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RESUMO

Introducio: Nos ultimos tempos, houve um aumento no nimero de individuos com
distarbios do sono relacionadas a obesidade, como a sindrome da apneia obstrutiva do
sono (SAOS). Sabe-se que as interrupgdes no sono por causa dessas desordens podem
gerar patologias devido a inflamagdo cronica, a qual pode ser agravada pelo tipo de
alimentacdo adotada pelo individuo. Porém, a literatura cientifica carece de estudos que
tenham avaliado interferéncias alimentares, como o potencial inflamatorio da dieta e os
horarios das refei¢cdes, na SAOS. Objetivos: Avaliar a associa¢do entre potencial
inflamatério da dieta, horarios das refeigdes e paramétros do sono em apneicos, bem
como a eficacia do indice inflamatdrio da dieta em predizer o padrao do sono. Material
e métodos: Pacientes com idade entre 18 a 60 anos e sem diagnostico prévio de
disturbios do sono foram incluidos no estudo. Os individuos selecionados foram
avaliados em relagdo ao padrao antropométrico, alimentar, do sono e do nivel de
atividade fisica e pressdo arterial. Os dados alimentares foram obtidos por questionario
de frequéncia alimentar e, posteriormente, utilizados para o célculo do indice. Os
valores obtidos pelo indice foram organizados em quintis e os participantes foram
classificados em comedores tardios e ndo tardios para comparagdes posteriores. Os
paramétros do sono foram avaliados de forma objetiva por meio de polissonografia e
subjetiva por questionarios. Resultados: O indice inflamatodrio da dieta apresentou boa
eficacia em predizer a severidade da apneia (p=0.048) e a sonoléncia diurna (p=0.015)
em estratificagdes da amostra por idade, além de predizer a laténcia do sono REM em
apneicos obesos (p=0.026). Nao foram encontradas associagdes entre o potencial
inflamatério da dieta e o tempo total de sono (p=0.991), eficiéncia (p=0.989), laténcia
(p=0.910), laténcia do sono REM (p=0.889), estagios N1 (p=0.916), N2 (p=0.972), N3
(p=0.281) e REM (p=0.916), e indice de apneia-hipopneia (IAH) (p=0.916). O indice da

dieta somente foi associado a sonoléncia diurna, em que pacientes com dietas mais pro-



inflamatérias tiveram maior sonoléncia que o grupo com tendéncia a uma dieta mais
anti-inflamatéria (Exp(B)= 0.470, CI= 0.222-0.994, p=0.048). Os resultados
relacionados as associagdes entre os horarios das refeicdes e os paramétros do sono
demonstraram que o horario do jantar foi associado a laténcia (B=0.130, p=0.022), ao
IAH (p=1.284, p=0.033) ¢ a uma pior qualidade do sono (B=1.140, p=0.015); o horario
do café¢ da manha foi associado a vigilia (B=3.567, p=0.003) e aos estagios NIl
(B=0.130, p<0.001) ¢ REM (B= -1.189, p=0.001); o horério do almogo também foi
associado ao estagio N1 (B=0.095, p=0.025), a latencia ($=0.293, p=0.001) e a
sonoléncia diurna (B=1.267, p=0.009). Individuos com refei¢des tardias apresentaram
menor dura¢do do sono REM e maior valor de laténcia, vigilia, estagio N1 e IAH, além
de pior qualidade do sono e sonoléncia diurna quando comparados aos individuos que
comem mais cedo (p<0.005). Conclusdo: Habitos alimentares ndo saudaveis, como
dietas inflamatorias e refei¢des tardias, estdo associados a alteragdes no padrao do sono

e a severidade da apneia.

Palavras-chave: Nutricdo, SAOS, Dieta, Inflamacao, Horario da refeicao.



ABSTRACT

Background: In the last years, there has been an increase in the number of individuals
with sleep disorders related to obesity, such as obstructive sleep apnea (OSA). It is well
described in the literature that sleep interruptions caused by sleep disorders may result
in diseases due to the chronic inflammation, which could be aggravated for the dietary
pattern of the individual. However, scientific literature lacks studies that evaluated the
impact of dietary pattern, such as the inflammatory potencial of diet and meal timing, in
OSA. Objectives: To analyze the associations between the inflammatory potential of
diet, meal timing and sleep parameters, as well as to analyze the efficacy of the diet
inflammatory index (DII) at predicting sleep pattern. Methods: Patients aged 18—60
years old and with no previous sleep disorders were included in the study. The
individuals selected were evaluated for antrophometric measures, blood pressure, food
and sleep patterns, and physical activity. The food intake was obtained by a food
frequency questionnaire and the nutrients data were used to calculate DII. The DII
values were organized in quintiles and the individuals were classified as late and early
eaters for multiple comparisons. The sleep parameters were evaluated by objective
(polysomnography) and subjective (questionnaires) methods. Results: DII was efficient
at predicting apnea severity (p=0.048) and daytime sleepiness (p=0.015) in age
stratification, and REM latency in obese sleep apnea individuals (p=0.026). No
significant associations were found between DII and the majority of sleep parameters,
such as total sleep time (p=0.991), sleep efficiency (p=0.989), sleep latency (p=0.910),
REM latency (p=0.889), N1 (p=0.916), N2 (p=0.972), N3 (p=0.281), R sleep stage
(p=0.916), and apnea severity (p=0.916). DII was only associated with daytime
sleepiness, once patients with more pro-inflammatory diet (quintile 4) showed more

subjective sleepiness than the group with more anti-inflammatory diet (quintile 1)



(Exp(B)= 0.470, CI= 0.222-0.994, p=0.048). Regarding meal timing, dinner timing was
associated with sleep latency (B=0.130, p=0.022), apnea-hypopnea index (AHI)
(B=1.284, p=0.033), and poor sleep quality (B=1.140, p=0.015). Breakfast timing was
associated with wakefulness after sleep onset (WASO) (B=3.567, p=0.003), N1
(B=0.130, p<0.001), and R sleep (p= -1.189, p=0.001). Lunch timing also was
associated with N1 sleep (B=0.095, p=0.025), sleep latency (=0.293, p=0.001), and
daytime sleepiness (f=1.267, p=0.009). Compared to early eaters, late eaters presented
lower duration of R sleep and greater values of sleep latency, WASO, N1 sleep, and
AHI, beyond increased risk of poor sleep quality and daytime sleepiness (p<0.005).
Conclusion: Poor dietary pattern, such as diets with higher inflammatory potential and

late meal timing, was associated with worse sleep pattern and apnea severity.

Keywords: Nutrition, OSA, Diet, Inflammation, Meal timing.
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APRESENTACAO

Essa tese estd estruturada no formato alternativo aprovado pelo Colegiado do
Programa de Poés-graduagdao em Ciéncias da Satde dessa Universidade, o qual define

que os resultados do estudo sejam apresentados em formato de artigos cientificos.

A tese estd organizada nas seguintes sec¢des: (1) Introdugdo, que aborda o referencial
tedrico que norteia as hipoteses do presente trabalho; (2) Objetivos, em que sdo
expostos os propositos do estudo; (3) Resultados, que contempla os manuscritos
elaborados; (4) Consideragdes finais, que discorre sobre a sintese dos principais

resultados do estudo.

O primeiro manuscrito original intitulado “The association between a diet with
higher inflammatory potential and sleep parameters in sleep apnea patients”, foi
elaborado em conjunto com parceiros que atuam na area de consumo alimentar e sono
em instituigdes internacionais e nacionais. O artigo teve como objetivo analisar a
associacao entre os efeitos de uma dieta potencialmente inflamatoria e paramétros do
sono em individuos com sindrome da apneia obstrutiva do sono (SAOS). Observou-se
que a dieta com caracteristicas mais inflamatorias associou-se com a sonoléncia diurna.
Entretanto, ndo foram encontradas associa¢des dessa dieta com os estdgios do sono ou a
severidade da apneia. Em adicdo, o instrumento utilizado para pontuar o potencial
inflamatério da dieta demonstrou eficadcia em predizer alguns paramétros do sono em
alguns grupos da populacdo avaliada, como a severidade da apneia. O artigo foi

submetido a revista The Journal of Nutrition e aguarda avaliacdo dos revisores.

O segundo artigo, intitulado “Eating late negatively impacts on sleep pattern and
apnea severity in individuals with sleep apnea”, também foi elaborado com a apoio
de instituigdes parceiras na drea de consumo alimentar e sono. O artigo apresenta a
associacao entre os horarios das principais refeigdes (café-da manha, almogo e jantar) e
os paramétros do sono em individuos com SAOS, sendo que individuos que fazem as
refeicdes mais tardiamente apresentaram pior qualidade do sono e severidade da apneia
em compara¢do aos individuos que comem mais cedo. O manuscrito foi aceito pela

revista Journal of Clinical Sleep Medicine.
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1. Introducao

A Sindrome da Apneia Obstrutiva do Sono (SAOS) ¢ considerada um problema
de satde publica com elevadas taxas de morbidade e mortalidade (MAHBOUB et al.,
2013; PEPPARD et al., 2013). Juntamente a esse fator, a alta prevaléncia de individuos
que apresentam a doenca sem diagndstico confirmado torna-se um forte incentivo para

melhorar o reconhecimento dessa doenca na comunidade (REDLINE, 2017).

Estudos apontam uma relagdo entre obesidade ¢ SAOS (PILLAR; SHEHADEH,
2008; SCHWARTZ et al., 2010; YOUNG; PEPPARD; GOTTLIEB, 2002), sendo essa
associacdo bidirecional, ou seja, a apneia do sono pode levar ao ganho de peso, bem
como o ganho de peso pode aumentar o risco de SAOS (PILLAR; SHEHADEH, 2008).
Com isso, a obesidade pode ser um fator de risco para a SAOS (SCHWARTZ et al.,
2010). Em todo o mundo, a obesidade ¢ um problema em ascensao, sendo descrita como
um importante problema de satde publica da atualidade, devido a suas altas taxas de
prevaléncia na populacdo (BHATT; THOMAS; NANJAN, 2012). No Brasil, de acordo
com dados da Pesquisa de Vigilancia de Fatores de Risco e Prote¢do para Doengas
Cronicas por Inquérito Telefonico (Vigitel), realizada em 2016, a prevaléncia de
excesso de peso e obesidade entre adultos de 35 a 44 anos ¢ de 61,1% e 22,5%, respecti-

vamente, sendo mais frequente apos os 35 anos para ambos os sexos (BRASIL, 2017).

O desenvolvimento econdmico € o processo de urbanizacdo determinaram
modificacdes importantes no estilo de vida da populacdo, traduzidas por padrdes
alimentares inadequados e modelos de ocupacdo predominantemente sedentarios. Essas
melhorias nas condi¢des de vida, em especial o maior acesso aos alimentos pelas
camadas mais pobres da populacdo, e a reducdo do gasto didrio de energia
proporcionado por avangos tecnoldgicos sdo apontados como responsaveis pelo
incremento na prevaléncia da obesidade (FORSHEE et al., 2004). Com isso, o padrdo
da dieta dos individuos poderia aumentar o risco de desenvolvimento de SAOS ou
agravamento de sua severidade pelo aumento do risco de desenvolver obesidade (CAO
et al., 2016; TRAKADA et al., 2014). Em adicdo, diversos estudos ja apontaram que o
consumo de determinados alimentos, bem como o horario de se alimentar, também
podem influenciar nos padrdes de sono (AFAGHI; O’CONNOR; CHOW, 2007; CAO

et al., 2016; TANAKA et al., 2013). Diante da relevancia dessa temdtica e suas escassez
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na literatura, estudos que avaliem o padrao alimentar de apneicos e sua possivel relagao

com os padrdes do sono e severidade da apneia devem ser incentivados.

2. Referencial tedrico

2.1. Sindrome da Apneia Obstrutiva do Sono

A SAOS ¢ caracterizada por apneia recorrente associada a mudangas ciclicas na
saturacdo da oxihemoglobina, além de alteragdes no padrdo cardiaco e na pressdao
sanguinea durante o sono (RIEDL et al., 2014). A SAOS ¢ causada pelo fechamento
das vias aéreas superiores, o que desencadeia uma parada do fluxo aéreo nasal e bucal,
com manutencao do esfor¢o ventilatorio pela musculatura inspiratoria, incluindo os
movimentos toracoabdominais (APPLETON et al., 2015; PAIVA; ATTARIAN, 2014).
Essas pausas respiratorias que se interpdem aos roncos podem resultar em engasgos,
sensacdo de sufocamento, vocalizagdes ou breves despertares. Como resultado, ocorre
fragmentacdo do sono e consequente sonoléncia diurna, cansago, reducdo da atengdo e

do desempenho cognitivo (ALGHANIM et al., 2008).

A fisiopatologia da SAOS ndo pode ser vista isoladamente como uma disfun¢@o da
musculatura de vias aéreas superiores (RIHA; GISLASSON; DIEFENBACH, 2009;
VIEGAS, 2010). Estudos sugerem que a etiologia para a transi¢do de ronco habitual
para o desenvolvimento da sindrome ainda ndo esta clara e envolve fatores como idade,
obesidade, sexo, etnicidade, menopausa, consumo de alcool e sedativos, restrigdo do
sono, anormalidades craniofaciais (principalmente envolvendo anormalidades
mandibulares), bem como a presenga de outras comorbidades (ANDERSEN et al.,
2011; RIHA; GISLASSON; DIEFENBACH, 2009; VIEGAS, 2010; WITTERT, 2014).
Fatores atribuidos a alimentacdo também foram observados como um agravante a
severidade da apneia e a qualidade do sono (CAO et al., 2016; TRAKADA et al., 2014);
entretanto, a associacdo entre alimentacdo e severidade da apneia parece ser mediada
pelo ganho de peso, ao contrdrio dos outros paramétros do sono que tiveram efeito

direto do consumo de nutrientes (CAO et al., 2016).

O diagnostido da SAOS consiste numa combinagdo de avaliagdo clinica e
paramétros objetivos, os quais sdo capazes de demonstrar a respiracdo prejudicada

durante o sono. Nesse sentido, a polissonografia (PSG) ¢ considerada o exame padrao-
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ouro para o diagnostico de distarbios do sono e consiste no registro de diversos
parametros fisioldgicos, como eletroencefalografia, eletro-oculograma,
eletrocardiografia, eletromiografia submentoniana e tibial anterior, fluxo aéreo nasal por
canula e oronasal por sensor térmico, movimentos toracicos ¢ abdominais, saturacao da
oxihemoglobina por oximetro digital, registro do ronco por microfone e monitorizagao
do decubito (GARCIA et al., 2010). De acordo com a International Classification of
Sleep Disorder (ICSD-3), o diagnoéstico de SAOS requer cinco ou mais enventos
obstrutivos na respiragcdo por hora de sono durante a PSG (AMERICAN ACADEMY
OF SLEEP MEDICINE - AASM, 1999). Se os pacientes estiverem com indice de
apneia-hipopneia (IAH) entre >5 e <14,9, precisardo apresentar ao menos um dos
seguintes sintomas para serem diagnosticados com SAOS: ronco alto, sonoléncia
diurna, fadiga, interrupcdes respiratorias durante o sono e comorbidades associadas;
caso apresentem [AH> 15, os individuos j& serdo diagnosticados com apneia do sono,
independente dos sintomas (AASM, 1999). De acordo com a AASM (1999), considera-
se SAOS de grau leve o IAH entre cinco e 15, moderado entre 15 e 30 e severo se o

valor for maior que 30.

Em todo o mundo, a prevaléncia estimada de SAOS varia de 2 a 33% da populacao
(MAHBOUB et al., 2013; PEPPARD et al., 2013; TUFIK et al., 2010), dependendo da
metodologia do estudo. Em associagdo a sonoléncia diurna, a prevaléncia varia entre 3%
a 7% em homens adultos e 2% a 5% em mulheres (PUNJABI, 2008). Entretanto,
quando a SAOS ¢ definida pelo valor do IAH igual ou superior a 5 eventos/hora, a
prevaléncia € maior, sendo 33,9% em homens e 17,4% em mulheres (PEPPARD et al.,
2013). No Brasil, um estudo populacional na cidade de Sdo Paulo observou que 32,8%
dos individuos possuiam SAOS, sendo a maior prevaléncia em homens (TUFIK et al.,
2010). Além de sua significativa prevaléncia, a SAOS vem sendo considerada como um
dos grandes problemas de saude publica da atualidade, devido ser reconhecida como
uma das importantes causas de morbidade e mortalidade por sua associa¢do a doencas
cardiovasculares, metabdlicas, neurologicas e alteracdes endoteliais (DEAK; KIRSCH,

2014; NICKERSON et al., 2015; PEPPARD et al., 2013; TUFIK et al., 2010).
2.2. A relacao da SAOS com as doencas

Observacdes iniciais de individuos com SAOS mostraram que cerca de 60% a 90%

desses pacientes sao obesos e existe uma forte associacao dessa doenca com a obesidade
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(TUFIK et al.,, 2010; YOUNG; PEPPARD; GOTTLIEB, 2002). Entretanto, essa
associacdo parece ser bidirecional, ou seja, a apneia do sono pode levar ao ganho de
peso, assim como o ganho de peso pode aumentar o risco de SAOS (PILLAR;
SHEHADEH, 2008). Nesse sentido, sabe-se que a obesidade ¢ um fator de risco bem
reconhecido para os disturbios respiratorios do sono, sendo geralmente aceito que
homens de meia-idade, com excesso de peso e circunferéncia do pescoco aumentada sao
especialmente predispostos a esses distirbios (SCHWARTZ et al., 2010). Isso pode
ocorrer pela elevada deposicao de gordura, principalmente no pescoco € no abdomen
superior, que resulta em uma redugdo do calibre nasofaringeo que, se significativo, pode
levar a hipoventilagdao devido a reduzida complacéncia da parede toracica; outro fator ¢
devido a leptina, normalmente elevada em individuos com excesso de peso e acimulo
de gordura visceral, a qual pode afetar a regulagdo do centro respiratério
(KAPSIMALIS et al., 2008). Devido a essa estreita relacdo entre SAOS e obesidade,
ainda ¢ controverso na literatura o real impacto da SAOS, independente do excesso de

peso, em todas as doengas ja relacionadas a ela.

A prevaléncia de SAOS em pacientes com diabetes tipo 2 ¢ de aproximadamente
71% e cerca de 19 milhdes de diabéticos podem té-la ndo tratada ou ndo diagnosticada
(ARONSOHN et al., 2010). Evidéncias sugerem que os disturbios do sono, como a
SAOS, estdo associadas a um ineficaz controle glicémico e a diabetes tipo 2
(FREDHEIM et al., 2011; HEFFNER et al., 2012; LARCHER et al., 2015; LECOMTE
et al., 2013), independente do peso corporal (NAGAYOSHI et al., 2016). Ha varios
mecanismos fisioldgicos ligados a associagdo do sono com a regulacao da glicose, como
o aumento da atividade do sistema nervoso simpatico, da secrecdo de cortisol,

inflamacdo e mudangas nos hormodnios reguladores de apetite e do crescimento

(LARCHER et al., 2015; REUTRAKUL; VAN CAUTER, 2014).

Uma significante relagdo entre SAOS e doenga renal cronica também foi
reportada. Estudos com pacientes com doenca renal em ultimo estagio mostraram uma
prevaléncia de apneia do sono de mais de 50% (SAKAGUCHI et al., 2011; SARDO et
al., 2015) e uma correlagdo positiva entre severidade da apneia e prejuizo da fungao
renal em pacientes sem diabetes mellitus e hipertensdo arterial, o que sugere que a
SAOS pode ser um importante fator de risco independente para o inicio e progressao da
doenca renal cronica (CHOU et al., 2011). A relacdo de causa e efeito e o motivo da

associacdo entre essas duas doencas ainda ndo sdo claros. Uma hipotese para essa
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associacdo seria o aumento da pressao arterial decorrente da SAOS (MENG et al.,
2016), a qual poderia resultar em piora da funcdo renal, ja que a hipertensdo ¢ um dos
mais importantes fatores de risco para o desenvolvimento de doenga renal cronica
(ARCHONTOGEORGIS et al., 2016). Além disso, Kanbay et al. (2012) sugerem que o
efeito da hipopneia decorrente da SAOS poderia acarretar em fatores que auxiliariam na
progressao da doenca renal em pacientes com SAOS, como a dessaturacao do oxigénio

durante o sono, o aumento dos niveis de citocinas e a resisténcia a insulina.

Os frequentes despertares associados a SAOS, os quais resultam na
fragmentacdo cronica do sono, normalmente ocorrem juntamente com mudancas na
pressdo de oxigénio, a qual pode causar momentos de isquemia e reperfusdo. A redugdo
do tempo de sono ocasionada por essa fragmentagdo pode resultar em prejuizos na
aprendizagem e na memoria, pois a quantidade e a qualidade do tempo de sono facilita a
manuten¢do da funcdo e saide neurocognitiva, a qual ultimamente contribui para baixas
taxas de morbidade e mortalidade (FANG et al., 2014; MARKWALD et al., 2013;
STIEFEL et al., 2013; ZIELINSKI et al., 2013). Foi relatado também que a hipoxia
intermitente afeta o cortex cerebral (BURCKHARDT et al., 2008) e que a hipdxia
cronica recorrente induz a lesdo irreversivel em grupos neuronais ativos na vigilia (ZHU
et al., 2007). Entretanto, Ayalon et al. (2009) sugerem que a redu¢do do grau de alerta e
a lentificagdo do tempo de resposta estdo mais fortemente associados a fragmentacdo do

sono do que a hipodxia.

Ainda em relagdao aos fatores neurologicos, pioras em algumas alteracoes
neuropsicologicas em pacientes com SAOS podem ocorrer por desequilibrio entre os
niveis de antioxidantes e oxidantes, pois além de um possivel aumento de espécies
reativas de oxigénio (EROs) (SMITH; FRIEDLE; WATTERS, 2013), ha diminui¢do da
concentracdo de antioxidantes no organismo (SALES et al., 2013). Niveis plasmaticos
de antioxidantes como a glutationa peroxidase, y-glutamiltransferase, vitaminas A, E e
B12, folato e homocisteina tém sido reportados como significativamente menores em
pacientes com SAOS do que em grupos controle, com idade e indice de massa corporal
(IMC) similares (SANCHEZ-ARMENGOL et al., 2015; SINGH et al., 2009), o que
pode exarcebar o efeito deletério do aumento do estresse oxidativo nos pacientes com
SAOS (BADRAN; AYAS; LAHER, 2014). A geracio de EROs em pacientes com
SAOS pode ser iniciada pela mudanca na pressdo de oxigénio, a qual pode causar

momentos de isquemia e reperfusdio (BAGUET et al.,, 2012, SMITH; FRIEDLE;
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WATTERS, 2013) e, também, devido a ativa¢ao da xantina oxidase, a qual gera anions
superoxido e peroxido de hidrogénio, ambos contribuidores do estresse oxidativo
(BAGUET et al., 2012). O inadequado suprimento de oxigénio também pode implicar
na formacao de adenosina trifosfato, a qual posteriormente ira se degradar em adenosina
difosfato e monofosfato (SAITO et al., 2002). Esse processo causa a liberagdo de
intermedidrios de purina (adenosina, inosina, hipoxantina e xantina), a qual resultam em
uma superproducao de acido urico, que € o produto final do catabolismo de purinas. A
hiperuricemia tem sido associada a faléncia cardiaca, ao processo aterogénico e a
hipertensao arterial, além de ser considerada um preditor independente para a
mortalidade em pacientes com alto risco de doengas cardiovasculares (IOACHIMESCU

et al., 2008).

A inflamagdo do endotélio vascular e o estresse oxidativo endotelial sdo o ponto
inicial para gerar os mecanismos que resultam na associagdo entre SAOS e doengas
cardiovasculares (KANIMOZHI et al., 2015). De fato, a prevaléncia de SAOS entre
pacientes com diagnostico de doenga cardiovascular ¢ elevada, sendo de 30% e 70%
entre pacientes com hipertensdo arterial sistémica e hipertensdo arterial refratéria,
respectivamente (GUS et al., 2008), e de 50% em pacientes com fibrilacdo atrial
(CAPLES; SOMERS, 2009). E importante destacar que a maior parte dos pacientes com
doenca cardiovascular permanece sem diagnostico (DRAGER et al., 2009) e ha uma
dificuldade constante em comprovar uma relagdo causal entre SAOS e essa doenga,
visto que varios fatores de confusdo, em particular a obesidade, sdo frequentes nesses
pacientes. Evidéncias epidemioldgicas demonstram que a SAOS promove aumento do
risco de desenvolvimento de doencas cardiovasculares independente de idade, sexo,
raca e outros fatores de risco comuns, como fumar, ingestdo de bebidas alcdolicas,
diabetes mellitus, obesidade, dislipidemia e hipertensdo (REDLINE, 2017; VIJAYAN,
2012). A relacdo mais bem estudada entre SAOS e doenca cardiovascular ¢ a com a
hipertensdo arterial sistémica, j4 que os pacientes apresentam aumentos ciclicos da
pressao arterial associados aos episodios de apneia (YAYAN; RASCHE; VLACHOU,
2017). Os potenciais mecanismos que ligam SAOS a hipertensdo arterial sistémica sao
multiplos e, entre eles, estdo a ativacdo simpdtica e hiper-responsividade vascular
(BAZZANO et al. 2007). Em adicdo, estudos revelam que as apneias repetidas, a
hipéxia intermitente ¢ o desequilibrio autondmico, frequentemente encontrados em

apneicos, também aumentam o risco de desenvolver aterosclerose, insuficiéncia
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coronariana, arritmias e acidente vascular encefalico (AYAS; TAYLOR; LAHER,
2016; DRAGER et al., 2009; 2010).

Embora a etiologia da SAOS seja incerta, a presenca da inflamagao local intensa
e sistémica nesses pacientes ¢ bem consolidada, a qual pode implicar na patogénese das
doencas associadas a apneia do sono (PATEL et al., 2009; TARANTINO et al., 2014).
Estudos tém demonstrado uma associa¢ao entre marcadores inflamatorios e obesidade
(GUILLEMINAULT; KIRISOGLU; OHAYON, 2004; RYAN et al., 2007; SHARMA
et al.,, 2008), sindrome metabolica (SHIINA et al., 2006) ¢ obesidade visceral
(VGONTZAS et al.,, 2000) em pacientes com SAOS. Entretanto, a magnitude da
resposta inflamatoria sist€émica parece estar relacionada com a severidade da apneia
(ELTZSCHIG; CARMELIET, 2011; KRITIKOU et al., 2014; SHAMSUZZAMAN et
al. 2002; YOKOE et al., 2003), independente da presenca de comorbidades
frequentemente associadas a SAOS como a obesidade (BROWN; PATIL, 2010;
VGONTZAS et al., 1997, YAMAUCHI; KIMURA, 2008). Entretanto, ainda nao ¢
claro se a inflamagdo ¢ o resultado ou causa dessas patologias, mas parece ser um

relacionamento bidirecional (CONWELL; LEE-CHIONG, 2013).
2.3. SAOS e inflamacgao

A inflamacdo ¢ uma parte normal da resposta imune, a qual € necessaria para a
cicatrizacdo de feridas e combate de infec¢des (LIBBY, 2007). Entretanto, a repeti¢do
de injurias, como uso de tabaco, infeccdo cronica, obesidade e fragmentacdo do sono
podem resultar em uma inflamacao sistémica cronica (AHMADI-ABHARI et al., 2013;
KEIBEL; SINGH; SHARMA, 2009; LIBBY, 2007).

Entre os distirbios do sono, a apneia estd relacionada com a resposta
inflamatoria sistémica (VAN LEEUWEN et al.,, 2009), uma vez que niveis de
mediadores inflamatérios como proteina C reativa (PCR), interleucina (IL) 6 e fator de
necrose tumoral-alfa (TNF-a) sdo elevados em pacientes com SAOS em decorréncia da
hipoxia intermitente, a qual desencadeia na expressdo dessas citocinas pro-
inflamatorias, quimiocinas e moléculas de adesdo, as quais podem contribuir para a
disfung¢do endotelial (INANCLI; ENOZ, 2010; SCHWARTZ et al., 2010), além de
prejudicar as respostas neuromusculares, o que gera obstrugdo das vias aéreas superiores

e, posteriormente, um colapso das vias (BRIGHAM et al., 2014).


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4301978/#CR5
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Em situagdes de fragmentacdo do sono, a qual € comum em pacientes com
SAOS, observa-se uma resposta imune caracterizada por um aumento no nimero de
leucdcitos, monocitos, granuldcitos, células natural killers e diminuicdo da
imunoregulagdo de citocinas, como IL 4 ¢ 10 (DUMAINE; ASHLEY, 2015). Uma
unica noite de sono insuficiente aumenta a expressao génica de citocinas inflamatorias,
como IL 1 e 6 ¢ TNF-a em ratos e humanos (ALVES et al., 2013). A restricdo do sono
também estimula mudancas em outras concentracdes de proteinas e hormonios, o que
conduz mudangas no metabolismo e no estresse, como alteracdes na concentracao de
hormonios da saciedade, como leptina, grelina e peptideo YY (BADRAN; AYAS;
LAHER, 2014; MARTINEZ; CASITAS; GARCIA-RIO, 2015; SHECHTER, 2017),
bem como em marcadores de peroxidagao lipidica (LAVIE L; VISHNEVSKY; LAVIE
P, 2004). Além de desencadearem o processo de inflamacgao, a IL-1 ¢ o TNF-a tém
papel central nas vias de ativagdo do sono e de outras citocinas, como IL 10, 6, 2 ¢ 4,

em individuos com SAOS (VGONTZAS; BIXLER; CHROUSOS, 2005).

Estudos de intervenc¢ao foram realizados em apneicos para avaliar a interferéncia
de tratamentos em pardmetros inflamatorios. Em estudo de Chirinos et al. (2014) com
duragdo de 24 semanas, comparou-se os resultados de diferentes intervengdes, como
perda de peso, continuous positive airway pressure (CPAP) ou as duas intervencdes em
conjunto, sobre os niveis de PCR no plasma. O CPAP sozinho nao teve efeito na PCR
ultra sensivel, enquanto a perda de peso isolada e a combinacdo das intervengdes
promoveram a diminui¢do desse marcador. Estudos clinicos ndo demonstraram
modificagdes nos marcadores inflamatérios com o uso de CPAP para tratamento da
SAOS (GOTTLIEB et al., 2014; KRITIKOU et al., 2014; STRADLING et al., 2015). A
auséncia dos efeitos do CPAP nesses marcadores pode ser explicado pelo fato de o
CPAP isoladamente ndo diminuir a gordura visceral, a qual ¢ a fonte de inflamacgao
nesses pacientes (KRITIKOU et al., 2014). Por isso, intervengdes que contemplem um
conjunto de fatores, dentre eles a orientagdo nutricional, podem auxiliar os individuos
com SAOQOS a terem mais beneficios em seu tratamento, visto que o excesso de peso e a
gordura corporal sdo descritos como fatores de risco para a severidade da apneia e a

inflamacao.

Mesmo com o aumento de pesquisas que analisaram os efeitos inflamatérios da
SAOS, principalmente dos mediadores inflamatorios PCR, IL-6 e TNF-a, poucos

estudos observaram a relagao da dieta com a doencga. Com isso, o desenvolvimento de
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propostas de estudos para avaliar a relagdo da ingestdo alimentar com essa sindrome

poderia agregar importante valor a literatura.

2.4. Ingestao alimentar e inflamacao

Pesquisas sobre o papel da dieta na inflamagao sugerem que a ingestao alimentar
representa um complexo conjunto de exposi¢des de efeito acumulativo, a qual modifica
a resposta inflamatoria do corpo e os resultados na satide (AHLUWALIA et al., 2013;
SHIVAPPA et al, 2014a). Atualmente, o consumo da dieta mediterranea (rica em frutas,
vegetais, peixes e azeite de oliva) tem sido associada a baixos niveis de inflamacgao
sistémica. Em contrapartida, o estilo de dieta Western (rico em gorduras, proteina e
carboidratos simples) ¢ tipicamente associado ao aumento da inflamagao
(AHLUWALIA et al., 2013; ESMAILLZADEH et al., 2007). Dietas com alto consumo
de frutas e vegetais tém sido associadas a menores niveis de PCR (ESMAILLZADEH et
al., 2006), bem como o maior consumo de nutrientes especificos também demonstraram
associacdo a menores niveis de inflamacdo, como carboidratos complexos (KITABCHI
etal., 2013), 6mega 3 (FERRUCCI et al., 2006), fibras (MA et al., 2006), vitaminas E e
C (BERTRAN et al., 2005; WANNAMETHEE et al., 2006) ¢ B-caroteno (ERLINGER
et al., 2001).

A dieta pro-inflamatoria possui elevado consumo de nutrientes como gordura
saturada, carboidrato, proteina e baixo consumo de acidos graxos poli-insaturados,
flavonoides e outros componentes alimentares (AHLUWALIA et al., 2013;
ESMAILLZADEH et al., 2007). No Brasil, a evolugdo temporal da disponibilidade
domiciliar de alimentos nas areas metropolitanas, considerando o periodo 1974-2008,
evidenciou um aumento na propor¢cdo de gorduras e diminuicdo de carboidratos na
dieta, além de maior participacdo de embutidos, oleos e gorduras vegetais, biscoitos,
refeicdes prontas, acucar e refrigerantes. Ja a participagdo de frutas, legumes e verduras
permaneceu relativamente constante durante todo o periodo, com valores muito aquém

das recomendagdes (LEVY et al., 2012).

Com o objetivo de avaliar o efeito da dieta em paramétros inflamatdrios, foi
criado o Indice Inflamatério da Dieta (CAVICCHIA et al., 2009), o qual foi atualizado
por Shivappa et al. (2014b). O indice ¢ uma ferramenta que caracteriza as dietas dos

individuos em anti-inflamatéria ou pré-inflamatoria, por meio de um célculo
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previamente descrito (SHIVAPPA et al., 2014b), o qual conta com dados de 45

parametros alimentares (Tabela 1).

Tabela 1. Parametros alimentares incluidos no indice inflamatorio da dieta e valores de

ingestao do conjunto de dados da coleta global.

Paramétro alimentar Fator Pontuacao Pontuagao Ingestdo média D.P.7
calculado individual do global do diaria global
com base no efeito efeito (unidades/dia)t
numero de inflamatorio inflamatorio*
artigos bruto

Alecrim (mg) 9 -0.333 -0.013 1.00 15.00
Acidos graxos 106 -0.019 -0.009 27.0 6.1
monoinsaturados (g)
Acidos graxos poli- 4002 -0.337 -0.337 13.88 3.76
insaturados (g)
Acido félico (ug) 217 -0.207 -0.190 273.0 70.7
Acafrio (g) 33 -1.000 -0.140 0.37 1.78
Alcool (g) 417 -0.278 -0.278 13.98 3.72
Alho (g) 277 -0.412 -0.412 4.35 2.90
Antocianidinas (mg) 69 -0.449 -0.131 18.05 21.14
B-caroteno (pg) 401 -0.584 -0.584 3718 1720
Cafeina (g) 209 -0.124 -0.110 8.05 6.67
Carboidratos (g) 211 0.109 0.097 272.2 40.0
Cebola (g) 145 -0.490 -0.301 35.9 18.4
Cha verde/preto (g) 735 -0.536 -0.536 1.69 1.53
Colesterol (mg) 75 0.347 0.110 279.4 51.2
Curcuma (mg) 814 -0.785 -0.785 533.6 754.3
Energia (kcal) 245 0.180 0.180 2056 338
Eugenol (mg) 38 -0.868 -0.140 0.01 0.08
Flavan-3-ol (mg) 521 -0.415 -0.415 95.8 85.9
Flavonas (mg) 318 -0.616 -0.616 1.55 0.07
Flavonois (mg) 887 -0.467 -0.467 17.70 6.79
Flavononas (mg) 65 -0.908 -0.250 11.70 3.82
Ferro (mg) 619 -0.032 0.032 13.35 3.71
Fibras (g) 261 -0.663 -0.663 18.8 4.9
Gengibre (g) 182 -0.588 -0.453 59.0 63.2

Gordura saturada (g) 205 0.429 0.373 28.6 8.0
Gordura total (g) 443 0.298 0.298 71.4 19.4
Gordura trans (g) 125 0.432 0.229 3.15 3.75
Isoflavonas (mg) 484 -0.593 -0.593 1.20 0.20
Magnésio (mg) 351 -0.484 -0.484 310.1 139.4
Niacina (mg) 58 -1.000 -0.246 25.90 11.77

n-3 acidos graxos (g) 2588 -0.436 -0.436 1.06 1.06

n-6 acidos graxos (g) 924 -0.159 -0.159 10.80 7.50
Pimenta (g) 78 -0.397 -0.131 10.00 7.07
Proteina (g) 102 0.049 0.021 79.4 13.9
Riboflavina (mg) 22 -0.727 -0.068 1.70 0.79
Selénio (ng) 372 -0.191 -0.191 67.0 25.1
Tiamina (mg) 65 -0.354 -0.098 1.70 0.66
Tomilho/Orégano (mg) 24 -1.000 -0.102 0.33 0.99
Vitamina A (RE) 663 -0.401 -0.401 983.9 518.6
Vitamina B6 (mg) 227 -0.379 -0.365 1.47 0.74
Vitamina C (mg) 733 -0.424 -0.424 118.2 43.46
Vitamina D (pg) 996 -0.446 -0.446 6.26 2.21
Vitamina E (mg) 1495 -0.419 -0.419 8.73 1.49
Zinco (mg) 1036 -0.313 -0.313 9.84 2.19

Adaptado de: SHIVAPPA et al., 2014b.1Valores baseados na ingestdo mundial de nutrientes e alimentos. D.P., desvio-padréo.
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Diversos estudos analisaram a associacdo entre o potencial inflamatoério da dieta
e paramétros inflamatérios (CAVICCHIA et al., 2009; SHIVAPPA et al., 2015;
WIRTH et al., 2014; WOQOD et al., 2015), bem como a sua associagdo a doencas
(ANTWI et al., 2018; SHIVAPPA et al., 2016a,b; VAHID et al., 2018; WOOD et al.
2015). Em estudo com policiais, encontrou-se que uma dieta com caracteristica pro-
inflamatoéria foi associada ao aumento dos niveis de PCR e a intolerancia a glicose,
componentes da sindrome metabdlica (WIRTH et al., 2014). Em estudo caso-controle
de Wood et al. (2015), encontrou-se que o potencial inflamatdrio da dieta foi associado
ao aumento da inflamacdo sistémica e a uma piora na fun¢do pulmonar em uma
populacdo de asmaticos, sendo que individuos com dietas mais pro-inflamatérias
possuiam 70% mais chances de desenvolver asma em relacdo aos com dietas menos
inflamatoérias. Diversos tipos de cancer também foram associados positivamente a dieta
com potencial inflamatoério, como o cancer pancreatico (ANTWI et al., 2018), géstrico
(VAHID et al, 2018), hepatocelular (SHIVAPPA et al., 2016), endometrial
(SHIVAPPA et al., 2016) e coloretal (HARMON et al., 2017; SHARMA et al., 2017;
WIRTH et al., 2015). Em adicdo, Veronese et al. (2018) também encontraram que
mulheres que consumiam dietas com caracteristicas mais inflamatdrias tiveram maior
predisposicao a fraturas dsseas. Porém, mesmo com os diversos resultados na literatura
sobre a influéncia do potencial inflamatorio da dieta em diversas doencas, ndo ha
estudos que associem esse padrdo alimentar aos disturbios do sono, como a SAOS.
Ademais, pesquisas que avaliaram a ingestdo alimentar desses pacientes sao escassas na

literatura cientifica.

2.5. Ingestio alimentar e sono

Estudos tém evidenciado associacdes entre a ingestdo de macronutrientes e
parametros do sono (AFAGHI; O’CONNOR; CHOW, 2007; JALILOLGHADR et al.,
2011; TANAKA et al.,, 2013; TRAKADA et al.,, 2014). Porém, os resultados dos
mesmos ainda sdo inconsistentes. Carboidratos, particularmente os com alto indice
glicémico, foram associados a um menor tempo de laténcia do sono e de vigilia em
adultos (AFAGHI; O’CONNOR; CHOW, 2007) e a um aumento da excitagdo em
criancas (JALILOLGHADR et al., 2011), quando comparados aos de baixo indice

glicémico. A baixa ingestdo de proteina (<16% vs >16%) tem sido associada a
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dificuldades em iniciar o sono, mas a alta quantidade desse nutriente (>19% vs < 19%)
também foi associada a dificuldade em manter o sono em adultos (TANAKA et al.,

2013).

Foi encontrado que uma refei¢ao gordurosa pode agravar a severidade da apneia
em pacientes apneicos com sobrepeso e obesidade (TRAKADA et al., 2014). Em
adi¢do, um estudo crossover randomizado encontrou que baixa quantidade de fibras e
alta ingestdo de acucar e gordura saturada foram associados a um sono mais leve e com
mais despertares em adultos saudaveis, jovens e de meia-idade (ST-ONGE et al., 2016).
Cao et al. (2016) em estudo com apneicos, encontraram que refeigdes ricas em gordura
estavam positivamente associadas a sonoléncia diurna. Entretanto, outros estudos
sugerem que ndo ha associagdo entre a ingestdo de gordura e a qualidade do sono

(YAMAGUCHI et al., 2013) ou sintomas de insonia (TANAKA et al., 2013).

Embora os mecanismos das associacOes entre consumo de nutrientes e
paramétros do sono ainda permane¢am incertos, algumas hipoteses foram sugeridas na
literatura. Os nutrientes podem afetar o sono por meio de alteragdes circadianas
responsaveis pela regulacdo hormonal, pelo sistema nervoso central e metabolico
(KOHSAKA et al., 2007; PEUHKURI; SIHVOLA; KORPELA, 2012), principalmente
quando o consumo alimentar ocorre proximo ao horario de dormir. Alguns estudos
referem que o horério das refeicdes podem interferir na qualidade do sono, uma vez que
horéarios de comer tardios podem gerar um desalinhamento no ritmo circadiano por
induzir uma dessincronizacdo interna, a qual pode gerar disfuncdes metabodlicas
(SCHEER et al., 2009) que interferem em menor duracdo do tempo total de sono,
alteragdo no tempo dos estagios do sono e aumento de peso e adiposidade (BANDIN et
al. 2015; GARAULET et al., 2013; GILL; PANDA, 2015), os quais podem influenciar
na severidade da apneia. Entretanto, os estudos que avaliaram os mecanismos que levam
os nutrientes e o horério das refei¢des a impactar nos paramétros do sono ainda sdo
inconclusivos, sendo que ainda ¢ muito escassa a abordagem da relacdo entre horario de
comer € sono na literatura, visto que a maioria das pesquisas nessa area enfocam em
alteragdes no ganho de peso e no tempo total de sono avaliado de forma subjetiva

(BANDIN et al. 2015; GARAULET et al., 2013; GILL; PANDA, 2015).

De acordo com o exposto, ¢ evidente a relagdo da SAOS com a inflamagao e do

habito alimentar com a resposta inflamatoria e paramétros do sono. Com isso, ¢



24

fundamental que sejam realizadas pesquisas que avaliem fatores que possam contribuir
para o agravo da inflamagdo e deterioracdo do padrao do sono em apneicos, como 0s

habitos alimentares.
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3. Objetivos

3.1 Objetivo Geral

Avaliar a associagdo entre potencial inflamatério da dieta, horario de comer e padrido de

sono em pacientes com sindrome da apneia obstrutiva do sono.
3.2 Objetivos Especificos

- Caracterizar os individuos apneicos e ndo apneicos em relagdo as variaveis socio-
demograficas, fisicas, de sono, alimentares e de atividade fisica.

- Estudar as associag¢des entre o indice inflamatorio da dieta e os paramétros do sono
(manuscrito 1).

- Estudar as associagdes entre os horarios das refeigdes e os paramétros do sono

(manuscrito 2).
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4. Resultados

4.1 Primeiro manuscrito

The association between a diet with higher inflammatory potential and sleep

parameters in sleep apnea patients
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Abstract

Study objective: to analyze the association between the inflammatory potential of diet as
determined by the dietary inflammatory index (DII™) and sleep parameters in
individuals with obstructive sleep apnea (OSA), as well as to evaluate the sensitivity

and specificity of the DII at predicting sleep pattern.

Methods: Patients that were diagnosed with mild to severe OSA were included in the
study (n=296). Sleep pattern was analyzed by polysomnography (PSG) and subjective
parameters (sleep and fatigue questionnaires). The DII scores were calculated from a
validated food frequency questionnaire. The ability of the DII at predicting sleep pattern
was determined using the receiver operating characteristic (ROC) curve analysis. The
DII values were categorized into quintiles for multiple comparisons using Generalized
Linear Models to determine the effects of the DII on PSG and subjective sleep and

fatigue parameters.

Results: DII scores were efficient at predicting apnea severity (p<0.05) and daytime
sleepiness (p=0.02) in age stratification, as well as predicting REM latency in obese
individuals (p=0.03). No significant associations were found between DII scores and the
majority of sleep parameters including total sleep time (p=0.99), sleep efficiency
(p=0.99), sleep latency (p=0.91), REM latency (p=0.89), N1 (p=0.92), N2 (p=0.97), N3
(p=0.28), R sleep stage (p=0.92), and apnea severity (p=0.92). The DII was only
associated with daytime sleepiness; patients with a more pro-inflammatory diet (quintile
4) showed more subjective sleepiness than the group with a more anti-inflammatory diet

(quintile 1) (Exp(B)= 0.470, CI= 0.222-0.994, p<0.05).

Conclusion: Findings from this study indicate that the DII could be sensitive and
specific for predicting apnea severity in individuals commonly associated with OSA.
Although the inflammatory potential of diet was not associated with most of the sleep

parameters, it still could influence symptoms of OSA.

Keywords: Nutrition, OSA, Dietary Inflammatory Index, Daytime sleepiness, REM

Sleep, Slow Wave Sleep
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Introduction

Obstructive Sleep Apnea (OSA) is a worldwide public health problem (1-6). In
Brazil, the prevalence estimate of OSA is 32.8% of the population (3). This disturbance
is characterized by recurrent episodes of apneas associated with cyclic changes in
oxyhemoglobin saturation, alterations in heart rate, and in blood pressure during sleep
(7). The full pathogenesis of OSA is not clear; some studies suggest that in addition to
mechanical factors in the airway, there may be an inflammatory etiology (8). Systemic
inflammatory response mediators, such as coagulation factors (Factor VIII, Tissue
factor), inter cell adhesion molecules (ICAM), C-reactive protein (CRP), and pro-
inflammatory cytokines (particularly TNF-a, IL-1f, and IL-6), are up-regulated in
individuals with OSA (9-11).

Previous studies have consistently found evidence that obesity, which is a state
of low-grade chronic inflammation (12), is a well-established leading risk factor for
OSA (13, 14). In this sense, the pattern of the diet of the individuals could enhance the
risk of OSA or worsen the severity of OSA by increasing the chance of developing
obesity (15, 16). Some studies have shown that dietary patterns, mainly those with
higher inflammatory potential, could have a profound influence obesity (17, 18) and
chronic inflammation (19-23). Accordingly, certain nutrients modify systemic
inflammation, such as n-3 polyunsaturated fatty acids (24) and fiber (25), which have
consistently shown anti-inflammatory activity, in contrast to high-fat meals, which have

pro-inflammatory action (26).

The Dietary Inflammatory Index (DII™) was developed to estimate the
inflammatory potential of individuals’ diets (27). The overall score is dependent on the
whole diet, not just certain nutrients or foods (22), and a high DII score indicates a pro-
inflammatory diet while a low DII score indicates that diet is more anti-inflammatory
(27). The DII has been validated and used in diverse populations to assess the effect of
dietary inflammation on the risk of developing and surviving of various chronic diseases
(18-20, 29), such as respiratory problems (22) and several types of cancer (30,31). In
addition, the DII was associated with circulating levels of inflammatory markers (19—
22), anthropometric measurements (18), and components of diseases, such as glucose

intolerance and dyslipidemia (20, 32). However, to the best of our knowledge there is
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no information about the effect of a pro-inflammatory diet on sleep pattern and apnea

severity in OSA individuals.

Considering the body of evidence on the influence of dietary pattern on
inflammation and obesity (17-22), the association of obesity and sleep apnea (13, 14),
and higher levels of inflammation parameters in OSA patients (33), we hypothesized
that a diet with a higher inflammatory potential could be associated with worse sleep
pattern and apnea severity in these individuals. The main objective of this study was to
analyze the association between the inflammatory potential of diet and sleep parameters
in individuals with obstructive sleep apnea, as well as to evaluate the sensitivity and

specificity of the DII in predicting sleep pattern and apnea severity.
Materials and Methods
Study Population

Patients with sleep complaints and that were suspected to have sleep apnea were
referred by their physicians to a polysomnography (PSG) exam in a private sleep clinic
where this cross-sectional study was conducted. Data collection was performed from
August 2016 to March 2017. During the study period, volunteers were eligible to
participate if they were aged from 18—60 years old, reported no previous apnea
treatments such as surgery or continuous positive airway pressure (CPAP) therapy, had
no previous diagnosis of sleep disorders, and did not take medications that could affect
sleep. A sample size of 282 participants was established with post-hoc power of 72%
using G*Power software with a specified significance level of 0.05 and a power of 90%.
Of the 409 patients who agreed to participate in this research, 296 were included in the
study and 113 were excluded (95 for having apnea-hypopnea index (AHI) <5, 13 for
energy consumption above 4,000 kcal, 4 for incomplete PSG, and 1 outlier (Body Mass
Index (BMI) and AHI) (Figure 1).

Initially, a questionnaire with personal information (age, alcohol consumption,
smoking habit, and medication use), sociodemographic characteristics, and previous
diseases was administered. Physical measurements were collected and participants also
answered questions about subjective sleep, fatigue, and dietary habits, which will be

described in detail later.
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This study was approved by the Ethics Committee of the Federal University of
Uberlandia (protocol no. 57610416.7.0000.5152) and was conducted according to
international ethical standards. An informed written consent was obtained from all

volunteers before starting the study.

Accepted the invitation and completed the
evaluations: physical measurements,
subjective sleep and fatigue evaluations,
dietary assessment, physical activity
evaluation (n=409)

Did not complete the PSG
exam (n=4)

Patients with OSA (n=310) Patients Wigaut 054

Energy intake over 4,000 kcal (n=13)
and outliers (body weight X AHI;
n=1)

Remained and completed all
evaluations (n=296)

Figure 1 Title. Study sample flow chart. PSG: polysomnography; OSA: obstructive
sleep apnea; AHI: apnea-hypopnea index.

Physical Measurements

Physical measurements were taken by trained staff using standardized methods
(34,35) and included neck circumference (NC) at the thyroid cartilage level, waist
circumference (WC) at the level of the umbilicus, body weight (kg), height (m), and
systolic (SBP, mmHg) and diastolic blood pressure (DBP, mmHg). The participants
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were weighed with light clothes while barefoot on a digital scale that measured to the
nearest 0.1 kg. Height was measured using a stadiometer and the participant was
positioned upright and relaxed, with their head on the Frankfurt plane. Circumference
measurements were made using a flexible and inextensible measuring tape. Participants
were classified according to BMI, which was calculated as the ratio of their weight and
squared height (34). Diastolic and systolic blood pressures were measured twice in each
participant using the left arm after ten minutes rest and the average of the two

measurements was used in our analyses.
Subjective Sleep and Fatigue Evaluations

Subjective sleep evaluations were obtained by questionnaires that evaluated
daytime sleepiness, sleep quality, and fatigue. Daytime sleepiness was measured using
the Epworth Sleepiness Scale (ESS) (36), a self-administered questionnaire with eight
items that is designed to provide a measure of a subject’s propensity to fall asleep in a
variety of situations. A total score of eight indicates excessive sleepiness (36). Sleep
quality was assessed using the Pittsburgh Sleep Quality Index (PSQI) which includes 19
items and yields a score from 0 (good quality) to 21 (poor quality); a total sum greater
than five indicates poor sleep quality (37). Fatigue was assessed using the Chalder
Scale, a questionnaire with 11 items that are scored on a four-point scale from “less than
usual (0)” to “much more than usual (3)”; the higher the summed score, the more

fatigued the individual (38).
Polysomnography

Objective approaches of sleep were evaluated using a full-night PSG, which was
performed using a digital system (Alice Sleepware version 2.8.78, Respironics Inc.,
Murrysville, PA, USA) at the sleep clinic during the subject’s habitual sleep time.
Physiological variables that were evaluated during the PSG included: chin and leg
electromyograms, electrooculogram, electroencephalogram (EEG) (C3/A2, C4/A1l,
02/A1, O1/A2), and electrocardiogram. During the PSG, airflow was monitored with
oral and nasal thermocouples. Abdominal and thoracic respiratory movements were
measured using inductive respiratory plethysmography and arterial oxygen saturation
with pulse oximetry. Snoring was measured using a tracheal microphone, and a sensor
that was located on the chest measured body position. Trained technicians visually

scored all PSGs and the exam was accomplished according to specific criteria that
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define the sleep stages (39). Leg movements and EEG arousals were scored in
agreement with the criteria established by the American Academy of Sleep Medicine
(AASM) (39). Apneas were scored and classified according to the recommended
respiratory rules for adults by the AASM Manual, and hypopneas were scored by the
alternative rules (39).

OSA was diagnosed in accordance with the criteria of the International
Classification of Sleep Disorders (ICSD-3) (40). Subjects were classified with OSA
diagnosis if they had an AHI > 15 or 5 < AHI < 14.9 and presented at least one of the
following complaints: breathing interruptions during sleep, loud snoring, daytime
sleepiness, and fatigue. The complaints were assessed according to Tufik et al. (3):
breathing interruptions and loud snoring using the second and fifth questions of the
Berlin Questionnaire for sleep apnea, respectively (41); daytime sleepiness using the
Epworth Sleepiness Scale (36) and the eight questions of the PSQI (37); and fatigue
using the Chalder Fatigue Scale (38).

Dietary Inflammatory Index

A validated semiquantitative food frequency questionnaire (FFQ) (42) was
administered in person by trained interviewers at recruitment to assess habitual dietary
intake of the study participants over the past 1 y. Questions about recent changes in
eating habits, consumption of dietary supplements, and other important foods that the
instrument did not cover were also included. The Nutrition Data System for Research
(NDSR) software (version 2014, University of Minnesota, Minneapolis) was used to
quantify the energy and nutrients consumed as obtained by the FFQ. Following this,
these data were adjusted for energy intake using the residual method (43).

FFQ dietary data were used to calculate DII scores for all study participants. The
development and construct validation of the DII have been described previously (27).
Dietary data for each study participant were first linked to a regionally representative
global database that provided a robust estimate of means and standard deviations for
each of the food parameters considered (i.e. foods, nutrients, and other food
components) (27). A z score was created for each food component for each participant
by subtracting the standard global mean from the amount reported, and then this value
was divided by the standard deviation. To minimize the effect of right skewing, this
value was converted to a proportion, which was then multiplied by two and one was

subtracted in order to center the value around zero. This centered proportion score was
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then multiplied by the respective inflammatory effect score of the food parameters
(derived from a literature review and scoring of 1,943 ‘qualified’ articles) to obtain the
subject’s food parameter-specific DII score. For the current FFQ, data were available
for a total of twenty-seven food parameters: (energy (kcal); carbohydrates; protein; total
fat; fiber; cholesterol; saturated, monounsaturated, polyunsaturated, and trans fatty; n-6
and n-3 fatty acids; thiamin; riboflavin; niacin; selenium; iron; magnesium; zinc;
vitamins A, C, D, E, B6, and B12; alcohol; and caffeine). All of the food parameter-
specific DII scores were then summed to create the overall DII score for each subject in
the study. The greater the DII score, the more pro-inflammatory the diet, while more

negative values represent more anti-inflammatory diets.
Physical Activity Level

The short-form of the International Physical Activity Questionnaire (IPAQ-SF),
version 6, was used to evaluate physical activity (PA) level. This questionnaire was
translated into Portuguese and validated by Matsudo et al. (44). Participants were
considered physically active if they performed at least 150 minutes of PA per week,
moderately active if they performed between 10 and 149 minutes of PA per week, and

insufficiently active if they performed less than 10 minutes of PA per week.

Statistical Analysis

Initially, the normality of the data was established using Kolmogorov-Smirnov
tests. Data are presented as the mean and interquartile range. DII values were converted
to quintiles (quintile 1 =-4.37 to -2.37; quintile 2 = -2.36 to -1.68; quintile 3: -1.67 to -
0.87; quintile 4 = -0.86 to -0.23; quintile 5 = -0.22 to 3.41). A Kruskal Wallis test with a
Games-Howell post-hoc test was used to assess median differences between quintiles 1
and 5. The qualitative variables were analyzed using a chi-square test. The receiver
operating characteristic (ROC) curve analysis was used to detect the efficacy of the DII
at predicting sleep disorders and apnea severity by objective and subjective sleep
parameters. The cut-off values used for each objective and subjective parameters to
detect sleep pattern were in accordance with the literature (3638, 45). The ROC curve
analysis was stratified in different models based on the most common associated factors

in sleep pattern and OSA: non-stratification, stratification for BMI (eutrophic,
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overweight, and obese), age (18-30 years old, 31-50 years old, and 51-60 years old),

and sex (men and women).

To determine the effects of the DII on PSG and subjective sleep and fatigue
parameters, Generalized Linear Models (GLzMM) were used. Individual tests were
done for each PSG and subjective parameter (dependent variables) and quintiles of DII
(independent variables) using gamma, linear, or tweedie distributions for continuous
variables. The best model was chosen based on the Akaike Information Criterion (AIC).
Ordinal and binary logistic distributions were used for categorical variables. To
establish possible confounders associated with each PSG and subjective parameters
(dependent variables), independent multivariate logistic regression models were
performed using backward stepwise elimination (p < 0.15). In addition, collinearity
diagnostics tests were done between these variables of adjustment. Individual tests also
were conducted for each nutrient (dependent variables) for different quintiles of the DII
(independent variables), using the same distributions cited before for continuous
variables to establish the effect of some food parameters in the DII; age, BMI, and sex
were used as confounders. Multiple comparisons were performed using sequential Sidak
post-hoc test when necessary. Trends also were tested for all of the variables across
quintiles of DII score. All statistical analyses were performed using SPSS 20.0

(Chicago, IL, USA). For statistical significance, a error was set at 5%.

Results

Characteristics of the study population based on DII quintiles are shown in Table
1. Age and neck circumference showed significant differences between quintiles 1 and 5
(p=10.001 and 0.02, respectively). OSA patients with a more anti-inflammatory diet
(quintile 1) were older and presented a lower neck circumference than the group with a
more pro-inflammatory diet (Table 1). The majority of the participants in quintile 1
(more anti-inflammatory diet) were women and, in quintile 5 (more pro-inflammatory
diet), men (p=0.02) (Table 1). No differences in the other parameters were observed

between the quintiles 1 and 5.
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Quintile 1 (n=59) Quintile 2 (n=59) Quintile 3 (n=60) Quintile 4 (n=59) Quintile 5 (n=59) p-
value*

Age (years) 45.6 (43.1-48.1) 43.1 (40.6-45.7) 40.3 (37.8-42.8) 38.5(36.0-41.0) 38.3 (35.8-40.9) 0.001
Sex (%)

Men 45.8 61 68.3 66.1 79.7 0.023
Marital status

With partner 70.5 72.2 73.2 72.9 70.0 0.57
Monthly household
income (R$)
>2100 88.1 86.4 85.0 81.4 89.8
Education

< High school 57.6 66.1 60.0 64.4 559 0.72

Graduated 23.7 20.3 21.7 25.4 28.8

Post-graduate 18.6 13.6 18.3 10.2 15.3
Smoking habits (%)

Yes 11.9 8.5 8.3 11.9 16.9 0.49
Alcohol
consumption (%)

Yes 52.5 54.2 63.3 55.9 64.4 0.46
Physical activity
level (%)
Insufficiently active ~ 52.5 79.7 8.3 1.7 5.1 0.13
Moderately active 39.0 20.3 68.3 66.1 69.5
Active 8.5 0.0 233 322 254
Physical
measurements
BMI( kg/m?) 30.7 (29.5-32.1) 31.0 (29.7-32.3) 30.9 (29.6-32.2) 31.1(29.8-32.4) 31.5(30.2-32.8) 0.99
Waist 101.8 (98.8-104.9) 102.5 (99.4-105.6) 102.7 (99.7-105.8) 104.5 (101.4-107.7)  105.6 (102.5-108.8)  0.62
circumference (cm)
Neck circumference  38.4 (37.4-39.3) 38.8(37.9-39.8) 39.7 (38.7-40.7) 39.2 (38.2-40.2) 40.6 (39.6-41.6) 0.02
(cm)
SBP(mmHg) 120.8 (117.4-124.3) 126.0 (122.5-129.7) 124.5 (121.0-128.1) 123.2 (119.7-126.7) 125.4 (121.9-129.1) 0.48
DBP(mmHg) 76.3 (73.0-79.6) 76.4 (73.1-79.6) 79.7 (76.4-82.9) 77.5 (74.2-80.7) 76.5 (73.2-79.8) 0.99

Note. Quintile ranges are as follows: Quintile 1 = Lowest to -2.369184; Quartile 2 = -2.369183 to -1.680988; Quartile 3: -1.680987 to -0.868230; Quartile

= -0.868229 to -0.230459; Quintile 5 = -0.230458 to highest. Age, physical measurements, and nutrients intake are presented by mean (interquartile
range), multiple comparisons GLzMM; other variables are presented by %, Chi-square test. Protein, carbohydrates, and fat are adjusted for energy intake
(kcal). Bold values represent p<0.05. "For continuous variables, p-value represents the difference between quintiles 1 and 5; for categorical variables, p-
value represents the association between DII quintile and dependent variables Abbreviations: BMI, body mass index; SBP = systolic blood pressure; DBP
= diastolic blood pressure.

The means of energy and nutrient intake of OSA patients according to DII

quintiles are described in Table 2. Sleep apnea patients with a more pro-inflammatory

diet (quintile 5) had higher intakes of total fat, saturated fat, and carbohydrates than the

group with a more anti-inflammatory diet (quintile 1) (total fat: 90.1 g vs 80.1 g;

saturated fat: 29.2 g vs 22.9 g; carbohydrates: 303.5 g vs 272.3 g, respectively,
p<0.001). On the other hand, the consumption of n-3 fatty acids and fiber were

significantly lower in quintile 5 than in quintile 1 (n-3 fatty acids: 2.1 g vs 2.4; fiber:

17.8 g vs 29.5 g, respectively, p<0.001). No significant differences were found for any

other parameters.
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Interval) of energy and nutrient intake by DII

quintiles
Dependent Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 p-value
Variables 1vsS5S
Energy (kcal) 23134 2273.4 2059.4 2131.7 2192.6 0.87
(2147.8- (2112.3- (1910.9- (1977.8- (2031.5-
2491.9) 2446.7) 2219.4) 2297.6) 2366.5)
Fat (g) 80.1 (76.8- 82.2(79.0- 80.8 (77.6- 81.4 (78.2- 90.1 (86.7- <0.001
83.3) 85.3) 83.9) 84.6) 93.5)
Carbohydrate (g) 303.5 298.3 (287.0- 306.6 303.4 272.3 0.003
(291.9- 309.6) (295.3- (292.0- (260.3-
315.0) 317.9) 314.8) 284.4)
Protein (g) 106.1 106.8 (101.8- 101.3(96.6- 100.0 (95.3- 106.7 0.99
(101.2- 111.7) 106.0) 104.7) (101.5-
111.1) 111.9)
Alcohol (g) 6.8 (5.1- 544.1-7.1) 4.8(3.6-64) 5.6(4.2-74) 6.8(5.2-8.9) 0.99
9.0)
Cholesterol (mg) 346.0 314.9 (287.3- 308.1 299.1 329.0 0.95
(315.1- 348.4) (281.3- (272.8- (299.3-
383.7) 340.6) 330.9) 365.1)
Saturated (g) 22.9 (21.6- 24.1 (22.8- 24.4 (23.0- 249 (23.6-  29.2 (27.8- <0.001
24.4) 25.6) 25.8) 26.4) 30.8)
Monounsaturated(g) 27.5 (26.2- 27.7 (26.3- 27.2 (25.9- 27.2(259-  29.6 (28.2- 0.26
28.9) 29.0) 28.6) 28.6) 31.1)
Polyunsaturated (g)  16.3 (15.6- 16.3 (15.6- 15.7 (14.9- 15.5 (14.8- 15.9 (15.0- 0.97
17.1) 17.1) 16.4) 16.3) 16.7)
Trans (g) 3.0(2.7- 33(2.9-3.7) 3.1(2.8-3.5) 3.4(3.0-3.8) 3.6(3.2-4.0) 0.19
3.3)
n-3 fatty acids (g) 2.4 (2.3- 2.4(2.3-2.5) 2.2(@2.2-23) 22(2.1-23) 2.1(2.0-2.2) <0.001
2.5)
Fiber (g) 29.5 (28.0- 27.1 (25.7- 25.3 (24.0- 22.8 (21.6- 17.8 (16.9- <0.001
31.2) 28.6) 26.7) 24.1) 18.8)
Iron (mg) 12.7 (12.1- 13.6 (13.0- 12.6 (12.0- 12.2 (11.6- 12.3 (11.8- 0.82
13.3) 14.3) 13.2) 12.7) 12.9)
Zinc (mg) 15.0 (14.1- 15.3 (14.4- 15.2 (14.3- 14.6 (13.6- 15.1 (14.1- 0.99
15.9) 16.2) 16.1) 15.5) 16.0)
Selenium (mcg) 134.2 141.1 (134.7- 132.2 131.7 138.1 0.94
(128.1- 148.2) (126.2- (125.7- (131.3-
141.0) 138.8) 138.3) 145.3)

Note. Model adjust: age, BMI and sex. Quintile ranges are as follows: Quintile 1 = -4.37 to -2.37; Quartile 2 = -2.36 to -1.68; Quartile 3: -
1.67 to -0.87; Quartile 4 = -0.86 to -0.23; Quintile 5 = -0.22 to 3.41. Abbreviations: DII, Dietary Inflammatory Index; CI, confidence
interval. Bold values represent p <0.05

The efficiency of the DII at predicting sleep pattern and apnea severity is described in

Table 3. The DII was not a sensitive and specific tool for predicting sleep pattern (alteration

in sleep duration, efficiency, latency, sleep stages, and WASO, poor sleep quality, daytime

sleepiness, and fatigue), and it did not show efficacy in predicting apnea severity (AHI)

when confounder factors were not controlled. However, when the sample population was

stratified by age and BMI, the DII was efficient at predicting REM latency for obesity

(p=0.03), AHI for older adults aged 51-60 years old (p<0.05), and daytime sleepiness for
younger adults aged 18—-30 years old (p=0.02) (Table 3).
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Table 3. ROC curve for the ability of DII to predict a worse sleep pattern and apnea severity in stratified groups

TST (min) Sleep Sleep REM WASO N1 (%TST) N2 (%TST) N3 (%TST) Rsleep AHI Poor sleep Daytime Fatigue
PSG efficiency latency latency (min) (%TST) quality sleepiness
variables (%) (min) (min)
AUC AUC AUC AUC AUC AUC AUC AUC AUC AUC AUC AUC AUC

Non stratification

All 0.52 (0.44- 0.56 (0.44- 0.56 (0.37- 0.54 (0.46- 0.52 (0.45- 0.54 (0.47- 0.51(0.43- 0.54 (0.47- 0.56 (0.47- 0.52 (0.45- 0.54 (0.46- 0.51 (0.44- 0.52 (0.45-
0.59) 0.68) 0.75) 0.61) 0.59) 0.62) 0.58) 0.61) 0.65) 0.59) 0.61) 0.58) 0.58)
BMI
Eutrophic 0.49 (0.24- 0.11 (0.00- 0.85 (0.68- 0.56 (0.34- 0.51(0.28- 0.41(0.18-0.64)  0.53(0.30-  0.55(0.31- 0.74 (0.49- 0.54 (0.32- 0.44 (0.19- 0.41(0.20- 0.38(0.17-
0.74) 0.22) 1.00) 0.78) 0.73) 0.76) 0.80) 0.99) 0.76) 0.68) 0.62) 0.59)
Overweight 0.53 (0.41- 0.57 (0.40- 0.60 (0.51- 0.42(0.31- 0.52(0.40- 0.50(0.38-0.62) 0.44(0.31-  0.54(0.41- 0.48 (0.33- 0.52 (0.41- 0.60 (0.48- 0.55(0.44- 0.58 (0.46-
0.65) 0.73) 0.70) 0.54) 0.63) 0.56) 0.66) 0.62) 0.64) 0.72) 0.67) 0.69)
Obesity 0.52 (0.41- 0.60 (0.42- 0.45 (0.22- 0.62 (0.52- 0.54(0.45- 0.60 (0.50-0.70)  0.53(0.43-  0.55(0.45- 0.58 (0.46- 0.52 (0.43- 0.52 (0.42- 0.52 (0.43- 0.48 (0.39-
0.63) 0.78) 0.69) 0.71) 0.64) 0.63) 0.64) 0.70) 0.62) 0.63) 0.61) 0.58)
Age
1830y 0.58 (0.40- 0.63 (0.35- 0.52 (0.26- 0.54 (0.37- 0.50(0.33- 0.60(0.44-0.76)  0.46 (0.28-  0.40 (0.22- 0.44 (0.22- 0.54 (0.37- 0.63 (0.47- 0.71 (0.56- 0.58 (0.41-
0.77) 0.92) 0.78) 0.71) 0.67) 0.65) 0.58) 0.58) 0.71) 0.79) 0.86) 0.75)
31-50 0.47 (0.37- 0.57 (0.42- 0.57 (0.27- 0.57 (0.47- 0.54(0.45- 0.50(0.39-0.60)  0.53 (0.44-  0.53 (0.43- 0.57 (0.45- 0.54 (0.45- 0.54 (0.44- 0.54 (0.45- 0.51 (0.42-
¥ 0.56) 0.72) 0.87) 0.66) 0.63) 0.63) 0.62) 0.68) 0.63) 0.63) 0.63) 0.59)
51-60 0.51(0.31- 0.41 (0.12- 0.88 (0.74- 0.52 (0.36- 0.45(0.31- 0.57(0.43-0.72)  0.53(0.39-  0.60 (0.45- 0.67 (0.51- 0.35 (0.21- 0.49 (0.33- 0.37 (0.23- 0.44 (0.28-
y 0.71) 0.70) 1.00) 0.68) 0.60) 0.68) 0.74) 0.82) 0.49) 0.65) 0.51) 0.60)
Sex
Women 0.53(0.39- 0.55(0.32- 0.67 (0.42- 0.50 (0.38- 0.51(0.40- 0.50(0.38-0.62)  0.44 (0.28-  0.58 (0.44- 0.56 (0.43- 0.61 (0.50- 0.50 (0.37- 0.53 (0.42- 0.43 (0.29-
0.66) 0.77) 0.93) 0.62) 0.62) 0.60) 0.72) 0.69) 0.72) 0.63) 0.64) 0.56)
Men 0.50 (0.40- 0.55 (0.40- 0.54 (0.30- 0.56 (0.47- 0.53(0.45- 0.59(0.50-0.69)  0.49 (0.40-  0.56 (0.47- 0.52 (0.39- 0.54 (0.44- 0.55 (0.46- 0.52 (0.44- 0.48 (0.39-
0.59) 0.69) 0.78) 0.65) 0.62) 0.57) 0.65) 0.65) 0.63) 0.64) 0.61) 0.56)

Note: Data are presented as AUC values (95% confidence interval). Cut-off values for objective sleep parameters: Total sleep time: group 1< 420 min and group 2 > 420 min; Sleep efficiency: group 1< 85% and group 2 >
85%; Sleep latency: group 1< 30 min and group 2 > 30 min; R sleep latency: group 1< 120 min and group 2 > 120 min; WASO: group 1< 30 min and group 2 > 30 min; N1: group 1< 5% and group 2 > 5%; N2: group 1<
55% and group 2 > 55%; N3: group 1< 20% and group 2 > 20%; R sleep: group 1< 20% and group 2 > 20%; AHI: group 1 >5 and <15 and group 2 > 15; Abbreviations: AUC, Area Under the Curve; DII, Dietary
Inflammatory Index; TST, total sleep time; WASO, wakefulness after sleep onset; R sleep, rapid eye movement sleep stage; AHI, apnea—hypopnea index. Bold values represent p <0.05.
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Sleep parameters (based on PSG) according to DII quintiles are presented in
Table 4. Multiple comparisons showed no differences between OSA patients in DII

quintiles 1 and 5.

Table 4. Effect of DII on objective sleep parameters (PSG)

Dependent Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 p-value
Variables 1vs5
TST (min) 436.39 435.20 439.95 444 .84 432.94 0.99
(421.79- (420.00- (424.51- (429.41- (417.45-
450.98) 450.40) 455.38) 460.28) 448.38)
90.28 92.37 (90.18- 90.58 90.90 90.09 0.99
Sleep efficiency (%) (88.30- 94.56) (88.55- (88.81- (88.08-
92.26) 92.61) 92.99) 92.10)
Sleep latency (min) 3.76 (2.36- 2.75 (1.69- 3.46 (2.23- 2.21 (1.35- 2.86 (1.76- 0.91
5.98) 4.45) 5.35) 3.63) 4.64)
198.45 189.92 214.40 212.70 221.23 0.89
REM latency (min) (170.10- (162.31- (184.64- (183.32- (190.12-
231.53) 222.22) 248.96) 246.78) 257.42)
41.54 31.07 (25.78- 39.16 38.92 38.82 0.99
WASO (min) (34.73- 37.45) (32.60- (32.21- (32.03-
49.69) 47.04) 47.02) 47.03)
12.68 10.34 (8.01-  12.82(9.87- 10.75(8.35- 11.48(8.80- 0.96
N1 (%TST) (9.90- 13.36) 16.66) 13.83) 14.97)
16.25)
48.10 46.98 (44.25- 49.28 47.67 46.19 0.97
N2 (%TST) (45.33- 49.88) (46.46- (44.89- (43.41-
51.03) 52.27) 50.62) 49.15)
24.04 26.88 (23.58- 23.34 25.56 28.53 0.28
N3 (%TST) (20.81- 30.17) (20.02- (22.28- (25.26-
27.27) 26.65) 28.83) 31.80)
14.00 14.23 (12.41- 12.95 13.83 12.52 0.92
R sleep (%TST) (12.20- 16.32) (11.27- (12.02- (10.74-
16.03) 14.89) 15.91) 14.59)
25.57 23.86 (19.85- 25.99 22.55 21.92 0.92
AHI (21.36- 28.68) (21.71- (18.72- (18.26-
30.61) 31.12) 27.16) 23.32)

Note: Data are presented as adjusted mean (95% Confidence Interval). Quintile ranges are as follows: Quintile 1 = -4.37 to -2.37; Quartile 2
=-2.36 to -1.68; Quartile 3: -1.67 to -0.87; Quartile 4 = -0.86 to -0.23; Quintile 5 = -0.22 to 3.41. Model adjust: Total sleep time: diastolic
blood pressure, marital status, smoking habit, waist and neck circumferences, and carbohydrates intake; Sleep efficiency: physical activity,
smoking habit, protein intake, and systolic blood pressure; Sleep latency: sex, body mass index, marital status, neck circumference, and
AHI; R sleep latency: age, waist circumference, household income, education, systolic blood pressure, and fat intake; WASO: systolic
blood pressure, work status, protein intake, and waist circumference; N1: sex, age, marital status, household income, work status, diastolic
blood pressure, and protein intake; N2: AHI, sex, protein and carbohydrate intake; N3: age, sex, AHI, and smoking habits; R sleep: sex,
napping, AHI, systolic blood pressure, alcohol consumption, and work status; AHI: age, education, alcohol consumption, and neck
circumference. Abbreviations: DII, Dietary Inflammatory Index; TST, total sleep time; WASO, wakefulness after sleep onset; R sleep, rapid
eye movement sleep stage; AHI, apnea—hypopnea index; CI, confidence interval. Bold values represent p <0.05

The effects of DII quintile on subjective sleep parameters were analyzed in
Table 5. The DII was only associated with daytime sleepiness; patients with more pro-
inflammatory diets (quintile 4) showed significantly more sleepiness than the group
with an anti-inflammatory diet (quintile 1-referent) (Exp (B) =0.47, CI= 0.22-0.99,
p<0.05).
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Dependent variables

Exp(B)

Wald Chi-Square

95% C1

p-value

Poor sleep quality

Quintile 1 1.0 (Referent) 1.0 (Referent) 1.0 (Referent) 1.0 (Referent)
Quintile 2 1.25 0.38 0.622.54 0.54
Quintile 3 0.95 0.02 0.471.92 0.88
Quintile 4 1.00 0.00 0.49 2.04 0.99
Quintile 5 0.61 1.97 0.311.21 0.16

Daytime sleepiness

Quintile 1 1.0 (Referent) 1.0 (Referent) 1.0 (Referent) 1.0 (Referent)
Quintile 2 0.55 2.54 0.26 1.15 0.11
Quintile 3 0.90 0.08 0.431.91 0.78
Quintile 4 0.47 3.90 0.22 0.99 <0.05
Quintile 5 1.44 0.85 0.66 3.13 0.36
Fatigue

Quintile 1 1.0 (Referent) 1.0 (Referent) 1.0 (Referent) 1.0 (Referent)
Quintile 2 0.55 1.90 0.23 1.29 0.17
Quintile 3 0.50 2.63 0.22 1.16 0.11
Quintile 4 1.51 0.82 0.62 3.69 0.36
Quintile 5 0.98 0.002 0.42 2.31 0.97

Note: Quintile ranges are as follows: Quintile 1 = -4.37 to -2.37; Quartile 2 = -2.36 to -1.68; Quartile 3: -1.67 to -0.87; Quartile 4 = -0.86 to -0.23;
Quintile 5 = -0.22 to 3.41. Model adjust: Poor sleep quality: body mass index, waist and neck circumferences, physical activity; Daytime sleepiness:
diastolic blood pressure, alcohol consumption, energy intake, and household income; Fatigue: body mass index, sex, physical activity, shiftwork, and
neck circumference. Abbreviations: DII, Dietary Inflammatory Index; CI, confidence interval. Bold values represent p< 0.05.

Discussion

To the best of our knowledge, this is the first time that the association between
DII has been tested with respect to sleep and apnea severity by PSG and subjective
sleep parameters. The DII showed sensibility/specificity at predicting a poor sleep
pattern (alteration in REM latency and daytime sleepiness) and apnea severity when the
sample was stratified by BMI and age. We also observed an association between

daytime sleepiness and the inflammatory potential of diet.

The high prevalence of undiagnosed OSA and its concomitant morbidity and
mortality may be an incentive to improve the recognition of this disorder (46). In this
sense, screening questionnaires could help with the observation of OSA symptoms and
encourage further evaluation, reducing the proportion of undiagnosed patients that
probably would go years without treatment (46). Diet is correlated with obesity, which
is strongly associated with OSA (13, 14), and numerous studies have already found that
overweight/obesity, which is a state of low-grade chronic inflammation (47, 48), could
partly mediate the association between dietary inflammatory potential and

concentrations of inflammatory markers or chronic disease outcomes (49). Therefore,
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we hypothesized that food pattern, mainly its inflammatory potential, could be a
predictor of OSA severity and a poor sleep pattern in our sample. As hypothesized, the
DII predicted apnea severity, particularly for individuals aged 51-60 years old. OSA is
more prevalent in men, the elderly and obese individuals (50). A feasible screening tool
that is capable of detecting food patterns that are associated with some of these risk

factors of OSA could help with faster diagnosis and treatment of these individuals.

Even though the DII could predict AHI in older participants (Table 3), a group
with higher incidence of OSA (50), we could not find an association between the
inflammatory potential of diet and apnea severity (Table 4). This might have occurred
because of the inclusion of adjustment variables in the GLzMM other than the stratified
variables used to produce the ROC curve. The low sensitivity and specify of the DII at
predicting the remaining sleep parameters in the other stratified models is worth noting.
A possible explanation for these results is that food pattern may affect OSA indirectly;
i.e., through its effect on excess weight, which in turn affects OSA. This could explain
why we only observed significant differences in neck circumference, which is a risk

factor for OSA (50).

The inflammatory potential of diet affected daytime sleepiness (Table 5),
particularly in young adults (Table 3). Cao et al. (16) found that a fatty meal was
positively associated with daytime sleepiness in apnea patients. In some ways, our
results corroborated the data of Cao et al. in that total and saturated fat could have been
responsible for the association between daytime sleepiness and the inflammatory
potential of the diet, as found in our study (Table 5). Individuals with a more pro-
inflammatory diet presented higher consumption of these nutrients than did individuals
with a more anti-inflammatory diet (Table 2). Other studies, including those with sleep
apnea patients, have described associations between specific nutrient intake and sleep
disorders and apnea severity (51-54). In general, they showed that a fatty meal was
positively associated with AHI (51), saturated fat and carbohydrates were positively
associated with faster sleep onset (52, 54), higher amounts of protein could increase the
difficulty in maintaining sleep (53) and decrease the difficulty in initiating sleep (53),
and that a decrease in the ingestion of fiber could increase the number of arousals (52).
In the present study, only daytime sleepiness showed significant differences according
to DII quintiles. This result is different from those of previous studies that did not
evaluate the inflammatory potential of diet on sleep but showed the influence of nutrient

intake on sleep pattern and apnea severity (51-54). Unlike our study, these other studies
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of single nutrients and foods were not account for complex interactions inherent in
whole diets (55-57), as the dietary interactions may confound these associations (58,
59). Foods or nutrients are usually not eaten in isolation; so their effects will tend to
amplify or attenuate their individual effects (60). Furthermore, the high correlation
among nutrients and across foods may interfere in the risk estimation due to
multicollinearity and the possible loss of statistical power (60). In this way, the
evaluation of the effects of a whole diet or dietary patterns, which were assessed in this
study by the DII, on the prevalence or worsening of diseases could be more effective

than the evaluation of a single nutrient since foods/nutrients act together (55, 60—62).

In our study, we hypothesize that the lack of associations between sleep
parameters and the DII (Table 4) occurred because the association with PSG parameters
is inherently weaker (Table 3) than the association with inflammatory biomarkers. In
addition, as in most other studies (30, 63, 64), younger individuals tended to have
higher DII scores (i.e., more pro-inflammatory diets) (Table 1). In this sense, the
duration of exposure to pro-inflammatory diets could be insufficient to affect indirectly
sleep pattern and apnea severity as Wirth et al. (20) argued in their study between the

DII with metabolic syndrome and its parameters.

The major strength of our study is that we evaluated the sleep parameters by
PSG and used a validated and reproducible FFQ, which allowed for a comprehensive
assessment of major nutrient sources in the diet, although some measurement error
inherent in the FFQ may be present. The collection of comprehensive information on
diet and important covariates could reduce the potential for residual confounding.
Despite its strengths, the study has certain limitations that need to be considered.
Though we adjusted for several potential confounding variables, sleep pattern and apnea
could be affected for multiple factors and we cannot completely rule out that this study
was confounded by unmeasured variables such as inflammatory biomarkers; but on the
other hand, we adjusted our analysis for the main factors related to sleep and apnea,
which are BMI, neck circumference, sex, and age (50). The sample size of this study is
relatively small in comparison to other population cohorts but nonetheless it had
sufficient power to detect significant associations. However, this could be insufficient to
provide a robust estimate of the association between the DII and OSA severity and
objective sleep parameters. While this study design can detect associations, a limitation
of the study is its cross-sectional design, which does not allow determination of cause

and effect.
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Findings from this study show that DII scores, an indication of the inflammatory
potential of diet, could be sensitive and specific enough to reflect on a few alterations in
sleep pattern in some stratified models. The use of a relatively inexpensive but strictly-
developed self-reporting measure, such as a validated FFQ, is the only feasible option
(65) to evaluate the impact of dietary patterns, such inflammatory diets, on some
diseases, mainly ones that have expensive diagnosis tests such as PSG to detect OSA.
Moreover, although we did not find associations between the inflammatory potential of
diet and most sleep parameters, diets with more inflammatory potential could influence
the symptoms of OSA such as daytime sleepiness. Further studies are required to
confirm the results presented in this study and to provide causality in the relationship
between a pro-inflammatory diet and sleep parameters, as well as the possible

mechanisms involved in this association.
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4.2 Segundo manuscrito

Eating late negatively impacts on sleep pattern and apnea severity in individuals

with sleep apnea
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Abstract

Study objective: This study aimed to analyze the association between habitual meal
timing and sleep parameters, as well as habitual meal timing and apnea severity in

individuals with obstructive sleep apnea (OSA).

Methods: Patients diagnosed with mild to severe OSA were included in the study
(n=296). Sleep parameters were analyzed by polysomnography. Dietary pattern was
obtained by a food frequency questionnaire and meal timing of the participants. OSA

individuals were categorized by meal timing (early, late, and skippers).

Results: Dinner timing was associated with sleep latency (f=0.130, p=.022), apnea-
hypopnea index (AHI) (=1.284, p=.033) and poor sleep quality (f=1.140, p=.015).
Breakfast timing was associated with wakefulness after sleep onset (WASO) (=3.567,
p=.003), N1 (p=0.130, p<.001), and R sleep (p=-1.189, p=.001). Lunch timing also was
associated with N1 sleep (B=0.095, p=.025), sleep latency (f=0.293, p=.001), and
daytime sleepiness (B=1.267, p=.009). Compared to early eaters, late eaters presented
lower duration of R sleep and greater values of sleep latency, WASO, N1 sleep, and

AHI, besides increased risk of poor sleep quality and daytime sleepiness (p<0.005).

Conclusion: Late meal timing was associated with worse sleep pattern and quality and
apnea severity than early. A better understanding about how meal timing affects OSA
and sleep parameters could help to improve sleep quality, apnea severity, and metabolic

health in these patients.

Keywords: Nutrition, OSA, meal timing, eating duration, REM Sleep, Slow Wave Sleep
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Brief Summary

Current Knowledge/Study Rationale: Several recent studies demonstrated that the
timing of food intake and eating duration (interval between the first and last meal of the
day), independent of energy intake, have a major role in obesity, which is a well-

established leading risk factor for OSA and sleep disorders.

Study Impact: Given the chronic diseases and sleep disturbance that obese OSA patients
often have, methods to improve dietary patterns and metabolic health should be

encouraged for this individuals to reduce AHI and improve sleep architecture.
Abbreviations

OSA- obstructive sleep apnea; AHI- apnea-hypopnea index; PSG- polysomnography;
CPAP- continuous positive airway pressure; BMI- body mass index; SBP- systolic
blood pressure; DBP- diastolic blood pressure; NC- neck circumference; WC- waist
circumference; PSQI- Pittsburgh Sleep Quality Index; ESS- Epworth Sleepiness Scale;
EEG- electroencephalogram; AASM- American Academy of Sleep Medicine; ICSD-
International Classification of Sleep Disorders; FFQ- food frequency questionnaire;
NDSR- Nutrition Data System for Research; PA- physical activity; IPAQ- International
Physical Activity Questionnaire; GLzZMM- Generalized Linear Models; AIC- Akaike
Information Criterion; WASO- Wakefulness After Sleep Onset; TST- Total Sleep Time.
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Introduction

Obstructive Sleep Apnea (OSA) is a significant public health problem that is
prevalent worldwide. In association with excessive daytime somnolence, rates ranged
from 3% to 7% in adult men and from 2% to 5% in women.' However, defining OSA as
an AHI >5 events/hour - as used by Wisconsin Sleep Cohort -, the prevalence is higher;
24% in men and 9% in women aged 30-60 years.” This disturbance is characterized by
recurrent episodes of partial (hypopnea) or complete (apnea) obstruction of the upper
airway, intermittent hypoxia, and frequent arousal from sleep.” Symptoms of OSA
include daytime sleepiness and fatigue, and sleep-related loud snoring or gasping for air,
and reduced or cessation of airflow during sleep.’

Consistent findings from studies support a strong bidirectional association
between OSA and metabolic diseases such as obesity.* In this sense, obesity is a well-
established leading risk factor for OSA, and OSA itself may promote further weight
gain.* Although the reasons underlying this reciprocal relationship remain uncertain,
evidence from observational and laboratory-based studies demonstrates a relationship
between sleep and factors regulating body weight, such as physical activity and food

. 6,7
intake.”

Several recent studies demonstrated that the timing of food intake®’ and eating
duration (interval between the first and last meal of the day),'® independent of energy
intake, have a major role in obesity. These results indicate that avoiding late meals,
mainly night meals and nearly bedtime, could reduce weight gain and contribute to a
decrease in eating duration and an increase in fasting period, which is associated with

reduced adiposity, elevated lean mass, and longer sleep duration.®”'

Besides the increase of obesity risk, late meal timing - mainly night meals -,
could impact on sleep pattern. Different studies have observed the effect of the nutrients
from these meals on sleep,'' and apnea severity'*'"; nevertheless, there is little
information about the isolated association between meal times and sleep pattern of sleep
apnea individuals. The few studies in this area did not find significant associations
between meal timing and sleep duration or subjective sleep parameters such as
sleepiness,® but none of them investigated if meal timing is associated with sleep

architecture and sleep apnea severity of individuals with OSA.

Considering the disruptive effects of obesity on sleep and apnea severity,* an

inadequate meal timing could aggravate even more the sleep pattern and apnea severity
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of these individuals. Thus, we hypothesized that late eating and a longer eating duration
are associated with worse sleep parameters and apnea severity compared to early eating
and a shorter eating duration, respectively. The objective of this study was to assess
differences in sleep parameters and AHI (apnea-hypopnea index) among early/ late
eaters and longer/ shorter eating duration groups, as well as to analyze the association

between sleep parameters and apnea severity with meal timing and eating duration.
Materials and Methods
Study Population

This cross-sectional study was conducted with individuals with sleep apnea from
August 2016 to March 2017. Patients with sleep complaints and with suspected sleep
apnea were referred by their physicians to a polysomnography (PSG) exam in a private
sleep clinic where the study was conducted. During the study period, all the individuals
aged 20-60 years were invited to take part voluntarily in the research study. Volunteers
were eligible for participation if they reported no apnea treatment, such as surgery or
continuous positive airway pressure (CPAP) therapy, no previous diagnostic of sleep
disorders, and no intake of medication that could affect sleep. Using G*Power software,
and specifying significance
level of 0.05 and a power of 90%, a sample size of 282 participants was established with
a post-hoc power of 72%. Of 409 patients that agreed to participate in the research, 296
were included in the study and 113 were excluded - 95 for AHI <5, 13 for energy
consumption above 4,000 kcal, 4 for incomplete PSG, and 1 outlier (Body Mass Index
(BMI) and AHI) - (Figure 1).

Initially, a questionnaire was applied, which provides information about
sociodemographic characteristics, personal information (age, alcohol consumption,
smoking habit, and medication use), and previous diseases. Physical measurements
were collected and participants also answered questionnaires about subjective sleep and

fatigue evaluations and dietary assessment, as will be described in detail later.

This study was approved by the Ethics Committee of the Federal University of
Uberlandia (protocol no. 57610416.7.0000.5152) and was conducted according to
international ethical standards. An informed written consent was obtained from all

volunteers before starting the study.



evaluation (n=409)

Accepted the invitation and completed the
evaluations: physical measurements,
subjective sleep and fatigue evaluations,
dietary assessment, physical activity

Did not complete the PSG | |
exam (n=4)

Patients with OSA (n=310)

Patients without OSA

(n=95)

Energy intake over 4,000 kcal
(n=13) and outliers (body weight X
AHI; n=1)

Remained and completed
all evaluations (n=296)

Figure 1 Title. Study sample flow chart

Physical Measurements

Physical measurements were measured by trained staff using standardized

14,15
methods™

and included: systolic blood pressure (SBP, mmHg), diastolic blood
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pressure (DBP, mmHg), neck circumference (NC, cm) at the thyroid cartilage level, and

waist circumference (WC, cm) at the level of the umbilicus, body weight (kg), and

height (m). Diastolic and systolic blood pressures were measured twice for each

participant using the left arm after 10 minutes rest and the average of two measurements

was considered for analyses. The participants were weighed while barefoot, wearing

light clothes, on a digital scale that measured to the nearest 0.1 kg. Height was measured

using a stadiometer and the participant was positioned upright, and relaxed, with head

on the Frankfurt plane. Circumferences measurements were made with a flexible and
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inextensible measuring tape. Participants were classified according to BMI, obtained by

weight and squared height ratio."
Sleep and Fatigue Evaluations

Sleep evaluation consisted of subjective and objective approaches (PSG).
Subjective sleep evaluations were obtained before the PSG examination. Poor sleep
quality, habitual bedtime and sleep duration were assessed using the Pittsburgh Sleep
Quality Index (PSQI) that includes 19 items and yields a score from 0 (good quality) to
21 (poor quality); a total sum greater than 5 indicates poor sleep quality.'® Daytime
sleepiness was assessed using the Epworth Sleepiness Scale (ESS), a widely used and
reliable predictor of daytime sleepiness.'” The ESS is an eight-item, self-administered
questionnaire that is designed to provide a measure of a subject’s propensity to fall

asleep in a variety of situations. A total score of 8 indicated excessive sleepiness.'’

Fatigue was measured by the Chalder Scale, a questionnaire with 11 items that
are scored on a four-point scale from “less than usual (0)” to “much more than usual

(3)”; the higher the summed score, the more fatigued the individual.'®

Polysomnography

A full-night PSG was accomplished using a digital system (Alice Sleepware
version 2.8.78, Respironics Inc., Murrysville, PA, USA) at the sleep clinic during the
subject’s habitual sleep time. The PSGs evaluations were standardized to have the same
duration with an 8-hour sleep opportunity approximately. Physiological variables
evaluated during PSG included: electroencephalogram (EEG) (C3/A2, C4/A1, O2/A1,
O1/A2), electrooculogram, chin and leg electromyogram, and electrocardiogram.
During the PSG, airflow was monitored with nasal and oral thermocouples. Thoracic
and abdominal respiratory movements were measured with inductive respiratory
plethysmography, arterial oxygen saturation with pulse oximetry, while snoring was
measured by tracheal microphone, and body position was measured by a sensor located
on the chest. Trained technicians visually scored all PSGs and the exam was
accomplished according to specific criteria for the definition of sleep stages.'” EEG
arousals and leg movements were scored in agreement with the criteria established by
the AASM Manual for Scoring Sleep and Associated Events.'® Apneas were scored and
classified according to the recommended respiratory rules for adults by the AASM

Manual, and hypopneas were scored by the alternative rules."



57

OSA was diagnosed in accordance with the criteria of the International
Classification of Sleep Disorders (ICSD-3).2° Subjects were diagnosed with OSA if they
had AHI > 15 or 5<AHI<14.9 and presented at least one of these complaints: loud
snoring, breathing interruptions during sleep, daytime sleepiness, and fatigue. The
complaints were assessed according to Tufik et al.>": loud snoring and breathing
interruptions using the second and fifth questions of the Berlin Questionnaire for sleep
apnea, respectively”’; daytime sleepiness using the Epworth Sleepiness Scale'” and the 8

questions of the PSQI'’; fatigue was assessed with the Chalder Fatigue Scale.'®

Habitual Dietary Assessment

A semi-quantitative food frequency questionnaire (FFQ) was administered in
person by trained interviewers at recruitment to assess habitual dietary intakes of the
study participants over the past 1 y. The FFQ was developed and validated® to use in
Brazilian studies, showing a good validity and reproducibility for estimating the food
consumption of adults.”?

The questionnaire is composed of 67 food items. For each food item listed,
participants indicated their frequency of consumption (from 0-10 times a day, week,
month, or year) and the portion consumed (small, medium, large, or extra-large).
Questions about recent changes in eating habits, consumption of dietary supplements,
and other important foods that the instrument did not cover were also included. Eating
duration was calculated as the interval between the first and last meal of the day.
Participants described the times of day when meals took place and the definition of each

meal was self-reported by the participant.

The Nutrition Data System for Research (NDSR) software (version 2014,
University of Minnesota, Minneapolis) was used to quantify the energy and nutrients
consumed obtained by the FFQ. Subsequently, these data were adjusted for energy

intake using the residual method.”*
Physical Activity Level

Physical activity (PA) level was evaluated by the short-form International
Physical Activity Questionnaire (IPAQ-SF), version 6, translated into Portuguese and
validated by Matsudo et al.” Participants were considered physically active if they

performed at least 150 minutes of PA per week, moderately active if they performed



58

between 10 and 149 minutes of PA, and insufficiently active if less than 10 minutes per

week.

Statistical Analysis

Initially, the normality of the data was established using Kolmogorov-Smirnov
tests. Data are presented as median and interquartile range. Subjects were dichotomized
into early and late eaters for breakfast (median: 7h30 AM), lunch (median: 12h00 PM)
and dinner (median: 20h00 PM) using the median values of these meals in the
population as the cut-off point.® The results of breakfast and dinner skippers were also
used and compared with early and late eaters; lunch skippers were excluded for reduced
sample (3 individuals). In this study, we considered as skippers the participants who
reported not eating a meal (breakfast, lunch, or dinner) more than 4 days a week.
Participants were also dichotomized into < 12 and > 12 hours regarding eating duration
(interval between the first and last meal), as proposed by Gill and Panda. 1% A Kruskal
Wallis test, with Games-Howell post-hoc, was used to assess median differences.

Qualitative variables were analyzed using chi-square test.

In order to determine the associations between evaluated variables (meal timing,
eating duration, PSG, and subjective sleep and fatigue parameters), generalized linear
models (GLzMM) were used. Individual tests were done for each PSG and subjective
parameters (poor sleep quality, daytime sleepiness, and fatigue) (dependent variables)
and meal timing and eating duration (independent variables), using gamma, linear, or
Tweedie distributions for continuous variables. The best model was chosen based on the
smaller Akaike Information Criterion (AIC) resultant from the analysis. For categorical
variables, ordinal and binary logistic distributions were used. To establish possible
factors associated with each PSG and subjective parameter (dependent variables),
independent multivariate logistic regression models were performed using backwards
stepwise elimination (p<0.15). For collinearity diagnostic between adjustment variables,
VIF<10 and tolerance >0.1 were considered. All variables used to adjust models were in
table notes. Multiple comparisons were performed using sequential Sidak post-hoc test
when necessary. All statistical analyses were performed using SPSS 20.0 (Chicago, IL,

USA). For statistical significance, a error was set at 5%.
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Results

Characteristics of the population of the study based on meal timing and eating
duration are shown in Table 1. Breakfast (X=16.773, df=2, p<0.001) and dinner
(X=11.794, df=2, p=0.003) timing groups showed differences in age. Breakfast skippers
were younger than early (p< 0.001) and late (p=0.019) eaters and early dinner eaters
were older than late eaters (p=0.002).

The majority of participants had household income at the higher level and
education at the lower level. Breakfast timing was associated with household income
(X?*=6.476, df=2, p=0.039) and education level (X*=11.184, df=4, p=0.025), while
eating duration was associated with education level (X*=13.311 df=2, p=0.001) and
alcohol consumption (X*=4.533 df=1, p=0.033) (Table 1).

Individuals with eating duration > 12 hours showed significantly lower BMI
than < 12 hours (X=4.171,df=1, p=0.041). The majority of participants was
insufficiently active and physical activity level was associated with breakfast timing
(X?=12.998, df=4, p=0.011) (Table 1). No differences in blood pressure were observed
between the groups, with only 27% of participants using anti-hypertensive medication
(data not shown).

Dinner timing groups showed differences in energy intake (X=10.114, df=2,
p=0.006), with late eaters showing significantly more energy intake than early eaters
(p=0.003). Individuals with eating duration > 12 hours had higher energy (X=8.118,
df=1, p=0.004) and carbohydrates intake (X=4.127, df=1, p=0.042) than < 12 hours,
which had higher protein intake (X=4.431, df=1, p=0.035) (Table 1).



Table 1. Participants’ characteristics according to food patterns

Breakfast Lunch Dinner Eating duration
Skippers Early Late Early Late Skippers Early Late <12h >12h
(23) (140) (133) (226) (67) (11 (226) (59) 99) (197)

Age(y) 36(27-38)" 42(39-47)° 39(35-46)" 41(37-46) 40(37-46) 41(36-43)*" 42(37-47)" 37(32-41)" 42(37-48) 40(37-46)
Sex (%)

Men 60.9 67.9 60.9 64.6 61.2 72.7 61.9 71.2 33.0 67.0
Marital status (%)

With partner 60.9 70.7 73.7 71.7 70.1 72.7 70.8 72.9 74.7 69.5
Monthly household
income (R$)(%)
>2100 69.6 89.3 85.7 86.7 85.1 81.8 85.8 88.1 78.8 89.8
Education (%)

< High school 91.3 55.7 60.9 61.9 55.2 72.7 59.7 62.7 74.7 53.8

Graduated 8.7 25.7 24.8 21.7 32.8 9.1 26.5 16.9 18.2 26.9

Post-graduate 0.0 18.6 14.3 16.4 11.9 18.2 13.7 20.3 7.1 19.3
Smoking habits (%)

Yes 17.4 8.6 13.5 12.4 9 27.3 10.6 11.9 13.1 10.7
Alcohol
consumption (%)

Yes 65.2 58.6 56.4 57.5 59.7 36.4 58 62.7 49.5 62.4
Physical activity
level (%)
Insufficiently active  65.2 62.9 72.2 65 74.6 63.6 68.1 64.4 67.7 67
Moderately active 34.8 27.9 271 29.6 224 273 27 322 29.3 27.4
Active 0.0 9.3 0.8 53 3.0 9.1 49 34 3.0 5.6
Physical
measurements
BMI( kg/m?) 32.6(28.8-36.2)  29.7(27.9-31.6)  30.8(28.0-33.4)  30.2(28.0-33.1)  30.4(28.7-32.4)  30.02(28.6- 30.3(28.0-33.5)  30.1(27.6-32.1)  31.4(28.7- 29.8(27.7-

32.3) 34.4)° 32.2)°

Waist 106.0(97.9- 102.0(97.0- 102.0(97.0- 102.0(97.0- 104.0(99.3- 106.0(102.0- 102.0(96.0- 100.0(97.0- 105.0(99.3- 102.0(97.0-
circumference (cm)  109.0) 107.0) 108.0) 108.0) 107.0) 108.9) 108.0) 106.9) 108.6) 107.0)

Neck circumference

40.0(38.0-41.0)

39.0(37.0-41.0)

39.0(38.0-41.0)

39.0(38.0-41.0)

39.0(36.0-40.0)

39.0(38.0-40.0)

39.5(37.0-41.0)

38.5(38.0-40.0)

40.0(38.0-42.0)

39.0(38.0-41.0)

(cm)

SBP(mmHg) 119(115-125) 126(117-129) 124(116 -129) 124(117-129) 124(117-128) 129(121-143) 125(117-129) 122(116-128) 122(116-128) 125(118-129)

DBP(mmHg) 76(72-78) 76(71-88) 77(72-81) 76(72-81) 76(71-81) 80(76-81) 76(72-82) 74(70-77) 75(70-81) 76(72-81)

Nutrients intake

Energy (kcal) 2281.16(1976.9  2217.60(1965.9  2145.09(1868.0  2235.88(1961.7  2111.30(1750.0  2189.19(2032.0  2146.04(1858.2  2429.03(2138.1  2045.79(1751.3  2281.22(2012.0
8-2486.56) 8-2560.58) 6-2490.63) 0-2540.63) 3-2473.38) 9-2520.92)*" 6-2480.23)" 6-2857.71)" 4-2325.84)" 2-2583.43)"

Protein (g) 104.92(95.30- 100.90(96.88- 103.40(95.51- 102.29(97.13- 102.45(93.02- 102.25(97.73- 102.76(96.88- 100.51(93.58- 104.63(99.31- 100.72(93.72-
118.85) 108.91) 108.75) 109.51) 107.80) 108.53) 108.92) 110.82) 112.09) 108.12)

Carbohydrate (g) 290.57(257.50-  298.97(280.27-  294.85(278.56-  295.41(278.08-  300.85(285.75-  283.77(278.07-  295.93(278.75-  297.02(280.36-  290.50(277.61-  300.51 (285.29-
307.15) 312.06) 316.44) 311.77) 317.62) 297.12) 314.49) 312.23) 302.36)" 316.35)

Fat (¢) 83.09(80.23- 81.69(77.86- 82.86(76.29- 82.78(78.08- 82.61(76.29- 82.86(80.17- 82.69(77.06- 82.84(78.86- 83.36(78.99- 81.75(76.76-
89.71) 87.68) 86.59) 87.30) 86.69) 84.75) 87.25) 88.09) 87.72) 87.10)

Note. Age, physical measurements, and nutrients intake are presented by median (interquartile range), Kruskal Wallis test; other variables are presented by %, Chi-square test. Protein, carbohydrates, and fat are adjusted
for energy intake (kcal). Bold values and with different letters represent significant differences (p<0.05). Abbreviations: BMI, body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure.
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PSG and subjective sleep parameters (sleep duration and bedtime) according to
meal timing and eating duration are presented in Table 2. Subjective sleep duration
(X=6.346,df=2, p=0.002) and bedtime (X=9.657, df=2, p<0.001) were different
between breakfast timing groups. The early breakfast eaters had higher subjective sleep
duration than late (p=0.002), and breakfast skippers slept later than early and late eaters
(p=0.036 for both). Subjective sleep duration was also different between dinner timing
(X=10.250, df=2, p<0.001) and eating duration (X=4.410, df=1, p=0.036) groups. As
for these data, early dinner eaters and eating duration < 12 hours presented higher
subjective sleep duration than late eaters (p<0.001) and individuals with eating duration

> 12 hours, respectively.



Table 2. Medians of objective (PSG) and subjective sleep parameters by meal timing

Breakfast time Lunch time Dinner time Eating duration (hours)
Skippers (23)  Early (140) Late (133) Early (226) Late (67) Skippers (11)  Early (227) Late (58) <12 (99) >12(197)
TST (min) ?:107'529_ 447.00(430.32  447.00(426.37 446.50(428.98  445.50(423.97 438.50(410.93  447.00(427.50 443.00(430.06-  444.50(431.  447.00(423.51
443 '98) -465.50) -463.87) -462.09) -472.43) -471.85) -465.50) 454.76) 50-459.50)  -464.86)
Sleep efficiency 92.87(90.60-  93.25(90.80-  93.50(90.30-  93.02(90.76-  93.70(90.41-  94.50(92.60-  93.20(90.30-  93.37(91.29- 92.80(89.60  93.50(91.03-
(%) 95.64) 95.10) 95.32) 95.42) 95.36) 96.19) 95.29) 95.08) -95.20) 95.10)
Sleep latency 1.00(0.50- 0.50(0.50- 0.50(0.50- 0.50(0.50- 1.00(0.50- 2.50(0.50- 0.50(0.50- 0.75(0.50-3.50) 0.50(0.50- 0.50(0.50-
(min) 3.50) 2.00) 2.50) 1.50) 3.00) 3.49) 2.00) oA 3.00) 2.00)
REM latency 122.50(109.99  158.50(115.31  158.75(135.00 158.50(121.39  152.75(128.40 169.50(125.34 159.00(124.27 142.75(121.09-  158.25(123.  158.00(122.51
(min) -165.94) -202.46) -202.16) -192.85) -205.81) -188.86) -206.00) 171.26) 17-209.05)  -189.00)
WASO (min) 19.50(17.92-  28.50(21.00-  28.50(20.11-  28.25(20.50-  26.00(19.72-  25.50(19.96-  28.00(20.50-  27.00(19.40- 28.00(19.50  28.00(20.50-
33.80) 40.00) 41.50) 40.41) 41.20) 37.14) 41.50) 40.30) -45.00) 38.68)
NI (%TST) 7.50(5.89- 8.40(5.79- 8.70(5.52- 8.05(5.40- 10.40(5.99- 6.50(4.59- 8.80(5.58- 8.55(5.99- 9.70(5.40- 8.20(5.63-
? 10.10) 11.88) 12.47) 11.52) 14.02) 7.20) 12.27) 10.12) 12.70) 11.34)
N2 (%TST) 45.40(39.69-  48.70(43.37-  46.50(41.56-  48.05(42.18-  45.40(40.85-  51.70(47.90-  48.30(41.60-  43.72(41.31- 4720(41.60  47.90(41.93-
? 52.66) 54.17) 51.52) 53.72) 50.40) 55.49) 54.15) 49.21) -54.50) 51.97)
N3 (%TST) 26.40(19.80-  25.70(19.68-  28.50(22.32-  26.48(20.71-  27.90(22.98-  30.10(22.08-  26.10(20.19-  28.95(24.23- 26.50(21.10  27.60(20.53-
? 37.38) 31.68) 32.62) 32.32) 31.97) 30.40) 31.89) 33.05) -32.20) 32.00)
R sleep (%TST) 12.50(9.30- 13.90(11.20-  13.40(10.44-  14.05(11.66-  11.90(8.93- 12.10(8.10- 13.70(10.70-  14.45(10.90- 12.20(10.00  14.20(11.03-
p (7o 16.87) 16.32) 15.70) 16.43) 14.73) 15.59) 15.69) 16.55) -15.20) 16.28)
AHI 20.30(12.69-  22.80(12.79-  15.90(9.54- 20.75(11.47-  22.30(12.30-  29.80(24.88-  21.00(11.98-  18.45(10.79- 14.90(9.90-  21.50(12.60-
30.97) 29.58) 30.19) 29.44) 32.82) 52.32) 29.57) 29.19) 28.50) 30.10)
Sleep duration 7.00(6.83- 7.50(7.00- 8.00(7.50- 7.75(7.00- 8.00(7.00- 7.00(6.00- 8.00(7.50- 7.00(6.80-7.50)" 8.00(7.50-  7.50(7.00-
()" 8.00)*" 8.00)" 8.50) 8.43) 8.14) 7.83)*P 8.50) 8.50) 8.00)°
Bedtime (h:min)*  22:00(7:00- 22:30(22:00-  22:30(22:00-  22:30(22:00-  22:30(21:30-  22:30(22:00-  22:30(22:00-  23:00(22:42- 22:30(22:00  22:30(22:00-
23:30)* 23:00)" 23:00)" 23:00) 23:00) 23:00) 23:00) 24:00) -23:00) 23:00)
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Note. Results are expressed as median (interquartile range). Bold values and with different letters represent significant differences (p<0.05); ~ obtained by subjective parameter (Pittsburgh questionnaire); Abbreviations: TST, total

sleep time; WASO, wakefulness after sleep onset; R sleep, rapid eye movement sleep stage; AHI, apnea—hypopnea index.
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The association between meal patterns (meal timing and eating duration) and
PSG parameters were analyzed and displayed in Table 3. The generalized linear model
showed that in patients with OSA, breakfast timing was associated with wakefulness
after sleep onset (WASO) even after being adjusted for different variables (Table 3
note) (B=3.567, CI= 1.243-5.892, p=0.003). Multiple comparisons showed that late
breakfast eaters had higher values of WASO (mean=39.77, SE=2.22) than early eaters
(mean 33.21, SE=2.02) (p=0.024) and breakfast skippers (mean=28.61, SE=3.76)
(p=0.021). Moreover, breakfast timing was also associated with N1 (B=0.130, CI=
0.060-0.199, p< 0.001) and R sleep (B=-1.189, CI=-1.889 -0.490, p=0.001) stages.
Early breakfast eaters (mean= 8.80, SE=0.91) presented reduced sleep time in N1 stage
in comparison with late eaters (mean=10.78, SE=1.01) (p=0.038). For stage R sleep, no

differences were found between groups in the multiple comparisons test.

The timing of lunch intake was associated with sleep latency (B= 0.293, CI=
0.124-0.463, p=0.001) and N1 (B=0.095, CI=0.012-0.178, p=0.025). Regarding sleep
latency, early lunch eaters had lower latency (mean=2.18, SE=0.52) than late eaters
(mean=3.14, SE=0.52) (p=0.023). The same occurred for N1 (mean early=8.85,
SE=0.89; mean late=11.33, SE=1.38; p=0.021) (Table 3).

Dinner timing was associated with sleep latency (B= 0.130, CI= 0.019-0.241,
p=0.022) and AHI (B=1.284, CI=0.102-2.466, p=0.033). In this case, early dinner
eaters showed lower sleep latency (mean= 2.08, SD= 0.42) than late eaters (mean= 3.30,
SD=0.59) (p=0.047). For AHI, early dinner eaters had lower AHI (mean=21.41, SE=
1.26) than dinner skippers (mean=34.38, SE=5.08) (p=0.036) and late eaters
(mean=26.89, SE=2.20) (p=0.047) (Table 3).



Table 3. Effects of meal timing and eating duration on PSG parameters
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PSG parameters B Wald Chi-Square 95% CI1 p-value
Total sleep time

(min)

Breakfast time -2.613 1.178 -7.331 2.105 0.278
Lunch time -0.172 0.003 -6.068 5.725 0.954
Dinner time -2.398 2.132 -5.618 0.821 0.144
Eating duration -0.298 0.057 -2.741 2.146 0.811
Sleep efficiency

(%)

Breakfast time -0.362 1.147 -1.025 0.300 0.284
Lunch time -0.242 0.333 -1.064 0.580 0.564
Dinner time 0.021 0.009 -0.415 0.457 0.925
Eating duration 0.162 0.873 -0.178 0.502 0.350
Sleep latency

(min)

Breakfast time 0.016 0.044 -0.133 0.165 0.834
Lunch time 0.293 11.552 0.124 0.463 0.001
Dinner time 0.130 5.232 0.019 0.241 0.022
Eating duration 0.017 0.239 -0.052 0.086 0.625
R sleep latency

(min)

Breakfast time 0.033 1.237 -0.025 0.091 0.266
Lunch time 0.014 0.152 -0.057 0.085 0.697
Dinner time -0.013 0.540 -0.049 0.022 0.462
Eating duration 0.009 0.332 -0.021 0.039 0.565
WASO (min)

Breakfast time 3.567 9.048 1.243 5.892 0.003
Lunch time 1.237 0.641 -1.790 4.263 0.423
Dinner time 0.379 0.251 -1.102 1.860 0.251
Eating duration 0.013 0.000 -1.282 1.307 0.985
N1 (%TST)

Breakfast time 0.130 13.271 0.060 0.199 <0.001
Lunch time 0.095 5.014 0.012 0.178 0.025
Dinner time 0.314 1.284 -0.229 0.856 0.257
Eating duration -0.039 3.633 -0.078 0.001 0.057
N2 (%TST)

Breakfast time -0.017 1.648 -0.043 0.009 0.199
Lunch time -0.388 0.263 -1.869 1.093 0.608
Dinner time -0.458 0.968 -1.369 0.454 0.325
Eating duration 0.002 0.000 -0.618 0.622 0.996
N3 (%TST)

Breakfast time 0.239 0.145 -0.990 1.468 0.703
Lunch time -0.456 0.357 -1.951 1.039 0.550
Dinner time 0.147 0.121 -0.679 0.973 0.728
Eating duration 0.139 0.194 -0.479 0.756 0.659
R sleep (%TST)

Breakfast time -1.189 11.102 -1.889 -0.490 0.001
Lunch time -0.151 0.109 -1.046 0.745 0.742
Dinner time 0.104 0.156 -0.414 0.623 0.693
Eating duration 0.166 0.864 -0.184 0.517 0.353
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AHI

Breakfast time -0.007 0.039 -0.076 0.062 0.844
Lunch time 0.762 0.310 -1.919 0.344 0.577
Dinner time 1.284 4.530 0.102 2.466 0.033
Eating duration 0.507 0.798 -0.606 1.621 0.372

Note. Model adjust: Total sleep time: diastolic blood pressure, marital status, smoking habit, waist and neck circumferences; Sleep efficiency:
physical activity, smoking habit, protein intake, and systolic blood pressure; Sleep latency: sex, body mass index, marital status, neck
circumference, and AHIL; R sleep latency: age, waist circumference, household income, education, systolic blood pressure, and fat intake;
WASO: systolic blood pressure, work status, protein intake, and waist circumference; N1: sex, age, marital status, household income, work
status, diastolic blood pressure, and protein intake; N2: AHI, sex, protein and carbohydrate intake; N3: age, sex, AHI, and smoking habits; R
sleep: sex, napping, AHI, systolic blood pressure, alcohol consumption, and work status; AHI: age, education, alcohol consumption, and neck
circumference. Abbreviations: TST, total sleep time; WASO, wakefulness after sleep onset; R sleep, rapid eye movement sleep stage; AHI,
apnea—hypopnea index; CI, confidence interval. Bold values represent p <0.05
Table 4 presents the association between meal patterns (meal timing and eating

duration) and subjective sleep and fatigue parameters. The timing of dinner intake was

positively associated with poor sleep quality (Exp(B)=1.140, CI= 1.025-1.267,

p=0.015). Lunch timing (Exp(B)=1.267, CI=1.060-1.515, p=0.009) and eating duration

(Exp(B)=0.907, CI=0.839-0.980, p=0.014) were positively and negatively associated,

respectively, with daytime sleepiness; with respect to fatigue, only eating duration

showed a positive association (Exp(B)=1.088, CI=1.001-1.182, p=0.047). No

significant associations were found for other parameters.

Table 4. Effects of meal timing and eating duration on subjective sleep and fatigue parameters

Subjective Exp(B) Wald Chi-Square 95% CI p-value
parameters

Poor sleep

quality

Breakfast time 0.908 1.991 0.794 1.038 0.158
Lunch time 0.983 0.046 0.842 1.148 0.830
Dinner time 1.140 5.860 1.025 1.267 0.015
Eating duration 1.049 2.043 0.983 1.119 0.153
Daytime

sleepiness

Breakfast time 1.134 2.810 0.979 1.314 0.094
Lunch time 1.267 6.772 1.060 1.515 0.009
Dinner time 0.968 0.420 0.879 1.067 0.517
Eating duration 0.907 6.079 0.839 0.980 0.014
Fatigue

Breakfast time 0.969 0.161 0.832 1.129 0.688
Lunch time 0.985 0.026 0.817 1.187 0.872
Dinner time 1.017 0.114 0.923 1.121 0.735
Eating duration 1.088 3.938 1.001 1.182 0.047

Note. Model adjust: Poor sleep quality (obtained by Pittsburgh Sleep Quality Index): body mass index, waist and neck
circumferences, physical activity; Daytime sleepiness (obtained by Epworth Sleepiness Scale): diastolic blood pressure,
alcohol consumption, energy intake, and household income; Fatigue (obtained by Chalder Scale): body mass index, sex,
physical activity, shiftwork, and neck circumference. Abbreviations: CI, confidence interval. Bold values represent p <0.05.
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Discussion

Although some recent studies have shown associations between meal timing®”
and eating duration'® with sleep duration and quality, few studies evaluated these
associations through objective sleep measures and focused on sleep apnea patients. In
the present study, the GLzZMM analysis showed that habitual late meal intake was
associated with worse sleep parameters, even after adjustments for confounders. We
found that eating late was positively associated with poor sleep quality and daytime
sleepiness, and late eaters had longer WASO, sleep time in N1, and sleep latency, and
higher AHI than early eaters. These results suggest that the timing of meal intake itself

could impact on sleep and apnea severity of these individuals.

Sleep apnea individuals already have sleep disruptions characteristic of OSA,
which could result in worse sleep pattern (alteration in sleep duration, efficiency,
latency, sleep stages, and WASO).? Previous studies conducted in volunteers without
OSA suggested that sleep disruptions could be aggravated by the timing®’ and nutrient
intake'' of meals, mainly evening meals, which may result in worse sleep quality and
daytime sleepiness, as shown in the current study (Tables 3 and 4). Furthermore, late
dinner eaters showed higher AHI than early eaters (Table 3), even though no differences
were found in BMI, WC, and NC between late and early eaters (Table 1), which would
be expected as evening meals are associated with weight gain®® and with OSA severity.*
These results lead us to believe that not only obesity but also the habit of eating late — in
particular the evening meal — could be associated with OSA severity. Studies in
humans'? and animals® found that a high-fat meal before bedtime increased the number
of apneas, suggesting that both meal timing and nutrient intake could impact on AHI.
Another potential explanatory mechanism would be the variation in leptin levels, which
could be increased after meals, and could also induce apnea and affect AHI to enhance

hypercapnic sensitivy.”® However, this theme is controversial in the literature.”

A higher food intake preceding the sleeping period is associated with negative
aspects in sleep patterns, such as impairment of the consolidation of sleep onset and an
increase in the number of awakenings.'' In the current study, individuals that eat close
to bedtime had higher sleep latency (Table 3). Considering that sleep apnea volunteers
who had late breakfast or lunch could also be the individuals who had dinner close to
bedtime — as preceding meal timing and resulting satiety largely determine the size and

time of the following meal®” —, the higher values of WASO, sleep latency, and N1 of
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late breakfast and lunch eaters (Table 3) may also be explained by the habit of eating

late.

In the present study, late breakfast and lunch eaters showed longer sleep time in
N1 in relation to early eaters. This outcome, together with reductions in N2, stage R,
and slow-wave sleep are common in obese individuals with apnea,*® and it represents a
common sign of severely disrupted sleep’ and poor sleep quality.** Although both early
and late breakfast and lunch eaters were above the recommended time in this stage (2 to
5% of total sleep time (TST)) (early breakfast = 8.80, late breakfast = 10.78, early lunch
= 8.85, late lunch = 11.33), our results lead us to believe that meal timing may
contribute even more to the increase of the N1 stage in late eaters, aggravating sleep
quality. Ghrelin levels could also affect the sleep time in N1, since this hormone — that
is higher in sleep apnea individuals™ — could be enhanced after meals and increase non-

34,35

R sleep and slow-wave sleep. This hormone may also have influenced the negative

association between breakfast timing and stage R sleep found in our study (Table 3),

since late breakfast eaters could also have been the individuals who had dinner late.

- - . 3435
Thus, the increase in ghrelin ™

36,37

and other hormones related to eating in the evening —

such as cortisol and insulin***’ could decrease stage R sleep.’*’. Nevertheless, it is
unclear whether physiological changes in hormone level from intake of a meal are

enough to affect sleep architecture.*’

The time in stage R sleep may also be affected by nocturnal body temperature,
which could be increased after meal intake®® decreasing the stage R sleep.*! As sleep
onset is triggered by the reduction in body temperature,** thermogenic events, such as

3943 rather than

evening meals, may improve alertness at bedtime and delay sleep onset.
to an altered energy intake.”” In addition, Roky et al. *° found that these changes in
temperature thythm may be accompanied by alterations in the circadian pattern of
melatonin secretion,” which could also interfere in sleep onset. Thus, it is possible that
late meal timing observed in this study may have caused an increase in body
temperature and altered melatonin secretion resulting in worse results of late eaters
regarding subjective sleep quality, as well as WASO, N1, and even sleep latency that
showed a clinically minor, but significant, difference between the meal timing groups
(Tables 3 and 4). Additional studies are necessary to evaluate the relationship between

late meal intake, body temperature, and sleep pattern in sleep apnea individuals to

validate this association and possible mechanisms involved.
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Studies have shown that the absence or presence of food at night changes the
type of nutrient that will be oxidized, which could interfere with sleep stages.*’ In this
way, studies with animals*® and humans***" have described that not eating close to
bedtime could help fat oxidation and, because of this, increase slow-wave sleep. In
contrast, meals close to this time favor the oxidation of other nutrients like
carbohydrate. ** However, the mechanism behind this relationship is not well
described.*” This information may support the results found in our study whereby late

eaters showed worse sleep patterns, such as higher sleep latency (Table 3).

Several studies have reported that reductions in sleep time and quality could

. . . ., 748
contribute to an increase in obesity. "

This relation may be partly explained by the
reduced duration of overnight fasting once short sleep duration increases the
wakefulness period and, consequently, eating duration that contributes to increased
caloric intake.” Time-restricted eating (without changes in caloric intake and physical
activity) may improve sleep quality and prevent weight gain, benefits that appear to be
mediated by circadian rhythms.'® Gill and Panda'® found that overweight volunteers
with an eating period of more than 14 hours decreased their body weight and improved
sleep after a reduction in eating period to 10 to 11 hours per day for 16 weeks. In the
present study, we found that apnea volunteers with an eating period greater than 12
hours showed higher energy and carbohydrate intake (Table 1), as showed in another

study'®; however, no relationship between eating duration and sleep parameters (Table

3) was found.

Usually, there is no reduction in sleep time in OSA individua1526; however, we
expected that individuals with greater eating duration, as found among later eaters,
would have a shorter sleep and worse sleep pattern than those with a lower eating
duration (Table 3). One of the hypotheses for this result is that late night snack, which
was included in the eating period as the last meal, may have contributed to increasing
the eating period without impacting sleep, since it usually consists of a smaller food
portion and, probably, lower calorie content, not interfering in metabolic factors that

could impact on sleep in the way that dinner does.

In the present study, eating duration was negatively associated with daytime
sleepiness. This result can explain, at least in part, the fact that individuals with higher
eating duration presented higher intake of carbohydrates (Table 1). Some study

results** have suggested that the amount of carbohydrates and the glycemic index may
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have an important influence on sleep patterns, especially on inducing sleepiness and
decreasing sleep latency. However, more studies are necessary to confirm the causality

between carbohydrate intake and sleepiness.

This study has some limitations. As subjects with sleep apnea volunteered for
this study there is a potential for selection bias in that the dietary intakes of these
subjects may not be completely representative. Another point is that the nutrient results
depend on the respondents’ memory and could be affected by measurement error in
dietary intake, a common limitation of epidemiological studies. However, the
characteristics of the participants are typical of these populations and the food
questionnaire used was previously validated. As our objective was to evaluate habitual
dietary intake, we assessed food intake of participants by food frequency questionnaire,
which did not allow us to obtain the distribution of energy for each meal and its dietary
composition for adjustment of the statistical analysis. However, we have considered
macronutrient intake throughout the day for confounders. While this study design can
detect associations, a limitation of the study is its cross-sectional design, which does not
allow determination of cause and effect between the meal timing and eating duration
patterns and sleep parameters. In a PSG exam, the first night in the lab could affect the
duration of some sleep stages of the patients; nevertheless, it is a common limitation in
studies that use PSG and some of them reported no significant impact on the results. In
addition, we also used subjective parameters to compare to the habitual sleep pattern of

these individuals, such as bedtime and sleep duration by PSQI.

Taken together, our findings showed that sleep apnea individuals with late meals
and higher eating duration presented worse sleep pattern and apnea severity in addition
to higher risk of fatigue and poor sleep quality than earlier eaters and individuals with
lower eating duration. Therefore, the present study supports the idea that late eaters and
individuals with higher eating duration have physiopathological alterations that
contribute to different disturbances, including sleep. Further studies in this area are
required to provide causality in the relationship between meal timing and eating
duration with sleep, especially regarding sleep architecture, and possible mechanisms
involved. However, these results may imply that methods to improve dietary patterns
and metabolic health should be encouraged for obese OSA patients to reduce AHI and

improve sleep architecture.
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5. Consideracoes finais

Estudos ja& foram realizados a fim de avaliar a relacdo entre uma dieta
inflamatodria ¢ diversas doencas. Além disso, a relacdo dos habitos alimentares, como
horarios das refei¢cdes e o consumo de alguns nutrientes, com o sono e a severidade da
apneia também ja foi descrita na literatura, mas ainda com resultados inconsistentes. No
entanto, pouco se sabe a respeito do papel da inflamagdo causada por alimentos nos
paramétros do sono e, principalmente, na severidade da apneia do sono. Essa tese teve
como objetivo analisar a associagdo entre uma dieta com diferentes padrdes
inflamatorios e varidveis do sono, bem como a severidade da apneia. Em adigdo,

objetivou-se analisar a relag@o entre horérios das refei¢des e paramétros do sono.

Os resultados sugerem que dietas com padrdo pro-inflamatério podem
influenciar em sintomas de SAOS, como a sonoléncia diurna. Entretanto, a ferramenta
utilizada para avaliar o padrdo inflamatorio da dieta ndo foi sensivel o suficiente, nessa
populagdo, para refletir o impacto desse tipo de dieta na maioria dos paramétros do sono
avaliados. Sobre os resultados dos horarios das refeigdes, encontrou-se que individuos
com padrdes tardios de consumo, principalmente noturnos, € maior periodo alimentar

possuem piora na qualidade do sono, na severidade da apneia e maior risco de fadiga.

Nessa perspectiva, 0 monitoramento do consumo alimentar e a educagdo
nutricional dos pacientes apneicos € essencial para garantir um melhor padrdo do sono e
menor risco de aumento da severidade da SAOS e desenvolvimento de doencas
correlatas. Estudos futuros nessa area podem prover a relacdo de causalidade na relagao
entre as varidveis alimentares e sono/apneia, além dos possiveis mecanismos

envolvidos.
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APENDICE A

Resultados gerais

As caracteristicas gerais dos participantes do estudo em relagdo ao diagndstico
de SAOS estao descritas na Tabela 1. Dos 388 participantes analisados no estudo, 296
possuem algum grau de apneia; a maioria da amostra ¢ do sexo masculino, variavel essa
que foi associada ao diagndstico de SAOS (p<0,001), com renda familiar mensal
superior a R$ 2100,00 e grau de escolaridade menor ou igual ao ensino médio. Os
individuos apneicos sdo mais velhos (p<0,001), possuem maior circunferéncia do
pescoco (p<0,001) e pressdo arterial sist€émica (p<0,001) em comparacdo aos nao

apneicos.
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Tabela 1. Caracteristicas gerais dos participantes de acordo com o diagnéstico de SAOS.

Apneicos (n=296) Nio apneicos (n=92) p-valor
Idade (anos) 41.2 (34.0-49.0) 32.5(26.0-41.8) <0.001
Sexo (%) <0.001
Homens 64.2 38.0
Situacdo conjugal (%) 0.318
Com parceiro 71.3 72.8
Renda familiar mensal (R$) (%) 0.442
>2100 86.1 83.7
Grau de escolaridade (%) 0.106
< Ensino médio 60.8 52.2
Ensino superior 24.0 32.6
Pos-graduagao 15.2 15.2
Habito de fumar (%) 0.649
Sim 11.5 9.8
Consumo de bebida alcoolica (%) 0.121
Sim 58.1 48.9
Nivel de atividade fisica (%) 0.710
Inativo 67.2 68.5
Moderadamente ativo 28.0 25.0
Ativo 4.7 6.5
Avaliagdo fisica
IMC (kg/m?) 30.2 (27.1-34.8) 30.7 (25.3-35.6) 0.542
Circunferéncia da cintura (cm) 102.0 (95.0-110.0) 99.5 (89.3-110.0) 0.035
Circunferéncia do pescogo (cm) 39.0 (36.0-42.0) 36.0 (34.0-40.0) <0.001
PAS (mmHg) 124.0 (114.0-134.0) 116.5 (108.0-124.0) <0.001
PAD (mmHg) 76.0 (69.0-85.0) 75.0 (69.0-83.0) 0.373
Consumo de nutrientes
DI -1.3(-2.2-04) -1.1(-2.0-0.2) 0.243
Energia (kcal) 2209.8 (1756.3-
2684.7) 2152.7 (1815.4-2716.2)  0.742
Proteina (g) 102.3 (92.8-114.6) 103.9 (94.3-114.1) 0.598
Carboidratos (g) 296.1 (269.8-322.1) 292.7 (265.2-317.7) 0.693
Gordura (g) 82.7 (75.1-89.8) 82.6 (75.9-90.3) 0.656
Paramétros do sono
Tempo de sono*(h) 7.8 (7.0-8.5) 8.0 (7.0-9.0) 0.133
Tempo total de sono PSG (min) 446.5 (416.1-477.9) 444.8 (411.1-474.0) 0.578
Eficiéncia (%) 93.4 (89.4-96.0) 92.3 (88.5-95.0) 0.071
Laténcia (min) 0.5 (0.0-3.5) 0.5 (0.0-7.6) 0.484
Laténcia REM (min) 158.0 (110.0-233.1) 167.8 (114.8-232.0) 0.959
Vigilia (min) 28.0 (17.6-48.5) 28.8 (18.0-46.4) 0.692
E1 (%TTS) 8.6 (4.6-15.2) 8.6(4.7-17.7) 0.522
E2 (%TTS) 47.9 (39.1-56.2) 45.1 (36.5-52.5) 0.067
E3 (%TTS) 26.9 (17.7-34.7) 28.8(20.7-37.2) 0.124
REM (%TTS) 13.8 (9.4-17.6) 14.4 (10.1-19.1) 0.226

Notas. As variaveis relacionadas a idade. avaliagdo fisica. consumo de nutrientes e paramétros do sono estdo apresentadas como
mediana (intervalo interquartil). teste de Mann- Whitney ; as outras variaveis estdo apresentadas em %. teste de Chi-quadrado. Os
valores de proteina. carboidratos e lipideos foram ajustados pelo consumo de energia (kcal). Valores em negrito indicam diferengas
significativas (p<0.05). Abreviagdes: IMC. indice de massa corporal; PAS. pressdo arterial sistolica; PAD. pressdo arterial diastélica;
DII; dietary inflammatory index; PSG. polissonografia; TTS. tempo total de sono.*Tempo de sono obtido por indice de qualidade de

sono de Pittsburgh.

As caracteristicas dos participantes com apneia do sono segundo o grau de

severidade estdo descritas na tabela 2. Dos 296 apneicos, 126 possuem o grau leve de

severidade, 72 o grau moderado e 98 o severo. O grau leve ¢ o grupo com participantes
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mais jovens (p=0.002). As medianas do IMC e da circunferéncia da cintura
demonstraram excesso de peso em todas as categorias de SAOS (WHO, 2000). Os
individuos com SAOS severa sdo 0s que possuem maior circunferéncia da cintura
(p=0.006) e do pescogo (p=0.000) em comparagdo aos outros graus de SAOS. O grupo
severo também apresentou maior pressao arterial sist€émica em comparagdo ao grupo
leve (p=0.046), sendo que aproximadamente 27% dos participantes referiram o

consumo de medicamentos anti-hipertensivos (dado nao mostrado).

Tabela 2. Caracterizagdo dos participantes do estudo segundo idade e variaveis da
avaliagdo fisica de acordo com os diferentes graus de severidade de SAOS.

Variaveis Leve Moderada Severa p-valor
(n=126) (n=72) (n=98)

Idade (anos) 38.0(33.0- 44.0(40.1- 42.0(37.0- 0.002
43.0)* 48.0) 47.0)°

IMC (kg/m?) 29.9(27.3- 29.7(27.7-31.5) 31.3(28.6-33.6) 0.097
33.2)

Circunferéncia da 100.0(95.9-  102.0(96.1- 106.0(100.0- 0.006

cintura (cm) 107.8) 105.0) 110.0)°

Circunferéncia do 38.0(36.0- 39.0(37.0- 42.0(40.0- 0.000

pescogo (cm) 39.0)" 40.0)" 43.0)°

PAS (mmHg) 121.8(13.1)"  124.4(16.2)  126.4(13.2)° 0.045

PAD (mmHg) 74.0(70.0- 76.0(70.8-80.0) 78.0(73.7-85.0) 0.093
80.0)

Notas. A variavel relacionada a PAS esta apresentada como média (desvio-padrdo); o restantes das variaveis estdo apresentadas em
mediana (intervalo interquartil). teste deKruskal-Wallis. Valores em negrito indicam diferengas significativas (p<0.05). Letras
diferentes na linha indicam as diferengas entre os grupos. Abreviagdes: IMC. indice de massa corporal; PAS. pressdo arterial sistolica;
PAD. pressao arterial diastolica.

O consumo dos nutrientes e os horarios das principais refeicdes dos participantes
com apneia do sono, segundo o grau de severidade de SAOS, estdo descritas na tabela 3.
Os individuos com SAOS leve apresentaram maior consumo de carboidratos do que os
individuos com apneia severa (p=0.035). Em adi¢cdo, também apresentaram menor
consumo de alcool em comparagdo aos outros grupos (p=0.002) e um horario de café-
da-manha mais tardio do que o grupo moderado (p=0.035). J& para a vitamina A, o
grupo SAOS severa apresentou menor consumo de vitamina A (p=0.047) comparacao

ao grupo SAOS moderada.



Tabela 3. Distribuicdo do consumo de nutrientes e horério das refeicdes de acordo com

os diferentes graus de severidade de SAOS.

Leve Moderada Severa p-valor
(n=126) (n=72) (n=98)
DII -1.1(-2.1 -0.6) -1.3(-1.9-0.8) -1.3(-1.9 -0.8) 0.904
Energia (kcal) 2186.4(1950.4- 2064.4(1731.8- 2321.8(2061.8- 0.137
2503.5) 2479.1) 2563.6)
Gordura (g) 82.9(76.6-87.9) 82.3 (79.2-86.4) 83.1(77.5-87.7) 0.725
Carboidrato (g) 301.6(286.0-321.1)" 295.7(2531.3- 293.4(270.7—304.3)b 0.035
307.2)"
Proteina (g) 102.0(96.7-1104.4)  101.4(94.9-107.6)  103.5(95.2-109.6)  0.724
Alcool (g) 1.4(0.7-5.4)" 4.8(1.7-8.7)° 7.0(1.5-13.5)° 0.002
Colesterol (mg) 290.7(259.7-326.0)  320.9(286.4-365.7)  306.4(270.5-346.2)  0.071
Gordura saturada (g)  24.8(22.9-26.5) 25.5(23.8-26.9) 25.1(23.0-26.1) 0.502
Acido graxo 28.0(25.8-29.7) 27.8(25.8-29.7) 28.3(26.5-30.5) 0.363
monoinsaturado (g)
Acido graxo poli- 16(15.1-17.0) 16.2(15.6-17.0) 15.8(15.0-17.1) 0.785
insaturado (g)
Gordura trans (g) 3.1(2.5-3.8) 3.1(2.5-3.8) 3(2.4-3.3) 0.546
Omega 3(g) 2.3(2.1-2.5) 2.3(2.0-2.4) 2.3(2.1-2.5) 0.412
Fibra (g) 24.9(22.4-27.5) 23.2(19.9-25.9) 23.4(21.0-26.4) 0.074
Vitamina A (RE) 861.3(554.6- 953.3(742.5- 856.9(644.1- 0.047
1201.0)* 1304.0)* 1296.8)°
Beta caroteno (mcg)  3043.9(1625.1- 3526.4(2494.1- 3367.2(2119.8- 0.074
4519.2) 4842.9) 4666.3)
Vitamina D (mcg)  3.1(2.6-4.7) 3.7(2.6-4.9) 3.2(2.6-4.6) 0.265
Vitamina E (mg) 7.2(6.6-8.0) 7.0(6.5-8.0) 7.4(6.5-8.1) 0.641
Vitamina C (mg) 141.4(81.0-238.6)  142.8(100.1-219.6)  136.7(80.1-249.5)  0.870
Tiamina (mg) 1.9(1.7-2.0) 1.8(1.7-2.0) 1.9(1.7-2.0) 0.905
Riboflavina (mg) 1.7(1.5-2.0) 1.8(1.6-2.0) 1.7(1.5-2.0) 0.344
Niacina (mg) 25.0(22.4-28.6) 24.9(22.3-27.8) 25.8(22.9-28.5) 0.254
Vitamina B6 (mg)  2.1(1.9-2.5) 2.2(1.9-2.5) 2.2(1.9-2.5) 0.702
Folato (mcg) 462.6(409.0-529.9)  455.6(420.4-507.6)  462.7(424.8-509.8)  0.995
Vitamina B12 (mcg)  3.8(3.1-4.3) 3.8(3.1-4.5) 3.8(3.1-4.5) 0.757
Magnésio (mg) 306.8(272.6-330.3)  295.5(270.5-324.7)  300.9(269.7-329.0)  0.687
Ferro (mg) 12.7(11.7-13.6) 12.7(11.6-13.3) 14.5(11.5-13.6) 0.557
Zinco (mg) 15.0(12.8-17.1) 14.0(12.8-16.2) 14.5(12.8-17.2) 0.336
Selénio (meg) 134.5(120.7-147.9)  133.7(122.0-145.1)  134.5(123.0-148.5)  0.929
Cafeina (mg) 75.0(54.4-102.9) 69.9(45.8-92.2) 69.3(42.4-95.8) 0.477
Café-da- 7.5(7.0-8.5) 7.0(6.7-7.5)" 7.3(6.6-8.0)*" 0.035
manha(horas)
Almogo (horas) 12.0(11.8-12.5) 12.0(11.5-12.5) 12.0(11.5-13.0) 0.691
Jantar (horas) 19.5(19.0-20.5) 20.0(19.0-20.5) 19.8(19.0-20.5) 0.724

Notas. As variaveis estdo apresentadas como mediana (intervalo interquartil). teste de Kruskal-Wallis. Valores em negrito indicam
diferengas significativas (p<0.05). Letras diferentes na linha indicam as diferengas entre os grupos. Abreviagdes: DII, dietary
inflammatory index; RE, retinol equivalents.

Os paramétros do sono dos participantes com apneia do sono, segundo o grau de
severidade, estdo descritos na tabela 4. Os individuos com SAOS severa apresentaram
maior tempo de sono no estdgio N2 de sono em comparagcdo aos outros grupos
(p=0.003), além de menor tempo nos estagios N3 e REM em comparagdo ao grupo com

SAOS leve (p=0.006 e p=0.036. respectivamente).



Tabela 4. Distribuicdo dos paramétros do sono de acordo com os diferentes graus de
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severidade de SAOS.

Variaveis Leve Moderada Severa p-valor
(n=126) (n=72) (n=98)

Hora que acorda (horas)  7.0(6.0-7.5) 6.4(6.0-7.5) 6.5(5.9-7.5) 0.182

Hora que dorme (horas)  22.5(21.5- 22.7(21.5-23.0) 22.5(21.5- 0.978
23.5) 23.5)

Tempo total de sono 444.5(417.5- 444.0(412.3- 447.0(412.0- 0.694

(min) 482.3) 474.6) 477.6)

Eficiéncia (%) 93.0(89.5- 94.8(90.5-96.4) 93.6(88.8- 0.395
95.8) 95.9)

Laténcia (min) 0.5(0.0-5.5)  0.5(0.0-2.9) 0.5(0.0-2.5) 0.092

Laténcia REM (min) 156.5(109.8- 154.3(104.4- 174.5(116.5- 0.156
212.5) 205.5) 270.5)

Vigilia (min) 32.5(16.0- 25.0(16.4-43.1) 32.0(19.0- 0.377
46.8) 51.8)

N1 (min) 35.0(18.8- 36.0(23.9-71.6) 35.0(21.0- 0.901
67.0) 65.6)

N2 (min) 199.3(168.5- 203.8(167.4- 236.5(180.4- 0.003
245.8)° 241.9) 277.6)°

N3(min) 137.6(84.8-  127.5(91.5- 111.0(65.9- 0.006
163.5)" 158.4)*° 144.4)°

REM(min) 64.3(44.3- 60.5(40.0- 54.5(36.9- 0.036
81.8)" 80.8)"" 71.3)°

Notas. A variavel relacionada ao estagio N3 do sono esta apresentada como média (desvio-padrdo); o restantes das variaveis estdo
apresentadas em mediana (intervalo interquartil). teste de Kruskal-Wallis. Valores em negrito indicam diferengas significativas
(p<0.05). Letras diferentes na linha indicam as diferengas entre os grupos.
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APENDICE B

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé esta sendo convidado (a) para participar da pesquisa intitulada “Associaciio entre o Indice
Inflamatorio da Dieta e a Sindrome da Apneia Obstrutiva do Sono”, sob a responsabilidade dos
pesquisadores: Tassia do Vale Cardoso Lopes, Erick Prado de Oliveira e Cibele Aparecida Crispim. Nesta
pesquisa buscaremos estabelecer, principalmente, a associacdo dos alimentos ingeridos com a apneia. O
Termo de Consentimento Livre ¢ Esclarecido sera obtido pela pesquisadora Tassia do Vale Cardoso
Lopes no momento da coleta dos dados do estudo que sera realizada na Clinica do Sono-Uberlandia. Na
participagdo vocé€ serd questionado sobre dados socioecondmicos, de saude e dos habitos de vida
(perguntas sobre o horario que vocé trabalha, dorme e acorda, a qualidade do seu sono, se vocé fuma, se
possui algumas doengas, como diabetes, hipertensdo, problemas cardiacos, pulmonares e alteragdo no
colesterol e triglicerideos, e quantas vezes vai ao médico por ano). Vocé também sera pesado e medido
(altura, circunferéncia da cintura e pescoco), sendo necessario a retirada do seu calgado e que vocé esteja
trajando roupas leves. Se vocé ndo estiver trajando roupas leves, nds descontaremos o peso da sua roupa
(n6s sabemos quanto pesam diferentes vestimentas) do seu peso total obtido. Apds a aplicacdo das
questdes ¢ das medi¢des, ocorrera o preenchimento de 3 questionarios - um sobre os seus habitos
alimentares e dois sobre o seu sono-, afericdo da pressdo arterial e coleta de saliva para analise de um
componente que pode indicar um aumento da inflamag¢&o no seu corpo, que pode ser devido a alguma
doenga, excesso de peso ou alimentagdo. Das avaliagdes descritas, nenhuma lhe causara dor. Todos os
exames serdo realizados na propria Clinica do Sono. Ao analisar seu exame de polissonografia realizado
na Clinica do Sono e estuda-lo conjuntamente aos pardmetros relacionados a sua alimentagdo, vocé em
nenhum momento sera identificado. Os resultados da pesquisa serdo publicados e ainda assim a sua
identidade sera preservada. Vocé ndo tera nenhum ganho financeiro por participar na pesquisa ¢ nem
gastos, pois todos as avalia¢des e analises, serdo por conta dos pesquisadores, bem como o deslocamento
do participante para o local da coleta. Os riscos consistem em: constrangimento (“vergonha”) para
medi¢do de peso e circunferéncia da cintura, além de uma possivel identificacdo do participante;
entretanto, todos os cuidados serfio tomados para se evitar qualquer ocorréncia deste tipo. O beneficio
desse estudo ocorrera por meio das informagdes coletadas e analisadas, pois serdo gerados resultados
compilados retratando a realidade da rotina desses individuos em relagdo aos seus habitos de vida, no que
tange o estado nutricional e habitos de sono. Espera-se que estes dados possam servir de subsidios para o
desenvolvimento de ac¢des e projetos visando a prevengdo de agravos e a promogdo da qualidade de vida
para estes individuos.

Vocé ¢ livre para deixar de participar da pesquisa a qualquer momento sem nenhum prejuizo ou
coagdo. Uma copia deste Termo de Consentimento Livre e Esclarecido ficara com vocé. Qualquer diavida
a respeito da pesquisa, vocé podera entrar em contato com:

e Tassia do Vale Cardoso Lopes. Pos-Graduagdo em Ciéncias da Satde, Faculdade de Medicina,
Universidade Federal de Uberlandia. Enderego: Avenida Para, 1720- Bloco 2U, Campus Umuarama.
Fone: 3218-2389

e Cibele Aparecida Crispim e Erick Prado de Oliveira. Professores Adjunto I, Curso de Nutrigdo,
Faculdade de Medicina, Universidade Federal de Uberlandia. Endereco: Avenida Para, 1720- Bloco
2U, Campus Umuarama. Fone: 3218-2084.

Podera também entrar em contato com o Comité de Etica na Pesquisa com Seres-Humanos —
Universidade Federal de Uberlandia: Av. Jodo Naves de Avila, n° 2121, bloco J, Campus Santa Moénica —
Uberlandia —-MG, CEP: 38408-100; fone: 34-32394131.

Uberlandia, ....... de oo de 201.......

Prof. Dr*Cibele Aparecida Crispim Prof.Dr Vinicius Vasconcelos Teodoro Téssia do Vale Cardoso Lopes

Eu aceito participar do projeto citado acima, voluntariamente, apos ter sido devidamente
esclarecido.

Participante da pesquisa
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APENDICE C

QUESTIONARIO SOCIO DEMOGRAFICO

1. DADOS PESSOAIS

Codigo (PREENCHIMENTO DO PESQUISADOR): Data:
Entrevistador:
Idade: Anos Sexo Contato:

2. COMPOSICAO FAMILIAR E ESCOLARIDADE:
Seu estado conjugal atual é:

( )solteiro(a)

( )casado(a)/vive com companheira(o)

() separado(a)/Divorciado(a)

( )viavo(a)

Numero de pessoas na casa:_____Quantas pessoas contribuem para a renda familiar (incluindo vocé)?

Renda familiar total: () RS 700,00 ( ) R$ 701,00 a 1400,00 ( )R$140122100,00 ( )acima de
2100,00

Vocé estudou até:

( ) Ensino Fundamental completo (terminou a 8° série)

( ) Ensino Médio incompleto (ndo terminou o 3 colegial)
( )Ensino Médio completo (terminou o 3 " colegial)

( )Faculdade incompleta

() Faculdade completa

( )Pos-graduacdo

3. HABITOS DE VIDA:
Trabalha?: nao( ) sim( ).

Se sim, em qual hordrio: entrada: saida:

Ha quanto tempo trabalha neste horario? anos

Ja trabalhou em turno noturno? nao () sim ( ). Por quanto tempo?

Fuma? ( ) ndo () sim.
Se sim, quantos cigarros /dia?
Pensa em parar de fumar a curto prazo? () ndo( ) sim

Ingere bebida alcoolica? ( )nao ( ) sim.
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Se sim, qual bebida? Frequéncia semanal?

Participou ou participa de programas para perda de peso? ( )nao ( ) sim.

Se sim, por quanto tempo?

Toma algum medicamento para perda de peso? ( )nao ( )sim.

Se sim, qual?

4. SAUDE
Com que frequéncia vocé consulta seu médico? () 3 meses ( ) 6 meses () anualmente ( ) raramente

Necessitou de internagdo hospitalar no ultimo ano? () nao () sim.

Se sim, qual motivo?

Como classificaria seu estado de saude:

( ) excelente () bom ( )regular () ruim ( ) ndo sabe
Assinale um X se tem algum dos problemas de saude listados abaixo:
() Diabetes

Se sim, usa medicamento ( )Sim ( )Nao. O diabetes esta controlado? ( )Sim ( ) Nao ( ) mais ou
menos

() Pressao Alta

Se sim, faz ou ja fez tratamento: ( )Sim ( )Nao. A pressao esta controlada? ( )Sim ( ) Nao () mais
ou menos

() Problemas Cardiacos (incluindo derrame)

Se sim, faz ou j4 fez tratamento: ( )Sim ( )Nao. A doenga esta controlada? ( )Sim ( ) Nao ( ) mais
ou menos

( )Apneia

Se sim, faz ou j4 fez tratamento: () Sim () Nao. Faz ou ja fez uso de
CPAP? Se sim, por quanto tempo?

( ) Doencas Pulmonares ou respiratorias (Asma, Bronquite, etc), com exce¢do da apneia

Se sim, faz ou ja fez tratamento: ( )Sim ( )Nao. A doenga esta controlada? ( )Sim ( ) Nao ( )
mais ou menos

() Desordens do sono

Se sim, faz ou j4 fez tratamento: ( )Sim ( )Nao. A desordem esta controlada? ( )Sim ( ) Nao ( )
mais ou menos

() Colesterol Alto

Se sim, faz ou ja fez tratamento: (  )Sim ( )Nao. O colestol esta controlado? ( )Sim ( ) Nao ( )
mais ou menos
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() Triglicerideos alto

Se sim, faz ou ja fez tratamento: ( )Sim ( )Nao. O triglicerideos est4 controlado? ( )Sim ( ) Nao (
) mais ou menos

( ) Cancer
Se sim, faz ou ja fez tratamento: ( )Sim ( )Nao.
() Doenca renal

Se sim, faz ou ja fez tratamento: ( )Sim ( )Nao. A doenga estd controlada? ( )Sim ( ) Nao ( ) mais
ou menos

( ) Doencas psiquiatricas

Se sim, faz ou ja fez tratamento: ( )Sim ( )Nao. A doenga estd controlada? ( )Sim ( ) Nao ( ) mais
ou menos

() Doencas hepaticas

Se sim, faz ou j4 fez tratamento: ( )Sim ( )Nao. A doenga estd controlada? ( )Sim ( ) Ndo ( ) mais
ou menos

Faz ou fez uso de algum medicamento, nao listado acima, nos ultimos 3 meses? () nao () sim

Se sim, qual?

Utiliza algum medicamento sem receita médica? () ndo () sim

Se sim, qual?

Utiliza algum cha, remédio caseiro ou planta medicinal? ( )ndo () sim

Se sim, qual? Toma para que?

Somente para individuos do sexo feminino:
E gestante? ( )ndo ( ) sim.
Esta amamentando? ( )ndo ( )sim
E menopausada? ( )ndo () sim.
Caso tenha respondido ndo, estd no periodo menstrual?

Caso tenha respondido sim, faz reposi¢ao hormonal?

5. AVALIACAO ANTROPOMETRICA:

Peso:___ Altura: IMC: Circunf. cintura: Circunf. pescoco:
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ANEXO B
QUESTIONARIO INTERNACIONAL DE ATIVIDADE FiSICA -
VERSAO CURTA -

Caédigo: Data: / / Idade :

As perguntas estdo relacionadas ao tempo que vocé gasta fazendo atividade
fisica na ULTIMA semana. As perguntas incluem as atividades que vocé faz no
trabalho, para ir de um lugar a outro, por lazer, por esporte, por exercicio ou
como parte das suas atividades em casa ou no jardim.

Para responder as questdes lembre que:

1 atividades fisicas VIGOROSAS s&o aquelas que precisam de um grande
esforgo fisico e que fazem respirar MUITO mais forte que o normal

1 atividades fisicas MODERADAS sao aquelas que precisam de algum esforgo
fisico e que fazem respirar UM POUCO mais forte que o normal

Para responder as perguntas pense somente nas atividades que vocé realiza
por pelo menos 10 minutos continuos de cada vez.

1a Em quantos dias da ultima semana vocé CAMINHOU por pelo menos 10
minutos continuos em casa ou no trabalho, como forma de transporte para ir de
um lugar para outro, por lazer, por prazer ou como forma de exercicio?

dias por SEMANA () Nenhum

1b Nos dias em que vocé caminhou por pelo menos 10 minutos continuos
quanto
tempo no total vocé gastou caminhando por dia?

horas: Minutos:

2a. Em quantos dias da ultima semana, vocé realizou atividades MODERADAS
por pelo menos 10 minutos continuos, como por exemplo pedalar leve na
bicicleta, nadar, dancar, fazer ginastica aerdbica leve, jogar vdlei recreativo,
carregar pesos leves, fazer servicos domésticos na casa, no quintal ou no
jardim como varrer, aspirar, cuidar do jardim, ou qualquer atividade que fez
aumentar moderadamente sua respiragdo ou batimentos do coragdo (POR
FAVOR NAO INCLUA CAMINHADA)

dias por SEMANA () Nenhum
2b. Nos dias em que vocé fez essas atividades moderadas por pelo menos 10
minutos continuos, quanto tempo no total vocé gastou fazendo essas

atividades por dia?

horas: Minutos:
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3a Em quantos dias da ultima semana, vocé realizou atividades VIGOROSAS
por

pelo menos 10 minutos continuos, como por exemplo correr, fazer ginastica
aerobica, jogar futebol, pedalar rapido na bicicleta, jogar basquete, fazer
servicos domeésticos pesados em casa, no quintal ou cavoucar no jardim,
carregar pesos elevados ou qualquer atividade que fez aumentar MUITO sua
respiracao ou batimentos do coragéo.

dias por SEMANA () Nenhum

3b Nos dias em que vocé fez essas atividades vigorosas por pelo menos 10
minutos continuos quanto tempo no total vocé gastou fazendo essas atividades
por dia?

horas: Minutos:

Estas ultimas questdes sao sobre o tempo que vocé permanece sentado todo
dia, no trabalho, na escola ou faculdade, em casa e durante seu tempo livre.
Isto inclui

o tempo sentado estudando, sentado enquanto descansa, fazendo licdo de
casa visitando um amigo, lendo, sentado ou deitado assistindo TV. Nao inclua
o tempo

gasto sentando durante o transporte em 6nibus, trem, metrd ou carro.

4a. Quanto tempo no total vocé gasta sentado durante um dia de semana?
horas minutos

4b. Quanto tempo no total vocé gasta sentado durante em um dia de final de
semana?

horas minutos
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ANEXO C

INDICE DE QUALIDADE DO SONO DE PITTSBURGH (PSsQl)
Para preenchimento da equipe executora: Cddigo do voluntario:

Data da avaliagao: / /

Instrugoes
As questdes a seguir sdo referentes aos seus habitos de sono apenas durante o més
passado. Suas respostas devem indicar o mais corretamente possivel o que
aconteceu na maioria dos dias e noites do més passado. Por favor, responda a todas

as questdes.

1. Durante o ultimo més, quando vocé geralmente foi para a cama a noite?
HORA USUAL DE DEITAR:

2. Durante o ultimo més, quanto tempo (em minutos) vocé geralmente levou para

dormir a noite?
NUMERO DE MINUTOS

3. Durante o ultimo més, quando vocé geralmente levantou de manha?
HORARIO USUAL DE LEVANTAR:

4. Durante o més passado, quantas horas de sono vocé teve por noite? (pode ser

diferente do numero de horas que vocé ficou na cama)
HORAS DE SONO POR NOITE:

Para cada uma das questbes restantes, marque a melhor (uma) resposta. Por favor,

responda a todas as questoes.

5. Durante o ultimo més, com que frequéncia vocé teve dificuldades de dormir porque
VOCé...
a) Nao conseguiu adormecer em até 30 minutos
() Nenhuma no ultimo més ()1 ou2vezes/semana
() Menos de 1 vez/semana () 3 ou mais vezes/semana
b) Acordou no meio da noite ou de manha muito cedo
() Nenhuma no ultimo més () 1ou2vezes/semana
() Menos de 1 vez/semana () 3 ou mais vezes/semana
c) Precisou levantar para ir ao banheiro
() Nenhuma no ultimo més () 1ou2vezes/semana
() Menos de 1 vez/semana () 3 ou mais vezes/semana

d) Nao conseguiu respirar confortavelmente



() Nenhuma no ultimo més

() Menos de 1 vez/semana
e) Tossiu ou roncou forte

() Nenhuma no ultimo més

() Menos de 1 vez/semana
f) Sentiu muito frio

() Nenhuma no ultimo més

() Menos de 1 vez/semana
g) Sentir muito calor

() Nenhuma no ultimo més

() Menos de 1 vez/semana
h) Teve sonhos ruins

() Nenhuma no ultimo més

() Menos de 1 vez/semana
i) Teve dor

() Nenhuma no ultimo més

() Menos de 1 vez/semana

j) Outra (s) razdes (s), por favor, descreva:

) 1 ou 2 vezes / semana

(
() 3 ou mais vezes/semana

()1 ou2vezes/semana

() 3 ou mais vezes/semana

()1 o0u2vezes/semana

() 3 ou mais vezes/semana

()1 o0u2vezes/semana

() 3 ou mais vezes/semana

()1 o0u2vezes/semana

() 3 ou mais vezes/semana

()1 ou2vezes/semana

() 3 ou mais vezes/semana
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Com que frequéncia, durante o ultimo més, vocé teve dificuldade para dormir devido a

esta razdo?
() Nenhuma no ultimo més

() Menos de 1 vez/semana

()1 ou2vezes/semana

() 3 ou mais vezes/semana

6. Durante o ultimo més, como vocé classificaria a sua qualidade do seu sono de uma

maneira geral?
(') Muito boa
() Boa

() Ruim

(') Muito ruim

7. Durante o ultimo més, com que frequéncia vocé tomou algum remédio para dormir

(prescrito ou “por conta prépria”) para Ihe ajudar a dormir?

() Nenhuma no ultimo més

() Menos de 1 vez/semana

() 1ou2vezes/semana

() 3 ou mais vezes/semana

8. No ultimo més, com que frequéncia vocé teve dificuldade de ficar acordado

enquanto dirigia, comia ou participava de uma atividade social (festas, reunido de

amigos, trabalho, estudo)?
() Nenhuma no ultimo més

() Menos de 1 vez/semana

()1 ou2vezes/semana

() 3 ou mais vezes/semana
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9. Durante ultimo més, vocé sentiu indisposicdo ou falta de entusiasmo para realizar
suas atividades habituais?
(') Nenhuma dificuldade
() Um problema leve
() Um problema razoavel
() Um grande problema
10. Vocé tem um (a) parceiro [esposo (a)] ou colega de quarto?
() Nao
() Parceiro ou colega, mas em outro quarto
() Parceiro no mesmo quarto, mas ndo na mesma cama
() Parceiro na mesma cama
Se vocé tem um parceiro ou colega de quarto, pergunte a ele/ela com que frequéncia,
no ultimo més, voceé teve...
a) Ronco forte
() Nenhuma no ultimo més () 1o0u2vezes/semana
() Menos de 1 vez por semana () 3 ou mais vezes / semana
b) Longas paradas na respiragao enquanto dormia
() Nenhuma no ultimo més ()1 ou2vezes/semana
() Menos de 1 vez por semana () 3 ou mais vezes / semana
¢) Contragdes ou puxdes nas pernas enquanto vocé dormia
() Nenhuma no ultimo més ()1 ou2vezes/semana
() Menos de 1 vez por semana () 3 ou mais vezes / semana
d) Episddios de desorientagdo ou confusdo durante o sono
() Nenhuma no ultimo més () 1ou2vezes/semana

() Menos de 1 vez por semana () 3 ou mais vezes / semana



ANEXO D

Escala de Fadiga de Chalder
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Em relagio as duas ultimas semanas, por favor, marque com um x as condigdes seguintes, de

acordo com as opgies ao lado.

. Nunca
FADIGA FISICA

Raramente
1

As vezes

Sempre
3

Eu me canse1 facilmente

Precisel descansar mais

Estive sonolento

MNdo consegul iniclar nada

Estive com falta de dnimo

Senti menos forca nos
musculos

Me senti fraco

FADIGA MENTAL

Tive problemas de
concentracao

Tive dificuldade para pensar
claramente

Tive dificuldade para encontrar
a palavra ceria

Tive problemas de memaoria




ANEXO E

Questionario de Berlin

. Vocé ronca?

( ) Sim
( ) Nao
() Nao sabe

. Qual é a intensidade do ronco? (S() PARA QUEM RONCA)
() Tao alto quanto a respiragao

() Tao alto quanto falar

() Mais alto que falar

() Muito alto

. Qual é a frequéncia do ronco? (SO PARA QUEM RONCA)
( )Nunca ou quase nunca

( )1-2 vezes por més

( )1-2 vezes por semana

( )3-4 vezes por semana

( )Quase todo dia

. O seu ronco incomoda outras pessoas? (S() PARA QUEM RONCA)

( ) Nao
( ) Sim
() Nao sabe
. Vocé para de respirar por alguns momentos durante o sono?
( ) Nao
( ) Sim
() Nao sabe

. Com que frequéncia suas paradas respiratérias foram percebidas? ( SO
PARA QUEM TEM PARADA RESPIRATORIA)

( )Nunca ou quase nunca

( )1-2 vezes por més

( )1-2 vezes por semana

( )3-4 vezes por semana

( )Quase todo dia

. Vocé se sente cansado ao acordar?

( )Nunca ou quase nunca
( )1-2 vezes por més

( )1-2 vezes por semana
( )3-4 vezes por semana
( )Quase todo dia

. Vocé se sente cansado durante o dia?

( )Nunca ou quase nunca
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( )1-2 vezes por més
( )1-2 vezes por semana
( )3-4 vezes por semana
( )Quase todo dia
9. Vocé alguma vez cochilou ou pestanejou (“pescou”) enquanto dirigia?
( ) Nao
() Sim
() Nao sabe
10. Se sim, quantas vezes isto ocorreu? (SO PARA QUEM COCHILOU
ENQUANTO DIRIGIA)
( )Nunca ou quase nunca
( )1-2 vezes por més
( )1-2 vezes por semana
( )3-4 vezes por semana
( )Quase todo dia



ANEXO F

Escala de sonoléncia de Epworth

Qual a probabilidade de vocé cochilar ou dormir, @ ndo apenas se sentir cansado nas seguintes situagdes? Considere o

modo de vida que vocé tem levado recentemente. Mesmo que vocd tenha feito algumas destas coisas recentemente, tente

imaginar como elas o afetariam. Escolha o nimero mais apropriado para responder cada questao:

0 = nunca cochilaria

1 = peguena probabilidade de cochilar
2 = média probabilidade de cochilar

3 = grande probabilidade de cochilar
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Situagdo

Sentado e claro

Assistindo TV

Sentado, quieto, em ligar publico (por exemplo, em um teatro, reunide ou palestra)
Andando de carro por uma hora sem parar como passageiro

Ao deitar-se a tarde para descansar, quando possivel

Sentado conversando com alguém

Sentado quieto apds o almogo sem bebida de alcool

Em um carro parado no transito por alguns minutos

Probabilidade de cochilar
1

D oo oo oo o
i |

[T S T R I R N S ]
oW W W oW W W W
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ANEXO G

Questionario de Frequéncia Alimentar

Cddigo (PREENCHIMENTO DO PESQUISADORY):

Vocé mudou seus habitos alimentares recentemente ou esta fazendo dieta para emagrecer ou por
gualguer outro motivo?

1-ndo 5 - sim, para redugdo de sal

2 - sim, para perda de peso 6 - sim, para reducdo do colesterol
3 - sim, por orientagdo meédica 7 - sim, para ganho de peso

4 - sim, para dieta vegetariana ou redugao Outro motivo:

de consumo de carnes

Vocés esta tomando algo para suplementar sua dieta (Vitaminas, minerais ou outros produtos?)
1-ndo 2 - sim, regularmente 3 - sim, mas ndo regularmente

Se aresposta da pergunta anterior for sim, favor preencher o guadro abaixo:

Suplemento Composigdo Dose Frequéncia Ha gto tempo

As guestdes seguintes relacionam-se ao seu habito alimentar usual no periodo de um ano. Para
cada questdo responda, por favor, a fregiéncia que melhor descreva guantas vezes o senhor(a)
costuma comer cada alimento.
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