
4.88 ± 0.21

	
16
	
16
	
open label


	Goldbart et al.(2012)

	
46

	
23/23
	
4.75 ± 2.15

	
5.85 ± 3.21
	
12
	
12
	
RCT, double blind


	Gozal et al.(2016)

	
57

	
28/29
	
5.55 ± 2.45

	
8.69 ± 4.56
	
16
	
16
	
RCT , double blind



Definition of abbreviations: N = number of participants, OAHI = obstructive apnea–hypopnea index. Some data are expressed as means ± SD.
Table 1. Summary data of included studies

Methodological quality of the included studies
The included studies consisted of 2 randomized control trials and 1 open label trial which are all level 1 evidence.  The Cochrane Collaboration’s tool was used for assessing the risk of bias (Fig. 2).  
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Fig. 2. Risk of bias summary: review authors' judgments about each risk of bias item for each included study

We deemed one trial as high risk of bias (Goldbart 2005) and two trials were unclear risk of bias (Kierandish-Gozal and Gozal 2016).

Obstructive apnea hypopnea index (OAHI)
All of the included studies defined obstructive apnea as the absence of airflow with continued chest wall and abdominal movement for a duration of at least two breaths.  In the study of Goldbart 2005, hypopnea was defined as a decrease in oronasal flow greater than 50% on either the thermistor or nasal pressure transducer signal with a corresponding decrease in arterial oxygen saturation greater than 4% or arousal (21) whereas the study of Goldbart 2012 and Kierandish defined hypopnea as a 50% decrease in nasal flow with a corresponding 3% decrease in arterial oxygen saturation, and/or arousal or awakening (22, 23).  The OAHI was defined as the number of apneas and hypopneas per hour of total sleep time in all studies. 
Pool analysis of the data demonstrated a statistically significant reduction of 2.72 events per hour in OAHI between LTRA and control [95% confidence interval (CI) (-3.95, -1.49);                           P < 0.0001].  The test for heterogeneity was not significant (P = 0.07).  However, moderate heterogeneity was demonstrated (I2 = 62%); thus, the random effect model was utilized for heterogeneity among these studies (Fig. 3).
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Fig. 3. Forest plot: random effects analysis for meta-analysis of mean difference of Obstructive apnea/hypopnea index (OAHI) events per hour between leukotriene receptor antagonists and placebo or no treatment. There was statistical significant difference in OAHI (mean differences 2.72, 95% confidence interval (CI) (− 3.95, − 1.49); P < 0.0001]. IV independent variable, SD standard deviation


Minimal oxygen saturation
Pool analysis of the data demonstrated a statistically significant increase of 3.27 percent in minimal oxygen desaturation between leukotriene receptor antagonists and control [95% CI 1.78, 4.77); P < 0.0001].  The test for heterogeneity was not significant (P = 0.22) and inconsistency was low heterogeneity (I2 = 33%),; this indicated the use of the fixed effects model (Fig. 4).

[image: ]
Fig. 4. Forest plot: fix effects analysis for meta-analysis of mean difference of Minimal oxygen desaturation between leukotriene receptor antagonists and control. There was statistical significant difference in minimal oxygen desaturation [(mean differences 3.27, 95% confidence interval (CI) (1.78, 4.77); P < 0.0001]. IV independent variable, SD standard deviation

Adenoid size
	Two studies (86 patients) reported adenoid size (21, 22).  Both reported adenoid size as adenoidal-nasopharyngeal ratio (A/N ratio) using  the method of Fujioka, et al.(27) which divided the value of “A” (distance from the point of maximal convexity along the inferior margin of adenoid to the anterior margin of basio-occiput) by the value of “N” (distance from posterior nasal spine to spheno-occipital synchrondrosis.  
Pool analysis of the data demonstrated significant reduction of adenoid size in that 0.21 reduction of A/N ratio was noted between leukotriene receptor antagonists and control [95% CI       (-0.25,-0.17); P < 0.00001].  The test for heterogeneity was significant (P = 0.01).  However, high heterogeneity was demonstrated (I2 = 85%); thus, the random effects model was utilized for heterogeneity among these studies (Fig. 5).
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Fig. 5. Forest plot: random effects analysis for meta-analysis of mean difference of A/N ratio between leukotriene receptor antagonists and control. There was statistical significant difference in A/N ratio [mean differences 0.21, 95% confidence interval (CI) (-0.25,-0.17); P<0.00001]. IV independent variable, SD standard deviation

Adverse drug events
	Only minor adverse events were reported in the study of Kheirandish-Gozal et al.., in which headache was reported in one patient with LTRA, and in one patient with placebo.  Nausea was reported in one patient with LTRA, and in two subjects with placebo (23).  The other two included studies reported no adverse drug events.


Discussion 
OSA in children was linked to inflammation.  In comparison with control subjects, increases in various inflammatory mediators including leukotriene in exhaled breath condensate and in tonsil tissue were noted among children with OSA, and were disease severity-dependent  (28, 29).  Studies also reported more expression of leukotriene receptor in the tonsil tissue of children with obstructive sleep apnea in comparison with controls who has recurrent infection (30, 31).  With the use of LTRA, reduction of cell proliferation and inflammatory cytokines in OSA children were reported (28, 32), and this may reduce the size of hypertrophic tonsils and adenoid. 
   	Our study demonstrated that LTRA can improve OSA in children with a statistically significant reduction OAHI of 2.72 events per hour.  Decreasing by the number of 2 events per hour can make a big change in pediatric OSA by reducing severity from moderate degree to mild degree, or mild degree to cure.  Pool analysis of the data showed 3.27% increase in minimal oxygen saturation which was also statistically significant.
Significant reduction of adenoid size was also noted with the use of leukotriene receptor antagonist with a statistically significant reduction of A/N ratio by 0.21.  The improvement of the nasopharyngeal airway supported the theoretical hypothesis of how leukotriene antagonist receptor improved OSA.  The widen-nasopharyngeal airway may improve OSA according to Poiseuille’s law, in which the air flow would be improved if the radius increased.  
	Our systematic review and meta-analysis clearly focused on the effect of leukotriene receptor antagonist for treatment in OSA children, with comprehensive search methods and clearly define inclusion and exclusion criteria.  We also tried to collect unpublished data as much as we could.  To the best of our knowledge, our study is the first that evaluates the effect of leukotriene receptor antagonists in OSA children.  Although only small magnitude reduction of OAHI was demonstrated, this number can make a big change to the clinical outcome, especially in mild to moderate degree of OSA.  The included studies considered LTRA usage with the period of 12 to 16 weeks as safe, as only minor adverse drug reactions were reported only in Kheirandish-Gozal study (23), in which there was no difference in number between LTRA and placebo. 
Our study has limitations, however.  One of the included studies was an open label trial (21).  This may cause performance bias and affect the outcome of our study.  Another study had numbers of dropped out which may cause attrition bias (23).  However, both of them met our inclusion criteria and had qualitative outcome so we decided to include in our study. Although we used our best effort for the searching, there might still be some publication bias due to unpublished data.  
  	From this study we can conclude that LTRA can improve OSA in children by reducing AHI, increasing minimal oxygen saturation and reducing adenoid size.  However, due to small numbers of studies and limitations of the studies as mentioned above, future studies with numerous populations and methodologically randomization are still needed. 


[bookmark: _GoBack]Conclusion
	Leukotriene receptor antagonist provides benefits in OSA children in terms of significant improvement of OAHI, minimal oxygen saturation and A/N ratio.  Data were based on meta-analysis of control trial with 12-16 months of follow-up.  However, due to small number of studies and not randomization, further study with numerous populations and methodologically randomization are needed to confirm their effectiveness on OSA children.
 Acknowledgement:  We want to thank Mr.Mano Mettanando Laohavanich, Bangkok, Thailand for his assistance in this research.
Declaration of interest:  none
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.




References
1.	Kaditis AG, Finder J, Alexopoulos EI, Starantzis K, Tanou K, Gampeta S, et al. Sleep-disordered breathing in 3,680 Greek children. Pediatric pulmonology. 2004;37(6):499-509. Epub 2004/04/29.
2.	Li AM, So HK, Au CT, Ho C, Lau J, Ng SK, et al. Epidemiology of obstructive sleep apnoea syndrome in Chinese children: a two-phase community study. Thorax. 2010;65(11):991-7. Epub 2010/10/23.
3.	Marcus CL, Brooks LJ, Draper KA, Gozal D, Halbower AC, Jones J, et al. Diagnosis and management of childhood obstructive sleep apnea syndrome. Pediatrics. 2012;130(3):e714-55. Epub 2012/08/29.
4.	Lumeng JC, Chervin RD. Epidemiology of pediatric obstructive sleep apnea. Proceedings of the American Thoracic Society. 2008;5(2):242-52. Epub 2008/02/06.
5.	Amin R, Somers VK, McConnell K, Willging P, Myer C, Sherman M, et al. Activity-adjusted 24-hour ambulatory blood pressure and cardiac remodeling in children with sleep disordered breathing. Hypertension (Dallas, Tex : 1979). 2008;51(1):84-91. Epub 2007/12/12.
6.	Redline S, Amin R, Beebe D, Chervin RD, Garetz SL, Giordani B, et al. The Childhood Adenotonsillectomy Trial (CHAT): rationale, design, and challenges of a randomized controlled trial evaluating a standard surgical procedure in a pediatric population. Sleep. 2011;34(11):1509-17. Epub 2011/11/02.
7.	Schechter MS. Technical report: diagnosis and management of childhood obstructive sleep apnea syndrome. Pediatrics. 2002;109(4):e69. Epub 2002/04/03.
8.	Tauman R, Gulliver TE, Krishna J, Montgomery-Downs HE, O'Brien LM, Ivanenko A, et al. Persistence of obstructive sleep apnea syndrome in children after adenotonsillectomy. The Journal of pediatrics. 2006;149(6):803-8. Epub 2006/12/02.
9.	Guilleminault C, Huang YS, Glamann C, Li K, Chan A. Adenotonsillectomy and obstructive sleep apnea in children: a prospective survey. Otolaryngology--head and neck surgery : official journal of American Academy of Otolaryngology-Head and Neck Surgery. 2007;136(2):169-75. Epub 2007/02/06.
10.	De Luca Canto G, Pacheco-Pereira C, Aydinoz S, Bhattacharjee R, Tan HL, Kheirandish-Gozal L, et al. Adenotonsillectomy Complications: A Meta-analysis. Pediatrics. 2015;136(4):702-18. Epub 2015/09/24.
11.	Marcus CL, Ward SL, Mallory GB, Rosen CL, Beckerman RC, Weese-Mayer DE, et al. Use of nasal continuous positive airway pressure as treatment of childhood obstructive sleep apnea. The Journal of pediatrics. 1995;127(1):88-94. Epub 1995/07/01.
12.	Pirelli P, Saponara M, Guilleminault C. Rapid maxillary expansion in children with obstructive sleep apnea syndrome. Sleep. 2004;27(4):761-6. Epub 2004/07/31.
13.	Nazarali N, Altalibi M, Nazarali S, Major MP, Flores-Mir C, Major PW. Mandibular advancement appliances for the treatment of paediatric obstructive sleep apnea: a systematic review. European journal of orthodontics. 2015;37(6):618-26. Epub 2015/02/15.
14.	McGinley B, Halbower A, Schwartz AR, Smith PL, Patil SP, Schneider H. Effect of a high-flow open nasal cannula system on obstructive sleep apnea in children. Pediatrics. 2009;124(1):179-88. Epub 2009/07/01.
15.	Pereira KD, Roebuck JC, Howell L. The effect of body position on sleep apnea in children younger than 3 years. Archives of otolaryngology--head & neck surgery. 2005;131(11):1014-6. Epub 2005/11/23.
16.	Pereira KD, Rathi NK, Fatakia A, Haque SA, Castriotta RJ. Body position and obstructive sleep apnea in 8-12-month-old infants. International journal of pediatric otorhinolaryngology. 2008;72(6):897-900. Epub 2008/04/22.
17.	Andersen IG, Holm JC, Homoe P. Obstructive sleep apnea in obese children and adolescents, treatment methods and outcome of treatment - A systematic review. International journal of pediatric otorhinolaryngology. 2016;87:190-7. Epub 2016/07/03.
18.	Kuhle S, Urschitz MS. Anti-inflammatory medications for obstructive sleep apnea in children. The Cochrane database of systematic reviews. 2011(1):Cd007074. Epub 2011/01/21.
19.	Brozek JL, Bousquet J, Agache I, Agarwal A, Bachert C, Bosnic-Anticevich S, et al. Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines-2016 revision. The Journal of allergy and clinical immunology. 2017;140(4):950-8. Epub 2017/06/13.
20.	Tesse R, Borrelli G, Mongelli G, Mastrorilli V, Cardinale F. Treating Pediatric Asthma According Guidelines. Frontiers in pediatrics. 2018;6:234. Epub 2018/09/08.
21.	Goldbart AD, Goldman JL, Veling MC, Gozal D. Leukotriene modifier therapy for mild sleep-disordered breathing in children. American journal of respiratory and critical care medicine. 2005;172(3):364-70. Epub 2005/05/10.
22.	Goldbart AD, Greenberg-Dotan S, Tal A. Montelukast for children with obstructive sleep apnea: a double-blind, placebo-controlled study. Pediatrics. 2012;130(3):e575-80. Epub 2012/08/08.
23.	Kheirandish-Gozal L, Bandla HP, Gozal D. Montelukast for Children with Obstructive Sleep Apnea: Results of a Double-Blind, Randomized, Placebo-Controlled Trial. Annals of the American Thoracic Society. 2016;13(10):1736-41. Epub 2016/07/21.
24.	Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ. 2011;343.
25.	Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. 2003;327(7414):557-60. Epub 2003/09/06.
26.	Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. International journal of surgery (London, England). 2010;8(5):336-41. Epub 2010/02/23.
27.	Fujioka M, Young LW, Girdany BR. Radiographic evaluation of adenoidal size in children: adenoidal-nasopharyngeal ratio. AJR American journal of roentgenology. 1979;133(3):401-4. Epub 1979/09/01.
28.	Goldbart AD, Krishna J, Li RC, Serpero LD, Gozal D. Inflammatory mediators in exhaled breath condensate of children with obstructive sleep apnea syndrome. Chest. 2006;130(1):143-8. Epub 2006/07/15.
29.	Dayyat E, Serpero LD, Kheirandish-Gozal L, Goldman JL, Snow A, Bhattacharjee R, et al. Leukotriene pathways and in vitro adenotonsillar cell proliferation in children with obstructive sleep apnea. Chest. 2009;135(5):1142-9. Epub 2009/01/02.
30.	Goldbart AD, Goldman JL, Li RC, Brittian KR, Tauman R, Gozal D. Differential expression of cysteinyl leukotriene receptors 1 and 2 in tonsils of children with obstructive sleep apnea syndrome or recurrent infection. Chest. 2004;126(1):13-8. Epub 2004/07/14.
31.	Kaditis AG, Ioannou MG, Chaidas K, Alexopoulos EI, Apostolidou M, Apostolidis T, et al. Cysteinyl leukotriene receptors are expressed by tonsillar T cells of children with obstructive sleep apnea. Chest. 2008;134(2):324-31. Epub 2008/05/21.
32.	Kar M, Altintoprak N, Muluk NB, Ulusoy S, Bafaqeeh SA, Cingi C. Antileukotrienes in adenotonsillar hypertrophy: a review of the literature. European archives of oto-rhino-laryngology : official journal of the European Federation of Oto-Rhino-Laryngological Societies (EUFOS) : affiliated with the German Society for Oto-Rhino-Laryngology - Head and Neck Surgery. 2016;273(12):4111-7. Epub 2016/03/17.












pg. 1

image3.emf

image4.emf

image1.emf

image2.emf

