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RESUMO

NUNES, M. E. B; SANTOS, C. H. B.

ASSOCIAÇÃO DA ALIMENTAÇÃO NOTURNA COM A QUALIDADE DO SONO E
INSÔNIA EM ADULTOS BRASILEIROS. Trabalho de conclusão de curso (Curso de

Graduação em Nutrição) - Faculdade de Nutrição, Universidade Federal de Alagoas,

Maceió, 2024.

Estudos recentes sobre crononutrição, a ciência que examina os aspectos

temporais da alimentação, têm mostrado que o consumo tardio de alimentos, ou

próximo ao horário de dormir, pode aumentar o risco de problemas relacionados ao

sono e contribuir para o desalinhamento circadiano, o qual, por sua vez, pode levar

ao surgimento de diversas condições crônicas. Embora existam evidências que

sugerem uma relação entre a alimentação noturna e os distúrbios do sono, ainda

não há conclusões definitivas. Para preencher essas lacunas, nosso estudo teve

como objetivo investigar a relação entre: a) o horário da alimentação noturna e o

tempo decorrido entre o último evento alimentar e o ponto médio do sono

(denominado TEM), b) o consumo de cafeína, c) o consumo de alimentos

açucarados e d) a percepção do jantar como a maior refeição do dia, com

indicadores de qualidade do sono e insônia. Utilizamos dados da primeira e

segunda etapas da Pesquisa Virtual e Exploratória SONAR-Brasil, que envolveu

2.050 adultos brasileiros (18-65 anos), não gestantes e residentes no país. As

respostas foram armazenadas em planilhas do Excel e posteriormente exportadas

para o software estatístico Stata 13 (Stata Corporation). Modelos de regressão

logística múltipla foram empregados para analisar a associação entre duração do

sono < 7 horas, latência do sono > 30 minutos, má qualidade do sono e insônia

(desfechos) com variáveis relacionadas à dieta noturna. Análises de regressão

linear avaliaram diferenças na duração e latência do sono associadas às mesmas

variáveis. Splines cúbicos restritos foram utilizados para explorar a forma da

associação entre o horário das refeições e o intervalo até o ponto médio do sono

(TEM) com a duração e a latência do sono. Os resultados demonstraram que cada

hora adicional no horário do último evento alimentar e no intervalo entre o último

evento alimentar e o ponto médio do sono aumentou e diminuiu, respectivamente,

as chances de duração curta do sono (em 30% e 49%), latência do sono > 30

minutos (em 14% e 12%), qualidade do sono ruim (em 21% e 20%) e insônia (em



12% e 11%). Encontramos uma associação dose-resposta entre a alimentação

noturna (horário e intervalo até o ponto médio do sono) com a duração do sono,

sendo que a menor latência do sono foi observada quando o último evento alimentar

ocorreu por volta das 20h e de 7 a 8 horas antes do ponto médio do sono.

Além disso, participantes que relataram o jantar como a maior refeição do dia e

aqueles que consumiram cafeína e/ou alimentos/bebidas açucarados após as 18h

apresentaram maiores chances de ter uma duração do sono < 7 horas

(respectivamente 51%, 34%, 94%), perceber a qualidade do sono como ruim

(respectivamente 52%, 33%, 25%) e ter insônia (todos 35%). As chances de

latência > 30 minutos também foram 47% maiores quando o jantar era a maior

refeição e 24% maiores entre aqueles que relataram consumo noturno de

alimentos/bebidas açucarados. Essas associações foram independentes de idade,

sexo, região, frequência de exercício físico, IMC, estado civil e nível de

escolaridade. Nossos achados indicam a importância de considerar os padrões e

horários das refeições noturnas, juntamente com as práticas de higiene do sono e

higiene circadiana já estabelecidas, para promover um sono saudável e auxiliar na

prevenção e tratamento de distúrbios do sono.

Palavras-Chave: Refeições; Ritmo Circadiano; Crononutrição; Sono; Privação de

Sono.



ABSTRACT

NUNES, M. E. B; SANTOS, C. H. B.

ASSOCIATION OF NIGHT EATING WITH SLEEP QUALITY AND INSOMNIA IN
BRAZILIAN ADULTS. Final Course Assignment, (Graduate Course in Nutrition) -

Faculty of Nutrition, Federal University of Alagoas, Maceió, 2024.

Recent studies on chrononutrition, the science that examines the timing aspects of

eating, have shown that late food consumption, or eating close to bedtime, may

increase the risk of sleep-related issues and contribute to circadian misalignment,

which, in turn, can lead to the development of various chronic conditions. Although

there is evidence suggesting a relationship between evening eating and sleep

disturbances, definitive conclusions have not yet been reached. To address these

gaps, our study aimed to investigate the relationship of: a) the timing of evening

meals and the elapsed time between the last eating event and the midpoint of sleep

(referred to as TEM), b) caffeine consumption, c) consumption of sugary foods and

beverages, and d) reporting dinner as the largest meal of the day, with sleep quality

indicators and insomnia. Data from the first and second phases of the SONAR-Brazil

Virtual and Exploratory Survey were used, involving 2,050 Brazilian adults (ages

18-65), who were non-pregnant and residing in the country. The responses were

stored in Excel spreadsheets and subsequently exported to Stata 13 (Stata

Corporation) for statistical analysis. Multiple logistic regression models were

employed to analyze the association between sleep duration < 7 hours, sleep

latency > 30 minutes, poor sleep quality, and insomnia (outcomes) with variables

related to evening diet. Linear regression analyses assessed differences in sleep

duration and latency associated with these variables. Restricted cubic splines were

used to explore the relationship between meal timing and TEM with sleep duration

and latency. Each additional hour in the timing of the last eating event and the

interval between the last eating event and the midpoint of sleep increased and

decreased, respectively, the odds of short sleep duration (by 30% and 49%), sleep

latency > 30 minutes (by 14% and 12%), poor sleep quality (by 21% and 20%), and

insomnia (by 12% and 11%). We found a dose-response association between

evening eating (timing and TEM) and sleep duration, with the shortest sleep latency

observed when the last eating event occurred around 8 PM and 7 to 8 hours before



the midpoint of sleep. Additionally, participants who reported dinner as the largest

meal of the day and those who consumed caffeine and/or sugary foods and

beverages after 6 PM had higher odds of having a sleep duration < 7 hours (51%,

34%, and 94%, respectively), perceiving sleep quality as poor (52%, 33%, and 25%,

respectively), and experiencing insomnia (all 35%). The odds of sleep latency > 30

minutes were also 47% higher when dinner was the largest meal and 24% higher

among those reporting evening consumption of sugary foods and beverages. These

associations were independent of age, sex, region, physical exercise frequency,

BMI, marital status, and education level. Our findings underscore the importance of

considering evening meal timing and patterns, along with established sleep hygiene

and circadian practices, to promote healthy sleep and aid in the prevention and

treatment of sleep disturbances.

Keywords: Meals; Circadian Rhythm; Chrononutrition; Sleep; Sleep Deprivation.
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1. APRESENTAÇÃO

Nas últimas décadas o sono insuficiente, a má qualidade do sono e a insônia

integram problemas de saúde pública e queixas comuns na prática clínica.

Aproximadamente 10% da população adulta sofre de transtorno de insônia, outros

20% apresentam sintomas ocasionais de insônia (Morin; Jarrin, 2022) e cerca de 1/3

é afetada pelo sono insuficiente (Grandner, 2019).

Queixas e sintomas de sono – incluindo sono não restaurador, dificuldade em

iniciar ou manter o sono e sonolência diurna – também são comuns na população

em geral (Grandner, 2019; Ohayon et al, 2017). Em uma quantificação global do

tempo e dos horários de sono usando dados de smartphones, o Brasil apareceu

como o terceiro país com menor duração do sono (Walch et al, 2016).

Dados da Pesquisa Nacional SONAR-Brasil, que analisou aspectos

cronobiológicos do sono, alimentação e nutrição de adultos brasileiros (n=755) por

meio de questionários virtuais em 2021, revelaram que 23,1% dormiam menos de 7

horas por noite, e 33,1% apresentavam baixa qualidade de sono. O estudo também

constatou que a má qualidade do sono, assim como o excesso de peso, era mais

prevalente entre aqueles que dormiam menos (Longo-Silva et al, 2023).

Dentre os distúrbios do sono, a insônia destaca-se como a mais prevalente. A

sua ocorrência varia significativamente entre os estudos, sendo influenciada por

divergências nas definições empregadas, métodos de avaliação e períodos

considerados nas pesquisas. De acordo com pesquisas de base populacional,

aproximadamente 30% a 36% das pessoas relatam experimentar sintomas de

insônia durante a noite (Drager et al, 2023).

Embora existam vários fatores de risco e resultados adversos decorrentes de

problemas relacionados ao sono, evidências estão se acumulando para sugerir que

os hábitos de sono e a alimentação estão intimamente e bilateralmente relacionados

e ambos integram comportamentos modificáveis que podem afetar inúmeros

desfechos indesejáveis de saúde (Andreeva et al, 2023). Todavia, embora haja

evidências crescentes da influência do sono na ingestão alimentar e no estilo de

vida (Van Egmond et al, 2023; Tobaldini et al, 2019; Nedeltcheva et al, 2009; Taheri

et al, 2004; Imaki et al, 2002), o impacto dos padrões alimentares na qualidade do

sono tem sido menos estudado (Wilson et al, 2022).



Há muito que se sabe que o consumo de alimentos e bebidas contendo

estimulantes, especialmente à noite e perto da hora de dormir, pode afetar o sono

(Weibel et al, 2021; Fredholm et al, 1999). Um exemplo é a cafeína, que é um

antagonista do receptor de adenosina, hormônio que regula os ciclos sono-vigília,

podendo atenuar o aumento da pressão do sono durante a vigília (Landolt, 2008) e

levar ao atraso no início do sono e a um sono mais superficial (Clark; Landolt, 2017).

Além da composição das refeições, pesquisas recentes com enfoque na

crononutrição, ciência que investiga a relação entre os ritmos biológicos, nutrição e

metabolismo, sugerem que os padrões temporais da alimentação se relacionam

com a qualidade de sono e inúmeras condições crônicas.

Alguns estudos demonstraram que comer perto da hora de dormir estava

associado a menor qualidade de sono (Yasuda et al, 2023; Crispim et al, 2011; Duan

et al, 2021). Por outro lado, um estudo cruzado randomizado constatou que mudar o

horário do jantar de 5 horas antes de dormir para 1 hora antes de dormir, em

voluntários saudáveis, não resultou em alterações significativas na arquitetura do

sono noturno (Duan et al, 2021).

Vale ressaltar que os hábitos alimentares, assim como a resposta metabólica

nas diferentes horas do dia, também são determinados pelo cronotipo, medido à

partir do ponto médio do sono, e que se refere ao comportamento fisiológico de

cada indivíduo e suas preferências individuais para realizar as atividades diárias ao

longo das 24h do dia. Nesse sentido, o horário das refeições é relevante, mas deve

considerar os ritmos circadianos internos individuais, que se diferem entre os

indivíduos de diferentes cronotipos. Assim, o efeito metabólico da ingestão alimentar

tardia depende da hora biológica e ingestão com altos níveis de melatonina

endógena (Lira et al, 2023; Zerón-Rugerio et al, 2020).

Assim, este estudo teve como objetivo abordar uma questão fundamental: A

alimentação noturna de adultos brasileiros está relacionada à qualidade do sono e

insônia?

Partindo da hipótese de que diversos fatores, como o horário do último evento

alimentar (levando em conta tanto o horário do relógio quanto o tempo circadiano,

calculado a partir do último evento alimentar até o ponto médio do sono), o consumo

noturno de cafeína e alimentos açucarados e o jantar como a maior refeição do dia

estão associados a piores parâmetros do sono entre adultos brasileiros.



Dado que a relação entre a composição e horário da dieta com o sono ainda é

motivo de controvérsia na literatura científica, torna-se evidente a necessidade de

mais estudos nesse campo. A coleta de evidências mais robustas é crucial para

embasar consensos e diretrizes específicas relacionadas à alimentação que

promovam um sono saudável.

Diante das tendências crescentes de privação de sono, má qualidade do sono

e insônia em todo o mundo, uma compreensão mais profunda do papel da

alimentação nos padrões de sono pode ser fundamental para o desenvolvimento de

estratégias eficazes. Tais estratégias podem ser incorporadas nos contextos clínicos

e de saúde pública, visando à promoção da saúde e à prevenção de distúrbios do

sono e condições crônicas associadas à má qualidade do sono.

Nesse contexto, esse trabalho teve a intenção de conduzir a primeira

investigação brasileira abordando se o horário da alimentação noturna (incluindo o

horário do relógio e o tempo circadiano, medido pelo tempo decorrido entre o último

evento alimentar e o ponto médio do sono) esteve associado a indicadores de

qualidade do sono (duração, latência e autopercepção da qualidade do sono) e

insônia. Além disso, investigou se o consumo de cafeína e alimentos açucarados

(após às 18h) e o relato do jantar como a maior refeição do dia estão associados a

variáveis do sono.

Nosso Trabalho de Conclusão de Curso está estruturado em duas seções

principais. A primeira seção é uma revisão da literatura, abordando os seguintes

tópicos: qualidade do sono e insônia, o impacto da alimentação na qualidade do

sono, cronobiologia e crononutrição, e o efeito do horário das refeições no sono. A

segunda seção apresenta um artigo científico original, publicado na Revista Sleep

Science, classificada como B1 pelo Qualis/CAPES.

2. REVISÃO DE LITERATURA

2.1. Qualidade do sono e insônia

A avaliação do sono em estudos epidemiológicos apresenta uma natureza

complexa e multifacetada, englobando não apenas a análise da duração, mas

também a consideração de uma variedade de estados neurofisiológicos e

comportamentais (Ohayon et al, 2017).



Dentre as medidas subjetivas de avaliação, existem diversas opções de

questionários e ferramentas de avaliação empregados para mensurar a qualidade

do sono e identificar distúrbios, como a apneia obstrutiva do sono e a insônia.

Embora o uso de questionários baseados no autorrelato possa apresentar

limitações em termos de precisão, ainda assim, eles permitem a obtenção de

conclusões preliminares sobre os indicadores da qualidade do sono na população

(Grandner, 2019).

A qualidade do sono pode ser avaliada subjetivamente a partir da

identificação de variáveis como horário habitual de dormir, acordar, tempo de

latência e frequência de despertares noturnos. Segundo a National Sleep

Foundation, indicadores de boa qualidade do sono entre adultos incluem: duração

de 7 a 9 horas por noite, tempo de latência do sono igual ou inferior a 30 minutos e

até 1 despertar por noite (Ohayon, 2017).

Para diagnosticar o transtorno de insônia crônica, de acordo com a

Classificação Internacional de Transtornos do Sono (CITS-3), são considerados

critérios que abrangem a dificuldade em iniciar ou manter o sono, mesmo em

condições propícias para o descanso, despertar antes do horário desejado ou

planejado, e experimentar efeitos adversos durante o dia, como fadiga, redução de

energia e atenção, além de alterações de humor, como irritabilidade e disforia

(Drager et al, 2023; Sateia, 2014). Adicionalmente, a CITS-3 especifica que a

insônia deve persistir por no mínimo três meses e ocorrer pelo menos três vezes por

semana.

Como estratégia para promover a qualidade do sono, prevenir e auxiliar no

tratamento de insônia e outros distúrbios do sono, recomenda-se adotar um

conjunto de práticas e hábitos conhecidos como "Higiene do Sono" (Irish et al, 2015;

Castro-Santos et al, 2024). Alguns exemplos de práticas promotoras do sono

incluem praticar rituais relaxantes antes de dormir, preparar um ambiente

confortável, não se expor a luz artificial perto de dormir, reduzir o consumo de

bebidas alcoólicas e cafeína, principalmente no final do dia, e evitar comer próximo

ao horário de dormir (Longo-Silva et al, 2020; Suni; Rosen, 2024).

Além destas recomendações, recentemente surge o conceito denominado

higiene circadiana, que incorpora a adoção de práticas destinadas a sincronizar e

otimizar o ciclo biológico circadiano com o ciclo de 24 horas (Moreno et al, 2022).

Tais recomendações abrangem uma série de aspectos: exposição à luz, tanto



natural quanto artificial, levando em consideração o tempo de exposição, a

intensidade e o comprimento de onda; as atividades sociais como os horários de

trabalho, lazer e estudo; os padrões alimentares, como os horários das refeições, a

quantidade ingerida e a proximidade com a hora de dormir, bem como a janela

alimentar; além dos horários, tipos, a duração e a frequência do exercício físico; e

os cronobióticos, ou seja, terapia medicamentosa que objetiva melhorar o sono,

incluindo horário de administração, dose-resposta e efeito desejado (MORENO et al,

2022).

O conceito emergente de higiene circadiana destaca a importância de integrar

recomendações baseadas em evidências relacionadas aos horários das refeições.

No entanto, é crucial ressaltar que são necessários mais estudos, pois ainda não

existe consenso suficiente para traduzir essas descobertas em recomendações

específicas aplicáveis em consultórios clínicos e políticas de saúde pública.

2.1.1. O papel da qualidade da alimentação no sono

Estudos sugerem um efeito potencial da alimentação na qualidade do sono.

Assim como padrões alimentares saudáveis podem promover um sono de melhor

qualidade (St-Onge et al, 2016), o consumo de alimentos processados e ricos em

açúcar pode ser associado a piores características do sono (Godos et al, 2021).

Uma revisão sistemática realizada por Gonçalves e Haas (2020), com o objetivo de

verificar o impacto da alimentação no sono, concluiu que a ingestão calórica

adequada e uma dieta de alta qualidade, ou seja, com maiores quantidades de

vitaminas, minerais e triptofano, podem corroborar para um sono de alta qualidade.

Nesse sentido, é importante considerar o efeito potencial da alimentação nas

variáveis do sono.

Uma revisão realizada por Peuhkuri et al. (2012), com o objetivo de investigar

se os alimentos consumidos antes de dormir impactam no sono, evidenciou que

doses diárias de diferentes cultivos de cereja aumentaram significativamente o

tempo total de sono e reduziram o número de despertares (Garrido et al, 2010) e o

suco de cereja fresca consumido duas vezes ao dia resultou em redução da insônia

(Pigeon et al, 2010). Além disso, foi demonstrado durante um ensaio clínico que

consumir dois kiwis uma hora antes de dormir esteve associado à melhora do sono,

tanto o tempo total, quanto a eficiência do sono (Lin et al, 2011).



A incorporação diária de alimentos com o intuito de promover o sono tem sido

estudada pelos seus potenciais benéficos para a melhoria aguda do sono. St-Onge

et al, (2016) em sua revisão, demonstrou que o leite maltado (composto de leite,

trigo, malte de cevada, açúcar, vitaminas e minerais) consumido 30 minutos antes

de dormir resultou em maior tempo total de sono e menor latência, quando

comparado ao grupo controle. No entanto, efeitos a longo prazo não foram

examinados em estudos controlados randomizados.

O efeito da cafeína no sono, encontrada em bebidas como café, chá,

refrigerantes, além do chocolate e outros alimentos, é amplamente disseminado.

Essa substância atua bloqueando os receptores de adenosina, um neurotransmissor

que promove a sonolência, prolongando o tempo de estado de alerta, e

consequentemente, atrasando a hora de dormir, duração do sono, latência do sono

(aumentando o tempo necessário para adormecer) e manutenção do sono (Mclellan

et al, 2016; Roehrs; Roth, 2008).

Por ser um estimulante, a cafeína é geralmente consumida para ajudar a

compensar a fadiga, porém seu consumo pode ocasionar efeitos negativos na

qualidade e quantidade do sono (Watson et al, 2016). Watson et al. (2016), ao

determinar a diferença no consumo habitual de cafeína entre pessoas que dormem

bem e que dormem mal, conforme medido pela pontuação global do PSQI

(Pittsburgh Sleep Quality Index), observaram uma diferença significativa no

consumo de cafeína entre os participantes destes dois grupos: os indivíduos

considerados ‘bons dormidores’ relataram menor ingestão total de cafeína, em

média 67 mg a menos, em comparação com os indivíduos que dormiam mal.

Outro estudo experimental, de Shilo et al. (2002), constatou que a ingestão

de cafeína uma a três horas antes de dormir diminuiu a eficiência do sono e o tempo

total do sono, e aumentou a latência de início do sono. Sendo assim, o consumo de

cafeína, particularmente quando realizada em momentos mais tardios do dia ou em

múltiplas doses, pode prejudicar a boa qualidade do sono (Nordt et al, 2012).

Ademais, alguns estudos têm demonstrado que o consumo de cafeína

durante o dia, mesmo quando consumida muitas horas antes do horário de dormir,

está associado a um impacto negativo no sono, como dificuldades para iniciar o

sono, sono fragmentado e diminuição da qualidade do sono. A exemplo, um estudo

de revisão realizado por Clark e Landolt (2017), apontou que a cafeína consumida

durante o dia pode reduzir significativamente a quantidade total de sono e levar a



uma diminuição na eficiência do sono. Curiosamente, um dos estudos dessa revisão

demonstrou que o consumo de cafeína pela manhã impactou negativamente no

sono noturno. Uma dose mais alta no início da manhã (200 mg às 7:10) causou

redução significativa na eficiência do sono e o tempo total de sono quando

comparado ao placebo, embora as concentrações de cafeína na saliva se

aproximassem de zero quando medido pouco antes dormir (Landolt et al, 1995;

Clark; Landolt, 2017). Tais achados sugerem limitar o consumo ao longo do dia para

evitar possíveis interferências no sono noturno.

Além disso, a alta ingestão de açúcares adicionados na dieta pode estar

associada a maiores chances de incidência de insônia (Gangwisch et al, 2020) e

fragmentação do sono, sustentando a ideia de que o açúcar pode estar associado a

piores desfechos no sono.

Para exemplificar, um estudo conduzido por Boozari et al. (2021) observou

que a má qualidade do sono foi correlacionada com o alto consumo de bebidas

açucaradas durante o dia, especialmente em indivíduos mais jovens e não obesos.

Além disso, uma revisão sistemática com meta-análise de estudos observacionais

demonstrou uma associação significativa entre menor duração do sono e maior

ingestão de bebidas açucaradas em crianças e adultos (Shahdadian et al, 2023).

Entretanto, tais hipóteses ainda não são consensuais e mais estudos precisam ser

desenvolvidos para maiores esclarecimentos.

2.2. Cronobiologia e Crononutrição

O termo “cronobiologia” se origina das palavras cronos (“tempo”), bios (“vida”)

e logos (“conhecimento”, “estudo”), dessa forma, a cronobiologia é a ciência que

estuda os processos biológicos dos seres vivos em função do tempo (Longo-Silva et

al, 2020), através disso, é possível reconhecer os ritmos da natureza, que por sua

vez se sincronizam com as mudanças do dia e da noite, das marés e das estações

do ano, chamados de ritmos biológicos (Rietveld, 1990). Os ritmos biológicos

definem a organização temporal dos seres vivos, ou seja, a capacidade do

organismo de expressar seus comportamentos e sua fisiologia de forma repetitiva e

periódica (Araújo; Marques, 2002).

Uma vez que o dia é a mudança ambiental que exerce mais efeito nos seres

vivos, os ritmos circadianos, que têm duração aproximada de 24 horas, são os



ritmos mais estudados pela cronobiologia. Assim, os ritmos internos do organismo

funcionam fisiologicamente de forma diferente de acordo com o momento do dia, e

apesar de serem endógenos sofrem influência externa do ciclo claro-escuro, bem

como de outros fatores como alimentação, temperatura, exercícios e medicamentos

(Nobari et al, 2023; Koronowski; Sassone-Corsi, 2021). Nesse sentido, a

crononutrição surge recentemente para estudar a relação entre o consumo

alimentar e o ciclo circadiano e propõe que aspectos temporais da ingestão dietética

(ex. horário, frequência, distribuição), assim como sua composição, podem

contribuir com a manutenção da saúde e influenciar a regulação dos relógios

circadianos. Dessa forma, compreendendo as mudanças circadianas no sistema

digestivo e nas atividades metabólicas, é possível especular o momento ideal para

ingestão de alimentos (Longo-Silva et al, 2020; Tahara; Shibata, 2013).

Veronda et al. (2020), desenvolveram o Chrononutrition Profile – Questionnaire

(CP-Q) para examinar padrões comportamentais específicos com probabilidade de

afetar o perfil crononutricional de um indivíduo, dentre eles a latência vespertina,

que é definida como a duração do tempo entre o último evento alimentar e a hora de

início do sono e a alimentação noturna, que se refere ao horário do último evento

alimentar ao longo das 24 horas do dia. Ambos os comportamentos, são relevantes

e podem ampliar a desincronia, ou desalinhamento nos ritmos circadianos,

influenciando negativamente a saúde metabólica e o sono (Mchill et al, 2017;

Katagiri et al, 2014).

Considerando que hormônios relacionados ao metabolismo energético

desempenham um papel crucial na regulação do ciclo sono-vigília (Yoshitake et al,

2023), a melatonina, conhecida como "hormônio do sono", é um componente central

desse sistema. Sua produção e liberação seguem um ritmo circadiano, influenciado

pela exposição à luz (Scheer; Czeisler, 2005; Garaulet et al, 2020). A melatonina

desempenha um papel fundamental como um marcador biológico da noite, afetando

diversos processos fisiológicos, incluindo o metabolismo da glicose (Lopez-Minguez

et al, 2019). Atrasar a ingestão de alimentos pode interferir nesse ciclo, inibindo a

liberação de insulina devido aos níveis elevados de melatonina durante a noite, o

que pode prejudicar a tolerância à glicose durante esse período (Garaulet et al,

2020; Rubio-Sastre et al, 2014).Um grande estudo epidemiológico realizado em uma

população adulta japonesa (n = 61.364) que jantavam até duas horas antes de

dormir, demonstrou que comer tardiamente estava fortemente associado à



hiperglicemia independente de fatores de confusão relevantes, incluindo IMC

(Nakajima; Suwa, 2015).

2.2.1. O papel do horário da alimentação no sono

Um aspecto relevante dos estudos sobre o horário das refeições é definir o que

é um jantar tardio. A sincronização do relógio (temporização externa) pode não ser

útil para estudar alterações metabólicas relacionadas ao horário do jantar. Sabe-se

que o início da noite biológica (tempo interno), conforme avaliado pelo início da

secreção de melatonina em condições de pouca luz (Dim Light Melatonin

Onset-DLMO), pode diferir entre os indivíduos, dependendo do seu tempo

circadiano ou cronotipo (Keijzer et al, 2014).

Os cronotipos descrevem o horário de sono-vigília de um indivíduo e podem

ser classificados, pelo ponto médio do sono, em tipos matutino, intermediário ou

vespertino (Horne; Ostberg, 1976). Reflete variações individuais na alocação de

seus ritmos circadianos em relação aos ciclos ambientais de 24 horas, que se

expressam nas preferências de horários de sono e na otimização para o

desenvolvimento de diferentes atividades, incluindo alimentação, exercícios físicos,

em determinados horários do dia (Delpouve et al, 2014). Os cronotipos se diferem

no tempo de sono-vigília e na ativação mental-física. Assim, enquanto os indivíduos

do tipo matutino dormem e acordam cedo e atingem seu desempenho físico e

mental ainda no início do dia, os indivíduos do tipo vespertino dormem e acordam

mais tarde e apresentam melhor desempenho na segunda metade do dia. Além

disso, os cronotipos também se distinguem pelo perfil de melatonina (Montaruli et al,

2021). Por exemplo, alguns indivíduos com cronotipos matutinos apresentam início

precoce de melatonina (DLMO por volta das 19h). Os cronotipos vespertinos têm

início tardio da melatonina (DLMO por volta da 1h), enquanto os intermediários têm

o início da secreção de melatonina por volta das 22h. (Keijzer, 2014), portanto com

diferenças interindividuais de seis ou mais horas no horário em que a noite biológica

começa em diferentes cronotipos.

Nesse sentido, jantar às 21h (horário do relógio) pode ser um jantar

circadiano tardio para aqueles indivíduos com início da melatonina às 19h, mas

pode ser um jantar circadiano precoce para aqueles cuja noite biológica começa à

1h. Desta forma, considerando que altos níveis de melatonina endógena podem



prejudicar a glicose (Lopez-Minguez et al, 2018), um jantar tardio referente ao

horário pode ter diferentes efeitos metabólicos dependendo da noite biológica do

indivíduo e/ou da concomitância da ingestão de alimentos com altos níveis de

melatonina endógena.

Nessa visão, Mchill et al. (2017) estudaram a associação entre o momento da

ingestão alimentar e a DLMO e demonstraram que comer próximo ou depois da

DLMO estava significativamente associado com maior gordura corporal,

independente da ingestão alimentar e do nível de atividade física. Esta abordagem,

no entanto, requer coletas repetidas de sangue ou saliva para avaliar o DLMO, e os

participantes precisam permanecer em condições de pouca luz por muitas horas, o

que não é prático para a maioria dos estudos epidemiológicos (Lopez-Minguez et al,

2018).

Considerando o exposto, Zerón-Rugério et al. (2020) propuseram a medida do

tempo decorrido entre o jantar e o ponto médio do sono como uma abordagem

prática para examinar o momento da ingestão de alimentos em relação ao tempo

circadiano interno. Posteriormente, Pedrosa et al. (2024) conduziram uma

investigação similar com brasileiros adultos integrantes da pesquisa SONAR-Brasil.

Os autores similarmente identificaram que realizar o jantar mais distante do ponto

médio do sono estava significativamente associado ao IMC e por meio de uma

regressão linear mostraram que para cada hora adicional no tempo decorrido entre

o jantar e o ponto médio do sono o IMC diminuiu 0,22 kg/m², sendo este efeito maior

em valores mais elevados de IMC. Ainda, observaram que os participantes que

jantavam mais próximo do ponto médio do sono apresentaram piores parâmetros

relacionados aos marcadores de comportamento do sono. É importante ressaltar

que o ponto médio do sono apresenta maior correlação com o DLMO, sendo

também considerado um marcador do cronotipo (Roenneberg et al, 2019). Tal

estudo constatou que jantar 6 horas antes do ponto médio do sono estava

associado aos menores valores de adiposidade (Zerón-Rugério et al. 2020). No

entanto, até o momento, esse parâmetro ainda não foi aplicado em estudos que

tenham o sono como desfecho.

Alguns estudos referem que pessoas com o cronotipo matutino tendem a ter o

apetite favorável a menor ingestão calórica ao final do dia em comparação com o

cronotipo vespertino (Malin et al, 2024; Muñoz et al, 2016). Nessa perspectiva, Luz

et al. (2024), investigaram a associação do horário das principais e últimas refeições



do dia com a qualidade do sono e os níveis de ansiedade, segundo o cronotipo de

estudantes universitários de São Paulo. Os resultados indicaram que os que

demonstraram um atraso tanto no cronotipo quanto no horário do jantar exibiram

níveis mais elevados de ansiedade em comparação com os alunos do tipo matutino.

Embora o estudo não tenha investigado o sono diretamente, sabemos que a

ansiedade é um aspecto que pode influenciar diretamente o sono.

Diante do exposto, torna-se evidente que, embora a cronobiologia e a

crononutrição tenham enriquecido a compreensão nutricional ao destacar o aspecto

temporal do consumo alimentar, sem negligenciar a importância do "o que" e "como"

comemos, é importante reconhecer que são campos relativamente jovens na

ciência. Por conseguinte, a literatura ainda necessita de mais pesquisas para

corroborar as relações entre os horários das refeições e os desfechos em saúde,

com ênfase no sono, o foco central de nosso estudo.

A coleta de evidências por meio de estudos epidemiológicos emerge como

um passo crucial e imediato para embasar diretrizes precisas e personalizadas. Este

trabalho aspira a promover reflexões e influenciar a inclusão de recomendações

sobre os horários e composição das refeições, especialmente à noite, tanto em

documentos voltados para a promoção da saúde, sono e alimentação equilibrada,

quanto na formulação de futuras edições do guia alimentar para a população

brasileira.

É nossa esperança que a integração dos padrões temporais na abordagem

nutricional se torne uma prática padrão, proporcionando uma compreensão mais

abrangente e holística dos hábitos alimentares e seus impactos na saúde.
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Abstract

Objective: To examine the association of evening eating clock time, its elapsed time

to the midpoint of sleep (TEM), consumption of caffeine and sugary foods, and

dinner meal size with sleep quality indicators and insomnia.

Methods: The present study’s participants (n¼2,050; 18–65 y) were part of a

population-based research, with virtual data collection. Logistic regression models

were fitted to assess differences in the odd ratios (ORs) (95% confidence interval

[CI]) of sleep duration<7 hours, sleep latency>30min, poor sleep quality, and

insomnia (outcomes) with the evening diet-related variables. Linear regression

analyses evaluated differences in sleep duration and latency associated with the

same variables. Restricted cubic splines were used to investigate the shape of the

association of mealtime and TEM with sleep duration and latency.

Results: For each hour delay in evening eating and increase in the duration of TEM,

the odds of sleep duration<7 h [OR(95%CI):1.30(1.20,1.40);

OR(95%CI):0.51(0.47,0.56)], sleep latency>30 [OR(95%CI):1.14(1.07,1.22);

0.88(0.83,0.94)], poor sleep quality [OR (95%CI):1.21(1.13,1.30); 0.80(0.76,0.85)]

and insomnia [OR(95%CI):1.12(1.04,1.20); 0.89 (0.84,0.95)], respectively, increased

and decreased.We found a dose-response association of evening eating (clock time

and TEM) with sleep duration. The shortest latency was seen when evening eating

was at 8 PM and 7 to 8 hours before the midpoint of sleep. Participants who

reported dinner as their largest meal and consumed caffeine and/or sugary

foods/beverages after 6 PMpresented higher odds of sleep duration<7 hours, poor

sleep quality, and insomnia.

Conclusions: Our findings indicate that an early-eating schedule has beneficial

sleep effects and that it will be necessary to consider evening eating patterns and

timing, along with sleep and circadian hygiene, to improve sleep quality and

circadian health.



Introduction

Insufficient sleep, poor sleep quality, and insomnia are significant public health

problems and common complaints in clinical practice. Approximately 10% of the

adult population suffers from an insomnia disorder and another 20% experience

occasional insomnia symptoms.1

About ⅓ of the general population is affected by insufficient sleep,2 and in a

global quantification of sleep schedules using smartphone data, Brazil appeared as

the third country with the shortest sleep duration.3 Sleep complaints, and

symptoms—including nonrestorative sleep, difficulty initiating or maintaining sleep,

and daytime sleepiness—are also common in the general population.2,4

Although there are several risk factors and adverse outcomes arising from

sleep-related problems, emerging evidence is accumulating to suggest that sleeping

and eating habits are closely related, and both serve as important modifiable

behaviors that can affect health outcomes.5 While there is increasing evidence for

the influence of sleep on lifestyle and dietary intake,6–10 the impact of eating patterns

on sleep quality has been less studied.11

It has long been widespread that the consumption of stimulant-containing foods

and beverages, especially in the evening and close to bedtime, may affect elements

of sleep.12,13 An example is caffeine, which is an adenosine receptor antagonist, a

hormone that regulates sleep-wake cycles, and may attenuate the increase in sleep

pressure during wakefulness14 and lead to delayed sleep initiation and more

superficial sleep.15

The quality of carbohydrates may also be relevant for sleep: while more fiber

intake has been associated with greater deep sleep,16 a higher sugar intake has

been associated with lighter, less restorative sleep with more arousals.17–20

However, other studies do not confirm these associations,21 and the connection

between diet and sleep quality still warrants further investigation.11

Furthermore, although for decades, diet composition has been the central focus,

more recently, especially with the advancement of research in the field of

chrononutrition, temporal eating patterns have received special attention. Evidence

suggests that the timing of eating, regardless of its composition, may contribute to

circadian system misalignment, directly affecting sleep, as well as weight status and

metabolic health.22–27



Some observational studies have shown that eating close to bedtime was

associated with impaired sleep quality.22–24 On the other hand, a randomized

crossover study found that shifting dinner timing from 5 hours before sleep to 1 hour

before sleep in healthy volunteers did not result in significant adverse changes in

overnight sleep architecture.24

It is important to emphasize that one relevant aspect of meal timing studies is to

define what a late meal is,25 and it seems that the clock timing by itself may not be

useful to study metabolic alterations related to evening meal timing. It is known that

the beginning of the biological night, as assessed by melatonin onset under dim light

conditions (Dim Light Melatonin Onset; DLMO), may differ between individuals

depending on their circadian timing or chronotype. For example, some subjects with

early chronotypes present early melatonin onsets (DLMO around 19:00). Late

chronotypes have late melatonin onsets (DLMO around 1:00), while neither type has

their melatonin onset around 22:00,28 with interindividual differences of 6 or more

hours in the timing in which the biological night starts in different chronotypes. In this

sense, an evening meal at 21:00 may be a late circadian meal for those subjects

with melatonin onsets at 19:00, but it may be an early circadian dinner for those

whose biological night starts at 1:00. Considering that high endogenous melatonin

levels may impair glucose, a late evening meal, determined by clock time, may have

different metabolic effects depending on the individual’s biological night and/or the

concurrence of food intake with high endogenous melatonin levels.29

In view of this, McHill et al.30 studied the association between the timing of food

intake and DLMO and demonstrated that eating closer to, or after, DLMO was

significantly associated with higher body fat,independent of dietary intake and the

level of physical activity. This approach, however, requires repeated blood or saliva

collection to evaluate DLMO, and participants need to stay in dim light conditions for

many hours,which is not practical for most epidemiological studies.29

Considering the aforementioned, Zerón-Rugério et al.31 proposed the

measurement of the elapsed time between dinner and the midpoint of sleep as a

practical approach to examining the timing of food intake relative to internal circadian

timing. It is important to note that the midpoint of sleep has the highest correlation

with DLMO and is also considered to be a marker of the chronotype.32 Such study

found that dining 6 hours before the midpoint of sleep was associated with the lowest



values of adiposity.31 However, to our knowledge, this parameter has not yet been

applied in studies with sleep as the outcome.

As seen, the connection of both diet composition and timing with sleep remains

a significant controversy and warrants further investigations. Therefore, we

conducted the first Brazilian investigation addressing whether evening eating timing

(including both clock time and circadian time, measured by the elapsed time

between the last evening meal and the midpoint sleep) is associated with sleep

quality indicators (duration, latency, and self-perceived sleep quality) and insomnia.

Furthermore, we investigated if caffeine and sugary foods consumption (after 18:00)

and reporting dinner as the largest meal of the day were associated with sleep

variables.

Materials and methods

Study Design and Population

The present study was performed with data from the first and second stages of the

SONAR-Brazil Survey, which aims to investigate chronobiological aspects related to

sleep, food, and nutrition in Brazilian adults. This is exploratory, population-based

research, with data collection exclusively in a virtual environment. The participants

were adults, nonpregnant, aged between 18 and 65 years, born and residing in all

regions of Brazil (n = 2,140). After excluding participants who declared being shift

workers (n = 90), the final sample totalized 2,050 non-pregnant Brazilian adults.

Considering a large population, to estimate population proportions with a

confidence level of 95% and a margin error of 5%, we defined, a priori, a minimum

sample size of 385 valid questionnaires. However, the sample size remained open,

and the efforts were directed to increase participation as much as possible to

minimize the error margin. The final sample of 2,050 guarantees proportion

estimates with a 95% confidence level and a margin of error lower than 4%. All data

collection procedures have been conducted according to the Declaration of Helsinki

and approved by the Committee of Research Ethics of Universidade Federal de

Alagoas (CAAE: 48689221.3.0000.5013).

Recruitment took place between August 2021 and September 2022, and data

were collected using a Google Form (Google LLC., Menlo Park, CA, USA). By

clicking on the research link, the volunteer respondents were directed to an informed



consent form and, only after indicating their consent to participate in the study, they

were directed to the questionnaire, made up of four blocks: characterization, health

and lifestyle, sleep characteristics, and eating and sleeping schedules. The

generated responses were automatically stored in spreadsheets compatible with

Microsoft Office Excel (Microsoft Corp., Redmond, WA, USA) and later exported to

the statistical software STATA 13 statistical software (Stata Corp LLC, College

Station, TX, USA) for statistical analyses. The link to the online questionnaire was

disseminated in several ways: referral of health professionals’ reports in

newspapers/magazines, advertisements on social media platforms, research

institutes, health fairs, events, scientific journals, and electronic pages addressing

the research participants, to increase research visibility and, consequently, data

collection

Sleep Traits and Circadian Parameters

In the questionnaire block about eating and sleeping schedules, the participants

were informed: ‘In this section, we want to know your routine on

weekdays/work-days and weekends/free days’. The following questions were used

to measure usual sleep and wake times: ‘Considering your habits during the last

month, on a typical weekday [or weekend] 1. What time do you wake up? 2. What

time do you sleep?’ Responses were in 30-minute increments.

Sleep duration (in hours) was calculated as the difference between bedtime and

wake-up time.26,27 We also calculated the midpoint of sleep on weekdays and

weekends, defined as the middle time point between bedtime and wake-up

timing.26,33

The average weekly sleep duration, wake-up time, bedtime, and the midpoint of

sleep were calculated as follows: ([5 sleep duration/wake-up time/bedtime/midpoint

of sleep on weekdays] + [2 sleep duration/wake-up time/bedtime/midpoint of sleep

on weekends])/7.26,27 We adopted the midpoint of sleep on free days corrected for

sleep extension on free days (MSFsc) as an indicator of chronotype, which is

proposed to clean the chronotype of the confounder sleep debt.32 For participants

whose sleep duration on free days was longer than on workdays, the midpoint was

calculated as follows: (bedtime on free days + [sleep duration on free days/2]). For

participants whose sleep duration on free days was shorter than on workdays, due to

the sleep debt accumulated over the workweek, the corrected midpoint of sleep was



applied, and calculated as follows: (bedtime on free days + [weekly average sleep

duration/2]). For more details on the methodology see the studies by Roenneberg et

al.32,33

Sleep latency was investigated by asking: ‘During the past month, how long (in

minutes) has it usually taken you to fall asleep each night?’ and nocturnal

awakenings by: ’How many times do you wake up during the night, after sleep

onset?’.

Considering the cutoff points established by the American Sleep Foundation for

classifying sleep quality indicators, sleep variables were categorized into sleep

duration < 7 or 7 hours/night, sleep latency 30 or > 30 minute/night, nocturnal

awakening 1 or > 1/night.4

Self-perception of sleep quality was investigated based on the question: ‘How do

you rate the quality of your sleep?’, with the possible answers: very good, good,

poor, and very poor. We considered poor sleep quality for those who answered poor

or very poor.

Finally, participants were asked, ‘Do you have a diagnosis of any of the following

sleep disorders?’ Possible answers included insomnia

Evening Eating Clock Time

According to the Chrononutrition Profile Questionnaire,34,35 evening eating refers to

the clock time of the last eating event, and it was assessed by asking participants:

‘Considering your habits during the last month, on a typical weekday/workday (or

weekend/free/day): What time do you usually have your last eating event?’, and

responses were in 30-minute increments. The instrument clarified that it included any

food and/or drink that contained calories. The weekly average clock time of the last

eating event was calculated as follows: ([5 evening eating timing on weekdays] + ]2

evening eating timing on weekends])/7.34,35

Participants were also asked: ‘What is your largest meal of the day?’,—which

refers to the meal in which participants consume the greatest amount of calories,

and possible responses were: Breakfast, lunch, dinner, none, or other.34,35 In the

analyses, we combined the responses None and Other.

The Elapsed Time between Evening Eating and the Midpoint of Sleep (TEM)



We calculated the elapsed time between the last eating event and the midpoint of

sleep (TEM) considering the weekly average value of the midpoint of sleep and

evening eating clock time, as follows: ([midpoint of sleep + 24] – last eating event

timing). This variable was subsequently dichotomized into less or more than 6

hours.31

Evening Dietary Traits

Food consumption was investigated using a food frequency questionnaire

comprising 19 food/preparation categories, for which participants selected the

frequency of weekly consumption: never, sometimes (1–3 days/week), almost

always (4–6 days/week), or always (6–7 days/week). Sequentially, participants

reported the daily frequency and times of consumption, with responses in the

intervals between 6:01– 9:00 AM, 9:01 AM–12:00 PM, 12:01–3:00 PM, 3:01–6:00

PM, 6:01–9:00 PM, 9:01 PM–12:00 AM, after 12:00 AM.

We evaluated the evening diet quality, considering the frequency of food

consumption after 6 PM, based on the Food Guide for the Brazilian Population as

proposed in a previous study.26,27

Food markers for healthy eating (fresh fruits; vegetables and/or legumes; beans,

chickpeas, lentils and/or peas; milk and/or dairy products; eggs; meats; fish)

received increasing scores (never = 0; sometimes = 1; almost always = 2; always =

3), while unhealthy eating markers (snacks; chocolate; fried snacks; instant noodles,

packaged snacks or crackers; fast food; hamburger and/or sausages; coffee; soda

cola-based; sweetened beverages; mate or black tea; guarana powder; alcoholic

beverages) received decreasing scores (never = 3; sometimes = 2; almost always =

1; always = 0). From the sum of the scores of each food category, the total score of

the Diet Quality Index (DQI) was obtained, which could range from 0 to 57 points,

with a higher score suggestive of a higher frequency of consumption of healthier

foods and lower frequency of consumption of unhealthy foods. Sequentially, from the

available scores, tertiles were created for diet quality classification: 1st tertile – low

quality (21–34 points); 2nd tertile – intermediate quality (35– 38 points), and 3rd

tertile – good quality (39–47 points).

Furthermore, we analyzed evening consumption (after 6 PM) of sugary

food/beverages, which includes snacks (sweets, cake, cookies, candy, lollipops),

chocolate, and/or sweetened beverages, and caffeine foods/beverages, which



included coffee, cola-based soda, mate or black tea, and/or guarana powder. We

considered consumers participants who reported consuming at least one of the

mentioned food/beverage items sometimes (1–3 days/week), almost always (4–6

days/week), or always (6–7 days/week).

Lifestyle Traits

Physical exercise was measured through the following questions: ‘On which days of

the week do you practice physical exercise (moderate-to-vigorous-intensity activity)?’

Screen time per day was evaluated by the questions: ‘In your free time (not

counting work/study), how many - hours/day do you spend watching TV, on your

computer, tablet, or cell phone?’

For anthropometric evaluation, the body mass index (BMI) (weight

[Kg]/height(m)2) was calculated, based on self-reported weight and height. The

classification of nutritional status was performed based on the cutoff points

established by the World Health Organization.36,37

Some other details of the survey questionnaire concerning other covariates

including region, education, marital status, and smoking were included in our study.

Statistical Analyses

To assess differences between self-perception of sleep quality (good or poor) and

insomnia (yes or no), in their characteristics, evening eating, sleep, and lifestyle

traits, the Student t-test (for continuous variables), and the Chi-square test (for

categorical variables) were performed.

Logistic regression models were fitted to assess differences in the ORs (95%

CI) of short sleep duration (< 7 hours/night), sleep latency > 30 min., poor sleep

quality, and insomnia (as outcomes) with the continuous and categorical evening

diet-related variables (clock time, TEM, dinner as the largest meal of the day, diet

quality, caffeine, and sugary consumption).

Linear regression analyses evaluated differences in sleep duration and sleep

latency (as the outcome variable) associated with the same evening diet-related

variables. Regression coefficient (β) and 95% CIs were calculated for the unadjusted

and adjusted models.



Moreover, restricted cubic splines were also used to study the shape of the

association of eating event clock time and its elapsed time from midpoint sleep

(TEM) with sleep duration and sleep latency.

All the multiple analyses were adjusted for the potentially confounding variables:

age, sex, region, physical exercise frequency, BMI, marital status, and scholarship. A

p-value 0.05 was considered statistically significant.

Results

A total of 2050 adults (age: 34 years old [range 18–65]; 73% of women) took part in

the study (►Table 1). ►Table 1 presents the characteristics of the studied

participants, depending on sleep quality (good or poor) and insomnia (yes or no).

Among all participants, 30% reported poor self-perception of sleep quality, and 26%

reported insomnia. Among participants with poor sleep quality and insomnia, the BMI

average and the prevalence of overweight were higher, compared with the group

with good sleep quality (50.08% versus 42.13%) and without insomnia (52.73%

versus 41.63%) (all p < 0.001) (►Table 1).

The poor sleep quality group reported the last eating event later and closer to

the midpoint of sleep, compared with the good sleep quality group (differences of

more than 30 minutes) (p < 0.001). Likewise, participants with insomnia reported the

last eating event later (difference of 13 minute) when compared with participants

without the disorder, and 31% consumed it less than 6 hours before the MS (versus

24%) (all p < 0.005) (►Table 1).

Dinner was referred to as the largest meal of the day by more than 11% of the

participants, and the percentage was higher among those with poor sleep quality

(~14%) and insomnia (~13%), compared, respectively, to those with good sleep

quality (~9%) and without the disorder (~10%) (p < 0.05) (►Table 1).

Furthermore, in both group comparisons, participants with poor sleep quality

and those with insomnia more frequently reported evening (after 6 pm) consumption

of caffeinated foods/beverages ( 49% versus 40%) and sugary food (~54% versus

47%) (all p < 0.05) (►Table 1).

Regarding sleep traits, the groups with poor sleep quality and insomnia slept

later (differences of 32 and 29 minutes, respectively) and, as expected, had shorter



sleep duration (differences of 24 and 8 minutes, respectively), higher frequency of

nocturnal awakenings, and longer latency duration (All p < 0.05) ( ►Table 1).

Regarding lifestyle traits, 67% of the participants practiced physical exercise,

with a higher prevalence among those with good sleep quality (70%) and who did not

have insomnia (68%) (p < 0.001). Few participants were smokers (6%), but the

prevalence was higher among those with insomnia (p = 0.003) (►Table 1).

The results of the univariate and multiple logistic analyses are shown in ►Table

2. In the adjusted models, each additional hour of the evening eating clock time

increased the odds of short sleep duration by 30% (OR: 1.20, 1.40; p < 0.001), of

sleep latency > 30 min by 14% (95% CI: 1.06, 1.22; p < 0.001), of poor sleep quality

by 21% (95% CI: 1.12, 1.29; p < 0.001), and of insomnia by 11% (95% CI: 1.04,1.20;

p = 0.002).

The elapsed time between last eating event and the midpoint of sleep showed a

protective effect on short sleep duration (OR [95% CI]:0.51 [0.47,0.56]; p < 0.001),

longer sleep latency (OR [95% CI]: 0.88 [0.83,0.94]; p < 0.001), poor sleep quality

(OR [95% CI]: 0.80 [0.75,0.85]; p < 0.001), and insomnia (OR [95% CI]: 0.89

[0.83,0.94]; p < 0.001). In the analysis with the same dichotomized variable, among

those who had the last eating event 6 hours before the midpoint of sleep, the OR of

short sleep duration was 6.54 (95% CI: 5.14,8.32; p < 0.001), of sleep latency > 30

min was 1.35 (95% CI: 1.08, 1.69; p = 0.008), of poor sleep quality was 2.08 (95%

CI: 1.67, 2.58; p < 0.001), and of insomnia was 1.50 (95% CI: 1.19, 1.88; p < 0.001)

(►Table 2).

Furthermore, participants who reported dinner as the largest meal of the day

presented 51% higher odds of having short sleep duration (95% CI: 1.11, 2.07; P:

0.009), 47% higher odds of having latency > 30 min (95% CI: 1.09, 1.97; p = 0.01),

52% higher odds of perceiving sleep quality as poor (95% CI: 1.13, 2.03; P:0.01),

and 34% higher odds of having insomnia (95% CI: 0.99, 1.82; P:0.05) ( ►Table 2).

Still, participants who consumed caffeinated food or drinks after 6 PM were 33%

(95% CI: 1.07, 1.66; P: 0.009) more likely to have short sleep duration, 33% more

likely to report poor sleep quality (95% CI: 1.09, 1.62; P: 0.004), and 35% more likely

to have insomnia (95% CI: 1.09, 1.65; P: 0.004). The consumption of sugary foods

after 6 PM also increased the odds of latency lasting longer than 30 minutes (OR

[95% CI]: 1.26 [1.03; 1.54]; P: 0.02), poor sleep quality (OR [95% CI]: 1.24 [1.02;

1.51]; P: 0.02), and insomnia (OR [95% CI]: 1.35 [1.10, 1.66]; P: 0.02) (►Table 2).



All these associations were independent of age, sex, region, physical exercise

frequency, BMI, marital status, and scholarship.

The linear regression analysis ( ►Table 3) shows, after adjustment for the same

confounding variables, that for each additional hour in the clock time of the last

eating event, there was an 8 minute decrease in sleep duration [β (95% CI): 0.14

(0.17, 0.10); p < 0.001] and also a 2.71 minute increase in sleep latency time [95%

CI: 1.60, 3.81; p < 0001].

Additionally, for each additional hour in the elapsed time between the last eating

event and the midpoint of sleep, there was a 21 min increase in sleep duration [β

(95% CI): 0.35 (0.33, 0.38); p < 0001] and a 2.66-minute decrease in the duration of

sleep latency [β (95% CI): 2.66 (3.63, 1.69); p < 0.001]. Among those who had the

last eating event 6 hours before the midpoint of sleep, we found a decrease of 1:06

minutes in sleep duration [β (95% CI): 1.08(1.19, 0.97); p < 0.001] and an increase

of 6.78 minutes in sleep latency (95% CI: 3.09, 10.46; p < 0.001) (►Table 3).

Furthermore, individuals who reported having dinner as the largest meal of the

day showed a 12-minute decrease in sleep duration (β [95% CI]: 0.20 [0.36, 0.04]; P:

0.01), and an increase of 9.29 minutes in sleep latency time (95% CI: 4.27, 14.31; p

< 0.001) (►Table 3).

Among participants who consumed caffeinated food or beverages after 6 PM, a

13-minute decrease in sleep duration was observed (β [95% CI]: 0.22 [0.32, 0.11]; p

< 0.001), and a 3.36-minute increase in latency time (95% CI: 0.09, 6.64; P:0.04).

Finally, among those with evening sugary foods consumption, the sleep latency

increased by 5.12 minutes (95% CI: 1.91, 8.33, P: 0.002) (►Table 3).

Restricted cubic splines (►Fig. 1) provide interesting insights. There was a

dose-response association between sleep duration and both evening eating time and

its elapsed time to the midpoint of sleep. Increasing the interval between the last

eating event and the midpoint of sleep, sleep duration increases as well (a).

Regarding sleep latency, we found a U-shape association, suggesting that eating too

far and too close to sleep increases its duration. Thus, the lowest sleep latency was

observed when the last eating event occurred at 8 PM and 7 to 8 hours before the

midpoint of sleep (b).

Discussion



As far as we are aware, this is the first Brazilian survey on chronobiological

aspects related to sleep and eating behaviors, and also the first study to investigate

the association of both clock time and circadian timing of evening eating with sleep

quality and insomnia among Brazilian adults from the general population.

Our main findings were that both delaying the time of the last eating event, and

its consumption closer to the midpoint of sleep were associated with worse sleep

parameters. Each additional hour of the last eating event clock time and of the time

between the last eating event and the midpoint of sleep, respectively, increased and

decreased the odds of short sleep duration (by 30% and 49%), sleep latency > 30

min (by 14% and 12%), poor sleep quality (by 21% and 20%), and insomnia (by 12%

and 11%). We found a dose-response association of evening eating (clock time and

TEM) with sleep duration, and the shortest sleep latency was seen when the last

eating event occurred at ~8 PM and ~7 to 8 hours before the midpoint of sleep.

Also, participants who reported dinner as the largest meal of the day and those

who consumed caffeine and/or sugary foods/beverages after 6 PM presented higher

odds of having sleep duration < 7 hours (respectively 51%, 34%, 94%), perceiving

sleep quality as poor (respectively 52%, 33%, 25%) and having insomnia (all 35%).

The odds for latency > 30 min were also 47% higher when dinner was the largest

meal and 24% higher among those reporting evening consumption of sugary

foods/beverages. These associations were independent of age, sex, region, physical

exercise frequency, BMI, marital status, and scholarship.

Although there are no previous studies that have used TEM to analyze the

effects of circadian eating timing on sleep, the study that first proposed it31 was

justified by the consequences of evening eating on circadian misalignment,

previously highlighted by numerous experimental and observational studies.25,26,34–39

Both evening eating and evening latency, defined as the duration of time

between thelast eating event and sleep onset, are part of chrononutritional behaviors

that can misalign the phase of an individual’s circadian rhythm and negatively

influence health.34,35 Findings suggested that eating late and close to bedtime may

contribute to poor sleep and misalignment of the melatonin phase,22,23 besides

affecting weight, weight-related health outcomes such as insulin resistance,

metabolic disease, and inflammation.31,35–39

In a cross-sectional examination of the young Japanese population under

free-living conditions, shortened time from dinner to bedtime was associated with



prolonged sleep latency.22 In a Brazilian study, healthy participants completed a

3-day food diary and underwent polysomnography, and findings showed that food

intake within 30 to 60 minutes of bedtime was associated with delayed sleep onset

and decreased sleep efficiency.23

Such studies, by emphasizing that eating high-calorie meals at the end of the

day can contribute to poor sleep quality, may also justify the relationship we found

between reporting dinner as the largest meal of the day and worse sleep

parameters.

It is worth mentioning that the self-reported largest meal may have questionable

accuracy, as demonstrated in previous studies, 34,35 attributed to individuals’

challenges in accurately estimating their caloric intake and their tendency to confuse

the perception of plate size with the actual calories consumed. Nevertheless,

overeating and consuming a substantial amount of food, regardless of its energy

density, close to bedtime, can negatively impact sleep quality.22,23

Regarding the association found between evening consumption of caffeinated

food/beverages, similar results have been reported in the literature.15,40 In a review,

Clark et al.15 pointed out that caffeine consumed during the day can significantly

reduce the total amount of sleep and lead to a decrease in sleep efficiency.

Interestingly, one of the studies in this review40 demonstrated that caffeine

consumption in the morning can negatively impact nighttime sleep. A higher dose in

the early morning (200 mg at 7:10) caused a significant reduction in sleep efficiency

and total sleep duration when compared with placebo, although caffeine saliva

concentrations approached zero when measured shortly before sleep.

Although caffeine provides immediate energy after consumption, some

longer-lasting effects consequences alter sleep patterns for many hours after intake,

including prolonged sleep latency, reduced total sleep time, sleep inefficiency,

worsened perceived sleep quality, and rapid eye movement (REM) sleep behavior

disorder.15,41,42

The linkage between sleep characteristics and evening sugar intake has not

been largely studied, but findings from the existing literature indicate that consuming

lower-quality carbohydrates negatively impacts sleep quality. Higher intakes of

dietary added sugars, starch, and nonwhole/refined grains were each associated

with higher odds of incident insomnia among postmenopausal women from the

Women’s Health Initiative Observational Study.43 In the study by St-Onge et al.,44



which assessed the impact of self-determined dietary intakes on sleep, nocturnal

arousals were higher in participants consuming more sugar and more

non-sugary/non-fiber carbohydrates (e.g., starches).

An investigation on middle-aged Japanese women found that a high intake of

confectioneries and noodles (i.e., high glycemic index and simple carbohydrates)

was associated with poor sleep quality.20 Afaghi et al.45 reported that the

consumption of a high glycemic index evening meal was associated with a shorter

sleep onset latency.

In a recent summary of extant research among adults, the odds of drinking

soda in those with short sleep duration was 1.2 times higher than in those with

sufficient sleep (OR: 1.20; 95% CI: 1.12, 1.28).18 As mentioned before, insufficient

sleep and circadian misalignment are important metabolic stressors, which can alter

the levels of appetite hormones and promote unhealthier food choices, such as

higher sugar intake, skipping breakfast, and delaying mealtimes.46

Although further research should be performed to clarify the causality and

underlying mechanisms to explain the relationship between carbohydrate

consumption and sleep, the most commonly proposed mechanisms refer to changes

in the levels of brain tryptophan, serotonin, or melatonin.47

The influence of meal composition, both in terms of macro and micronutrients,

meal size, and meal timing, must be explored in future studies to improve our

understanding of the relationship between diet and sleep.

Strengths and Weaknesses

Our study has a few limitations, starting with the use of self-reported questionnaires,

which are prone to underreporting or misreporting. Also, precise questions were

used to investigate sleep domains; the questionnaire specified that responses should

be based on recent behaviors (last month) and, to guarantee data as close as

possible to the real usual behavior, the questionnaire differentiated weekdays

(work/study days) and weekends (free days).48

Furthermore, although the survey questionnaire clarified that insomnia should

have been diagnosed by a professional, we recognize as a limitation the use of

self-reported insomnia. However, it is important to consider that even subjective



perceptions of sleep disorders can capture nuances in symptoms and indicate the

presence of sleep problems that might be affecting one’s quality of life.

In addition, despite our covariate adjustment for sociodemographic, diet-related,

and lifestyle traits, we recognize that a general weakness of cross-sectional studies

is that the direction of the relationship, and possible pathways of causation, can only

be hypothesized. Also, we recognize as a limitation the absence of energy and

nutrient consumption data to assess differences in daily/evening intake between

groups.

Conclusions

In conclusion, our results suggest that the timing of evening eating (both clock time

and the midpoint of sleep-related time), the evening consumption of caffeine and

sugary foods and having dinner as the largest meal of the day are associated with

worse sleep parameters.

These findings tend to support evidence indicating that an early-eating schedule

has beneficial sleep effects and that it will be necessary to consider components of

chrononutrition, such as evening eating patterns, distribution, and timing, along with

the existing sleep hygiene and circadian hygiene recommendations, to improve

sleep quality and circadian health and to prevent and treat sleep disorders.

Finally, due to the novelty of our study, it is important to mention that the TEM

parameter seems to be a good measure for studies on evening eating timing. Since

it measures the elapsed time between the last eating event and the midpoint of

sleep, which is considered a chronotype marker, it might also represent a proxy of

circadian time.

Fundings
This work was supported by Fundação de Amparo à Pesquisa do Estado de Alagoas

- FAPEAL (Grant/Award Number: 60030.0000002539/2022). AKPP received a

master’s scholarship from FAPEAL. MOL received a master’s scholarship from

Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - CAPES. MEBN

received a scientific initiation scholarship from CNPq.

Conflict of Interests



The authors have no conflict of interests to declare

References
1 Morin CM, Jarrin DC. Epidemiology of Insomnia: Prevalence, Course, Risk

Factors, and Public Health Burden. Sleep Med Clin 2022;17(02):173–191

2 Grandner MA. Epidemiology of insufficient sleep and poor sleep quality. Sleep

Health 2019;1(02):11–20

3 Walch OJ, Cochran A, Forger DB. A global quantification of “normal” sleep

schedules using smartphone data. Sci Adv 2016; 2(05):e1501705

4 Ohayon M, Wickwire EM, Hirshkowitz M, et al. National Sleep Foundation’s sleep

quality recommendations: first report. Sleep Health 2017;3(01):6–19

5 Andreeva VA, Perez-Jimenez J, St-Onge MP. A Systematic Review of the

Bidirectional Association Between Consumption of Ultraprocessed Food and Sleep

Parameters Among Adults. Curr Obes Rep 2023

6 Van Egmond LT, Meth EMS, Engström J, et al. Effects of acute sleep loss on leptin,

ghrelin, and adiponectin in adults with healthy weight and obesity: A laboratory study.

Obesity (Silver Spring) 2023;31(03):635–641

7 Tobaldini E, Fiorelli EM, Solbiati M, Costantino G, Nobili L, Montano N. Short sleep

duration and cardiometabolic risk: from pathophysiology to clinical evidence. Nat Rev

Cardiol 2019;16(04):213–224

8 Nedeltcheva AV, Kilkus JM, Imperial J, Kasza K, Schoeller DA, Penev PD. Sleep

curtailment is accompanied by increased intake of calories from snacks. Am J Clin

Nutr 2009;89(01):126–133

9 Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep duration is associated

with reduced leptin, elevated ghrelin, and increased body mass index. PLoS Med

2004;1(03):e62

10 Imaki M, Hatanaka Y, Ogawa Y, Yoshida Y, Tanada S. An epidemiological study

on relationship between the hours of sleep and life style factors in Japanese factory

workers. J Physiol Anthropol Appl Human Sci 2002;21(02):115–120



11 Wilson K, St-Onge MP, Tasali E. Diet Composition and Objectively Assessed

Sleep Quality: A Narrative Review. J Acad Nutr Diet 2022;122(06):1182–1195

12 Weibel J, Lin YS, Landolt HP, et al. The impact of daily caffeine intake on

nighttime sleep in young adult men. Sci Rep 2021;11 (01):4668

13 Fredholm BB, Bättig K, Holmén J, Nehlig A, Zvartau EE. Actions of caffeine in the

brainwith special reference to factors that contribute to its widespread use.

Pharmacol Rev 1999;51(01):83–133

14 Landolt HP. Sleep homeostasis: a role for adenosine in humans? Biochem

Pharmacol 2008;75(11):2070–2079

15 Clark I, Landolt HP. Coffee, caffeine, and sleep: A systematic review of

epidemiological studies and randomized controlled trials. Sleep Med Rev

2017;31:70–78

16 St-Onge MP, Roberts A, Shechter A, Choudhury AR. Fiber and saturated fat are

associated with sleep arousals and slow wave sleep. J Clin Sleep Med

2016;12(01):19–24

17 Boozari B, Saneei P, Safavi SM. Association between sleep duration and sleep

quality with sugar and sugar-sweetened beverages intake among university

students. Sleep Breath 2021;25(02): 649–656

18 Shahdadian F, Boozari B, Saneei P. Association between short sleep duration

and intake of sugar and sugar-sweetened beverages: A systematic review and

meta-analysis of observational studies. Sleep Health 2023;9(02):159–176

19 Spaeth AM, Dinges DF, Goel N. Objective measurements of energy balance are

associated with sleep architecture in healthy adults. Sleep 2017;40(01):zsw018

20 Katagiri R, Asakura K, Kobayashi S, Suga H, Sasaki S. Low intake of vegetables,

high intake of confectionary, and unhealthy eating habits are associated with poor

sleep quality among middle-aged female Japanese workers. J Occup Health

2014;56(05):359–368



21 Chaudhary NS, Grandner MA, Jackson NJ, Chakravorty S. Caffeine

consumption, insomnia, and sleep duration: Results from a nationally representative

sample. Nutrition 2016;32(11-12):1193–1199

22 Yasuda J, Kishi N, Fujita S. Association between Time from Dinner to Bedtime

and Sleep Quality Indices in the Young Japanese Population: A Cross-Sectional

Study. Dietetics. 2023;2:140–149

23 Crispim CA, Zimberg IZ, dos Reis BG, Diniz RM, Tufik S, de Mello MT.

Relationship between food intake and sleep pattern in healthy individuals. J Clin

Sleep Med 2011;7(06):659–664

24 Duan D, Gu C, Polotsky VY, Jun JC, Pham LV. Effects of Dinner Timing on Sleep

Stage Distribution and EEG Power Spectrum in Healthy Volunteers. Nat Sci Sleep

2021;13:601–612

25 Lopez-Minguez J, Gómez-Abellán P, Garaulet M. Timing of Breakfast, Lunch, and

Dinner. Effects on Obesity and Metabolic Risk. Nutrients 2019;11(11):2624

26 Longo-Silva G, Pedrosa AKP, de Oliveira PMB, et al. Beyond sleep duration:

Sleep timing is associated with BMI among Brazilian adults. Sleep Med X

2023;6(15):100082

27 Longo-Silva G, Bezerra de Oliveira PM, Pedrosa AKP, et al. Breakfast skipping

and timing of lunch and dinner: Relationship with BMI and obesity. Obes Res Clin

Pract 2022;16(06):507–513

28 Keijzer H, Smits MG, Duffy JF, Curfs LM. Why the dim light melatonin onset

(DLMO) should be measured before treatment of patients with circadian rhythm

sleep disorders. Sleep Med Rev 2014;18(04):333–339

29 Lopez-Minguez J, Saxena R, Bandín C, Scheer FA, Garaulet M. Late dinner

impairs glucose tolerance in MTNR1B risk allele carriers: A randomized, cross-over

study. Clin Nutr 2018;37(04):1133–1140

30 McHill AW, Phillips AJK, Czeisler CA, et al. Later circadian timing of food intake is

associated with increased body fat. Am J Clin Nutr 2017;106(05):1213–1219



31 Zerón-Rugerio MF, Longo-Silva G, Hernáez Á, Ortega-Regules AE, Cambras T,

Izquierdo-Pulido M. The Elapsed Time between Dinner and the Midpoint of Sleep is

Associated with Adiposity in Young Women. Nutrients 2020;12(02):410

32 Roenneberg T, Pilz LK, Zerbini G, Winnebeck EC. Chronotype and Social Jetlag:

A (Self-) Critical Review. Biology (Basel) 2019; 8(03):54

33 Roenneberg T, Wirz-Justice A, Merrow M. Life between clocks: daily temporal

patterns of human chronotypes. J Biol Rhythms 2003;18(01):80–90

34 Lira NCC, de Araújo SM, de Medeiros ACQ, de Souza JC. Translation, adaptation

and validation of the Chrononutrition Profile - Questionnaire (CP-Q) in Brazilian

Portuguese. Chronobiol Int 2023;40 (04):473–482

35 Veronda AC, Allison KC, Crosby RD, Irish LA. Development, validation and

reliability of the Chrononutrition Profile - Questionnaire. Chronobiol Int

2020;37(03):375–394

36 WHO. Obesity and Overweight. Geneva, Switzerland: World Health Organization;

2017

37 Xiao Q, Garaulet M, Scheer FAJL. Meal timing and obesity: interactions with

macronutrient intake and chronotype. Int J Obes 2019;43(09):1701–1711

38 Piesman M, Hwang I, Maydonovitch C, Wong RK. Nocturnal reflux episodes

following the administration of a standardized meal. Does timing matter? Am J

Gastroenterol 2007;102(10): 2128–2134

39 Yoshitake R, Park I, Ogata H, Omi N. Meal Timing and Sleeping Energy

Metabolism. Nutrients 2023;15(03):763

40 Landolt HP, Werth E, Borbély AA, Dijk DJ. Caffeine intake (200 mg) in the

morning affects human sleep and EEG power spectra at night. Brain Res

1995;675(1-2):67–74

41 McLellan TM, Caldwell JA, Lieberman HR. A review of caffeine’s effects on

cognitive, physical and occupational performance. Neurosci Biobehav Rev

2016;71:294–312



42 Roehrs T, Roth T. Caffeine: sleep and daytime sleepiness. Sleep Med Rev

2008;12(02):153–162

43 Gangwisch JE, Hale L, St-Onge MP, et al. High glycemic index and glycemic load

diets as risk factors for insomnia: analyses from the Women’s Health Initiative. Am J

Clin Nutr 2020;111(02):429–439

44 St-Onge MP, Mikic A, Pietrolungo CE. Effects of Diet on Sleep Quality. Adv Nutr

2016;7(05):938–949

45 Afaghi A, O’Connor H, Chow CM. High-glycemic-index carbohydrate meals

shorten sleep onset. Am J Clin Nutr 2007;85(02): 426–430

46 Chaput JP, McHill AW, Cox RC, et al. The role of insufficient sleep and circadian

misalignment in obesity. Nat Rev Endocrinol 2023; 19(02):82–97

47 Benton D, Bloxham A, Gaylor C, Brennan A, Young HA. Carbohydrate and sleep:

An evaluation of putative mechanisms. Front Nutr 2022;9:933898

48 Robbins R, Quan SF, Barger LK, et al. Self-reported sleep duration and timing: A

methodological review of event definitions, context, and timeframe of related

questions. Sleep Epidemiol 2021; 1:100016



Table 1. Characteristics, evening eating, and lifestyle traits of participants by

self-reported sleep latency (n = 2,140).



Table 1. (continued)



Table 2. Multivariable logistic models examining evening eating associated with

short sleep duration, sleep latency>30min, poor sleep quality, and insomnia. Data

are presented as OR (95% CI) and the multiple models are adjusted for age, sex,

region, physical exercise frequency, BMI, marital status, and scholarship.



Table 3. Multivariable regression models examining the association of evening

eating with sleep duration and sleep latency. Data are presented as β coefficient

(95% CI) and the multiple models are adjusted for age, sex, region, physical exercise

frequency, BMI, marital status, and scholarship.



Figure 1. Last eating event and the elapsed time between evening eating and the

midpoint of sleep (TEM) related to sleep duration and latency. Black lines plot the

predicted BMI values with 95% confidence intervals (grey fill). Models are adjusted

for age, sex, region, physical exercise frequency, BMI, marital status, and

scholarship.
Abbreviation: BMI, body mass index
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