
- 1 - 
 

Fernanda Bacchin 

 

 

Espectroscopia Molecular Salivar: uma ferramenta de 

diagnóstico label free e não invasiva para Apneia 

Obstrutiva do Sono 

 

 

Salivary Molecular Spectroscopy: a label free and non-

invasive diagnostic tool for Obstructive Sleep Apnea  

 

 

Dissertação apresentada à Faculdade de 
Odontologia da Universidade de Uberlândia, para 
obtenção do Título de Mestre em Odontologia na 
Área de Clínica Odontológica Integrada.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Uberlândia, 2020 

 

 

 

 



- 2 - 
 

Fernanda Bacchin 

 

 

Espectroscopia Molecular Salivar: uma ferramenta de 

diagnóstico label free e não invasiva para Apneia 

Obstrutiva do Sono 

 

 

Salivary Molecular Spectroscopy: a label free and non-

invasive diagnostic tool for Obstructive Sleep Apnea  

 

 

Dissertação apresentada à Faculdade de 
Odontologia da Universidade de Uberlândia, para 
obtenção do Título de Mestre em Odontologia na 
Área de Clínica Odontológica Integrada.  
 
 

Orientador: Prof. Dr. Paulo Cézar Simamoto Júnior 

 
 
 

Banca Examinadora:  
Prof. Dr. Prof. Paulo Cézar Simamoto Júnior 

Profa. Dra. Morgana Guilherme de Castro 
Profa. Dra. Thays Crosara Abrahão Cunha   

 

 

 

Uberlândia, 2020 

 

 

 

 

 



- 3 - 
 

 

 

 



- 4 - 
 

 

 



- 5 - 
 

 

 

 

 

 

 

 

 

 

 

 

Ficha catalográfica elaborada pela Biblioteca da Universidade Federal de Uberlândia - 

UFU 

 

 

 



- 6 - 
 

DEDICATÓRIA 

Este trabalho eu dedico... 

 

A Deus, por ter me concebido o dom da vida e de ser dentista, com 

todas as condições de desfrutá-las e de poder ajudar os que necessitam. 

A meu marido Ronaldo Coletto, meu companheiro incondicional, 

pela paciência e pela importante contribuição na execução deste trabalho. Meu 

obrigada sempre! Sem seu apoio a concretização desse sonho não seria 

possível. Meu eterno Amor. 

A todos os professores, que conseguem transmitir seus 

conhecimentos e fazer um mundo melhor. 

Aos meus pais, Maria Inês e Márcio pela educação, ensinamentos e 

valores que me foram passados, sem os quais não chegaria até aqui. Minha 

mãe, por não me deixar desistir em muitos momentos, e meu pai, por me 

incentivar e me ajudar por muitas vezes ativamente em todo esse processo. 

Aos meus irmãos, Daniel, Julieta e Clara pela amizade e 

companheirismo, sempre comemorando nossas conquistas, mesmo estando 

distantes. 

Aos meus avós Julieta e Arnaldo que sempre me apoiaram e 

incentivaram, e vibram a cada conquista profissional alcançada. Vocês fazem 

parte dessa vitória.  

Aos meus sogros, cunhados e sobrinhos por entenderem minha 

ausência e comemorarem minhas conquistas. 

Aos meus sócios e parceiros de trabalho da clínica CODE, em 

especial a Fabiana Teodoro, meu muito obrigada pelo incentivo e paciência... 

Às queridas Cristianne Pacheco e Maria Aparecida Campoli, eterno 

agradecimento por me introduzirem essa vontade insaciável pelo 

conhecimento. 



- 7 - 
 

AGRADECIMENTOS 

 

Ao meu orientador Prof. Dr. Paulo Cézar Simamoto Júnior, que me 

deu a oportunidade de realizar o sonho do mestrado! Por ter acreditado em 

mim e ter me apresentado um novo desafio diante de um projeto tão inovador. 

Muito obrigada por tanta paciência e amizade. Foram dois anos de muito 

aprendizado e crescimento. 

À minha coorientadora Profa. Dra. Thays Crosara Abrahão Cunha, 

por me apresentar os ensinamentos na área de apneia, por toda a paciência, 

carinho, atenção e disponibilidade de sempre. Tê-la como coorientadora foi um 

privilégio, por poder compartilhar dos seus conhecimentos e acima de tudo 

pela amizade. Obrigada por ser uma pessoa tão querida, competente e por 

termos realizado esse trabalho de forma tão harmoniosa.  

Ao Prof.Dr. Robinson Sabino e aos pós-graduandos Léia, Douglas, 

Stephanie e Emília, por abrirem as portas dos laboratórios, pelo incentivo, 

esforço e pelas preciosas informações e contribuições para a realização deste 

trabalho. 

À Profa. Dra. Morgana Guilherme de Castro pela amizade e pelo 

apoio, traduzidos na confiança firmada na parceria de apresentações de 

trabalhos e aulas. O seu exemplo é muito valioso na minha formação. 

Aos amigos e companheiros de projeto Maria Cecília Monteiro 

Guimarães, Ana Júlia Lopes, Diego Nascimento, sem vocês seria impossível a 

conclusão deste trabalho. Muito obrigada! 

Aos técnicos dos laboratórios (John, Bruno - CPBio) e funcionários 

da Universidade Federal de Uberlândia (Brenda, Laís e Graça) que sempre me 

atenderam com muito carinho! 

A todos os docentes da Pós-graduação de odontologia e a todos os 

meus colegas do PPGOUFU.  

Aos pacientes apneicos e seus responsáveis, por se permitirem 

fazer parte deste projeto de pesquisa, pela paciência em responder aos 

questionários e a realizar cada exame. Meu eterno agradecimento!! 



- 8 - 
 

Aos pacientes saudáveis e seus responsáveis, que participaram 

deste trabalho, colhendo saliva e respondendo questionários, agradeço a 

disponibilidade! A participação de vocês foi fundamental! 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 9 - 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Aprender é a única coisa de que a mente nunca 

se cansa, nunca tem medo e nunca se 

arrepende. 

 

Leonardo da Vinci 

 

 

 

 

 

 



- 10 - 
 

SUMÁRIO 

 

RESUMO/PALAVRAS-CHAVE 11 

ABSTRACT / KEY WORDS 12 

1 INTRODUÇÃO 13 

2 CAPÍTULO 1 17 

REFERÊNCIAS 38 

ANEXOS 43 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 11 - 
 

RESUMO 

 

O objetivo deste estudo foi investigar se biomarcadores especificos podem ser 

identificados na saliva de crianças com AOS, e se os modos vibracionais 

expressos diferencialmente, podem ser preditores de diagnóstico para AOS. 

Atualmente, o diagnóstico da AOS é realizado através do PSG, que é um 

exame caro, difícil de realizar e não é uma realidade em um sistema público de 

saúde. Consequentemente, a busca por um método de diagnóstico mais 

barato, mais acessível e que seja específico da AOS é de grande interesse. 

Para isso, este estudo investigou a aplicação potencial da espectroscopia no 

infravermelho por transformada de Fourier com refletância total atenuada (ATR-

FTIR) para discriminar crianças com AOS dos controles usando saliva. Foi 

coletada saliva de 40 crianças, sendo 26 crianças com AOS e 14 controles 

saudáveis (sem AOS). Os exames clínicos e físicos e os questionários OSA-18 

e SBQ foram aplicados a todas as crianças. Apenas pacientes com AOS foram 

submetidos à polissonografia e todos tiveram suas amostras de saliva 

estimuladas coletadas após o sono noturno. O perfil salivar foi analisado por 

espectroscopia ATR-FTIR e os modos vibracionais foram avaliados quanto à 

capacidade diagnóstica pela curva ROC. O espectro infravermelho salivar de 

crianças não AOS e AOS apresentou vários modos vibracionais únicos e, 

destes, cinco modos vibracionais em 2962, 1670, 1638, 1548 e 1075 cmˉ¹ 

foram pré-validados como biomarcadores de diagnóstico em potencial pela 

análise de curva ROC com AUC superior a 0,8 na análise da curva ROC. 

Dessa forma conclui-se que os biomarcadores espectrais salivares descobertos 

usando análise univariada podem fornecer uma nova alternativa robusta para o 

monitoramento da AOS, usando uma tecnologia verde e não invasiva. 

 

Key Words: ATR-FTIR, Biomarcadores, Crianças, Diagnóstico, AOS, Saliva,  
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ABSTRACT 

 

The aim of this study was to investigate whether specific biomarkers can be 

identified in the saliva of children with OSA, and whether the vibrational modes 

expressed differentially, can be predictors of diagnosis for OSA.  Currently, the 

diagnosis of OSA is performed through PSG, which is an expensive test, 

difficult to perform and is not a reality in a public health system. Consequently, 

the search for a cheaper, more accessible and OSA specific diagnostic method 

is of great interest. To this end, this study investigated the potential application 

of Fourier transform infrared spectroscopy with attenuated total reflectance 

(ATR-FTIR) to discriminate children with OSA from paired controls using saliva. 

Saliva was collected from 40 children, 26 children with OSA and 14 healthy 

controls matched (without OSA). Clinical and physical examinations and the 

OSA-18 and SBQ questionnaires were applied to all 40 children. Only patients 

with OSA underwent polysomnography and all had their stimulated saliva 

samples collected after night sleep. The salivary profile was analysed by ATR-

FTIR spectroscopy and the vibrational modes were evaluated for diagnostic 

capacity using the ROC curve. The salivary infrared spectrum of Non-OSA and 

OSA children showed several unique vibrational modes and, of these, five 

vibrational modes in 2962, 1670, 1638, 1548 and 1075 cmˉ¹ were pre-validated 

as potential diagnostic biomarkers by the analysis of the ROC curve with AUC 

greater than 0.8 in the analysis of the ROC curve. Thus, it is concluded that the 

salivary spectral biomarkers discovered using univariate analysis can provide a 

new robust alternative for OSA monitoring, using green and non-invasive 

technology. 

 

Key Words: ATR-FTIR, Biomarkers, Children, Diagnosis, OSA, Saliva, 
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1.INTRODUÇÃO 

 

Privação de sono é um problema generalizado na sociedade de hoje, 

que pode levar à diminuição do desempenho cognitivo, aumento da sonolência 

diurna e redução da produtividade, trazendo para seus portadores sérios 

problemas intersociais. Além disso, aumenta a suscetibilidade a problemas de 

saúde, incluindo déficits cardiovasculares, diminuição na imunidade, entre 

outros [1]. 

Apneia obstrutiva do sono (AOS) é uma potencial causa de morbidade 

em adultos (30%) e crianças (2% a 7%).  É caracterizada pela obstrução total 

(apneia) ou parcial (hipopneia) das vias aéreas superiores, o que interrompe os 

padrões normais de ventilação durante o sono, levando a micro despertares 

noturnos [2]. Hipóxia intermitente e fragmentação do sono frequentes, 

desencadeiam stress, inclusive nos níveis celulares, prejudicando assim a 

homeostasia do organismo [3]. A AOS pode afetar crianças de todas as idades, 

com uma maior prevalência em pré-escolares, não reportando diferença entre 

gêneros. Apresenta em seus portadores alterações comportamentais, pouco 

rendimento escolar, hiperatividade, enurese noturna, terror noturno, depressão, 

insônia, problemas psicológicos e sonolência excessiva diurna e, comorbidades 

tais como déficits de aprendizado, disfunções metabólicas e endoteliais [1]. 

Sendo, portanto, considerada um problema de saúde pública [4]. 

A investigação clínica preditora para diagnóstico de AOS se baseia 

inicialmente na história do paciente, na avalição clínica e no exame físico, mas 

a avaliação polissonográfica de laboratório durante noite completa é o método 

considerado como padrão ouro de diagnóstico para AOS [5]. Porém, na prática 

clínica é pouco utilizada pois, trata-se de um exame caro, de difícil execução, 

existem poucos leitos disponíveis e não é uma realidade nos sistemas públicos 

de saúde.[6] 

Este fato estimulou, então, a busca por métodos diagnósticos 

alternativos. Recentemente, as proteínas salivares ganharam interesse como 

método diagnóstico e para avaliação de doenças [7]. É facilmente coletada e 
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estocada, e é ideal por conter biomarcadores solúveis específicos em sua 

composição. [8] 

Espectroscopia infravermelho por transformada de Fourier (FTIR) é um 

dos métodos de análise para a determinação da estrutura de pequenas 

moléculas, que utiliza a interação da radiação eletromagnética com a matéria 

com a finalidade de obter informações físicas e químicas de um determinado 

material ou amostra biológica [9]. Os modos vibracionais de IR de amostras 

biológicas, como a saliva, podem ser consideradas impressões digitais 

bioquímicas que se correlacionam diretamente com a presença ou ausência de 

doenças além disso, fornecem a base para a determinação quantitativa de 

várias análises de interesse diagnóstico [10,11]. 

Assim sendo, o objetivo deste estudo foi investigar se  biomarcadores 

espectrais específicos podem ser identificados na saliva de crianças 

diagnosticadas com AOS, e se os modos vibracionais expressos 

diferencialmente podem ser preditores de diagnóstico  para  AOS. Para isso 

foram avaliados quantitativamente os perfis dos modos vibracionais salivares 

de crianças com AOS leve, moderada e grave, e de crianças sem AOS, e 

confrontados com PSG das crianças doentes. 
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Espectroscopia Molecular Salivar: uma ferramenta de diagnóstico label 
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Abstract 

Background and Objectives: Currently the OSA diagnosis is performed 

through PSG, which is an expensive exam, difficult to perform, and not a reality 

in a public health system. Consequently, the search for a cheaper, more 

accessible and OSA-specific diagnostic method is of great interest. This study 

investigated the potential application of Attenuated Total Reflectance Fourier t 

Transform Infrared (ATR-FTIR) spectroscopy to discriminate children with OSA 

than matched-controls using saliva.  

Materials and Methods: Saliva was collected in 26 OSA children and 14 

matched-healthy controls (Non-OSA). The clinical and physical exams and 

OSA-18 and SBQ questionnaires were applied to all 40 children. Only OSA 

patients underwent polysomnography and all had their stimulated saliva 

samples collected after night's sleep. The salivary profile was analysed by ATR-

FTIR spectroscopy and the vibrational modes were evaluated for diagnostic 

capacity using the ROC curve. 

Results: The salivary infrared spectrum of Non-OSA and OSA children 

displayed several unique vibrational modes and from these, five vibrational 

modes at 2962, 1670, 1638, 1548 and 1075 cm-1 were pre-validated as 

potential diagnostic biomarkers by ROC curve analysis with AUC more than 0.8 

in ROC curve analysis (p > 0.05).  

Conclusion: Spectral salivary biomarkers discovered using univariate analysis 

may provide a novel robust alternative for OSA monitoring using a non-invasive 

and green technology.  

 

Mesh Terms: ATR-FTIR, Biomarkers, Children, Diagnosis, OSA   
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Introduction 

 Obstructive Sleep Apnea (OSA) is a respiratory disorder, characterized 

by total or partial obstruction of upper airways during sleep, leading to 

hypoxemia and awakening. It is estimated that 2% to 7% of preschool-aged [1] 

are affected and 936 million adults [2] who may present with or without 

symptoms and are accompanied by neurocognitive and cardiovascular 

sequalae [3,4,5]. 

              The OSA predictive investigation diagnosis is based on patient’s 

history, clinical and physical examinations, even though the full night 

polysomnography evaluation (PSG) is the gold standard for this diagnosis [6]. 

Despite evidence of the increase prevalence and incidence of this disease in 

children, routine evaluation in clinical practice is unusual, and one of the 

reasons for this, is the difficulty of access and high added value, complex 

execution and low availability in the public system health from the PSG exam  

[7].   

 Due to the technological development of the last years, saliva as a fluid 

for the diagnosis and monitoring of diseases as well as for the evaluation of the 

effectiveness of treatments, presents itself as a great potential for use in 

paediatric patients since it is easily collected and stored [8]. Salivary diagnosis 

is a dynamic field that has been incorporated as an increasing form of disease 

diagnosis, also applied to OSA [9]. 

 The Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) 

Spectroscopy is sensitive, non-destructive, reagent-free and highly reproducible 

global analytical technique that identifies structural molecules based on its 

infrared (IR) fingerprints [10]. It is one of the analysis methods for determining 

the structure of small molecules that can be found in saliva [11]. The infrared 

vibrational modes of ATR-FTIR can be considered a molecular fingerprint that 

can correlate directly with the presence or absence of disease, provide the 

basis for multiple quantitative determination applied to diagnostic interest 

[12,13]. 

 Therefore, the aim of this study was to investigate whether specific 

spectral biomarkers as well as their vibrational modes can be applied in OSA 
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diagnosis. For that, the salivary infrared vibrational modes of children with OSA 

determined by PSG were compared to matched-healthy control children.  

 

Materials and Methods 

 This observational study was approved by the Research Ethics 

Committee of the Federal University of Uberlandia (#protocol: 1,582,746).40 

children between 5 to 11 years old and BMI below 25 were recruited, 26 in the 

OSA group and 14 in the Non-OSA group. The patients in the OSA group had a 

clinical sign or symptom for OSA (snoring or apnea witnessed) confirmed later 

by PSG. The Non-OSA group did not present signs and clinical symptoms of 

OSA [14]. The exclusion criteria for both groups were patients who have already 

undergone some treatment for OSA, patients with neuromuscular diseases, 

patients with genetic syndromes and with craniofacial malformations [15]. 

 

The SBQ and the OSA-18 Questionnaires 

All patients’ parents completed the SBQ (Sleep Behaviour Questionnaire) 

questionnaires [16] to assess the subjective quality of sleep and the OSA -18 

(Obstructive Apnea-18), to assess quality of life [17]. 

 The SBQ questionnaire is intended for the assessment of sleep disorders 

in children and their influences on behaviour, development, school performance 

and family relationships [16]. Each item is numbered in a score of 1 (never) and 

5 (always), according to the frequency that each item has presented in the last 

6 weeks. 

 The OSA-18 Questionnaire was developed [18] to assess the impact of 

OSA in children and their caregivers based on 18 questions, which asks 

caregivers in 5 domains: sleep disorders, physical symptoms, emotional 

problems, everyday problems and informant's opinion (showing caregiver 

concerns). Each item has a score on a 7-point scale ranging from 1 (never) to 7 

(always). 

For both, the high score reveals impaired quality of sleep and life, 

respectively. 
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Polysomnography (PSG) 

 The polysomnography examination was performed at full night of sleep 

and interpreted by trained professionals using ALICE 5 ® equipment 

(Alice®/Respironics) Electroencephalogram (EEG) channels (C3 / A2, C4 / A1, 

O1/ A2, O2 / A1), bilateral electrooculogram (EOG) and submental 

electromyography (EMG) for sleep staging. Airflow was assessed using a 

pressure transducer nasal cannula, and the thermistor was used for oral and 

nasal breathing. Chest and abdominal movements were measured using 

uncalibrated inductance plethysmography, oxyhemoglobin saturation was 

measured by measuring pulse oximetry and snoring was measured by tracheal 

microphone. Sleep position was determined using position sensor. 

Electrocardiogram (modified ECG – V2) was also used. Sleep staging was 

performed according to the criteria of Rechtschaffen and Sales [19]. 

 Respiratory events were analysed according the American Academy of 

Sleep Medicine (AASM) [20]. Apnea in children was defined as continuous 

breathing effort with an absolute termination of air flow through the nose and 

mouth, lasting 2 or more consecutive breathing cycles. Obstructive hypopnea 

was defined as an abnormal respiratory event with at least 30% reduction in 

airflow, together with oxygen stimulation or desaturation ≥3%from baseline. AHI 

(obstructive sleep apnea / hypopnea index) was defined as the total number of 

apneas and hypopneas per hour of electroencephalographic sleep and 

recorded in the analysis [20]. Patients with mild OSA were considered to have 

1<AHI≤5 events / hour of sleep, moderate OSA 5<AHI≤10 and severe OSA 

AHI≥10 events / hour of sleep.  

 

 

Saliva Collection and Processing 

 The salivary collection was performed in the morning, about 30 minutes 

after waking up, in a liquid and solid fast. In the OSA group, it occurred the 

following morning, after the PSG exam. [21,22]. Salivary fluid was collected by 

means of smooth cylinders, the Salivettes® (Sarstedt AG & Co, Nümbrecht, 

DEU). Cotton rolls measuring approximately 1cm thick and 3.5cm long are 
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contained inside. The rollers absorb saliva, after stimulated collection of 5 

minutes, are later introduced into Salivette® and properly closed. After 

collection, the salivary sample tube (Salivette®) was stored in a freezer at -80° c 

(ColdLab® Laboratory Equipment, S.P, BRA) until analysis. 

 The recovery of the salivary sample absorbed by the cotton roller by 

thawing at room temperature and centrifugation (Centribio® Biovera Laboratory 

Equipment, RJ, BRA Centrifuge) of Salivette® (STRAZDINS et al.,2005 – [23]). 

This process is done at 3000 rpm at 2 minutes. Samples are aliquoted by 

pipette (Digipet® Variable Volume Monochannel Micropipette, BRA), with 

disposable tips for each sample, and transferred to a 1.5 ml Eppendorf tub 

(Eppendorf®, Hauppauge, NY, USA). 

 

Chemical profile in stimulated saliva by ATR-FTIR Spectroscopy 

 Saliva samples were analysed in the 4000 cm-1 to 400 cm-1 region using 

attenuated full-reflection infrared spectroscopy (ATR-FTIR Vertex 70®, Bruker 

Optics, Reinstetten, Germany). The infrared ray penetration depth over the 

crystal formed films varies between 0.1 e 0.2µm and depends on the 

wavelength, beam incidence angle and refractive index of the ATR, in this case 

a diamond Crystal material. In ATR crystal, the infrared beam is reflected 

toward the sample of saliva. 2µl of sample were dried (2 min and 30sec.) on the 

ATR crystal, and then the sample spectra were acquired. 32 scans were made 

to obtain the profile each sample with a resolution of 4 cm-1.  

 

Spectra data evaluation procedures 

 The process of evaluating and interpreting spectral data was performed 

blindly for the presence or absence of the disease. 

 The spectra were obtained in Absorbance, normalized by the vector 

method and subsequently the baseline was corrected. The profile was obtained 

using Opus 6.5 Software (Bruker Optics, Reinstetten, Germany). Original data 

were plotted on Origin Pro 9.0 (Origin Lab, Northampton, MA, USA) to perform 

second derivative analysis. The second derivate was obtained applying the 

Savitzky-Golay algorithm with polynomial order 5. The normalization of the 
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second derivates was made by means and the levels were calculated by the 

band intensities. 

Sensitivity and specificity values were calculated based on the external 

test set as follows: 

The specificity or true negative rate is characterized as the percentage of 

healthy matched control children who are correctly identified as being Non-OSA 

subjects: 

 
Specificity

TN

TN FP
=

+  

The quantity 1-specificity is the false positive rate and is the percentage 

of subjects that are incorrectly identified as OSA subjects. 

The sensitivity or true positive rate is defined as the percentage of 

patients who are correctly identified as OSA subjects: 

 
Sensitivity

TP

TP FN
=

+  

Where TP stands for true positives; TN for true negatives; FP for false positives; 

and FN for false negatives. 

 

Statistical analysis 

 Statistical analysis was performed using SPSS software version 24.0. 

 The evaluation of the data distribution according to the normality curve 

was performed according the Kolmogorov Smirnov test.  The data that do not 

follow the normality curve were standardized by the Z score. The comparison of 

continuous data between groups, and the data on bandwidth and peak intensity 

were analysed using T-test for independent samples. The comparison of 

categorical data was performed using the Chi Square / Fisher’s Exact test. 

Pearson’s correlation was performed to analyse AHI measurements and quality 

of life domains 

For all Biomarker candidates, the Receiver Operating Characterisc 

(ROC) Curve was obtained with sensitivity and specificity values.  All of these 

were performed using GraphPad Prism software (GraphPad Prism7.00 for 

Windows, GraphPad Software, San Diego, CA, USA). 
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Only p values <0.05 were considered significant and the results were 

expressed as mean ±SD. Continuous data were represented in absolute 

frequency and percentage (%). 

 

 

Results: 

 

 

The study population characteristics (age, gender and BMI) are 

presented in Table 1. 50% were women in the OSA group versus 28.6% in the 

Non-OSA group. As described in table 1, the age mean was similar (p > 0.05) in 

both groups. The BMI of OSA children were 18.1±5 Kg/m². When comparing 

sex, there was no difference between groups (p=0.16). 

 

Subjective Parameters 

SBQ and OSA-18 Questionnaires                                                                         

The final SBQ score was increased (p < 0.05) in the OSA compared to 

Non-OSA children. Likewise, patients with sleep apnea had the full impact of 

OSA-18, daily problems and the informant's opinion with statistically higher 

levels demonstrating that they have a worse quality of sleep and life compared 

to Non-OSA children (Table 2). 

OSA Non-OSA p

(n=26) (n=14)

Age, years 8 ±2 8±1.5 0.22

Gender (M:F) 1:1 9:5 0.16

BMI- Kg/m² 18.1 ±5 - -

AHI 10.68±7.6 - -

The data are shown as the mean values ± SEM.

TABLE 1 - Demographic and Anthropometric Characteristics in the Study Population
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Polysomnographic Parameters  

  In assessing severity, the OSA group had 46.2% (n=12) patients with 

severe OSA, 19.2% (n=5) patients with moderate OSA and 34.6% (n=9) with 

mild OSA (Table 3). The polysomnography parameters of OSA children are 

describe in table 4. 

 

 

 

TABLE 2 - Comparision of Study population questionnaire Score

Non-Osa Osa

Mean±DP Mean±DP p

SBQ 52.30±11.14 73.15±13.38 <0,001

OSA 18 - Total impact 37.22±19.65 73.19±23.25 <0.001

OSA 18 - Sleep 6.90±4.40 18.5±6.60 <0.001

OSA 18 - Physical 8.90±5.46 15.03±9.64 0.063

OSA 18 - Emotional 7.10±3.48 10.73±6.61 0.176

OSA 18 - Daytime 6.20±3.08 11.53±4.46 0.001

OSA 18 - Informant 6.50±4.85 18.30±7.20 <0.001

The data are shown as the mean values ± SEM.

TABLE 3- AHI severity  (OSA GRO UP)

Severity % N

Mild 46.2 12

Moderate 19.2 5

Severe 34.6 9

The data are shown as pecentage
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Correlation between AHI, SBQ and OSA-18 in the OSA Population  

 The table 5 shows Pearson’s correlation between the AHI with SBQ and 

OSA-18 questionnaires. It was observed that the AHI in the OSA children was 

positively correlated (p < 0.05) with sleep disorders, daytime problems and the 

informant’s opinion on the OSA-18 questionnaire, indicating that the presence 

of sleep apnea has an important impact on the quality of life in this population.  

 

 

 

 

TABLE 4 - Polysomnographyc Characteristics of Children With O SA

Variables Mean±SD Standard Of Normality

TRT - Total registration time - min 491.42±37.06 Minimun Of 4 Hours

TST - Total sleep time - min 455.40±49.18 -

Sleep efficiency, % 94.41±6.05 >85

Sleep-onset latence, min 13.19±33.84 <30

REM-onset latence, min 160.15±90.19 70-120

WASO, min 26.05±27.63 -

Arousal index, enents/night 66.38±27.82 <10

Micro arousal index, events/hr 9.62±3.65 <10

Stage 1 sleep, % 3.46±3.90 <5

Stage 2 sleep, % 16.28±9.80 50-55

Stage 3 sleep,  % 66.00±11.67 >15

REM, % 14.63±6.12 20-25

PMM 1.87±1.04 <5

Arousal mean saturation % 97.34±0.93 90

Minimum saturation % 88.61±7.13 90

Saturation REM % 97.00±1.54 90

Saturation NREM % 96.76±0.99 90

AHI, events/hr 10.68±7.60 <1

AHI REM, events/hr 13.60±11.42 <1

AHI NREM, events/hr 10.61±7.54 <1

AHI TST, events/hr 10.87±7.44 <1

Heart rate mean 82.71±9.91 -

Highest heart rate 97.57±10.18 -

The data are show as the mean values, SD (TRT-total registration time, TST-total sleep time, REM-rapid 

Eye moviment, WASO-wake after sleep onset , PMM-periodic member movements,AHI-apnea/hypopnea

index, NREM-nom rapid Eye moviment)
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Average spectra of saliva  

A representative infrared average spectrum of saliva from Non-OSA and 

OSA children, which indicates several functional groups derived from proteins, 

lipids, glycoproteins and nucleic acid, is demonstrated in Figure 1. These 

representative spectra suggest paramount changes among Non-OSA and OSA 

children.  

 

 

 

 Figure 1. Average ATR-FTIR spectra (3000-400 cm-1) in saliva of Non-OSA 

subjects and OSA patients. 

TABLE 5- Correlation Between AHI , SBQ  and O SA-18 in the O SA Population

r p

Age, years 0.173 0.398

BMI- Kg/m² 0.215 0.291

SBQ 0.216 0.290

OSA 18 - Total impact 0.247 0.225

OSA 18 - Sleep 0.408* 0.039*

OSA 18 - Physical -0.225 0.268

OSA 18 - Emotional -0.025 0.904

OSA 18 - Daytime 0.396* 0.045*

OSA 18 - Informant 0.450* 0.021*

Pearson Correlation p<0.05*

AHI
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Spectral bands analyzed by IR spectroscopy  

The expression of each molecular component based on their infrared 

spectral band areas were analyzed in saliva. Besides, we also showed three 

infrared spectral bands (2962 cm-1, 1638 cm-1 and 1548 cm-1) with significant 

potential for salivary OSA diagnostic (Figure 2). OSA induced an increase (p < 

0.05) at 2962 cm-1, 1638 cm-1 and 1548 cm-1 bands compared with Non-OSA 

children (Figure 2.A, 2.C and 2.E). Bearing in mind that sensitivity and 

specificity are elementary data to determine the accuracy of diagnostic test, the 

OSA potential diagnostic of these infrared spectral bands were tested by ROC 

curve analysis.  The area under the curve (AUC) was 0.8613 (p: 0.0002) to 

2962 cm-1 spectral band. To a cutoff value of 0.0185, the corresponding 

sensitivity and specificity were 73.08% and 92.86%, respectively (Figure 2.B). In 

ROC analysis, the AUC of 1638 cm-1 band was 0.8571 (p: 0.0002). To a cutoff 

value of 2.561, the corresponding sensitivity and specificity were 76.92% and 

85.71%, respectively (Figure 2D).  In ROC analysis, the AUC of 1548 cm-1 band 

was 0.8503 (p: 0.0003). To a cutoff value of 0.5635, the respective sensitivity 

and specificity were 88.46% and 71.43%, respectively (Figure 2.F).  
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Figure 2. A. Band area of 2962 cm-1; B.  ROC curve analyses of 2962 cm-1; C. 

Band area of 1638 cm-1; D.  ROC curve analyses of 1638 cm-1; E. Band area of 

1548 cm-1; F. ROC curve analyses of 1548 cm-1 ;  *p < 0.05 vs Non-OSA.   
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Second derivative is an analysis which enhances the separation of 

overlapping vibrational modes. It can perform a practical and more accurate 

method than routinely used in infrared absorption spectrum analysis. So, we 

also carried out the second derivative of ATR-FTIR spectrum. A salivary 

representative second derivative infrared average spectrum from Non-OSA and 

OSA children is demonstrated in Figure 3. These representative spectra 

suggest paramount changes among Non-OSA and OSA children. The 

assignments of each vibrational modes with higher diagnostic potential verified 

in figure 3 are indicated in Table 6. 

 

Table 6. Assignments of main wavenumbers of saliva ATR-FTIR spectra. 

Assignments based on different references [24,25,26]. Abbreviations: ν = 

stretching vibrations, s= symmetric vibrations and as = asymmetric vibrations.  

 

Peak (cmˉ¹) Proposed vibrational mode Molecular source 

2962  

 1670  

1638  

ν as CH3  

anti-parallel β-turn of Amide I  

β-sheet structure of amide I 

Lipids  

Protein  

Protein 

1548  Amide II [ν (N–H), ν (C–N)] Protein 

1075  ν s PO2-  Nucleic acids 
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Figure 3. Average ATR-FTIR of a second derivative spectra (3000-400 cm-1) in 

saliva of Non-OSA subjects and OSA patients.   

 

In figure 4, we depicted a specific salivary representative second 

derivative infrared average spectrum from Non-OSA and OSA children (Figure 

4.A, 4.D, 4.G, 4.J and 4.M). It is important point out that the expression of each 

vibrational mode is calculate by the intensity of valley. The 2962 cm-1 

vibrational mode was increased (p<0.05) in the saliva of OSA patients 

compared to Non-OSA subjects (Fig. 4.B). In ROC analysis, the AUC of second 

derivative 2962 cm-1 vibrational mode was 0.794 (p: 0.0024). To a cutoff value 

of -0.0115, the respective sensitivity and specificity were 88.46% and 78.57%, 

respectively (Figure 4.C).   The 1670 cm-1 vibrational mode was decreased 

(p<0.05) in the saliva of OSA patients compared to Non-OSA subjects (Fig. 

4.E). In ROC analysis, the AUC of second derivative 1670 cm-1 vibrational mode 

was 0.8022 (p: 0.0018). To a cutoff value of -0.0459, the respective sensitivity 

and specificity were 80.77% and 71.43%, respectively (Figure 4.F).   The 1638 

cm-1 vibrational mode was increased (p<0.05) in the saliva of OSA patients 

compared to Non-OSA subjects (Fig. 4.H). In ROC analysis, the AUC of second 

derivative 1638 cm-1 vibrational mode was 0.794 (p: 0.0024). To a cutoff value 

of -0.0743, the respective sensitivity and specificity were 80.77% and 78.57%, 
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respectively (Figure 4.I).  The 1548 cm-1 vibrational mode was increased 

(p<0.05) in the saliva of OSA patients compared to Non-OSA subjects (Fig. 

4.K). In ROC analysis, the AUC of second derivative 1548 cm-1 vibrational mode 

was 0.8709 (p: 0.0001). To a cutoff value of -0.0713, the respective sensitivity 

and specificity were 80.77% and 85.71%, respectively (Figure 4.L). The 1075 

cm-1 vibrational mode was decreased (p<0.05) in the saliva of OSA patients 

compared to Non-OSA subjects (Fig. 4.N). In ROC analysis, the AUC of second 

derivative 1075 cm-1 vibrational mode was 0.761 (p: 0.0071). To a cutoff value 

of -0.07728, the respective sensitivity and specificity were 76.92% and 71.43%, 

respectively (Figure 4.O).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 34 - 
 

Figure 4.  Average ATR-FTIR of a second derivative spectra of vibrational 
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modes, band area and ROC curve of vibrational modes at 2962, 1670, 1638, 

1548 and 1075 cm-1 in saliva of Non-OSA subjects and OSA patients.  *p < 0.05 

vs non-OSA.   

 

 

Discussion 

Bearing in mind that, until now, the potential salivary biomarkers to OSA 

diagnosis use costly and non-sustainable reagents, the development of a 

reagent free, cost effective, fastly and non-invasive platform for the OSA 

diagnosis has the potential to promote leading role on early patient treatment, 

which can save resources in health services and improve the quality of life.  To 

perform it, we measured the clinical applicability of infrared spectral salivary 

analysis to OSA based on ATR-FTIR spectroscopy.  Five potential infrared 

spectral vibrational modes were detected by ATR-FTIR with significant accuracy 

to discriminate children with OSA than healthy-matched subjects. These 

infrared spectral salivary biomarkers can be considered potential candidates for 

diagnose OSA in clinical practice. 

Currently, the PSG exam is the gold standard to OSA diagnosis, 

however, it has several limitations, such as: costly, potentially stressful,  the 

evaluation is performed in a unusually patient context (hospital or sleep clinic), 

thus, a typical situation is not measured [27]. Although questionnaires validated 

in the literature have been used both as predictors of diagnosis and as a tool for 

evaluating therapeutic results, its effectiveness remain unknowing comparison 

to PSG tests [28,29,16]. As expected, we demonstrated a positive correlation 

between the parameters of the questionnaire and the PSG data, stating that 

OSA-18 can be a good indicator of disease, but still needing further scientific 

validation. The proportion of OSA severity is not established, here the severity 

of OSA in our samples indicate 46.2% patients with severe OSA, 19.2% 

patients with moderate OSA and 34.6% with mild OSA. The substitution of PSG 

and clinical evaluation to a new non-invasive diagnostic technology in this field 

with equivalent accuracy can became useful in clinical practice. 
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 The concentration of the salivary functional groups can be measured by 

band area in original data and by the valley intensity of each vibrational mode in 

a second derivative analysis [30]. As with other molecular tests, ATR-FTIR is 

capable to reveal functional groups present in numerous components of 

biofluids, which leads us to the analysis focus in the spectral biomarker 

performance over a distinction of specific type of protein/lipid or nucleic acid. 

Although salivary α-amylase [31] and salivary cortisol [32] have been described 

to OSA diagnosis, they are unlikely to become a clinical reality due to the 

potential of several diseases change your expression. 

Therefore, OSA promotes increase of vibrational modes at 2962 cm-1 in 

the original and second derivative data, which is related with a stretching 

asymmetric vibration of CH3 described in lipidic cellular components.  In this 

lipid field, the sphingomyelin (SM d18:1/12:0), phosphatidylcholine, 

lysophosphatidylcholines,phosphoethanolamine, lysophosphatidylethanolamine, 

phosphoserine , lysophosphatidic acids, fatty acids and eicosanoids were also 

increased in blood of OSA patients [33,34], which suggest that lipid components 

in blood can be transported to saliva. Besides, it was showed that salivary 

cortisol may be a useful biomarker of OSA  in pediatric subjects [35]. 

Considering the lipid characteristics of this hormone, it can be related with 

changes in 2962 cm-1 vibrational mode in saliva of OSA children. This salivary 

vibrational mode performed more than 80% of accuracy to discriminate OSA 

and matched control children in both original and second derivative analysis, 

reaching 88.4% in the sensitivity and 92.8% the specificity in the association of 

both analyses. 

Amide I and amide II vibrational modes are the most prominents 

functional groups of the protein backbone, and it is related to protein secondary 

structural components. The amide I spectra provide a reliable method for 

determination of chemical changes in proteins and polypeptides. [36].  The 

reduction in the intensity of 1670 cm-1 vibrational mode that indicates anti-

parallel β-turn of Amide I and the associated increase in the 1638 cm-1 that 

indicates β-sheet structure of amide I, suggest that OSA can promotes possible 

transcriptional, traductional, or post-traductional changes in salivary protein 
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constituted by amide I. Considering that saliva can express >3000 proteins [37], 

the ATR-FTIR analysis is not able to suggest changes in a specific protein, 

however these data can indicate that some salivary proteins or peptides  are 

changed in OSA. Although it is difficult to interpret, the reduction in amide II was 

identified in aged saliva, indicating degradation of this protein structures [38]. 

Considering that the expression of 1548 cm-1 was increased in OSA children, 

this scenario suggests that the enzymatic degradation in salivary proteins upon 

their release into the oral cavity [39] are reduced in OSA. Further proteomic 

studies are needed to a salivary global protein profile in OSA. 

Saliva has been considered a non-invasive attractive biofluid providing 

good quality DNA to comprehensive studies about epigenetic mechanisms [40]. 

Saliva is a rich source of cell-free and exosomal DNA that can monitor the 

overall health and discriminate diseases [41]. The lower expression of 

vibrational mode at 1075 cm-1 suggests reduction in DNA material in OSA 

patients.   

Although the present data reinforces that ATR-FTIR platforms are 

profitable for spectral biomarkers identification for OSA diagnosis using saliva, 

this is an innovative exploratory study using ATR-FTIR technology for this 

purpose in OSA. Our findings should be interpreted in light of some limitations. 

First, although we assessed patients severe, moderate and mild OSA together, 

we did not test the accuracy in each sub-group due to dimensions requires 

larger samples to capture optimal distributions. Further studies are needed to 

evaluate the effect of treatments in these innovative infrared spectral vibrational 

modes to diagnose OSA using saliva.   

In conclusion, we showed that ATR-FTIR spectroscopy in saliva is 

suitable to differentiate OSA from healthy-matched children.  Our data suggest 

specific fingerprint regions as the salivary infrared spectral modes 2962, 1670, 

1638, 1548 and 1075 cm-1 are suitable to discriminate OSA from healthy-

matched children in univariate analysis. In summary, these salivary results 

indicate that ATR-FTIR spectroscopy coupled with univariate analysis has the 

potential to provide a novel non-invasive approach to OSA diagnosis, which can 

assist clinical decision in health centers. 
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ANEXOS 

Anexo 1 Questionário OSA-18 
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Anexo 2 – Questionário SBQ 
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Anexo 3 – Parecer consubstanciado do CEP 
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