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Abstract
Obstructive sleep apnea syndrome (OSAS) in childhood is a complex disease primarily due both to
adenotonsillar hypertrophy and pediatric obesity. Notably, in�ammation has been recognized as one of
the most important shared pathogenic factor between obesity and OSAS resulting in an increased
cardiometabolic risk for these patients. To date, evidence is still limited in non-obese population with
OSAS.

We aimed to evaluate the cardiometabolic risk pro�le of a pediatric population of non-obese subjects
affected by OSAS. A total of 128 school-aged children (mean age 9.70 ± 3.43) diagnosed with OSAS and
213 non-OSAS children (mean age 9.52 ± 3.35) as control group were enrolled. All subjects underwent a
complete clinical and biochemical assessment (including white blood cell count (WBC), platelet count
(PLT), mean platelet volume (MPV),% of neutrophils (NEU%), C- reactive protein (CRP), erythrocyte
sedimentation rate (ESR), serum glucose, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), gamma-glutamyl transpeptidase (GGT), uric acid, fasting insulin, iron, ferritin, and transferrin
levels) .

A signi�cant association between in�ammation markers (including WBC, PLT, MPV, NEU%, ferritin, CPR,
and ESR) and OSAS was found (all p < 0.001). Children with OSAS also showed increased transaminase,
glucose, uric acid, and insulin levels (all p < 0.001) compared to healthy controls.

Conclusion: Taken together, these �ndings suggested a worse cardiometabolic pro�le in non-obese
children with OSAS. Given the pivotal pathogenic role of in�ammation both for hypoxiemia and
metabolic derangements, therapeutic strategies for OSAS might also counteract the increased
cardiometabolic risk of these patients, by improving their long-term quality of life.

1. Introduction
Obstructive sleep apnea syndrome (OSAS) in childhood represents a complex disease mainly linked both
to adenotonsillar hypertrophy and obesity epidemic at this age, particularly in the Southern of Italy[1].
Several impairments have been related to OSAS in children including neurocognitive [2] and behavioral
disorders [3], growth hormone de�ciency [4], enuresis [5], systemic in�ammation, cardiovascular disease
[6], and imbalance in lipid homeostasis [7].

Particularly, an in�ammatory state has been largely accepted as one of the major pathophysiological
mechanisms underlying both obesity and OSAS. Over the last decades, several studies have focused on
the role of potential biomarkers of pediatric OSAS[8], but no speci�c determinants in this �eld have been
currently identi�ed, likely due to the overlap of various comorbidities potentially acting as confounding
factors[9,10]. Noteworthy, evidence has linked sleep duration to different cardiometabolic markers in a
pediatric cohort[11]. More, changes in sleep duration and quality have been related to rapid serum
increase of C-reactive protein (CRP) [12–14] insulin [15,16] and lipids[17].
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Adipose tissue is one of the main sources of in�ammatory cytokines (including IL-6). CRP is produced by
the liver in response to raising levels of IL-6,derived from adipose tissue and closely related to fat
mass[18].

Moreover, some studies have also suggested that OSAS might be associated with body fat deposition in
speci�c areas, directly linked to the severity of clinical features and to visceral fat deposits, in turn closely
related to metabolic derangements than subcutaneous fat[18].

Of note, a signi�cant association has been highlighted between increased CRP levels in children with
OSAS and both severity disease and treatment administration (e.g. CPAP)[19–21]. Indeed, CRP might be
considered as a predictor of cardiovascular morbidity [22], with a direct effect on the atheromatic lesions
development by reducing nitric oxide synthesis inducing adhesion molecule expression in endothelial
cells [23,24]. Given that, children with high CRP levels may be considered at greater risk of developing
long-term cardiovascular complications. Interestingly, vascular injury markers and endothelial activation
factors such as adhesion molecules, fat-binding protein and circulating molecules, have been shown to
be increased in children with OSAS, and associated with endothelial dysfunction[25–28]. In addition, the
major role of obesity as cardiovascular risk factor has been studied already in childhood[29].

In this perspective, pediatric OSAS represents a tangled disease with multiple interrelated pathogenic
factors. Besides, the shared in�ammatory pathway between OSAS and obesity could make this latter as a
confounder for sleep breathing problems.

Despite a large amount of studies evaluating OSAS in subjects with obesity [4,9,14,17], evidence in non-
obese children is still scarce[16,31].

To �ll this gap, we aimed to investigate the cardiometabolic risk pro�le in a population of non-obese
children affected by OSAS.

2. Materials And Methods
2.1. Ethical approval study design

The present study was conducted according to the Declaration of Helsinki [32] and all parents of the
enrolled children ( both OSAS and Control group) gave their informed consent for participating to study.
The Departmental Ethic Committee of our Institution approved the study.

2.2. Study population
We enrolled 128 school-aged children (mean age 9.70 ± 3.43) diagnosed with OSAS consecutively
attending the Sleep Laboratory for Pediatric Age at Child and Adolescent Neuropsychiatry Clinic of our
University between September 1th 2015 and November 30th 2017.
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OSAS was diagnosed by overnight nocturnal polysomnographic examination according to the diagnostic
ICSD-3 criteria[33].

Exclusion criteria were considered as follows: overweight (BMI-SDS > 85° percentile) and/or obesity (BMI-
SDS > 95° percentile), neurological disorders (i.e. primary headaches, epilepsy, cerebral palsy),
craniofacial genetic syndromes associated with sleep-related breathing disorders (e.g. Down, Prader-Willi,
Crouzon, Pierre-Robin, velocardiofacial syndrome), psychiatric illness (e.g. mood disorders, anxiety
disorders, attention de�cit hyperactivity disorder (ADHD), psychosis), and psychoactive drugs treatment.

As control group, 213 healthy children (mean age 9.52 ± 3.35) without OSAS (AHI < 1.0-1.2 event/hour) at
the same University Clinic.

All subjects underwent blood tests for the detection of the following parameters: white blood cell count
(WBC), red blood cell count (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume
(MCV), platelet count (PLT), mean platelet volume (MPV),% of neutrophils (NEU%),% of lymphocytes
(LINF%),% of Monocytes (MON%),% of eosinophils (EOS%),% of Basophils (BASO%), albumin (ALB),
aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transpeptidase
(GGT), Sodium (Na), Potassium (K), Chlorine (Cl), Phosphorus (P), Calcium (Ca), iron (Fe), ferritin,
transferrin, uric acid, alkaline phosphatase, lactate dehydrogenase (LDH), transferrin, CRP, erythrocyte
sedimentation rate (ESR), fasting glucose, and insulin.

2.3. Polysomnography data collected selection
In order to establish the presence of OSAS in the experimental group, all the polysomnography (PSG)
data collected from inpatients children between September 1th 2015 and November 30th 2017 were
reviewed and analyzed.

OSAS severity was determined according to the current guidelines speci�ed by the American Academy of
Sleep Medicine (AASM): mild OSAS was de�ned by an obstructive apnea/hypopnea index (AHI) of 1 to < 
5 events per hour; moderate OSAS was de�ned as ≥ 5 to < 10 events/hour, and severe OSAS as ≥ 10
events/hour.

2.4. Statistical analysis
Data were expressed as mean ± standard deviation. Kolmogorov-Smirnov test was used to examine
normal distribution of the population. Differences for continuous variables were analyzed using ANOVA if
normally distributed, or the Kruskal-Wallis test if non-normally distributed. Not-normally distributed
variables were log-transformed before the analysis, but raw means are shown. Considering the relatively
limited number of our sample and in order to rule out possible type II errors, the effect sizes using Cohen’s
𝑑 value was calculated. Cohen’s 𝑑 is de�ned as the difference between two means divided by their
pooled standard deviation. According to Cohen, 0.2 is indicative of a small effect, 0.5 of a medium effect
size and 0.8 of a large effect size.
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Statistical analyses were performed using the STATISTICA software (data analysis software system,
version 6, StatSoft, Inc. (2001).

The effect size was calculated with the online software Social Science Statistics
(https://www.socscistatistics.com/effectsize/default3.aspx). P-values < 0.05 were considered statistically
signi�cant.

3. Results
The main features of the OSAS and non-OSAS group were showed in Table 1. No differences were found
for age (p = 0.63), gender (p = 0.78) and z-score BMI (p=0.462) (Table 1).

As expected, in children with OSAS all the parameters evaluated by PSG (AHI, ODI, SpO2% and mean
desaturation O2) were signi�cantly lower than controls (p<0.001) (Table 1).

In�ammation markers levels ( including WBC, PLT, MPV, NEU%, CRP, ESR, and ferritin) were signi�cantly
higher in the OSAS group compared to non OSAS group (all p< 0.001) (Table 2).  

More, subjects suffering from OSAS showed increased serum glucose, insulin, uric acid, ALT, and  AST
levels than healthy controls (all p <0.001) (Table 2). 

According to the effect size calculation, the Cohen’s d appeared to be with large effect for the following
parameters:  WBC, MCV, PLT, MPV, NEU%, BASO%, AST, ALT, GGT, iron, serum uric acid, LDH, transferrin,
CRP, and insulin (Table 2). 

4. Discussion
In our study, we provided intriguing evidence for a worse cardiometabolic pro�le in a cohort of non-obese
children with OSAS.

Sleep-Related Breathing Disorders (SRDB) are common in children and adolescents [39–41], with a
different severity ranging from primary snoring to OSAS[39]. OSAS is a complex disease in which several
risk factors (e.g. in�ammation, obesity, etc.) are interrelated[42,43]. To date, available scienti�c �ndings in
this �eld are still con�icting and mainly focused on subjects with obesity. Given the well-recognized role
of obesity as major cardiometabolic risk factor[36–38], studies examining OSAS subjects with obesity
might suffer from some limitations due to the potential pathophysiological overlap between these
diseases.

In this perspective, �ndings from our non-obese population allow to expand knowledge in this research
area. In fact, it could be supposed that gas exchange abnormalities and sleep disturbance characterizing
OSAS promote in�ammatory responses, as supported by the increased CRP levels observed in our cohort.
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The association between SRDB and cardiovascular disease in pediatric age has been well documented,
particularly in children with endothelial function impairment[39–41]. More, these patients experienced
recurrent episodes of hypoxiemia leading to an increase in sympathetic activity, oxidative stress, and
in�ammation (mainly expressed as elevated serum C-reactive protein levels) that enhanced endothelial
dysfunction[39,40].

Evidence also supported a close relationship between the night-time breathing habits and non-speci�c
biochemical markers of in�ammation with particular reference to the �ndings of neutrophilia in OSAS
children [44–47]. In this regard, results from our study not only con�rmed these �ndings but provided
further evidence in a non-obese pediatric cohort, by underscoring the pivotal pathogenic role of the
in�ammation also in a such selected population.

As previously reported, both metabolic (including metabolic syndrome, insulin-resistance (IR), and non-
alcoholic fatty liver disease(NAFLD)) and cardiovascular derangements have been closely linked to OSAS
patients with obesity[48,49].

Interestingly, our data seem to draw a worse cardiometabolic pro�le also in non-obese children with
OSAS. According to previous �ndings [50,51], pediatric OSAS also showed a close relationship with fatty
liver independently of the presence of a metabolic dysfunction as obesity status.

In addition to the pathogenic role of in�ammation, dysregulation of other metabolic pathways involving
insulin signaling and hepatic homeostasis might be supposed as further harmful players in the tangled
puzzle of OSAS pathophysiology[52].

Considering the design of the study (including a selected population such as non-obese children with
OSAS and a control group), our results might add to the existing knowledge on the pediatric OSAS
development. Therefore, a careful management of these patients by taking into account also the impact
of the hypoxemia correction on the metabolic impairments is highly recommended.

However, our study has some limitations that deserve mention. Firstly, our population, although well-
characterized, is limited. The lack of a more comprehensive metabolic evaluation (e.g. lipid pro�le,
glucose metabolism assessment) did not allow to provide evidence for a wider cardiometabolic risk in
these patients. On the other hand, the presence of a control group enhances the strength of our �ndings.

In conclusion, a worse cardiometabolic pro�le has been found also in non-obese children with OSAS. In
light of this, therapeutic strategies for hypoxiemia correction might also pay the way for a better
cardiometabolic management, by improving the long-term quality of life of non-obese children with
OSAS[42,53]. Further studies are needed to provide a better characterization of these selected patients.

Declarations
Funding: No funding  was received for conducting this study.



Page 7/14

Con�icts of Interest: The authors have no con�icts of interest to declare that are relevant to the content of
this article.

Availability of data and material: The datasets generated during and/or analyzed during the current study
are available from the corresponding author on request.

Code availability: STATISTICA software (data analysis software system, version 6, StatSoft, Inc. (2001).

Author Contributions: Conceptualization, ADS, GM, MC; Data curation, IB, CF, MC; Formal analysis, ADS;
Investigation, MC; Methodology, ADS, MC; Project administration, GF; Supervision, AV; Writing – original
draft, ADS, MC.

Ethics approval: This study was performed in line with the principles of the Declaration of Helsinki.
Approval was granted by the Ethics Committee of University of Campania (Protocol code 13887 ,
approval date 09/03/2015; EudraCT number 2015-001164-19).

Consent to participate: Written informed consent was obtained from the parents of all the enrolled
children.

Consent for publication: not applicable

References
1. Brunetti L, Tesse R, Miniello VL, Colella I, Delvecchio M, Logrillo VP, Francavilla R, Armenio L.Chest.

Sleep-disordered breathing in obese children: the southern Italy experience.2010 May;137(5):1085–
90. doi: 10.1378/chest.09-1529. Epub 2010 Feb 5

2. Gozal D, Capdevila OS, Kheirandish-Gozal L, Crabtree VM (2007a) APOE epsilon 4 allele, cognitive
dysfunction, and obstructive sleep apnea in children. Neurology 69:243–249

3. Chervin RD, Dillon JE, Bassetti C, Ganoczy DA, Pituch KJ (1997) Symptoms of sleep disorders,
inattention, and hyperactivity in children. Sleep 20:1185–1192

4. Lanfranco F, Motta G, Minetto MA, Baldi M, Balbo M, Ghigo E, Arvat E, Maccario M (2010)
Neuroendocrine alterations in obese patients with sleep apnea syndrome. Int J Endocrinol
2010:474518. doi:10.1155/2010/474518

5. Brooks LJ, Topol HI (2003) Enuresis in children with sleep apnea. J Pediatr 142:515–518

�. Monahan K, Redline S (2011) Role of obstructive sleep apnea in cardiovascular disease. Curr Opin
Cardiol 26:541–547

7. Li J, Savransky V, Nanayakkara A, Smith PL, O'Donnell CP, Polotsky VY (2007) Hyperlipidemia and
lipid peroxidation are dependent on the severity of chronic intermittent hypoxia. J Appl Physiol
102:557–563

�. Kheirandish-Gozal L, Gozal D. Pediatric OSA Syndrome Morbidity Biomarkers: The Hunt Is Finally On!
Chest. 2017 Feb;151(2):500–506. doi: 10.1016/j.chest.2016.09.026)



Page 8/14

9. Stępień M, Stępień A, Wlazeł RN, Paradowski M, Banach M, Rysz J (2014) Obesity indices and
in�ammatory markers in obese non-diabetic normo- and hypertensive patients: a comparative pilot
study. Lipids Health Dis 13:29

10. McNicholas WT (2009) Obstructive sleep apnea and in�ammation. Prog Cardiovasc Dis 51(5):392–
399. doi:10.1016/j.pcad. 2008.10.005

11. Spruyt K, Molfese DL, Gozal D (2011) Sleep duration, sleep regularity, body weight, and metabolic
homeostasis in school-aged children. Pediatrics 127(2):e345–e352

12. Zheng H, Berthoud HR (2008) Neural systems controlling the drive to eat: mind versus metabolism.
Physiology (Bethesda) 23:75–83

13. Villa MP, Ianniello F, Tocci G, Evangelisti M, Miano S, Ferrucci A, Ciavarella GM, Volpe M (2012 Mar)
Early cardiac abnormalities and increased C-reactive protein levels in a cohort of children with sleep
disordered breathing. Sleep Breath 16(1):101–110. doi:10.1007/s11325-010-0462-0

14. Van Eyck A, Van Hoorenbeeck K, De Winter BY, Ramet J, Van Gaal L, De Backer W, Verhulst SL (2014
May) Sleep-disordered breathing and C-reactive protein in obese children and adolescents. Sleep
Breath 18(2):335–340. doi:10.1007/s11325-013-0890-8

15. Gozal D, Kheirandish-Gozal L, Bhattacharjee R, Kim J (2012 Jun) C-reactive protein and obstructive
sleep apnea syndrome in children. Front Biosci (Elite Ed) 4(1):2410–2422

1�. Koren D, Gozal D, Philby MF, Bhattacharjee R, Kheirandish-Gozal L. Impact of obstructive sleep
apnoea on insulin resistance in nonobese and obese children. Eur Respir J. 2016 Apr;47(4):1152–61.
doi: 10.1183/13993003.01430-2015

17. Alonso-Álvarez ML, Terán-Santos J, Gonzalez Martinez M, Cordero-Guevara JA, Jurado-Luque MJ,
Corral-Peña�el J, Duran-Cantolla J, Ordax Carbajo E, Masa Jimenez F, Kheirandish-Gozal L, Gozal D
(2017 Sep) Spanish Sleep Network. Metabolic biomarkers in community obese children: effect of
obstructive sleep apnea and its treatment. Sleep Med 37:1–9. doi:10.1016/j.sleep.2017.06.002

1�. Busetto L, Sergi G. Visceral fat and respiratory complications. Diabetes, Obesity and Metabolism, 7,
2005, 301–306 20 April 2004 doi: 10.1111/j.1463–1326.2004.00391.x

19. Kheirandish-Gozal L, Capdevila OS, Tauman R, Gozal D (2006) Plasma C-reactive protein in
nonobese children with obstructive sleep apnea before and after adenotonsillectomy. J Clin Sleep
Med 2(3):301–304

20. Gozal D, Kheirandish-Gozal L, Bhattacharjee R, Kim J (2012) C-reactive protein and obstructive sleep
apnea syndrome in children. Front Biosci (Elite Ed) 4:2410–2422

21. Ingram DG, Matthews CK (2013) Effect of adenotonsillectomy on c-reactive protein levels in children
with obstructive sleep apnea: a meta-analysis. Sleep Med 14(2):172–176

22. Pearson TA, Mensah GA, Alexander RW et al (2003) Centers for Disease Control and Prevention.
American Heart Association Markers of in�ammation and cardiovascular disease: application to
clinical and public health practice: A statement for healthcare professionals from the Centers for
Disease Control and Prevention and the American Heart Association. Circulation 107(3):499–511



Page 9/14

23. Pasceri V, Willerson JT, Yeh ET (2000) Direct proin�ammatory effect of C-reactive protein on human
endothelial cells. Circulation 102(18):2165–2168

24. Pasceri V, Cheng JS, Willerson JT, Yeh ET, Chang J (2001) Modulation of C-reactive protein-mediated
monocyte chemoattractant protein-1 induction in human endothelial cells by anti-atherosclerosis
drugs. Circulation 103(21):2531–2534

25. O’Brien LM, Serpero LD, Tauman R, Gozal D (2006) Plasma adhesion molecules in children with
sleep-disordered breathing. Chest 129(4):947–953

2�. Kim J, Bhattacharjee R, Snow AB, Capdevila OS, Kheirandish-Gozal L, Gozal D (2010) Myeloid-related
protein 8/14 levels in children with obstructive sleep apnoea. Eur Respir J 35(4):843–850

27. Kim J, Bhattacharjee R, Kheirandish-Gozal L, Spruyt K, Gozal D (2011) Circulating microparticles in
children with sleep disordered breathing. Chest 140(2):408–417

2�. Bhushan B, Khalyfa A, Spruyt K et al (2011) Fatty-acid binding protein 4 gene polymorphisms and
plasma levels in children with obstructive sleep apnea. Sleep Med 12(7):666–671

29. Farello G, Antenucci A, Stagi S, Mazzocchetti C, Ciocca F, Verrotti A. Metabolically healthy and
metabolically unhealthy obese children both have increased carotid intima-media thickness: a case
control study. BMC Cardiovasc Disord. 2018 Jul 4;18(1):140. doi: 10.1186/s12872-018-0874-5

30. Stefanini Dde O, Barros EL, Stefanini R, Pradella-Hallinan ML, Pignatari SS, Fujita RR (2012 Oct)
Comparing the clinical pro�le of non obese children with sleep apnea and snoring. Braz J
Otorhinolaryngol 78(5):22–26

31. Busquets X, Barbé F, Barceló A, de la Peña M, Sigritz N, Mayoralas LR, Ladaria A, Agustí A (2004 Nov-
Dec) Decreased plasma levels of orexin-A in sleep apnea. Respiration 71(6):575–579

32. World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for
medical research involving human subjects. JAMA. 2013 Nov 27;310(20):2191–4. doi:
10.1001/jama.2013.281053

33. American Academy of Sleep Medicine. ICSD-3, International Classi�cation of Sleep Disorders:
Diagnostic and coding manual. 3rd ed. 2014

34. Au CT, Li AM (2009) Obstructive sleep breathing disorders. Pediatr Clin North Am 56:243–259.
doi:10.1016/j.pcl.2008.10.012 [PubMed]

35. Marcus CL, Brooks LJ, Draper KA, Gozal D, Halbower AC, Jones J et al (2012) Diagnosis and
management of childhood obstructive sleep apnea syndrome. Pediatrics 130:714–755

3�. Wang F, Xiong X, Xu H, Huang H, Shi Y, Li X, Qian Y, Zou J, Yi H, Guan J, Yin S (2019 Sep) The
association between obstructive sleep apnea syndrome and metabolic syndrome: a con�rmatory
factor analysis. Sleep Breath 23(3):1011–1019. doi:10.1007/s11325-019-01804-8. Epub 2019 Feb
28. PMID:30820851

37. Di Bonito P, Paci�co L, Licenziati MR, Maffeis C, Morandi A, Manco M, Del Giudice EM, Di Sessa A,
Campana G, Moio N, Baroni MG, Chiesa C, De Simone G, Valerio G; CARITALY Study on the behalf of
the Childhood Obesity Study Group of the italian Society of Pediatric Endocrinology and Diabetology.
Elevated blood pressure, cardiometabolic risk and target organ damage in youth with overweight and



Page 10/14

obesity. Nutr Metab Cardiovasc Dis. 2020 Sep 24;30(10):1840–1847.
doi:10.1016/j.numecd.2020.05.024. Epub 2020 Jun 1. PMID: 32736956

3�. Sessa F, Polito R, Monda V, Scarinci A, Salerno M, Carotenuto M, Cibelli G, Valenzano A, Campanozzi
A, Mollica MP, Monda M, Messina G. Effects of a Plastic-Free Lifestyle on Urinary Bisphenol A Levels
in School-Aged Children of Southern Italy: A Pilot Study. Front Public Health. 2021 Feb 1;9:626070.
doi: 10.3389/fpubh.2021.626070. PMID: 33598445; PMCID: PMC7882684

39. Carra MC, Bruni O, Huynh N (2012) Topical review: sleep bruxism, headaches, and sleep-disordered
breathing in children and adolescents. J Orofac Pain 26:267–276

40. Shamsuzzaman AS, Winnicki M, Lanfranchi P et al (2002) Elevated C-reactive protein in patients with
obstructive sleep apnea. Circulation 105(21):2462–2464

41. Guilleminault C, Kirisoglu C, Ohayon MM (2004) C-reactive protein and sleep-disordered breathing.
Sleep 27(8):1507–1511

42. Brockbank JC (2017 Sep) Update on pathophysiology and treatment of childhood obstructive sleep
apnea syndrome. Paediatr Respir Rev 24:21–23. doi:10.1016/j.prrv.2017.06.003. Epub 2017 Jun 12.
PMID: 28697968

43. Marotta R, Precenzano F, Operto FF, Lanzara L, Risoleo MC, Vetri L, Parisi L, Pastorino GMG, Gallai B,
Scarinci A, Gleijeses MG, Solimeno M, Merolla E, Sabatino M, Messina G, Marcuccio G, Carotenuto M,
Roccella M (2020) Nocturnal obstructive respiratory events severity is associated with low parental
quality. Curr Pediatr Res 24(2):194–198

44. Li AM, Au CT, Chook P, Lam HS, Wing YK (2013) Reduced �ow-mediated vasodilation of brachial
artery in children with primary snoring. Int J Cardiol 167:2092–2096.
doi:10.1016/j.ijcard.2012.05.108

45. Devouassoux G, Levy P, Rossini E et al (2007) Sleep apnea is associated with bronchial in�ammation
and continuous positive airway pressure-induced airway hyperresponsiveness. J Allergy Clin
Immunol 119:597–603

4�. Salerno FG, Carpagnano E, Guido P et al (2004) Airway in�ammation in patients affected by
obstructive sleep apnea syndrome. Respir Med 98:25–28

47. Schwarzenberg SJ1, Sinaiko AR (2006 Dec) Obesity and in�ammation in children. Paediatr Respir
Rev 7(4):239–246. Epub 2006 Oct 12

4�. Bhatt SP, Guleria R, Kabra SK. Metabolic alterations and systemic in�ammation in overweight/obese
children with obstructive sleep apnea. PLoSOne. 2021 Jun 4;16(6):e0252353. doi:
10.1371/journal.pone.0252353. PMID: 34086720; PMCID: PMC8177414

49. Jahn C, Gouveris H (2016 Oct) Matthias C1. Systemic in�ammation in patients with compromised
upper airway anatomy and primary snoring or mild obstructive sleep apnea. Eur Arch
Otorhinolaryngol 273(10):3429–3433. doi:10.1007/s00405-016-4103-5. Epub 2016 May 20

50. Nobili V, Alisi A, Cutrera R, Carpino G, De Stefanis C, D'Oria V, De Vito R, Cucchiara S, Gaudio E, Musso
G (2015 Aug) Altered gut-liver axis and hepatic adiponectin expression in OSAS: novel mediators of



Page 11/14

liver injury in paediatric non-alcoholic fatty liver. Thorax 70(8):769–781. doi:10.1136/thoraxjnl-2015-
206782

51. Nobili V, Cutrera R, Liccardo D, Pavone M, Devito R, Giorgio V, Verrillo E, Baviera G, Musso G (2014
Jan) Obstructive sleep apnea syndrome affects liver histology and in�ammatory cell activation in
pediatric nonalcoholic fatty liver disease, regardless of obesity/insulin resistance. Am J Respir Crit
Care Med 189(1)(1):66–76. doi:10.1164/rccm.201307-1339OC

52. Shamsuzzaman A, Szczesniak RD, Fenchel MC, Amin RS (2014 Nov-Dec) Glucose, insulin, and
insulin resistance in normal-weight, overweight and obese children with obstructive sleep apnea.
Obes Res Clin Pract 8(6):e584–e591. doi:10.1016/j.orcp.2013.11.006. Epub 2013 Dec 19. PMID:
25434914; PMCID: PMC5864292

53. Testa D, Carotenuto M, Precenzano F, Russo A, Donadio A, Marcuccio G, Motta G (2020 Apr)
Evaluation of neurocognitive abilities in children affected by obstructive sleep apnea syndrome
before and after adenotonsillectomy. Acta Otorhinolaryngol Ital 40(2):122–132. doi:10.14639/0392-
100X-N0267. PMID: 32469006; PMCID: PMC7256902

Tables
 Table 1. Main features of the OSAS and non OSAS group.

  OSAS 

(n=128)

Non-OSAS 

(n=213)

P

 

Age

 

9.70 ± 3.43

 

9.52±3.35

 

0.638

Sex (male),%       61.7 59.6 0.788

BMI-SDS 0.49 ± 0.13 0.59 ± 0.29 0.462

 Apnea/hypopnea index (AHI) 8.99 ± 6.14 0.58 ± 0.31 <0.001

Oxygen desaturation index (ODI) 2.26 ± 2.07 0.29± 0.10 <0.001

Mean Oxygen Saturation,% 97.26 ± 1.37   98.13 ± 0.51  <0.001

    Nadir Oxygen saturation 96.59 ± 0.83 94.32 ± 1.89 <0.001

Mean Oxygen Desaturation,% 3.93 ± 1.94 0.89 ± 0.63 <0.001

AHI, apnea/hypopnea index; BMI-SDS, Body Mass Index Standard Deviation Score; ODI, oxygen 

desaturation index. 
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 Table 2. Main biochemical parameters in OSAS and non-OSAS group.
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OSAS 

(n=128)

Non-OSAS

 (n=213)

p Cohen’s d

 

WBC,103/µl

 

12.05 ± 3.09

 

6.48 ± 2.08

 

<0.001

 

2.11

RBC, 106/µl 6.01 ± 1.36 5.82 ± 1.14 NS -

HGB, g/dl 13.97 ± 1.42 14.07 ± 1.35 NS -

HCT, % 46.92 ± 5.91 47.73 ± 5.33 NS -

MCV, � 88.15 ± 9.03 89.8 ± 8.17 NS -

PLT, 103/µl 386.92 ± 74.12 204.11 ± 56.92 <0.001 2.76

MPV, � 10.95 ± 2.69 8.19 ± 1.78 <0.001 1.21

NEU% 5.87 ± 1.33 2.66 ± 1.15 <0.001 2.58

LINF% 2.86 ± 1.48 2.98 ± 1.03 NS -

MONO% 0.37 ± 0.21 0.41 ± 0.18 NS -

EOS% 0.26 ± 0.14 0.23 ± 0.16 NS -

BASO% 0.21 ± 0.11 0.19 ± 0.14 NS -

Glucose, mg/dl 98.19 ± 9.04 84.19 ± 12.7 <0.001 1.27

Albumin, g/dl 4.06 ± 0.58 4.15 ± 0.31 NS -

AST, U/L 35.18 ± 6.14 8.57 ± 3.36 <0.001 5.37

ALT, U/L 34.97 ± 7.03 9.83 ± 4.19 <0.001 4.34

GGT, U/L 47.19 ± 5.69 10.23 ± 1.18 <0.001 8.99

Na, mEq/l 140.64 ± 1.09 140.72 ± 1.06 NS -

K, mEq/l 3.87 ± 0.52 3.91 ± 0.47 NS -

Cl, mEq/l 103.71± 1.33 103.94 ± 1.26 NS -

P, mg/dl 4.76 ± 1.91 4.81 ± 1.93 NS -

Ca, mg/dl 9.52 ± 1.09 9.73 ± 1.01 0.072 -

Iron, µg/dl 65.92 ± 11.04 80.14 ± 7.36 <0.001 1.51

Uric Acid, mg/dl 5.03 ± 1.18 3.49 ± 0.34 <0.001 1.77

Alkaline phosphatase, U/L 76.29 ± 32.66 78.44 ± 21.19 NS -

LDH, U/L 396.17 ± 62.33 302.91 ± 58.33 <0.001 1.54
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Ferritin, ng/ml 109.45 ± 26.09 98.65 ± 17.02 <0.001 0.49

Transferrin, mg/dl 139.02 ± 46.14 219.77 ± 21.05 <0.001 2.25

CRP, mg/dl 0.32 ± 0.11 0.12 ± 0.07 <0.001 2.16

ESR, mmh 2.17 ± 1.35 1.32 ± 0.43 <0.001 0.84

Insulin, IU/ml 19.55 ± 7.01 8.36 ± 2.99 <0.001 2.07

White blood cell count (WBC), red blood cell count (RBC), hemoglobin (HGB), hematocrit (HCT), mean
corpuscular volume (MCV), platelet count (PLT), mean platelet volume (MPV),% of neutrophils (NEU%),%
of lymphocytes (LINF%), % of Monocytes (MONO%),% of eosinophils (EOS%),% of Basophils (BASO%),
aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transpeptidase
(GGT), Sodium (Na), Potassium (K), Chlorine (Cl), Phosphorus (P), Calcium (Ca), iron (Fe), lactate
dehydrogenase (LDH), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR).


