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RESUMO

Introdugao: Estudos recentes apontam o jet lag social (JLS) - o qual reflete o
desalinhamento circadiano dos horarios de sono durante os dias de semana e fins de
semana - como um novo fator de risco para ao excesso de peso e parametros
metabdlicos alterados. Objetivo: Avaliar a associagdo entre JLS e controle de
marcadores clinicos e bioquimicos de individuos com doencas crénicas nao
transmissiveis (DCNT). Casuistica e métodos: Pacientes com DCNT (obesidade,
hipertenséo arterial sistémica [HAS], diabetes mellitus tipo 2 [DM2] ou dislipidemia)
atendidos em unidades do servigo publico de saude da cidade de Uberlandia-MG
responderam a um questionario envolvendo: dados demograficos, uso de
medicamentos, pratica de atividade fisica e padrédo de sono habitual. Foram aferidos os
parametros antropométricos: altura, peso, e circunferéncia da cintura e foi aplicado um
recordatério alimentar de 24 horas. Do prontuario médico do paciente foram coletados
0s valores de pressao arterial (PA) e dados do perfil glicémico e lipidico. O JLS foi
calculado pela diferengca absoluta entre o ponto médio do sono nos fins de semana e
dias de semana. Os dados foram abordados em dois tipos delineamento: transversal e
retrospectivo longitudinal. No estudo transversal investigou-se a associagéo do JLS com
parametros metabdlicos e PA entre trés sfatus de obesidade. Para tal os individuos
foram classificados em: n&o-obesos - indice de massa corporal (IMC)<30 kg/m?; obesos
saudaveis - IMC230 kg / m2 e menos de trés paradmetros para a sindrome metabdlica;
obesos ndo saudaveis - IMC230 kg/m? trés ou mais parametros para a sindrome
metabdlica. No estudo retrospectivo longitudinal dois parametros metabdlicos € de PA
com intervalo de um ano foram comparados entre si, em pacientes com e sem JLS.
Analises de regressdo linear e logistica multiplas e equacbes de estimacédo
generalizadas (EEG) ajustadas para fatores de confusdo foram realizadas para
examinar a associagdo entre JLS, parametros metabdlicos e PA. Resultados: No
estudo transversal foram incluidos 792 pacientes (581 mulheres [73%], idade:
55,9412 ,4 anos). Individuos com JLS (>1h) apresentaram maior razéo de chance (odds
ratio: OR) de ser sobrepeso (IMC>25kg/m?) (OR=2,0; intervalo de confianca [IC]=1,2-
3,6; p=0,006) e ser obeso ndo saudavel (OR=1,8; IC=1,1-2,8; p=0,01) quando
comparado aos individuos sem JLS. No estudo retrospectivo longitudinal foram
incluidos 654 pacientes (492 mulheres [75%], idade: 56,0 + 12,0 anos). A analise de
regress&o linear multipla mostrou que o JLS foi positivamente associado com: o delta
(diferenca) dos niveis de glicemia em jejum (B=0,09; p=0,04) e triglicerideos (p=0,09;
p=0,03) no intervalo de um ano; e negativamente associada ao delta dos niveis de
lipoproteina de alta densidade (HDL-c) (B=-0,09, p=0,04). As analises do EEG
mostraram, em individuos com DM2, um pior perfil de glicemia de jejum ao longo de um
ano entre os individuos com JLS (>1h) quando comparados com individuos sem JLS
(p=0,03). Conclusdo: O JLS esta associado a um maior risco para 0 sobrepeso e
obesidade n&o saudavel em pacientes com DCNT. Além disso, o JLS pode influenciar
negativamente o controle de marcadores metabdlicos relacionados a DCNT,
especialmente os niveis de glicemia de jejum, triglicerideos e HDL-c.

Palavras-chave: Jet /ag social. Doengas crénicas n&o transmissiveis. Ritmos
circadianos. Desalinhamento Circadiano.



ABSTRACT

Introduction: Recent studies point to social jetlag (SJL) - which reflects the circadian
misalignment of sleep times during weekdays and weekends - as a new risk factor for
excess weight and altered metabolic parameters. Objective: To evaluate the
association between SJL and control of clinical and biochemical markers of individuals
with non-comunicable chronic diseases (NCCDs). Material and methods: Patients with
NCCDs [obesity, systemic arterial hypertension (SHA), type 2 diabetes mellitus (TD2) or
dyslipidaemia] attended at public health service in the city of Uberlandia-MG answered a
questionnaire involving demographic data, use of medications, physical activity and
habitual sleep pattern. The anthropometric parameters were measured: height, weight,
and waist circumference; and a 24-hour food recall was applied. From the medical
records of the volunteer, blood pressure (BP) values and glycemic and lipid profile data
were collected. SLJ was calculated based on the absolute difference between mid-sleep
time at weekends and on weekdays. The data were analyzed in two study design: cross-
sectional and retrospective longitudinal. The cross-sectional study compared the
sociodemographic, anthropometric and circadian parameters between the different
obesity status, as well as investigated the association between JLS and metabolic and
BP parameters. Thus, obesity status was classified in three levels: non-obese: BMI<30
kg/mZ healthy obese: BMI =2 30 kg/m? and less than three high-risk biomarkers for
metabolic syndrome; and unhealthy obese: BMI = 30 kg/m? and high-risk values on
three or more biomarkers for metabolic syndrome. In the longitudinal retrospective
study, two metabolic and BP parameters with an interval of one year were compared to
each other, in patients with and without JLS. Multiple linear regression, logistic
regression and generalized estimation equations (GEE) adjusted for confounding factors
were performed to examine the association between SJL, metabolic parameters and BP.
Results: The cross-sectional study included 792 patients [581 women (73%), age: 55.9
+ 12.4 years]. Patients with SJL (>1 h) presented a significant odds ratio (OR) of being
overweight (BMI>25kg/m?) (OR=2.0, Cl=1.2-3.6, p=0.006) and unhealthy obese
(OR=1.8, CI=1.1-2.8, p=0.01) when compared to individuals without SJL. In the
longitudinal retrospective study, 654 patients were included [492 women (75%), age:
56.0 + 12.0 years]. Multiple linear regression analysis adjusted for confounding variables
showed that SJL was positively associated with: delta (difference) in fasting glucose
levels (B = 0.09, p = 0.04) and triglycerides (B = 0.09; p = 0.03) in the interval of one
year; and negatively associated with delta levels of high-density lipoprotein (HDL-c).
GEE analysis showed a worse fasting glucose profile over the course of one year
among individuals with SJL (> 1h) when compared to subjects without SJL (p = 0.03).
Conclusion: SJL is associated with a greater risk for overweight and unhealthy obesity.
In addition, JLS may negatively influence the control of metabolic markers related to
NCCDs, especially fasting glucose, triglyceride and HDL-c levels.

Key words: Social jetlag. Non-communicable chronic diseases. Circadian rhythms.
Circadian misalignment.
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1 INTRODUCAO

O Brasil, a exemplo do que ocorre em outras partes do mundo, tem passado por
processos de transicdo demografica, epidemioldgica e nutricional desde a década de 60
(LOW et al., 2015; SCHMIDT et al., 2011). Isso resultou em uma importante alteragéo
do cenario epidemioldgico do pais, com um aumento expressivo da prevaléncia das
doencgas cronicas n&o transmissiveis (DCNT) (SCHMIDT et al., 2011; BOUTAYEB;
BOUTAYEB, 2005).

Integram o quadro de DCNT as doencgas cardiovasculares - como a hipertensao
arterial sistémica (HAS) e as dislipidemias —, o diabetes mellitus tipo Il (DM2) e a
obesidade (BRASIL, 2011). S&o apontadas como determinantes sociais das DCNT as
desigualdades sociais, a baixa escolaridade, as desigualdades no acesso a informacgao
e aos servicos de saude (BRASIL, 2011). Além disso, fatores de risco modificaveis,
como o tabagismo, o consumo de bebida alcodlica, a inatividade fisica e a alimentagao
inadequada também est&o envolvidos na etiologia das DCNT (SCHMIDT et al., 2011).
Recentemente, outros aspectos também relacionados ao estilo de vida - como o padréo
alterado de sono e a dessincronizagdo dos ritmos bioldgicos -, s&o apontados como
possiveis agentes para o desenvolvimento de DCNT (WONG et al., 2015, PARSONS et
al., 2015).

A vida na Terra evoluiu no contexto de um ambiente ritmico, caracterizado em
grande parte pela sucessdo regular da noite e do dia. Isso levou a evolugcido dos
sistemas circadianos (do latim circa diem — cerca de um dia), para otimizar os
processos fisioldgicos e comportamentais (ROENNEBERG; MERROW, 2016).
Alteracbes no ritmo circadiano podem ter consequéncias para a saude mental
(LEVANDOVISKI et al., 2011), imunologica (DUMBELL et al., 2016) e, crucialmente,
para a fun¢ao cardiovascular (WONG et al., 2015; PARSONS et al., 2015) e metabdlica
(WONG et al., 2015; PARSONS et al.,, 2015; REUTRAKUL et al., 2013). Como exemplo
de desalinhamento circadiano temos o jet /ag ocasionado pelo deslocamento entre
diferentes fusos horarios, o trabalho por turnos, as longas jornadas de trabalho (REMI
et al., 2015), e o jet /ag social, que reflete a diferenca do tempo de sono durante os dias
de semana e fins de semana (WITTMANN et al., 2006).
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Em individuos com maiores niveis de jet /ag social ha a presenga de um déficit
de sono durante os dias de trabalho e/ou escola, o qual tende a ser compensado nos
fins de semana, gerando um padrédo irregular do ciclo sono-vigilia (ROENNEBERG et
al., 2012). A ocorréncia semanal deste padrao coloca o individuo em desalinhamento
circadiano crénico que pode acompanha-lo durante grande parte de sua vida
académica (MALONE et al., 2016) ou estar presente ao longo de sua carreira
profissional (ROENNEBERG et al.,, 2012). Pesquisas acerca da influéncia do jet /ag
social sobre o estilo de vida e DCNT s&o escassas na literatura e em geral tém modelo
transversal, o que dificulta a afirmacéo de causalidade entre tais aspectos. No entanto,
ha evidéncias que o jet lag social esta associado a maior propensdo a depressao
(LEVANDOVSKI et al.,, 2011), menor nivel de atividade fisica (ALVES et al., 2016;
WONG et al., 2015; RUTTERS et al., 2014), piores escolhas alimentares (SILVA et al.,
2016), além de maior risco para o desenvolvimento de excesso de peso (PARSONS et
al., 2015; ROENNEBERG et al., 2012) e pior controle metabdlico (WONG et al., 2015;
PARSONS et al.,, 2015).

As pesquisas dessa area desenvolvidas até o momento em geral partem de
populacdes inicialmente consideradas “saudaveis” € buscam investigar a possivel
influéncia do jet lag social sobre fatores envolvendo o estilo de vida e etiologia de
diferentes doencas. No entanto, se faz necessario também investigar a associacdo do
Jet lag social com controle de parametros metabdlicos em individuos ja diagnosticados
com DCNT, com intuito de estabelecer condutas preventivas e terapéuticas no manejo

clinico de possiveis desordens relacionadas ao desalinhamento circadiano.
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1.1 Considerag¢des iniciais

A formatacdo desta tese segue o “Modelo alternativo” estabelecido pelo
Programa de Pos Graduacgéo e Pesquisa em Ciéncias Saude da Universidade Federal
de Uberlandia. Inicialmente, uma fundamentacéo tedrica sera apresentada como forma
de revisdo da literatura sobre os temas abordados na tese. Em seguida, séo
apresentados dois manuscritos elaborados a partir dos dados obtidos e analises
estatisticas realizadas. O primeiro artigo (ARTIGO 1: “Social jetlag and metabolic control
in non-communicable chronic diseases: a study addressing different obesity statuses”)
foi submetido no periédico Scientific Reports (ANEXO D) e o segundo artigo (ARTIGO
2. “Social jetlag is negatively associated with metabolic control in patients with non-
communicable chronic diseases during one-year follow-up”), submetido para o peridédico
Diabetes Care (ANEXO E).
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2 FUNDAMENTAGAO TEORICA

2.1 Cronobiologia

A cronobiologia € a ciéncia que estuda os ritmos bioldgicos, elucidando as
variacbes de acordo com a hora do dia em decorréncia da regulacdo endogena dos
ritmos biolégicos que, por sua vez, sdo influenciados pelo ciclo claro-escuro e por
questdes ambientais tais como a alimentacdo, atividade fisica e interagcbes sociais
(CAMPOS et. al., 2011; ARAUJO; MARQUES, 2002). As primeiras tentativas de ler os
‘tempos” dos organismos vivos datam do inicio do século XVIII, quando o astrébnomo
Jean-Jacques Dortous de Mairan (1678-1771) - membro da Academia de Ciéncias da
Franca - publicou um artigo sugerindo a possivel existéncia de um mecanismo
marcador de tempo em uma planta. Essa sugestao foi a tentativa de explicar porque os
movimentos espontaneos de abertura e fechamento das folhas da Mimosa pudica
persistiam quando ela era isolada do ambiente e mantida por alguns dias dentro de um
bau em escuro constante (MENNA-BARRETO; MARQUES, 2002).

Atualmente, diferentes fungbes comumente avaliadas na cronobiologia s&o
reconhecidamente relevantes para a condicdo de saude dos individuos, tais como: o
cronotipo, o padréo vigilia-sono e a regularidade do estilo de vida (CAMPQOS et. al.,
2011). Assim, a cronobiologia traz uma das mais importantes contribuicdes relativas ao
estudo do tempo: a nocido de variabilidade das fungdes biolégicas ao longo das 24
horas do dia (ALMONDES et al., 2006). O objetivo central desta ciéncia é elucidar as
caracteristicas temporais da matéria viva, em todos 0s seus niveis de organizacao
(CAMPQOS et. al., 2011) e para isso ha dois conceitos fundamentais da cronobiologia:
Organizagéo Temporal Interna e Organizacdo Temporal Externa (MOORE-EDE et al.,
1982). A primeira sintetiza a sequéncia de eventos organicos para o funcionamento
adequado do organismo, como por exemplo os processos fisiologicos ocorridos antes,
durante e ap06s o periodo do sono (MENNA-BARRETO; WAY, 2007). J& a organizagéo
temporal externa se caracteriza pelas relagcdes temporais entre eventos organicos (por

exemplo, 0 sono ou a temperatura corporal) e eventos ambientais que tém reconhecido
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poder de sincronizar nossos ritmos bioldgicos, como € o caso do ciclo claro/escuro e
dos ciclos de atividade social, como por exemplo, os horarios de trabalho ou estudo
(MENNA-BARRETO;WAY, 2007).

2.2 Ritmos biolégicos

Conceitualmente um ritmo € definido como uma sequéncia de eventos que se
repetem na mesma ordem e nos mesmos intervalos (MINORS; WATERHOUSE, 1981).
Assim, a ritmicidade biolégica pode ser entendida como a expressdo ciclica de um
fendbmeno biolégico de forma periddica e relativamente estavel. Os ritmos podem ser
gerados endogenamente em todos 0s niveis de organizacdo em uma célula, em um
tecido, em um 6rgdo, em um sistema e no organismo como um todo (ARAUJO;
MARQUES, 2002).

Para o estudo dos ritmos bioldgicos € necessario definir uma série de seus
paréametros: periodo (T), frequéncia (f), nivel médio ou mesor (M), amplitude (A), fase
(9), zénite (z) ou acrofase (@) e nadir (n) ou batifase (MARQUES; MENNA-BARRETO,
2003). A oscilagdo destas variaveis em funcdo do tempo pode ser representada por

uma curva sinusoidal (FIGURA 1).

Figura 1 - Parametros de um ritmo biologico.

M

Fonte: Adaptado de Cardinalli et al. (2005).
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Os parametros de um ritmo bioldgico s&o assim definidos (CARDINALLI et al.,

2005; MARQUES; MENNA-BARRETO, 2003):

e Periodo (T) - intervalo de tempo entre dois acontecimentos idénticos, ou seja, € a
duracdo de um ciclo completo.

e Frequéncia (f) - corresponde ao inverso do periodo (f=1/T). Sendo a unidade do
tempo 24 horas, a frequéncia corresponde ao numero de ciclos por dia.

e Mesor — valor médio de uma variavel, calculado ao longo de um periodo completo;

e Amplitude — diferenca entre 0 mesor e o valor maximo alcan¢ado pela variavel
durante o periodo;

e Fase (¢) — valor instantaneo de uma variavel num determinado momento.

e Zénite (z) ou Acrofase (®) — momento em que ocorre o0 valor mais elevado na
funcéao.

e Nadir (n) ou Batifase — momento em que ocorre o0 valor minimo da fungéo.

Varios ritmos bioldégicos sdo associados aos ciclos geofisicos. Exemplos disso
s30 os ciclos das marés, importantes para a reprodugado de algumas espécies, € o ciclo
claro-escuro (dia-noite), que determina a alocac&o da fase de atividade sendo, para os
animais diurnos, durante o periodo de claridade, e, para os animais noturnos, durante o
periodo de escuriddo (ALMONDES, 2006).

A classificagdo dos ritmos biolégicos foi proposta inicialmente por Halberg (1969)
e didaticamente estabelece trés categorias sendo: circadianos, infradianos e
ultradianos. Os ritmos circadianos referem-se a ritmos cujo o periodo € de cerca de um
dia (do latim, circa dies), compreendido entre 20 e 28 horas. O ritmo ultradiano inclui
variagcdes ocorridas em curtos periodos de tempo, em geral, minutos (exemplo: ritmo
dos batimentos cardiacos). O ritmo infradiano caracteriza as variagbes que ocorrem em
um periodo de 30 dias (exemplo: ciclo menstrual) (ARAUJO; MARQUES, 2002).

O termo “circadiano” vem do latim circa diem (“cerca de um dia”) e designa o
periodo de aproximadamente um dia (24 horas) (MARTINEZ-CARPIO; COROMINAS,
2004). E o ritmo mais conhecido por ser faciimente observado (a exemplo do ciclo sono
vigilia), pois a cada 24 horas um novo ciclo se inicia (ARAUJO; MARQUES, 2002). Os

ritmos circadianos s&o ritmos bioldgicos que podem se expressar nos niveis
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bioquimicos, fisioloégicos ou comportamentais e tém importancia fundamental para a
sobrevivéncia do organismo (MINORS; WATERHOUSE, 1981). Oscilagbes da
temperatura corporal, pressdo sanguinea e respostas celulares para estimulos internos,
tais como horménios, sistemas enzimaticos, neurotransmissores, eletrélitos e substratos
metabdlicos, também demonstram ritmicidade circadiana (WAECKERLE, 1994). Essa
organizacao temporal resulta da atuacéo de fatores endogenos (relégios bioldgicos ou
osciladores centrais) e de fatores ambientais (os sincronizadores ou zeitgebers, termo
alemao para "fornecedor de tempo"), e para a espécie humana os sincronizadores
sociais (horarios de trabalho e estudo) também s&o agentes influenciadores (MENNA-
BARRETO; MARQUES, 2002).

2.2.1 Sincronizagao dos ritmos circadianos

Os ritmos circadianos s&o controlados por um sistema de temporizagéo
simbolicamente conhecido como reldgio bioldgico (REPPERT, 2002). Por meio da
oscilacdo regular de seus estimulos, o relégio biolégico promove a ritmicidade
circadiana capaz de antecipar uma agao e preparar 0 organismo para a possibilidade
de uma determinada mudanca sistematica ambiental ou interna (VOSKO et al., 2010).

A principal estrutura desse sistema € o nucleo supraquiasmatico (NSQ), também
chamado de relogio central, e a destruicdo dessa estrutura perturba os padrdes de
sono-vigilia em roedores independentemente da durag&o do sono por dia (STEPHAN;
ZUCKER, 1972). Localizado no hipotalamo, o NSQ é constituido de dois pequenos
aglomerados de neurdnios adjacentes ao quiasma éptico, cada um perfazendo cerca de
20.000 células e ocupando um volume de 0,1 mm3 (ALOE et al., 2005). O NSQ constitui
0 marcapasso gerador da ritmicidade circadiana em mamiferos, ou seja, 0 relogio
bioldgico circadiano (REPPERT, 2002).

Importante destacar que pesquisadores da cronobiologia tém sugerido a
substituicdo do termo “reldgio biolégico”, tendo em vista que a sincronizagédo dos ritmos
circadianos ndo ocorre somente em um sO local (no sistema nervoso central) ou
somente via NSQ (MOHAWK; MENNAKER, 2009; MENNA-BARRETO; WEY 2005;
MENNA-BARRETO, 2005, MROSOVSKY, 2003). A proposta é atribuir a dindmica da
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sincronizacao dos ritmos circadianos a um “sistema de temporizacao circadiana”,
composto por um conjunto de osciladores (central e periféricos), o qual é responsavel
por ajustar os ritmos de acordo com pistas temporais, estimulos féticos e n&o foticos
(MENNA-BARRETO; WEY 2005; MENNA-BARRETO, 2005). Na presente tese, porém,
optou-se pela adogdo dos termos “relogio bioldgico” e “relégios periféricos” para
designar a respectiva atuagdo sobre ritmicidade circadiana do NSQ e os diferentes
orgaos alvos espalhados pelo corpo. Esta escolha se deu porque estes termos s&o
didaticos, convencionais e amplamente reconhecidos na literatura cientifica
(ROENNEBERG; MERROW, 2016; BARON; REID, 2014; BRAY; YOUNG et al., 2009;
CHALLET, 2007).

A fase do reldgio biolégico € sincronizada com a luz (ou auséncia dela) por meio
do sinal fético do nervo éptico (RAMKISOENSING; MEIJER, 2015; CHALLET, 2007) e
por meio de conexdes com a retina a qual recebe informacgdes sobre a luminosidade do
ambiente, sincronizando os ritmos circadianos com o ciclo claro-escuro
(RAMKISOENSING; MEIJER, 2015). A luz coordena as oscilagbes no NSQ através de
um mecanismo envolvendo células ganglionares da retina contendo melanopsina que
se projetam diretamente para o NSQ através do trato retino-hipotalamico (Vosko et al.,
2010). Em seguida, o NSQ sincroniza os relogios periféricos em outras partes do
cérebro e também em 6rgédos chaves do controle homeostatico por meio de sinais
humorais, neuronais ou genéticos (MENDOZA et al, 2010). Como resultado a
expressédo de hormoénios especificos de cada tecido e as vias metabdlicas exibem uma
oscilagao circadiana (BRAY; YOUNG, 2009). Na auséncia da luz os ritmos podem ser
modulados por meio de estimulos do sistema limbico e outros ritmos sociais, como por
exemplo, os horarios regulares de ingestado alimentar que ajudam a ajustar os ritmos
circadianos (MENDOZA et al., 2010; ALOE et al., 2005; CHALLET et al., 2003)
(FIGURA 2).
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Figura 2 - Mecanismo de sincronizacdo dos ritmos circadianos envolvendo o

reldgio central (nucleo supraquiasmatico [NSQ]) e reldgios periféricos.
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Fonte: Adaptado de Bray e Young et al. (2009).

2.2.2 Controle molecular dos ritmos circadianos

A nivel celular, os ritmos circadianos sao produzidos por uma série de genes
especificos denominados “genes do reldgio”, que cooperam entre si e se autorregulam
gerando ritmos que oscilam com um periodo circadiano (BUHR et al., 2013; KOIKE et
al., 2012). Os genes do relogio s&o expressos de forma ritmica e s&o encontrados no
NSQ, em varias outras localidades no sistema nervoso central e também em células
somaticas (MARKUS et al., 2003).
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A base de funcionamento da ritmicidade molecular € a interacdo entre algas de
retroalimentacdo positivas e negativas que fazem com que determinadas proteinas e
fatores de transcricdo sejam expressos e transcritos em um periodo de
aproximadamente 24h + 4h (OKAMURA et al., 2002). Assim, a proteina sintetizada a
partir de um gene é capaz de inibir a ativacdo do mesmo e ativar a transcricido do gene
que se expressa com alternancia de fase (REPPERT, 2002)

Os genes cuja codificacdo estd envolvida nos mecanismos da ritmicidade
circadiana sao: circadian locomotor output cycles kaput (CLOCK), brain and muscle
arnt-like protein-1 (BMAL1), period (PER 1, PER 2, e PER 3), cryptochrome (CRY 1 e
CRY 2), reverse strand of the c-erba (REV-ERBa) e o receptor orfao relacionado ao
acido-retindico - do inglés retinoic acid orphan-related receptor a (RORA). O ciclo de
retroalimentacdo se inicia com a tradugcé&o do genes CLOCK e BMAL1, que formam
heterodimeros e ativam a transcricdo dos genes PER, CRY e Rev-Erba. As proteinas
PER e CRY acumulam-se lentamente como heterodimeros e reagem para inibir a
transcricdo dependente de CLOCK-BMAL1. O REV-ERBa acumula rapidamente e inibe
a transcricdo de BMAL1, entdo RORA, que se acumula mais lentamente, ativa a
transcricdo de BMAL1. Este oscilador € composto por loops de realimentagcéo
interligados que regulam a abundancia e a atividade dos fatores de transcricéo
(FIGURA 3) (BELL-PEDERSEN et al., 2005). Estes fatores de transcrigdo controlam a
expressdo de genes nas vias de saida do reldgio, resultando em ritmos
comportamentais e fisiologicos (BELL-PEDERSEN et al., 2005). No entanto, é
importante destacar que o estudo do genoma humano € uma area da ciéncia em
constante atualizacido e muitas moléculas provavelmente ainda serdo identificadas e
descritas para explicar o exato mecanismo de interacao entre algas de retroalimentagéo
central e secundarias envolvidas no controle da ritmicidade circadiana (PEREIRA et al.,
2009).
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Figura 3 - Mecanismo de controle molecular via genes do relégio.
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Fonte: Adaptado de Bell-Pedersen et al. (2005).

O relégio bioloégico central controla cerca de 5 a 10% de todo o genoma dos
mamiferos e inclui componentes que influenciam o metabolismo, os processos de
detoxificacdo, transdugdo de sinais, secre¢des, proliferagdo celular, atividades
neuronais, respostas imunes, dentre outros processos vitais (WEBER et al., 2008). O
funcionamento destes processos, porém, dependem do organismo e do tecido em
questdo, ja que sao altamente especificos funcionalmente (WEBER et al., 2008).

Mutacdes e polimorfismos nos genes do relégio podem causar uma regulagéo
circadiana anormal com fenodtipos que vao desde periodos enddgenos mais curtos ou
mais longos até a perda da ritmicidade e um prejuizo na sincronizacdo pela luz
(PEREIRA et al., 2009). Neste sentido, estudos indicam que os genes CLOCK, PER 2 e
PER 3 estdo relacionadas com a sindrome da fase atrasada do sono, sindrome de fase

avang¢ada do sono, sindrome do ciclo sono-vigilia diferente de 24h e transtornos de
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humor (MANSOUR et al., 2006; BENEDETTI et al., 2003; TOH et al., 2001). Além disso,
condi¢des ndo patolégicas como a tipologia circadiana - que caracteriza os individuos
como matutinos, indiferentes ou vespertinos -, também se associam a polimorfismos
dos genes do reldégio, em especial o gene CLOCK e PER 3 (GARAULET et al.,, 2012;
PEREIRA et al.; 2005; ARCHER et al. 2003; KATZENBERG et al., 1998).

Sobre o0 metabolismo energético, os genes do reldgio atuam de duas maneiras:
através do controle da transcricdo de enzimas metabdlicas e da regulacdo de fatores
endocrinos que influenciam metabolicamente os tecidos de maneira dependente do
ciclo claro/escuro (OIKE et al., 2014). Os genes do reldgio, contudo, também podem ser
regulados pelo metabolismo (OIKE et al., 2017). Estudos em animais tratados com dieta
hiperlipidica indicam a perda da sincronia da atividade locomotora e altera¢des do ciclo
alimentar e ciclo claro-escuro, devido a reducdo da expressao de genes do reldgio dos
tecidos periféricos (GREEN et al., 2008). Além disso, refeicbes mais palataveis também
sao apontadas como sendo capazes de alterar a expressdo de genes relacionados ao
controle da ritmicidade circadiana no NSQ (MENDOZA et al., 2010).

2.2.3 Ciclo sono-vigilia

Na espécie humana, o ciclo claro-escuro é reconhecidamente um dos mais
importantes sinais ambientais capazes de “acertar’” os reldgios bioldgicos, e
consequentemente 0 ciclo sono-vigilia. Porém, ha também um papel importante
desempenhado por estimulos sociais como horarios de trabalho, lazer e refei¢cbes
(ROEENEBERG et al., 2003).

O sono € caracterizado como um estado funcional, reversivel e ciclico, com
algumas manifestacbes comportamentais caracteristicas, como uma imobilidade
relativa e o aumento do limiar de resposta aos estimulos externos (MOORE,1997).
Trata-se de componente importante da homeostase dos mamiferos, vital para a
sobrevivéncia das espécies (DURMER; DINGES, 2005).

A caracterizacdo das fases do sono pode ser feita com base em trés variaveis
fisioldgicas que compreendem o eletroencefalograma (EEG), eletromiograma e eletro-

oculograma. Por meio destes critérios, dois padrées fundamentais do sono sao
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estabelecidos: sono sem movimentos oculares rapidos (NREM) e com movimentos
oculares rapidos (REM) (RECHTSCHAFFEN; KALES, 1968). O sono NREM é
composto por quatro etapas em grau crescente de profundidade, os estagios |, Il, Ill e
IV. Além disso, se caracteriza pelo relaxamento muscular, porém com manuten¢éo do
tonus, acompanhado pela progressiva reducdo dos movimentos corporais € aumento
progressivo de ondas lentas (FULLER et al., 2006). O sono REM recebe também as
denominagcbes de sono paradoxal ou sono dessincronizado e se caracteriza por
hipotonia, movimentos fasicos, mioclonias e ocorréncia de sonhos. Apesar de ser um
estagio de sono profundo e com maior dificuldade de despertar, o padrao
eletroencefalografico se assemelha ao da vigilia, ou mesmo do estagio | do sono NREM
(FERNANDES, 2006). Um ciclo noturno previsivel de 90 minutos marca a variagéo
entre os quatro estagios do sono NREM para o sono REM, descrevendo uma
arquitetura caracteristica, com propor¢des definidas de cada estagio, que variam
segundo o estagio de vida (FULLER et al., 2006).

Inquéritos epidemiologicos realizados nas ultimas décadas apontam para uma
importante redugdo do tempo total de sono em diferentes partes do mundo, como nos
Estados Unidos (NSF, 2002; GALLUP et al., 1995, KRIPKE et al., 1979) e Brasil
(SOTERIO-PIRES et al., 2017; PIRES et al., 2007). Este fato tem se tornado uma
crescente preocupacgéo em termos de saude publica (IOM, 2006). Corroborando estes
achados, varios estudos epidemiologicos revelam que uma menor duracido habitual do
sono € independentemente associada a uma série de doencas que incluem: obesidade
(WU et al., 2014; CAPUCCIO et al.,, 2008; PATEL et al., 2008), DM2 (BRIANCON-
MARJOLLET et al, 2015 CHAPUT et al, 2007), doencas cardiovasculares
(STRANGES et al., 2010; IKEHARA et al., 2009), além de maior mortalidade (AMAGAI
et al.,, 2004; TAMAKOSHI et al., 2004). Especificamente sobre a obesidade, a relagdo
tipicamente é observada na forma de uma curva U, onde 0 menor risco para 0 excesso
de peso € encontrado em cerca de 7-8 h de sono por noite com as probabilidades
aumentando para os periodos de sono mais curtos ou mais longos (MARSHALL et al.,
2008).

Somados as evidéncias dos efeitos deletérios da privagdo do sono sobre a

saude, recentes evidéncias sinalizam que a dessincronizagdo dos horarios de dormir
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acordar nos dias de semana para os fim de semana também podem ser considerados
como fatores de risco para problemas relacionados ao excesso de peso
(ROENNEBERG et al., 2012) e doengas metabdlicas (WONG et al., 2015; PARSONS et
al., 2015). Estas evidéncias indicam que nao sb o tempo de sono e consequentemente
a privacdo do sono deve ser considerada como fator de risco para diversas doencas
metabdlicas, mas também a dindmica dos horarios de dormir e acordar sédo fatores

potencialmente determinantes para o desenvolvimento de desordens desta natureza.

2.3 Dessincronizagao dos ritmos bioldgicos

A coordenacéo entre os reloégio central e periféricos envolve caminhos genéticos,
hormonais, neurolégicos e comportamentais e esta dindmica € prejudicada em
condi¢des de desalinhamento circadiano (BARON et al., 2016). Didaticamente pode-se
representar a sincronizacdo do “maquinario circadiano” como as “engrenagens” dos
reldégios bioldgicos (FIGURA 4). Em condigbes de alinhamento circadiano essas
engrenagens (incluindo o relégio central e os periféricos) devem permanecer
sincronizadas entre si e com o ambiente. Sob condi¢des fisioldgicas, o reldgio central
no NSQ — o qual é sensivel a luz -, sincroniza as engrenagens do reldgios periféricos
espalhados pelo organismo. Estes reldgios periféricos, por sua vez, exibem
sensibilidade diferencial para outros zeitgebers ambientais, tais como a alimentac&o e
atividade fisica. E importante destacar ainda que o NSQ também orienta a ingestao de
alimentos e a pratica de atividade fisica, bem como as respostas fisioldgicas a esses
comportamentos, mantendo todos as engrenagens em sincronia (GAMBLE; YOUNG,
2013).

Em condicbes de desalinhamento circadiano, quando o ciclo sono-vigilia, a
ingestao de alimentos e/ou esforgo fisico ocorrem fora dos periodos programados no
NSQ, estes zeitgebers colocam os relogios periféricos afastados do sinal de
sincronizagao originado do relégio central no NSQ (GAMBLE; YOUNG, 2013).
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Figura 4 - Maquinario dos reldgios - central e periféricos - e sua relacdo com

“zeitgebers” em condi¢bes de alinhamento e desalinhamento circadiano.
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Fonte: Adaptado de Gamble, Young (2013).

Para a sobrevivéncia da espécie, € importante que processos fisioldégicos e

comportamentos se manifestem nos momentos em que a situacdo ambiental seja a

mais adequada para sua expressao (ALMONDES et al.,, 2006). Assim quando estes

ritmos estéo desalinhados, sejam por fatores genéticos, ambientais, sociais ou mesmo

pela preferéncia individual, transtornos a curto € médio prazo podem ser observados
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(ROENNEBERG et al., 2016). Cansaco, letargia, dores musculares e déficits cognitivos
podem ser atribuidos ao desalinhamento agudo dos ritmos circadianos
(ROENNEBERG; MERROW, 2016). Porém, evidéncias atuais indicam que estados
patologicos estdo associados a ritmos dessincronizados (ROENNEBERG; MERROW,
et al.,, 2016, REMI, 2015). Os mecanismos apontados na etiologia de doengas em
funcdo de alteracdes da organizacdo temporal s&o: ingestdo alimentar em horarios nao
programados, acompanhada da dificuldade de metabolizacdo da glicose e acidos
graxos pelos 6rgaos periféricos; aumento de marcadores para inflamacéo, fibrindlise e
reatividade vascular; além da expressao génica alterada (GREEN et al., 2008).

Além das formas obtidas em condi¢gdes controladas e de confinamento em
laboratérios, as formas ambientais tradicionalmente apontadas como desalinhamento
circadiano s&o: trabalho em turnos ou noturno, longa jornadas de trabalho e jet /ag
ocasionado por viagens transmeridionais (LIMA; VARGAS, 2014). Mais recentemente
outra modalidade de desalinhamento tem ganhado notoriedade na literatura cientifica: o
Jet lag social (WITTMANN et al., 2006)

2.3.1 Jet lag social

Os horarios estabelecidos para estudo ou trabalho interferem consideravelmente
sobre as preferéncias individuais para os horarios de dormir e acordar (WITTMANN et
al., 2006). Em adicdo, o advento da luz artificial associado as equipamentos
tecnolégicos, como a televisdo e as midias eletrénicas via computadores e telefones
celulares, podem também influenciar consideravelmente os horarios de sono,
especialmente entre os individuos mais jovens (LEMOLA et al., 2015; FOSSUM et al.,
2014). Este cenario da vida moderna provoca um atraso no horario de dormir durante a
semana, e consequentemente privacdo do sono, tendo em vista a necessidade de
acordar cedo para cumprir os horarios de trabalho e/ou estudo estabelecido pela
sociedade (ROENNEBERG et al., 2012). O déficit de sono acumulado durante os dias
de estudo ou trabalho tendem a ser compensados aos finais de semana ou dias livres.
Este desalinhamento dos horarios e do tempo de dormir se assemelha a viajar através

de varios fusos horarios no sentido oeste na sexta-feira a noite e retornar na segunda
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de manha (ROENNEBERG et al., 2012). A ocorréncia semanal deste padréo coloca o
individuo em desalinhamento circadiano crénico. Essa discrepancia dos horarios de
dormir e acordar entre os dias trabalho (ou estudo) e dias livres, ou mais
especificamente, entre o tempo social e o bioldgico, é chamado de "jef lag social".

O jet lag social € obtido pela diferenca absoluta entre o ponto médio do sono nos
dias de fim de semana (do inglés, mid-sleep on free days - MSF) e o ponto médio do
sono nos dias de semana (do inglés, mid-sleep on workdays - MSW) (WITTMANN et al.,
2006; ROENNEBERG et al., 2012) (FIGURA 5). O ponto médio do sono (do inglés mid
sleep [MS]) é um parametro calculado a partir do horario de dormir e a duragéo total do
sono. Especificamente, o MS é obtido adicionando-se metade do tempo de sono ao
horario de inicio do sono (considerando-se também a Ilaténcia do sono)
(ROEENEBERG et al.,, 2003). O jet /ag social pode ser analisado como uma variavel
linear demonstrando o grau de desalinhamento; ou de forma dicotomizada conforme
pontos de corte pré estabelecidos (WITTMANN et al., 2006). Em geral utiliza-se o ponto
de corte > 1h para indicar que o individuo tem jet lag social (ALVES et al., 2016; WONG
et al., 2015), porém podem ser adotados outros valores tais como: maior do que meia
hora (REUTRAKUL et al., 2013); > 2h; > 3h (RUTTERS et al., 2014; PARSONS et al.,
2015).
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Figura 5 - Actograma ilustrando os horarios de sono ao longo de seis semanas.

Horario (h)
1800 22060 200 6:00 10:00 14:00 1800

Semanas
w

Ponto médio do sono
em dias livres {ou fins
de semana) (MSF)

Jet leg social = ABS (MSF-MSW)

Ponto médio do sono em
dias de trabalho (ou de
semana) (MSW)

Fonte: Adaptado de Roenneberg et al. (2012).
Nota: Linhas brancas com tracejados em vermelho indicam os horarios de dormir
e acordar nos dias de trabalho ou estudo (ou semana). Linhas verdes indicam os

horarios de dormir e acordar nos dias livres (ou de fim de semana).

O termo Jjet lag social foi inicialmente proposto por Wittman et al. (2006), em um
estudo realizado na Alemanha com 501 voluntarios (198 homens e 303 mulheres) entre
14 e 60 anos, cujo um dos objetivos foi descrever a interagdo do jet /lag social com o
cronotipo. Os resultados revelaram um maior grau de desalinhamento circadiano entre
os individuos com tendéncia a vespertinidade. A explicagdo para tais associagbes
reside na dessincronizagdo dos ritmos circadianos ocasionado pela preferéncia
individual dos vespertinos em realizar suas atividades e periodos de repouso em
horarios nao “programados” biologicamente (REUTRAKUL et al., 2013). Além disso, os

vespertinos apresentam uma maior dificuldade de adaptacdo aos ritmos sociais
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impostos pelos horarios de estudo e trabalho, especialmente durante os dias de
semana (REUTRAKUL et al., 2013; WITTMANN et al., 20086).

Fatores demograficos como o sexo e a idade também envolvidos com o jet lag
social (ROENNEBERG et al., 2012). Um estudo epidemioldgico (n=64043) revelou que
o jet lag social foi dependente do sexo - homens tendendo a apresentar maiores niveis
de jet lag social - e da idade - individuos mais jovens, entre 15 a 25 anos,
apresentaram maior grau de jet /ag social, e a partir dos 30 anos houve uma reducg&o
progressiva dos seus niveis (ROENNEBERG et al., 2012). Além disso, outros estudos
também encontraram maiores prevaléncias de jet leg social (>1h) em individuos mais
jovens: 80% (337/423) (ALVES et al., 2016); 83% (661/796) (PARSONS et al., 2015)
quando comparado as prevaléncias identificadas em estudos com popula¢cdes mais
velhas; 25% (111/437) (WONG et al., 2015).

2.3.2 Jet lag social e estilo de vida

Apesar de escassos na literatura cientifica, estudos sobre a relagéo do jet lag
social e prejuizos para o estilo de vida incluem: diminuicdo do nivel de atividade fisica
(ALVES et al.,, 2016, WONG et al, 2015, RUTTERS et al, 2014), tabagismo
(PARSONS et al., 2015; WITTMANN et al., 2006) e piores escolhas alimentares (SILVA
et al.,, 2015).

Um estudo conduzido por Alves et al. (2016), avaliou a associacdo entre jet lag
social e nivel de atividade fisica em trabalhadores em turnos (n=423). Maiores niveis de
Jet lag social foram encontrados entre os trabalhadores do turno noturno e matutino em
comparagao aos diurnos. Além disso, entre os trabalhadores noturnos identificou-se
uma associagdo negativa entre o jef /lag social e a duragdo de atividades do tipo
caminhada (B=-0,15; p=0,04), frequéncia de atividades com esfor¢co moderado (=-0,14;
p=0,04) e vigoroso (B=-0,17; p=0,03), além de menor gasto energético com a atividade
fisica total (B=-0,19; p=0,01). Wong et al.,, (2015) também encontraram correlacédo
negativa entre o jet lag social e dispéndio energético total com atividade fisica diaria (r=-

0,10; p<0,01). Rutters et al. (2014) identificaram que individuos com maiores niveis de
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Jet lag social (>2 horas) apresentaram menor nivel de atividade fisica total quando
comparados aqueles com menores niveis de jet lag social (p=0,04).

O habito de fumar também se mostrou mais prevalente entre individuos com
maiores graus de jet lag social em um estudo realizado por Wittmann et al. (2006) -
anteriormente citado. Observou-se que, entre aqueles com jet /lag social >2 horas, >3
horas e >4 horas, a prevaléncia de fumantes foi de 39%, 55% e 60%, respectivamente.
Corroborando estes resultados, um estudo de coorte (n=1037) revelou uma correlagao
positiva entre o habito de fumar e o jet /ag social (r=0,24, p<0,001) (PARSONS et al.,
2015).

Até o momento foram encontrados na literatura cientifica somente dois estudos
investigando a associacéo do jet lag social e habitos alimentares (MALONE et al., 2016;
SILVA et al., 2016). Uma pesquisa realizada com estudantes universitarios do Brasil
(n=204) demonstrou que o jet /lag social foi negativamente associado ao consumo de
feijdes (B=-0,14; p=0,04). Segundo os autores este grupo de alimentos é visto como um
importante marcador da qualidade da dieta dos brasileiros. No entanto, um estudo
realizado com adolescentes norte-americanos (n=69), ndo identificou associacbes
significantes entre o jet /lag social e a ingestdo dos grupos alimentares investigados

(frutas, vegetais, leite ou refrigerantes) (MALONE et al., 2016).

2.3.3 Jet lag social, excesso de peso e marcadores metabolicos

A ocorréncia do excesso de peso reflete a interacdo entre diferentes fatores
relacionados ao estilo de vida, em especial os habitos alimentares e o nivel de atividade
fisica, além dos aspectos psicossociais e emocionais (SOUZA et al., 2005) e da
predisposi¢cao genética (FRANCISCHI et al., 2000). Porém, outros fatores como o jet lag
social sdo apontados como possiveis agentes determinantes para o desenvolvimento
do excesso de peso (ROENNEBERG et al., 2012), bem como de doencgas associadas
(PARSONS et al.,, 2015; WONG et al., 2015). As Tabelas 1 e 2 apresentam a sintese de
estudos com esta tematica encontrados na literatura cientifica.

O primeiro estudo associando o JLS ao maior risco para o sobrepeso foi

realizado por Roenneberg et al. (2012). Neste estudo epidemioldgico (n=64.043; idade:
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16 — 65 anos) encontrou-se que individuos com jet lag social (>1h) apresentaram um
risco maior para o sobrepeso (Tabela 1). Os resultados permaneceram significantes
mesmo apos ajustes para o sexo, idade, cronotipo e duragcdo do sono. Resultados
semelhantes também foram encontrados em individuos adultos (PARSONS et al., 2015;
WONG et al. 2015) e adolescentes (MALONE et al., 2016) (Tabela 1). Estes resultados
destacam que “viver contra o reldgio”, ou seja, em desalinhamento circadiano crénico,
deve ser considerado um fator de risco para o excesso de peso. Porém, um estudo com
trabalhadores em turnos néo encontrou associagéo do jet lag social € IMC ou risco para
0 excesso de peso (ALVES et al., 2016) (Tabela 1), indicando que novos estudos
devem ser realizados para melhor compreender a influéncia do jet lag social sobre o
peso corporal em diferentes populagdes.

Em relacdo a associacdo entre jet lag social e marcadores metabdlicos, a
literatura cientifica também é bastante escassa (Tabela 2). No estudo de Wong et al.
(2015), foram identificados associagcbes entre o jet /ag social e marcadores da
homeostase glicémica (insulina de jejum e HOMA-IR) e do perfil lipidico (triglicerideos e
HDL-c). Corroborando estes achados, um estudo de coorte de Parsons et al. (2015)
com adultos (n=1043, idade= 38 anos) revelou que individuos com jet lag social
apresentaram um maior risco para a sindrome metabdlica e maior risco de apresentar
0s niveis séricos de hemoglobina glicada (HbA1c) acima do recomendado (>5,7%),
quando comparados aos individuos sem jet /ag social (>1h). No entanto, estes
resultados ndo corroboram os achados de Reutrakul et al., (2013), que ndo encontram
diferengas significantes nos niveis de HbA1c¢ entre individuos diabéticos com (>30min)
e sem jet /ag social (<30min), tampouco os dados de Anothaisintawee et al., (2017), no
qual o JLS néo se associou aos niveis de HbA1c (B=0,01; p=0,43) em individuos pre-
diabéticos (Tabela 2).
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Tabela 1 - Estudos investigando jet /ag social e parametros antropométricos.

Autor (es) Delineamento Variaveis Amostra (n) Resultados
Roenneberg et Transversal IMC 64.043 (idade: 16 a  JLS foi positivamente associado ao IMC
al., 2012 65 anos) entre individuos com sobrepeso ($=1,19,

p<0,001). Maior risco para o sobrepeso
entre os individuos com JLS (>1h)
(OR=3,3, IC=2,5-4,3; p=0,001).

Parsons etal., Transversal IMC, PG%, CC, 815 adultos (idade: JLS foi positivamente associado ao IMC
2015 status de 38 anos; 52% (p=0,10; p=0,004), PG% (p=0,08; p=0,009)
obesidade homens) e CC (p=0,03). Maior risco para obesidade

entre aqueles com JLS (>1h) (OR=1,2;
IC=1,0-1,5; p=0,04). Maiores niveis de
JLS foram identificados entre os obesos
nao saudaveis (p<0.05).

Wong et al, Transversal IMC, CC 447 adultos (idade: JLS positivamente associado com o IMC

2015 30 a 50 anos; 53% (p=0,17; p<0,01) e CC (p=0,15; p<0,01).
mulheres)

Malone et al. Transversal IMC z-scores, 69 adolescentes JLS foi positivamente associado com o IMC

2016 relacdo da CC (idade: 14 a 17 anos; z-score (p=0,33; p <0,01) e com a relagéo

para altura 74% mulheres) cintura-altura ($=0,02; p=0,01).

Alves et al., Transversal IMC, CC 423 trabalhadores JLS néo foi associado a IMC (=0,01;

2016 em turnos (idade: p=0,69) ou risco de sobrepeso ou
33,0 [25-42] 73,3% obesidade (OR=0,79; IC=0,46-1,34,
mulheres) p=0,39).

Nota: CC: circunferéncia da cintura; IMC: indice de massa corporal; JLS: jet lag social; PG%: percentual de gordura; OR:
odds ratio (raz&o de chance). Fonte: O autor.
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Autor (es) Delineamento Variaveis Amostra (n) Resultados
Reutrakul et al., Transversal Perfil glicémico 194 individuos Nao houve diferenca nos niveis de HbA1c
2013 com DM2 (idade: quando comparado individuos com JLS
18 a 85 anos, (>30min) e sem JLS (<30min) (7,7% [6,9-9,9]
70% mulheres) e 7,4% [6,6-8,5]; p=0,08, respectivamente).
Wong et al, Transversal PA, perfil lipidico 447 adultos O JLS foi positivamente associado com 0s
2015 e glicémico (idade: 30 a 50 niveis séricos de triglicerideos (p=0,11;
anos; 53% p<0,05), insulina de jejum (=0,11; p<0,05) e
mulheres) HOMA-IR (B=0,11; p=0,05). JLS foi
negativamente associado aos niveis séricos
de HDL-c (B=-0,09; p<0,05).
Parsons et al., Transversal PA, perfil lipidico 815 adultos Individuos com JLS apresentaram maior risco
2015 e glicémico (idade: 38 anos; de ter os niveis séricos de HbA1c elevados
52% homens) (>5,7%) e maior risco de desenvolvimento de
sindrome metabdlica (OR=1,3; IC=1,0 - 1,6;
p=0,03), em comparacao aos individuos sem
JLS.
Anothaisintawee Transversal HbA1c 1014 adultos pré- O JLS né&o se associou aos niveis de HbA1c

etal., 2017

diabéticos (62,4 +
8,7, 66%
mulheres)

(B=0,01; p=0,43).

Nota: DM2: diabetes mellitus tipo Il; HbA1c: hemoglobina glicada; HDL-c: lipoproteina de alta densidade; HOMA-IR: do
inglés, homeostatic model assessment; JLS: jet lag social; PA: pressao arterial; OR: odds ratio (razdo de chance). Fonte:
O autor.
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2.3.4 Mecanismos associando jet lag social e DCNT

Apesar de 0s mecanismos n&o estarem completamente elucidados,
fatores de ordem humoral, genética e comportamental sdo apontados como
possiveis responsaveis pela associacdo entre o desalinhamento circadiano e a
génese do excesso de peso e doengas correlatas (PARSONS et al., 2015;
RUTTERS et al, 2014).

Em situagbes de desalinhamento circadiano a ativacdo do eixo
hipotalamo-hipéfise-adrenal (HHA) pode aumentar os niveis de catecolaminas,
grelina e cortisol (BRIANCON-MARJOLLET et al., 2015, RUTTERS et al,
2014). Esse padrdo hormonal alterado é responsavel por facilitar um perfil
lipidico inflamatério e aterogénico, além de diminuir a tolerancia a glicose e
aumentar a resisténcia a insulina por meio da disfuncdo pancreatica das
células B (BRIANCON-MARJOLLET et al., 2015, CHUA et al., 2015,
BROUSSARD et al., 2015).

A determinacéo do jet /ag social € feita utilizando o ponto médio do sono
(MSF), o qual esta correlacionado com o inicio da secre¢do da melatonina

(TERMAN et al., 2001). A melatonina € um horménio produzido pela glandula

pineal na auséncia de luz e sua producdo € proporcional ao periodo diario de
exposicdo a escuriddo (GOOLEY et al., 2010). Assim sendo, uma maior
exposicéo a luz artificial — fato que também pode estar relacionado ao jet lag
social (REMI et al.,, 2015) -, poderia favorecer a supressdo deste horménio
(CONTIN et al., 2016; OPIE; LECOR, 2016). Biologicamente a melatonina esta
associada a fung¢des imuno-reguladoras (CARRILLO-VICO et al, 2013;
LISSONI et al.,, 2002); anti-inflamatérias (CANO BARQUILLA et al.,, 2014),
antitumorais (KARAASLAN, SUZEN et al.,, 2015), antioxidantes (TAN et al.,
2015) e metabdlicas (CANO BARQUILLA et al., 2014; CIPOLLA-NETO et al.,
2014; NDUHIRABANDI et al., 2012). Estas diversas atividades podem explicar
os diferentes mecanismos associando a supressdo da melatonina com a
etiologia de doengas como DM2 (MCMULLAN et al., 2013; CIPOLLA-NETO et
al., 2014), doencas cardiovasculares (SUN et al.,, 2016; MCMULLAN et al,,
2016) e obesidade (REITER et al., 2012).
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E sugerido ainda que o desalinhamento circadiano tenha efeitos sobre a
expresséo génica (PARSONS et al., 2015). Em animais, muta¢cdes em BMAL1
e CLOCK modificam a variagdo circadiana na glicose (TUREK et al., 2005) e
triglicérideos (RUDIC et al., 2004) e estdo associadas com a diminuicdo da
tolerancia a glicose (KENNAWAY et al., 2007). Em humanos (estudo de coorte;
n=537; 89 familias caracterizadas por risco inflamatério, aterotrombético e
metabdlico associado a resisténcia a insulina), polimorfismos no gene CLOCK
foram significativamente associados a baixos niveis de leptina e maior risco de
apresentar sindrome metabdlica (SCOQT et al., 2008). Além disso, em animais
uma maior exposicéo a luz a noite - fato que também pode estar relacionado ao
Jet lag social — foi capaz de reduzir a expressédo do genes Per 1 e Per 2. Estas
alteracbes foram acompanhadas de modificacbes no comportamento alimentar
e ganho de peso (FOKEN et al., 2010; FOKEN et al., 2013; AUBRECHT et al.,
2015).

Fatores relacionados a mudang¢as comportamentais como a ingestéo de
alimentos, no que concerne a distribuicdo de refeicbes ao longo do dia e o tipo
de alimento consumido (OIKE et al.,, 2016; LOPEZ-MINQUEZ et al., 2016),
além do padréo de atividade fisica (ALVES et al. 2016), também poderiam
explicar a mudangca de peso e desenvolvimento de doencas devido a
dessincronizagdo circadiana como o jet /ag social.

Apesar dos achados promissores dos estudos supracitados, pesquisas
acerca dos mecanismos que expliguem as associagdes do jef /ag social e
doengcas metabdlicas ainda sdo escassas. Desta forma, novos estudos,
especialmente com metodologias longitudinais e contemplando os multifatores
relacionados a etilogia da obesidade e doengas relacionadas sdo necessarios

para o melhor entendimento desta relacao.

2.4 Doengas crbnicas nao transmissiveis: epidemiologia, diagnéstico e

impacto na saude

As DCNT se caracterizam por ter origem nao infecciosa, multiplos
fatores de risco, histéria natural prolongada e por estar associadas a

deficiéncias e incapacidades funcionais (WHO, 2011). Integram o conjunto
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dessas doencas a obesidade, doencgas cardiovasculares como HAS, as
dislipidemias e o DM2 (BRASIL, 2015). Estas doencas sdo consideradas as
principais causas de morbidade e mortalidade no mundo (WHO, 2011),
atingindo fortemente as camadas pobres da populagdo e grupos mais
vulneraveis, como individuos de baixa escolaridade (BRASIL, 2011).
Correspondem a 63% de todas as mortes no mundo €, no Brasil,
correspondem a 68,3% dos 6bitos anuais (BRASIL, 2015).

A prevaléncia das DCNT aumentou vertiginosamente nas ultimas
décadas, acompanhadas pelo aumento da expectativa de vida e mudanga no
estilo de vida da populagcéo ocidental (SCHIMIT et al., 2011). Além disso, por
serem doencas em geral de longa duracdo, estao entre as doencas que mais
demandam agdes, procedimentos e servigos de saude, perfazendo os maiores
gastos da saude publica no Brasil e no mundo (ABEGUNDE et al., 2007;
BRASIL, 2005). As DCNT também produzem custos indiretos significativos
para a sociedade e governo, em fun¢do da reducéo da produtividade, perda de
dias trabalhados e prejuizos para o setor produtivo. Importante destacar ainda
os custos de dificil mensuracéo, como os efeitos adversos na qualidade de vida
das pessoas afetadas (BRASIL, 2005).

Um aspecto interessante relativo as DCNT é que uma doenga pode ser
considerada fator de risco para o desenvolvimento da outra. Este aspecto €
amplamente reconhecido quando se trata da obesidade. O excesso de peso é
responsavel por desencadear HAS, DM2 e dislipidemias (BRASIL, 2014; WHO,
2006). Além disso, associacbes desta natureza também podem ser atribuidas
ao DM2 e a etiologia da HAS (SBD, 2015; MANCIA et al., 2013; WHO, 2011) e
dislipidemias (SBD, 2015; WHO, 2011). Ainda, determinadas condigbes
clinicas das dislipidemias, como a hipercolesterolemia e HDL-c baixo, s&o
consideradas génese para HAS e vice-versa (XAVIER et al., 2013; SBC, 2010).

As DCNT podem ser consequéncia de fatores sociodemogréficos, como
as desigualdades sociais, baixa escolaridade, dificuldades no acesso a
informac&o e, principalmente, a diferenca no acesso aos servigos de saude
(BRASIL, 2011). Porém, as principais causas das DCNT incluem fatores de
risco modificaveis, como tabagismo, consumo nocivo de bebida alcodlica,
inatividade fisica, alimentacéo inadequada e o excesso de peso (LOWER et al,,
2015; SCHMIDT et al., 2011).
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2.4.1 Sobrepeso e Obesidade

A Organizagdo Mundial de Saude (OMS) define a obesidade como um
agravo de carater multifatorial decorrente de balan¢o energético positivo que
favorece o acumulo de gordura, associado a riscos para a saude devido a sua
relacdo com complicagbes metabolicas (WHO, 2006; WHO, 2011). O indice de
massa corporal € o parametro recomendado para o diagnostico de obesidade
em nivel populacional e na pratica clinica (WHO, 2006). O IMC é determinado
pela divisdo do peso (em quilos) e a estatura (em metros elevada ao
quadrado); e expresso em kg/m?. Valores iguais ou acima de 30,0 kg/m? s&o
indicativos de obesidade (WHO, 2006).

As prevaléncias de sobrepeso e obesidade cresceram de maneira
importante nos ultimos 30 anos, e o aspecto mais preocupante deste cenario €
a velocidade com que a obesidade aumentou nas ultimas décadas. Em 1975
(INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA — IBGE, - 1976)
a prevaléncia de obesidade entre os homens era de 2,8%, e de 7,8% entre as
mulheres; ja em 2003, a prevaléncia entre homens foi de 8,8% e de 12,7% em
mulheres (IBGE, 2010). Atualmente no Brasil a prevaléncia de excesso de peso
atinge 53,8% da populagdo, sendo maior entre homens (57,7%) do que entre
mulheres (50,5%) (BRASIL, 2017). A obesidade, por sua vez, atinge 19,6% dos
homens e 18,1% das mulheres (BRASIL, 2017).

Como mencionado anteriormente, a obesidade destaca-se no grupo de
DCNT, por ser simultaneamente uma doenca e um fator de risco para outras
doencgas deste grupo, como a HAS, DM2 e dislipidemias, igualmente com taxas
de prevaléncia em elevacdo globalmente (BRASIL, 2014; WHO, 2006). Neste
sentido, estudos indicam que individuos obesos morrem mais de doengas do
aparelho circulatorio, principalmente de acidente vascular cerebral e infarto
agudo do miocardio, que individuos com peso adequado (GOMES et al., 2010;
OLSHANSKY et al., 2005; FRANCISCHI et al., 2000).

Curiosamente, cerca de um ter¢o de todos os individuos obesos parece
ser mais resistente as consequéncias cardiovasculares e metabdlicas
relacionadas ao excesso de gordura (DONINI et al., 2016; HAMER et al,

2015). Esse aspecto trouxe a tona a necessidade de investigar os diferentes
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“status” de obesidade que engloba o “obeso metabolicamente saudavel’ e
“‘obeso metabolicamente ndo saudavel’. Apesar do aumento da adiposidade,
os individuos obesos e metabolicamente saudaveis sdo caracterizados por um
perfil metabdlico favoravel: melhores niveis de sensibilidade a insulina e/ou
baixa prevaléncia de HAS e/ou perfis favoraveis de lipidios (PHILLIPS et al.,
2013). Este perfil metabdlico € chamado de “paradoxo da obesidade” e uma
das possiveis explicagcdes para tais caracteristicas seria a distribuicdo da
gordura corporal (DONINI et al., 2016). As células de gordura visceral possuem
taxas mais altas de lipdlise que as células de gordura subcuténea e,
consequentemente, maior producdo de acidos graxos livres, adipocitocinas,
interleucina-6 e fator de necrose tumoral (OLIVEIRA; MARTINS, 2013). Outros
aspectos relacionados ao estilo de vida, como a ingestao de uma alimentacéo
adequada e maiores niveis de atividade fisica, também sao sugeridos como
explicagdo para a obesidade metabolicamente saudavel (BOONCHAYA-
ANANT, APOVIAN, 2014).

Nesse sentido, parece Iinteressante investigar a obesidade numa
perspectiva de presengca ou auséncia de parametros metabdlicos alterados.
Este “novo olhar’ pode favorecer uma melhor compreensao dos fatores de
risco que podem desencadear ou proteger contra comorbidades comumente
associadas a obesidade, aspecto relevante para evitar o mau prognostico

dessa doenca.

2.4.2 Hipertensao arterial sistémica

A regulacéo da presséo arterial (PA) depende das acbes integradas dos
sistemas cardiovascular, renal, neural e enddcrino e seus niveis s&o
determinados pelo produto do débito cardiaco (DC) e da resisténcia vascular
periférica (RVP) (GREENWAY; WAYNE, 1986). O DC depende, basicamente,
da contratilidade cardiaca e do volume sanguineo. A RVP, por sua vez,
depende de fatores locais do sistema nervoso simpatico € de substancias
humorais. Alteragbes no DC e/ou na RVP podem determinar o
desenvolvimento de HAS (COUTO; KAISER, 2003).

A HAS é uma condigéo clinica multifatorial caracterizada por valores de

pressao arterial sistdlica (PAS) iguais ou superiores a 140 mmHg, e/ ou
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pressao arterial diastélica (PAD) iguais ou maiores que 90 mmHg, avaliados
em duas ou mais ocasifes, na auséncia de medicacdo anti-hipertensiva
(MALACHIAS, 2016). Esta doenca se associa a disturbios metabdlicos,
alteragdes funcionais e/ou estruturais de o6rgaos-alvo, sendo agravada pela
presenca de condi¢cbes clinicas, como dislipidemias, obesidade abdominal,
intolerancia a glicose e DM2 (LIAKOS et al., 2013). Neste sentido, a HAS € um
dos fatores de risco mais importantes para 0 desenvolvimento de varias
doencgas cardiovasculares, cerebrovasculares e para a insuficiéncia renal
(MALACHIAS et al., 2016). Em relac&o as taxas de mortalidade, dados da OMS
estimam que a HAS cause 7,5 milhdes de obitos por ano, ou seja, 12,8% do
total de mortes (WHO, 2011).

A HAS apresenta alta prevaléncia no Brasil e no mundo (IWELUNMOR
et al., 2014; LIAKOS et al., 2013;: CATALA-LOPEZ et al., 2012). Segundo
dados do inquérito epidemioldgico: “Vigilancia de fatores de risco e protecéo
para doengas cronicas por inquérito telefénico” (VIGITEL) — estudo de
abrangéncia nacional no Brasil -, a prevaléncia total do diagndstico médico
prévio de HAS foi de 25,7%, sendo maior nas mulheres (27,5%) do que nos
homens (23,6%) (BRASIL, 2017). A prevaléncia de HAS aumenta com a idade
- acompanhando a expectativa de vida da populagdo -, € € maior entre as
mulheres, pessoas de raca negra (MALACHIAS, 2016) e individuos com menor
nivel de escolaridade (de zero a oito anos de estudo) (BRASIL, 2015). Além
disso, juntamente com o DM2, a HAS tem impacto elevado na perda da
produtividade do trabalho e da renda familiar, com projecbes de perdas
econdmicas globais na ordem de US$ 4,18 bilhdes entre os anos de 2006 e
2015 (ABEGUNDE et al., 2007).

2.4.3 Diabetes mellitus tipo 2

O DM2 é uma doencga enddcrina caracterizada por um grupo de
desordens metabdlicas, incluindo elevada glicemia de jejum (hiperglicemia) e
elevacdo das concentragcbes de glicose sanguinea pos-prandial, devido a
defeitos na acdo e secrecdo da insulina e na regulacdo da producéo hepatica
de glicose (SBD, 2016; ADA, 2005). O DM2 pode ocorrer em qualquer idade,

mas € geralmente diagnosticado apds os 40 anos e, diferentemente do
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diabetes mellitus tipo 1, os pacientes ndo dependem de insulina exégena para
sobreviver, porém podem eventualmente necessitar de tratamento com insulina
para obter controle metabdlico adequado (SBD, 2016).

A Sociedade Brasileira de Diabetes (SBD, 2016) estabelece trés critérios
para o diagnéstico do DM2: 1) sintomas de poliuria, polidipsia e perda ponderal,
e glicemia casual = 200 mg/dL; sendo glicemia casual aquela realizada a
qualquer hora do dia, independentemente do horario das refei¢cdes; 2) glicemia
de jejum = 126 mg/dL; neste caso sugere-se a repeticao do teste em outro dia
se as elevacbes da glicemia forem pequenas; e 3) glicemia de 2 h pds-
sobrecarga de 75 g de glicose = 200 mg/dL. Somados a estes critérios a
American Diabetes Association (ADA, 2009) propdéem ainda o diagnostico do
DM2 de acordo com os valores de HbA1c, cujo o ponto de corte € 6,5%, sendo
necessaria a confirmagdo em outra coleta de sangue, mas dispensavel em
caso de presenca dos sintomas associados ao DM2 ou glicemia = 200 mg/dL.

Atualmente, estima-se que a populagdo mundial com DM2 seja da
ordem de 387 milhdes e que alcance 471 milhées em 2035 (SBD, 2015). A
prevaléncia do diagndstico médico prévio de DM2 no Brasil foi de 8,9%, sendo
de 7,8% entre homens e de 9,9% entre mulheres (BRASIL, 2017). Em ambos
0s sexos, a prevaléncia de DM2 se tornou maior com 0 avango da idade
(VIGITEL, 2015). Essa tendéncia se acentuou a partir dos 45 anos, e 27,2%
dos individuos com 65 anos ou mais referiram diagndstico médico de DM2
(BRASIL, 2017). Em ambos os sexos, a prevaléncia de diabetes foi maior em
individuos com até oito anos de estudo (BRASIL, 2015). O DM2 merece
destaque entre as DCNT, pois representa um grave problema de saude publica
pela alta morbidade e por ser um dos principais fatores de risco cardiovascular
e cerebrovascular (ADA, 2005).

Devido a sua natureza cronica, a gravidade das complicacbes e 0s
recursos necessarios para controla-las, o DM2 € uma doen¢a muito onerosa
nao apenas para os individuos afetados e suas familias, mas também para o
sistema publico de saude (ABEGUNDE et al., 2007). Neste sentido estima-se
que os custos dos cuidados de saude para um individuo com DM2 sejam duas
ou trés vezes maiores do que para outro paciente sem a doenga (ADA, 2012).
Além disso, € necessario considerar ainda os custos intangiveis como 0s

aspectos psicossociais € a perda de qualidade de vida, a qual também
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apresenta grande impacto na vida das pessoas com DM2 e seus familiares
(EGEDE, HERNANDEZ-TEJADA, 2013).

2.4.4 Dislipidemias

As dislipidemias s&o caracterizadas por alteragbes do perfil lipidico,
principalmente os niveis séricos de colesterol e triglicerideos. Este conjunto de
doencas aumenta a probabilidade de aparecimento de certas doengas como a
aterosclerose (JELLINGER et al., 2012). As dislipidemias podem ser
classificadas como primarias - quando ocorrem em decorréncias de fatores
genéticos ou alteragbes neuroenddcrinas; ou secundarias - associadas ao
DM2, alcoolismo, obesidade, sedentarismo ou dieta inadequada (SBC, 2010).

Para a classificacdo das dislipidemias consideram-se os valores séricos
de jejum de: colesterol total (CT), lipoproteina de baixa densidade (LDL-c),
triglicerideos (TG) e lipoproteina de alta densidade (HDL-c). Assim, as
dislipidemias podem ser definidas como: a) hipercolesterolemia isolada:
elevacéo isolada do LDL-c (= 160 mg/dl) sendo os valores de LDL-c obtidos de
forma direta ou pela equacéo de Friedewald (LDL-c = CT - HDL-c - TG/5); b)
hipertrigliceridemia isolada: elevagéo isolada dos TGs (= 150 mg/dl), que reflete
0 aumento do numero efou do volume de particulas ricas em TG, como
lipoproteinas de densidade muito baixa (VLDL), lipoproteinas de densidade
intermediaria (IDL) e quilomicrons; ¢) hiperlipidemia mista: valores aumentados
de LDL-c (= 160 mg/dl) e TG (= 150 mg/dl); porém quando o calculo do LDL-c &€
inadequado (em geral quando o TG é >400mg/dL) deve ser considerado o
ponto de corte para CT maior ou igual a 200 mg/dL; e d) HDL-c baixo: redugéo
do HDL-c (homens < 40 mg/ dl e mulheres < 50 mg/dl) isolada ou em
associagao a aumento de LDL-c ou de TG (SBC, 2010).

Segundo os resultados do Vigitel (BRASIL, 2017), a prevaléncia do
diagndstico médico prévio de dislipidemia no Brasil foi de 22,6%, sendo maior
entre as mulheres (25,9%) do que entre os homens (17,7%). Em ambos os
sexos, o diagndstico da doencga se tornou mais prevalente com o avanco da

idade e foi maior em individuos com até oito anos de estudo (VIGITEL, 2015).
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3 OBJETIVO

3.1. Objetivo geral

Avaliar a associagdo entre jet /ag social e marcadores clinicos e

bioquimicos de individuos com DCNT.

3.2. Objetivos especificos

e Determinar a prevaléncia e o grau de jet /ag social.

e Determinar, de acordo com o grau de jet /ag social: o perfil
antropométrico, o padrdo de sono, 0s niveis presséricos e os perfis
glicémico e lipidico.

e Comparar o grau de jet lag social, o perfil antropométrico (indice de
massa corporal, circunferéncia da cintura e circunferéncia do pescoco),
0 padrédo de sono, 0s niveis pressoricos € os perfis glicémico e lipidico
de acordo com status de obesidade.

e Estudar as associagbes entre jet lag social e padrdo antropométrico,
niveis pressoricos e perfis glicémico e lipidico.

e Comparar e associar os niveis pressoricos e os perfis glicémico e lipidico
de acordo com o grau de jet /lag social no intervalo de um ano de

acompanhamento.
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4 ARTIGO 1. Social jetlag and metabolic control in non-
communicable chronic diseases: a study addressing different

obesity statuses.

Artigo submetido para publicacdo para o periddico “Scientific Reports”

(comprovante de submisséo: Anexo D).
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ABSTRACT

Social jetlag — a measure of disruption of the circadian system — has been
linked to obesity, but its association with metabolic complications in non-
communicable chronic diseases (NCCDs) is unknown in the literature. We
examined the associations between social jetlag and obesity status and
metabolic parameters among individuals with NCCDs. Patients (n=792) with
NCCDs (obesity, systemic arterial hypertension, type 2 diabetes mellitus or
dyslipidaemia) attended clinics of the public health service of the city of
Uberlandia, Minas Gerais State, Brazil. They were classified in three obesity
statuses: non-obese: BMI<30 kg/m?; healthy obese: BMI=30 kg/m? and less
than three high-risk biomarkers for metabolic syndrome; and unhealthy obese:
BMI=30 kg/m? and with high-risk values on three or more biomarkers for
metabolic syndrome. After adjustments for confounding variables, social jetlag
was positively associated with fasting glucose levels among all subjects
(B=0.08; p=0.03) and unhealthy obese subjects ($=0.32; p<0.001). Patients with
social jetlag (>1 h) presented a significant odds ratio (OR) of being overweight
[OR=2.0, confidence interval (Cl)=1.2-3.6; p=0.006] and unhealthy obese
(OR=1.8, CI=1.1-2.8; p=0.01). These results suggest that social jetlag is
associated with a higher risk of overweight and related metabolic complications
in individuals with NCCDs.
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INTRODUCTION

The prevalence of obesity has increased rapidly over the past three
decades, reaching epidemic levels worldwide.'2lt has been well demonstrated
that being overweight or obese are considered important risk factors for type 2
diabetes, systemic arterial hypertension (SHA), cardiovascular diseases, certain
types of cancers and premature death.'? Interestingly, about one-third of all
obese individuals seems to be more resistant to cardiovascular and metabolic
consequences related to excess fat.# Despite increased adiposity, ‘metabolically
healthy obese’ subjects are characterized by a favourable metabolic profile:
high levels of insulin sensitivity or a low prevalence of SHA or favourable lipid
and inflammation profiles.® In this context, a better understanding of the risk
factors that can trigger or protect the comorbidities commonly associated with
obesity could be important to avoid the poor prognosis of this disease.>’

Although obesity has traditionally been thought to be caused by changes
in diet and decreased levels of physical activity,® recent research has suggested
that a number of alternative factors may be involved with the obesity genesis,
such as circadian misalignment and sleep debt.®'0 In this sense, social jetlag —
which describes the chronic jet lag-like phenomenon occasioned by work or
study schedules and reflects a misalignment between an individual's
endogenous circadian clock and actual sleep times'" — seems to be associated
with overweight'® and metabolic parameters'. In addition, previous studies
have shown that social jetlag is associated with-unhealthy behaviours: smoking,
mental distress, alcohol use'"'3 and lower level of physical activity.'* However,
most of these studies were conducted in the general population and this
understanding in non-communicable chronic disease (NCCD) patients is poorly
described in the literature.

Accordingly we hypothesize that social jetlag is negatively associated
with excessive weight (overweight/ obesity) and metabolic parameters among
individuals with NCCDs and those with social jetlag are at increased risk of
overweight or obesity or unhealthy obesity. The objective of this study was to
analyse the associations between social jetlag and metabolic parameters

among individuals with NCCDs, addressing different obese statuses.
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MATERIALS AND METHODS

Participants and ethics

The study was cross-sectional with volunteers who were attending the
outpatient clinics of the public health service in the city of Uberlandia, Minas
Gerais State, Brazil. Assessments were conducted from September 2015 to
July 2016. The public health service offers outpatient health care to patients
with chronic diseases, with systematic and periodic monitoring of metabolic
parameters and also the provision of medicines to control these diseases. To be
eligible to participate in the study, individuals had to have confirmed a pre-
diagnosis of at least one of these chronic diseases: obesity, SHA, type 2
diabetes mellitus (TD2) or dyslipidaemia (hypercholesterolaemia,
hypertriglyceridaemia or reduced HDL-C). Individuals were excluded from the
study if they: had time of diagnosis of chronic disease of less than one year
(n=2); were younger than 20 years old or over 80 (n=7); were pregnant (n=1);
were shift workers (n=2); had diseases or complications such as renal failure
(n=1), angina pectoris (n=3), heart disease (8) and a history of heart attack
(n=7). During the course of the study eight patients refused to participate.

All methods were carried out in accordance with relevant guidelines and
regulations. This study was approved by the Ethics Committee of the Federal
University of Uberlandia (protocol n. 005464/2015). All volunteers signed a

written informed consent form to participate in the study.

Socio-demographic and health behaviours

The volunteers answered a questionnaire that assessed demographic
aspects such as age, sex, years of education, marital status, family income and
work status. Participants were also asked about health behaviours related to

physical activity, alcohol intake, smoking and the use of medicines.

Metabolic parameters and blood pressure
Clinical and biochemical information was collected from the medical
records of the volunteer, which included: systolic and diastolic blood pressure

levels; lipid profile (low-density lipoprotein (LDL-c), high-density lipoprotein
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[HDL-c] and triglycerides); and glucose profile (fasting glucose and glycated
haemoglobin). The most recent data taken up to six months prior to the study
were collected and considered for the study. The collection, processing and
analysis of blood samples for the determination of biochemical markers was
performed in a single laboratory agreed to by the public health service and that
follows widely established and consolidated standards. The blood pressure
measurement was performed by a doctor or nurse, also following all the

protocols widely established to determine blood pressure levels.32

Anthropometric variables

Weight was measured with a set of scales, to an accuracy of 0.1 kg
(Welmy®). Height was measured with a stadiometer fixed to the wall, with an
accuracy of 0.1 cm (Welmy®). Body mass index (BMI, kg/m?) was calculated33
The waist circumference (WC) was measured in agreement with the standard
proposed by WHO,* as the minimum girth between the iliac crest and lower
costal margin for the normal and overweight BMI and for obese individuals it
was measured at umbilical level.3* WC values = 102 cm for men or = 88 cm for
women were considered elevated.3 The neck circumference was measured by
placing the tape around the neck, horizontally (Plano Frankfurt), with the
individual standing erect. A neck circumference = 39 cm for men and =35 cm for

women were considered high.

Obesity status

The metabolic phenotype in metabolically unhealthy obese subjects is
not homogeneous due to the use of discrepant definitions®>736 37 but in general
uses parameters and criteria for the diagnosis of the metabolic syndrome. In
this study we used the parameters and cut-off points proposed by Alberti el al.3®
Obesity status has been classified in three levels: non-obese: BMI<30 kg/m?;
healthy obese: BMI = 30 kg/m?2 and less than three high-risk biomarkers for
metabolic syndrome; and unhealthy obese: BMI = 30 kg/m? and high-risk values
on three or more biomarkers for metabolic syndrome. The biomarkers used
were: 1) high waist circumference (= 88 cm for women, = 102 cm for men); 2)
high blood pressure (=2130/85 mm Hg); 3) low HDL-c (<50 mg/dL for women,



56

<40 mg/dL for men); 4) high fasting glucose (=100 mg/dL); and 5) high
triglyceride levels (= 150 mg/dL).38

Sleep pattern, chronotype and social jetlag

Participants were asked to report their usual bedtimes and waking times
on weekdays and weekends. Participants were asked: ‘What time do you
usually go to sleep on weekdays?’; ‘How long (how many minutes as an
average) do you stay awake in bed before you fall asleep (after lights off) on
weekdays?’; ‘What time did you usually wake up on weekdays?’; ‘VWhat time do
you usually go to sleep at weekends?’; ‘How long (how many minutes as an
average) do you stay awake in bed before you fall asleep (after lights off) at
weekends?’; ‘What time do you usually wake up at weekends?’ The bedtime on
weekdays and at weekends was obtained whereas the time taken to fall asleep.
These evaluations were performed by a team trained and experienced in sleep
studies.

Sleep duration was computed using the weighted average of self-
reported sleep duration, which considers both weekdays and weekends, using
the formula: [(Reported current weekday sleep duration x 5) + (Reported
current weekend sleep duration x 2)]/7.%°

Chronotype was derived from the time of mid-sleep time on free days at
the weekend (MSF), with a further correction for calculated sleep debt (MSFsc)
- calculated as the difference between average sleep duration at the weekends
and the average sleep in the week.®? The chronotype was classified in: early
types: MSFsc <3:59; intermediate types: MSFsc >4.00 and <4:59; and late
types: MSFsc > 5:00.'0 Social jetlag was calculated based on the absolute

difference between mid-sleep time at weekends and on weekdays. "

Food intake

Dietary intake was assessed by a single 24-hour food recall (24h-FR)
and an analysis of the energy intake and nutrient intake was performed using
the Virtual Nutri Plus software®. The volunteers were instructed to provide as
much detail as possible on the food and fluids consumed the previous day of
interview, including brand names and recipes for home-cooked foods. Portion

sizes were estimated using common household measurements such as cups,
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glasses, bowls, teaspoons, and tablespoons in addition to individual food
items/units. The volunteers discussed their reported food intake with a qualified
nutritionist, and the information was amended to include additional explanations
and details, thus improving the accuracy of the information obtained. In this
study the total intake of energy, carbohydrates and calorie intake after 9 p.m.

were used as adjustment variables for the analyses performed.

Statistical analysis

Initially, normality of the data was tested using the Kolmogorov—Smirnov
test. The values are presented as the means and standard deviation, or as
median [interquartile range] for non-normally distributed data. To characterize
participants according to obesity status, one-way ANOVA and Tukey post hoc
analyses were performed for normally distributed variables. When the variables
were not normally distributed, Kruskal-Wallis tests were used. Variables with
significant values in the Kruskal-\Wallis test were tested by Dunn's test with a
correction of alpha via Bonferroni’s method.

For determination of whether social jetlag was associated with
anthropometric and metabolic parameters and blood pressure, linear regression
was performed while controlling for confounding factors. Variables that
correlated with anthropometric or metabolic parameters or blood pressure in the
Pearson or Spearman’s correlation (r>0.20) were subjected to stepwise
multivariate linear regression. To remove the influence of multicollinearity from
the multiple regression model, tolerance and variance-inflation factors (VIFs)
were determined and variables with a tolerance <0.1 or VIF >10.0 were
removed from the model. Univariate and multivariate logistic regression were
used to predict the risk of being overweight (BMI = 25 kg/m?), obese (BMI = 30
kg/m?) or unhealthy obese among those who had social jetlag (>1 h). Results
were expressed as the odds with 95% confidence intervals (Cl). Variables with
p-values <0.20 entered in multiple regression models 1 and 2. In model 1, all
variables were analysed together. In Model 2, a backward stepwise procedure
was conducted. All statistical analyses were performed with the SPSS version
20.0 (SPSS Inc., Chicago, IL) and p<0.05 was considered to be statistically

significant.



58

RESULTS

Participant characteristics

This study included 792 individuals presented in Table 1. Most
participants were women (n=581; 73%), married (n=401; 51%) and had less
than 12 years of schooling (n=507; 64%). Forty-two per cent of the patients
(n=333) were day workers and 32% (n=256) were retired. According to reported
health behaviours, 37% (n=294) practised physical activity, 12% (n=96)
reported being smokers, and the median consumption of alcoholic beverages
per week was 2.0 (0.75-6.0) among those who reported usually consuming
some type of alcoholic beverage (28%, n=220; median of servings per week=
2.0[0.75-6.0]).

Prevalence of TD2 (p<0.001), HAS (p=0.02) and dyslipidaemia (p<0.006)
was higher among the unhealthy obese (Table 1). As expected, body mass
index (BMI) averages (p<0.001) and prevalence of abdominal obesity (p<0.001)
and high neck circumference (p<0.001) was also higher among the unhealthy
obese and obese healthy groups when compared with the non-obese group.
Regarding the circadian data, a total of 24% (n=192) had a social jetlag degree
higher than 1 h, and 10% (n=77) greater or equal to 2 h (Table 1). No significant
difference was found when comparing the circadian variables between the
different obesity statuses.

A total of 46.5% (n=369) were classified as non-obese, 32% (n=252)
were healthy obese and 21.5% (n=171) were unhealthy obese. No significant
difference was found between the socio-demographic variables and those
related to health behaviours when comparing the different obesity statuses
(Table 1).

Insert Table 1
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Associations between social jetlag and anthropometric, metabolic
parameters and blood pressure

Multiple linear regression analysis associating social jetlag and
anthropometric variables, metabolic parameters and blood pressure are shown
in Table 2. After adjustments for possible confounding variables, social jetlag
was positively associated with fasting glucose levels among all subjects
(B=0.08, p=0.03, r? adjusted=0.11) and also among unhealthy obese subjects
(B=0.32, p<0.001, r2 adjusted=0.13). After adjustments for confounders, social
jetlag was associated with total cholesterol (3=0.19, p=0.04, r? adjusted=0.01)
and triglycerides levels (=0.33, p=0.001, r? adjusted=0.23) among unhealthy

obese subjects.

Insert Table 2

The results of logistic regression showed that the crude and the adjusted
model indicated a higher risk of being overweight (BMI > 25 kg/m2) for
individuals that presented social jetlag (>1 h) [odds ratio (OR)= 2.0, confidence
intervals (Cl) = 1.2-3.6, p=0.006] in comparison with those without social jetlag
(<1 h) (Table 3). The adjusted model also showed a risk of being an unhealthy
obese (OR=1.8, Cl=1.1-2.8, p=0.01) for individuals that presented social jetlag

(>1 h) in comparison with those without social jetlag (<1 h).

Insert Table 3

DISCUSSION

This study evaluated the relationship between social jetlag, obesity,
metabolic parameters and blood pressure among individuals with non-
communicable chronic diseases (NCCDs). A higher odds of being overweight
and an unhealthy obese was found in individuals with social jetlag, even after
adjustment for factors that may also influence the development of excess
weight and its metabolic complications. We also found that social jetlag was
positively associated with fasting glucose when all participants were analysed,

regardless of the obesity status, as well as when we analysed only unhealthy
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obese. Furthermore, we found that social jetlag was associated with total
cholesterol and triglyceride levels in unhealthy obese individuals. These data
confirm our initial hypothesis — that circadian desynchronization measured by
social jetlag is associated with excessive weight and metabolic parameters
among individuals with NCCDs. To the best of our knowledge, this is the first
study showing that social jetlag is associated with anthropometric and metabolic
risk factors in individuals with chronic diseases.

In the present study, we found a positive association between social
jetlag and fasting glucose, total cholesterol and triglyceride levels in unhealthy
obese individuals. Studies with this approach, but conducted in the general
population, have revealed that social jetlag is related to a worse metabolic
pattern, such as higher fasting plasma insulin, insulin resistance, higher LDL-c
and triglyceride levels (p<0.05) .'2'S This can occur because several
physiological processes — such as glucose metabolism, core body temperature
and blood pressure — when the intrinsic circadian rhythm is disrupted, can
contribute to the risk of cardiovascular disease.'? The circadian clock is a cell-
autonomous molecular mechanism that is organized in a hierarchical structure
on the organismal level.'® Synchronization of the internal time with the external
time is necessary for the maintenance of the synchronization of the body with
the external time demands."” Circadian clocks are synchronized (entrained) by
environmental signals (zeitgebers), predominantly by sunlight.'® In fact, social
jetlag can lead to a delay in bedtime and this increases night-time light
exposure, and this can lead to metabolic damage, such as reduced pancreatic
B-cell compensation or reduced insulin sensitivity.'®20 The findings of the
present study confirm that social jetlag is associated with metabolic problems
related to obesity in patients with NCCDs. In view of the poor prognoses of
these diseases, additional studies should confirm whether social jetlag control
could prevent metabolic complications in these patients.

Although the great majority of obese individuals are predisposed to
developing the comorbidities usually related to overweight, about 40% of obese
subjects do not develop them.® The results found in the present study allow us
to suppose that social jetlag may play a part in whether an obese person
develops a comorbidity or not. This could explain why, interestingly, no

associations were found between social jetlag and metabolic parameters in the
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non-obese and healthy obese groups (Table 2). Possibly the circadian
misalignment of unhealthy obese individuals could improve the sympathetic
activation of the hypothalamo—pituitary—adrenal (HPA) axis, increasing levels of
catecholamines and cortisol.?'-23 These hormonal changes could promote the
development of an impaired glucose tolerance, insulin resistance, pancreatic -
cell dysfunction?' and atherogenic lipid profile.?4#2> The findings of the present
study show that social jetlag may actually be associated with metabolic
problems related to obesity in patients with NCCD’s. Given the poor prognosis
of these diseases, additional studies should confirm whether social jetlag
control could in some way prevent metabolic complications in these patients.

Another important finding of our study was the determination of the
increased risk of being overweight and unhealthy obese among those with
social jetlag (Table 3). An epidemiological study performed by Roenneberg et
al.,'% also showed that social jetlag was positively associated with weight
increase in the overweight group (OR=3.3 [95% CI: 2.5-4.3]). Parsons et al.”®
also identified that individuals with higher social jetlag levels had an increased
risk of being in the metabolically unhealthy obese group (OR = 1.8 [95% CI:
1.1-2.8, p=0.01]). Because the circadian system organizes whole energy
homeostasis, including food intake and caloric expenditure,?® the disruption of
the circadian clocks can lead to inadequate weight gain. Rutters et al.22 suggest
that the HPA axis resulting from social jetlag may predispose to visceral obesity
and other chronic diseases. Factors related to food intake — such as changes in
meal distribution across the day?’ and/or the type of food consumed® — and
physical activity pattern'#22 could also explain weight change due to circadian
disturbances.

This study has some limitations. The cross-sectional design precludes
causal inferences and warrants future prospective studies to extend the present
findings. We also emphasize as a limitation the use of questionnaires which,
although validated in other studies, are subjective and dependent on the
memory and motivation of the participants. The generalization of data is also
relatively limited because we include users of the Brazilian public health service,
which comprises approximately 70% of the population. Also, some evidence
suggests that fat distribution (more specifically visceral adipose and liver tissue

mass) and inflammation play a role in the presence of metabolic and clinical
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conditions for metabolic syndrome in obese individuals.2%3' These factors could
not be evaluated in the present study. New studies that include these variables
may lead to a better understanding of the influence of circadian misalignment
on controlling metabolic parameters in individuals of different obese status.

In conclusion, our findings suggest that social jetlag negatively influences
glycaemic and lipid control in patients with NCCDs, predisposing to a higher risk
of obesity-related complications. Furthermore, social jetlag (>1 h) is associated
with higher odds of being unhealthy obese, confirming that circadian
misalignment may favour improper weight gain and metabolic syndrome. These
findings highlight the importance of maintaining regular sleeping and waking
times, balancing the biological and social demands and preferences of
individuals who already have some type of metabolic dysfunction — as did the
population of this study. This could avoid more severe metabolic complications
in these individuals. Longitudinal studies should be performed to determine the

real influence of social jetlag on the genesis of obesity and its complications.
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Table 1. Demographics, work factors, anthropometric, health behaviors, physical activity, sleep, social jetlag and
metabolic variables according to obesity status (n=792).

All Non-obese Healthy Obese Unhealthy Obese p*
Variables (n=792) (n=369) (n=252) (n=171)
Age (years) 559+124 55606 554038 56.4%+1.0 0.17
Female (%) 581 (73.0) 269 (73.1) 189 (75.3) 122 (71.3) 0.65
Marital status — Married (%) 401 (51.0) 188 (51.0) 131 (52.0) 82 (48.5) 0.42
Family income — (U$ 553.0) 504 (63.0) 235 (63.7) 151 (60.0) 118 (69.4) 0.36
Education — <=12 years 507 (64.0) 231 (62.6) 165 (65.4) 123 (72.0) 0.37
Work factors
Employment status — Day workers (%) 333 (42.0) 144 (38.7) 96 (40.0) 68 (39.6) 0.88
Retired (%) 256 (32.0) 132 (36.3) 91 (33.6) 57 (33.5)
Hours per week 408 +8.9 41007 394109 424 +1.1 0.12
Ex-night worker 37 (5.0 22 (2.8) 7@4.7) 8 6.0) 0.17
Health behaviours
Smoking status — Yes (%) 96 (12.0) 55 (15.0) 27 (10.7) 14 (8.1) 0.05
Alcohol intake — Yes (%) 220 (28.0) 103 (28.0) 75 (29.7) 41 (24.0) 0.26
Alcohol — Servings/week 2.0[0.75-6.0] 20[0.5-7.0] 2.0[1.0-5.2] 2.3[0.5-5.0] 0.86
Physical activity (PA) — Yes (%) 294 (37.0) 134 (36.4) 93 (37.0) 67 (39.1) 0.82
Minutes of PA/week 180 [120 - 300] 190 [120 - 300] 170 [120 - 300] 180 [120 - 290] 0.31
Chronic diseases
Type 2 diabetes mellitus (TD2) (%) 257 (33.0) 111 (30.0) 57 (22.6) 89 (52.3) <0.001
Arterial hypertension (SAH) (%) 526 (66.4) 223 (63.1) 174 (69.0) 129 (75.4) 0.02
Dyslipidemia (%)® 324 (41.0) 148 (40.0) 89 (35.4) 87 (50.8) <0.006
Time of diagnosis of TD2* 5.0[3.0-10.0] 6.0[3.0-10.0] 9.5[4.0-16.0] 6.0[3.0-10.0] 0.63
Time of diagnosis of SAH? 10[5.0 - 15.0] 10.0 [5.0 - 15.0] 8.0[2.0-15.0] 10.0[5.0 - 18.0] 0.15
Time of diagnosis of dyslipidaemia* 5.0[2.0-10.0] 4.0[2.0-8.0] 4.0[2.0-10.0] 5.0[3.0-10.0] 0.13
Anthropometric
BMI (kg/m?) 30.0+6.3 25.1+£0.22 33.4+0.2° 336+0.3b <0.001
Abdominal obesity (%)° 564 (71.0) 173 (47.0) 224 (89.0) 167 (98.0) <0.001
High neck circumference (%)® 518 (65.0) 155 (42.2) 209 (83.2) 154 (90.0) <0.001
Circadian
Chronotype — MSFsc (h)¥ 02:54 [02:06 —03:48] 02:48 [02:00 - 02:42] 02:59 [2:07 — 03:49] 02:55[02:12 — 03:54] 0.72
Morning (%) 633 (79.0) 296 (80.2) 197 (78.1) 139 (81.2) 0.83
Intermediate (%) 77 (9.7) 33 (9.0 29 (11.5) 15 (8.8)
Late (%) 83 (10.4) 40 (10.8) 26 (10.3) 17 (10.0)
Bedtime weekday (h)5 22:20[21:20 - 23:20] 22:20[21:49 —23:00] 22:22[21:20-23:30] 22:24[21:13 —23:25] 0.93
Bedtime weekend (h)5 22:50 [21:50 — 24:00] 22:48[21:37 —23:00] 22:55][21:52 —23:55] 22:49[21:50 —23:51] 0.35
Waketime weekday (h)5 06:00[05:30 —07:00] 06:00[05:30-07:00] 06:22[06:00—-07:00] 06:00][05:30-07:30] 0.43
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Waketime weekend (h 0 07:00 [06:00 — 08:30] 07:00 [06:00 — 08:30] 07:00 [06:00 — 08:30] 07:00 [06:00 — 08:00] _ 0.48
Sleep duration weekday (h) 07:30 [06:30 — 09:00]  07:30 [07:00 — 09:00] 07:30 [06:30 — 09:00]  08:00 [06:30 — 09:00]  0.32
Sleep duration weekend (h) 08:00 [07:00 — 09:00]  08:00 [07:00 — 09:00] 08:00 [07:00 — 09:00]  08:30 [07:30 — 09:00]  0.36
Mean sleeping duration (h) 07:29 + 01:50 07:36 + 01:47 07:25 + 02:05 07:23 + 01:50 0.65
Social jetlag (h) 00:30 [00:00 — 01:00]  00:30 [00:00 — 01:00]  0:30 [0:00 -01:00] 0:25 [0:00 -01:15] 0.97
Social jetlag <=1 h (%) 524 (66.0) 279 (75.6) 193 (76.6) 126 (73.6) 0.42
Social jetlag >1 h and <2 h (%) 117 (14.0) 48 (13.0) 39 (15.4) 30 (17.4)

Social jetlag >=2 h (%) 77 (10.0) 42 (11.3) 20 (8.0) 15 (9.0)

Note: *One-way ANOVA and Tukey post hoc analyses were performed for normally distributed variables. When the
variables were not normally distributed, Kruskal-Wallis tests were used. Variables with significant values in the Kruskal—
Wallis test were tested by Dunn’s test with a correction of alpha via Bonferroni’'s method. Values are presented as mean
and SD for normally distributed data or as median (interquartile range) for non-normally distributed data. BMI: Body mass
index. “Chronotype (MSF) was derived from time of mid-sleep on free days (weekend), with further correction for
calculated sleep debt — the difference between average sleep duration at weekends and on weekdays. °Time is presented
in 24-h clock time. °Diagnosis of hypercholesterolaemia, hypertriglyceridaemia or reduced HDL-C. 9Waist circumference =
102 cm for men and = 88 cm for women were considered abdominal obesity. ®Neck circumference = 39 cm for men and
>35 cm for women were considered high. *Only those reported to have type 2 diabetes mellitus, systemic arterial
hypertension or dyslipidaemia were included.
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Table 2. Associations between social jetlag and anthropometric, metabolic parameters and blood pressure
according to obesity status (n=792).

All (n=792) Non-obese (n=369) Healthy obese (n=252) Unhealthy obese (n=171)

B p B p B p B p
BMI (Kg/m?) 0.03 0.38 0.02 0.65 -0.06 0.38 -0.03 0.53
Waist circumference, cm 0.01 0.84 0.02 0.69 0.01 0.98 0.08 0.21
Neck circumference, cm -0.01 0.88 -0.01 0.76 -0.03 0.68 0.03 0.62
Fasting glucose, mg/dL 0.08 0.03% 0.08 0.14 -0.05 0.63 0.32 <0.001%2
Glycated haemoglobin, % 0.01 0.82 -0.02 0.68 0.10 0.53 0.01 0.82
Total cholesterol, mg/dL 0.02 0.59 0.02 0.72 0.01 0.89 0.19 0.04°
HDL-c, mg/dL 0.05 0.15 0.09 0.12 0.05 0.60 0.13 0.16
LDL-c, mg/dL -0.01 0.80 -0.04 0.48 0.01 0.87 0.08 0.39
Triglycerides, mg/dL 0.04 0.26 0.07 0.27 -0.08 0.30 0.33 0.001"™
Systolic BP, mm Hg 0.01 0.65 -0.04 0.49 0.13 0.23 0.03 0.72
Diastolic BP, mm Hg 0.01 0.91 0.01 0.81 -0.08 0.44 0.07 0.42

Note: ®Multivariate linear regressions analysis adjusted for age, sex, family income, time of diagnosis of TD2, insulin use,
minutes of physical activity per week, mean of sleep time. ®Multivariate linear regressions analysis adjusted for age, sex,
family income, time of diagnosis of TD2, time of diagnosis of dyslipidaemia, insulin use, use of antidepressants and mean
of sleep time. YMultivariate linear regressions analysis adjusted for age, sex, family income, employment status, time of
diagnosis of dyslipidaemia and use of sleeping pills. *r2 adjusted=0.11; 22 adjusted=0.13; ¥r?2 adjusted=0.01; *
readjusted=0.23.
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Table 3. Odds ratio (OR) for comparison of effects of social jetlag (> 1h) versus no social jetlag (< 1h) on
overweight, obese or unhealthy obesity (n=792).

Overweight® Obese* Unhealthy obese®
OR (95% Cl) p OR (95% Cl) P OR (95% Cl) P
Crude 1.8 (1.2-2.7) 0.005 1.0 (0.8-1.5) 0.60 1.2 (0.8-1.7) 0.30
Adjusted model 2.0 (1.2-3.6)¥ 0.006 1.1 (0.7-1.6) 0.53 1.8 (1.1-2.8)* 0.01

Note: YMultivariate logistic regressions analysis adjusted model for age, sex, employment status, insulin use, use of
sleeping pills, use of antidepressants and time of diagnosis of TD2, SHA or dyslipidaemia. ®Multivariate logistic
regressions analysis adjusted model for age, sex, insulin use, use of sleeping pills, minutes of physical activity per week,
and time of diagnosis of TD2, SHA or dyslipidaemia. 20verweight (BMI>25 kg/m?2). XObese (BMI>30 kg/m?). *‘Unhealthy
obese (BMI = 30 kg/m2 and high-risk values on three or more biomarkers for metabolic syndrome). Cl: confidence
intervals. OR: odds ratio.
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ABSTRACT

OBJECTIVE - To investigate the influence of social jetlag (SJL) on metabolic
parameters and blood pressure (BP) in patients with non-communicable chronic

diseases (NCCDs) over a year of follow-up

RESEARCH DESIGN AND METHODS - This study included 654 individuals with
NCCDs (type 2 diabetes mellitus [TD2], systemic arterial hypertension [SHA],
obesity, or dyslipidemia) who attended outpatient clinics of the public health service
of Uberlandia city, Minas Gerais State, Brazil (age: 56.0 + 12.0; 74% female). SJL
was calculated based on the absolute difference between mid-sleep time on
weekends and weekdays. The current metabolic parameters and BP of the patients
were compared with data from a year prior. Generalized estimating equations (GEE)
and multiple linear regression analyses were used to examine the association among

SJL, metabolic parameters, and BP.

RESULTS - Multiple linear regression analyses adjusted for confounders showed
that SJL was positively associated with the delta difference of fasting glucose
(B=0.09, p=0.04) and triglyceride levels (B=0.09, p=0.03) among all subjects with
NCCDs, and with fasting glucose (=0.20, p=0.01) and triglyceride levels (=0.19,
p=0.01) in the TD2 group. SJL was negatively associated with the delta difference of
the HDL-c level among all individuals (B=-0.09, p=0.04) and individuals with SHA
and/or obesity and/or dyslipidemia (B=-0.10, p=0.04). GEE analyses showed that
TD2 individuals with SJL seem to have a worse fasting glucose profile over a year

when compared with individuals without SJL.

CONCLUSION - SJL may be clinically significant in the metabolic control in
individuals with NCCDs.
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INTRODUCTION

In the third millennium, non-communicable chronic diseases (NCCDs) are
sweeping the globe (1,2). Their burden affects countries worldwide, but with a
growing trend in developing countries (2). In Brazil, NCCDs have become a major
health priority, and 72% of all deaths in the country are attributable to these diseases,
particularly cardiovascular disease and type 2 diabetes (TD2) (3).

Behaviors like smoking, alcohol intake, sedentary lifestyle, and unhealthy diet
are traditionally considered the main risk factors for NCCD’s (1,3). However, recent
studies have identified disturbance of the circadian rhythm as a risk factor for obesity
(4,5), diabetes, atherosclerotic cardiovascular disease (6), and metabolic syndrome
(4). In fact, the circadian clock is a biological system that allows organisms to adapt
to temporal constraints of the environment. It governs all body functions,
physiological processes such as glucose metabolism, core body temperature, and
blood pressure (BP) (6). Thus, it is documented that circadian desynchrony may be a
factor in many diseases (7).

People today experience a form of mild circadian misalignment, especially
during the week as they follow social rhythms imposed by work and school schedules
(8). Regular work or school schedules typically start early in the day, and this
combined with later sleep onset (whether controlled by the endogenous clock or by
voluntary sleep behavior) causes the accumulation of sleep debt, for which
individuals have to compensate for by extending the sleep duration on weekends (9).
The discrepancy between circadian and social clocks is known as social jetlag (SJL),
a measure of the difference between sleep times on work days and days off (10).
This term is used to draw attention to its similarity to jetlag, induced by trans-meridian
travel, which causes circadian desynchronization in an individual (5). However, unlike
jetlag, SJL may occur chronically during an individual's time spent at work or school
(10).

Despite the indications of the influence of SJL in the development of excess
weight (4,5) and association with metabolic parameters (6), the relationship between
SJL and metabolic control in patients with NCCDs is poorly described in the
literature. Thus, this study investigated the influence of SJL on metabolic parameters

and BP in patients with NCCDs who had regular clinical follow-up over a year. We



74

hypothesize that SJL is negatively associated with metabolic control and BP among
individuals with NCCDs.

MATERIALS AND METHODS
Subjects and ethics

This is retrospective and longitudinal study conducted from September 2015 to
July 2016 involving volunteers with NCCDs attended at outpatient clinics of the public
health service of Uberlandia city, Minas Gerais State, Brazil. It was approved by the
Ethics Committee of the Federal University of Uberlandia (protocol no. 005464/2015).
All volunteers provided a written informed consent form to participate in the study.

The public health service offers outpatient health care to patients with NCCDs,
periodic monitoring of metabolic parameters, and the provision of medicines to
control these diseases. To be eligible to participate in the study, individuals had to
have a confirmed pre-diagnosis of at least one of the following chronic diseases:
obesity, systemic arterial hypertension (SHA), TD2, or dyslipidemia
(hypercholesterolemia, hypertriglyceridemia, or reduced HDL-C). Individuals were
excluded from the study if they had a time of diagnosis of chronic disease of less
than one year (n=2), were less than 20 years of age or more than 80 years of age
(n=7), were pregnant (n=1), were shift workers (n=2), and had diseases or
complications such as renal failure (n=1), angina pectoris (n=3), heart disease (8), a
history of heart attack (n=7), or fasting glucose greater than 300 mg/dL (n=10).

A total of 654 volunteers answered a questionnaire that assessed
demographic aspects such as age, sex, years of education, marital status, family
income, and work status. Participants were also asked about health behaviors related

to physical activity, alcohol intake, smoking, and the use of medicines.

Sleep duration, chronotype, and social jetlag

Participants were asked to report their usual bedtimes and waking times on
weekdays and weekends. They were asked the following questions: "What time do
you usually go to sleep on weekdays?"; “How long (how many minutes on average)
do you stay awake in bed before you fall asleep (after lights off) on weekdays?";

What time did you usually wake up on weekdays?"; “What time do you usually go to
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sleep on weekends?"; “How long (how many minutes on average) do you stay awake
in bed before you fall asleep (after lights off) on weekends?’; "What time do you
usually wake up on weekends?". At the time of the interview, the participants were
informed that they must distinguish between total time in bed and the time taken to
fall asleep. From this information, sleep duration was calculated by the team. The
volunteer was also asked about maintaining this sleep routine over the past year.
These evaluations were performed by a team trained and experienced in sleep
studies.

Sleep duration was computed using the weighted average of self-reported
sleep duration, which considers both weekdays and weekends, using the following
formula: [(Reported current weekday sleep duration x 5) + (Reported current
weekend sleep duration x 2)]/7 (8). Chronotype was derived from the time of mid-
sleep time on free days on the weekend (MSF), with a further correction for
calculated sleep debt (MSFsc) that was calculated as the difference between
average sleep duration on the weekend and the average sleep during the week (5).
SJL was calculated based on the absolute difference between mid-sleep time on
weekends and weekdays and was categorized dichotomously as the presence of
SJL > 1h or < 1h absence of SJL (10).

Anthropometric variables

Weight was measured with a set of scales to an accuracy of 0.1 kg (Welmy®).
Height was measured with a stadiometer fixed to the wall, with an accuracy of 0.1 cm
(Welmy®). Body mass index (BMI, kg/m?) was calculated (11). The waist
circumference (WC) was measured in agreement with the standard proposed by the
WHO (11) as the minimum girth between the iliac crest and lower costal margin for
normal and overweight individuals; for obese individuals, WC was measured at the
umbilical level (12). WC values = 102 cm for men or = 88 cm for women were
considered elevated (12). All the anthropometric measures were obtained by an

expert team.

Metabolic parameters and blood pressure
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Current clinical data on metabolic parameters and BP (baseline) were
compared to data from a year ago (one-year follow-up); both were extracted from the
electronic medical record of the volunteer. Clinical and biochemical information
collected included systolic and diastolic BP levels, lipid profile (LDL-c; HDL-c and
triglycerides), and glucose profile (fasting glucose and glycated hemoglobin [HbA1c]).
The electronic medical system provides detailed data regarding the monitoring of the
metabolic parameters and also the clinical characteristics of the patients attended by

the public health system.

Food intake

Dietary intake was assessed by a single 24-hour food recall (24h-FR), and an
analysis of the energy and nutrient intake was performed using the Virtual Nutri Plus
software®. The volunteers discussed their reported food intake with a qualified
nutritionist, and the information was amended to include additional explanations and
details, thus improving the accuracy of the information obtained. The volunteers were
instructed to provide as much detail as possible of the meal times and the food and
fluids consumed the day before the interview, including brand names and recipes for
home-cooked foods. Portion sizes were estimated using common household
measurements such as cups, glasses, bowls, teaspoons, and tablespoons, in
addition to individual food items/units. In this study, the total intakes of energy,
carbohydrates, and calories after 9:00 p.m. were used as adjustment variables for the

analyses performed.

Statistical analysis

All statistical analyses were performed with the SPSS version 20.0 (SPSS Inc.,
Chicago, IL, USA), and p<0.05 was considered to be statistically significant. Initially,
normality of the data was tested using the Kolmogorov—Smirnov test. Categorical
variables were summarized using frequencies and percentages, and continuous
variables were summarized using means and standard deviations or median and
interquartile intervals. To characterize participants according to the prevalence of
NCCDs, one-way ANOVA and Tukey post-hoc analyses were performed for normally

distributed variables. When the variables were not normally distributed, Kruskal—
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Wallis tests were used. Variables with significant values in the Kruskal-Wallis test
were tested by Dunn's test with a correction of alpha via Bonferroni's method.
Pearson’s chi-square test was used to compare proportion variables.

Generalized estimating equations (GEE) were used to examine the
association between SJL and metabolic parameters and BP adjustment for
confounders. The GEE logistic regression model accounts for correlations among the
within-subject outcome variables of metabolic parameters and BP across time and
provides consistent estimates of the parameters and of the standard errors using
robust estimators. The Sequential Sidak adjustment method was used for multiple
comparisons.

For determination of whether SJL was associated with changes in metabolic
parameters and BP, linear regression was performed while controlling for
confounding factors. The difference between the two measures (current measure
minus measure from the last year) of each investigated parameter was considered as
a dependent variable in the respective linear regression models. Variables that
correlated with these differences with a Pearson correlation or Spearman correlation
(r>0.20) were subjected to stepwise multivariate linear regression. SJL was treated
as a continuous variable in all linear regression analyses. To remove the influence of
multicollinearity from the multiple regression model, tolerance and variance-inflation
factors (VIFs) were determined, and variables with a tolerance <0.1 or VIF >10.0
were removed from the model.

The volunteers were divided into two groups: patients with TD2 (TD2 group)
and patients without TD2 (SHA and/or obesity and/or dyslipidemia [SOD group]).
Thus, both groups could present one or more NCCDs involved in this study. This

division was used for GEE and linear regressions analyses.
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RESULTS

Participant characteristics according to the presence or absence of SJL

The demographics, work factors, health behaviors, chronic diseases, and
anthropometric and circadian variables according to the presence or absence of SJL
are shown in Table 1. This study included 654 individuals. Most participants were
female (n=525; 74%), married (n=329; 50%), and had less than 12 years of schooling
(n=458; 70%).

A total of 164 (25%) individuals experienced >1h of SJL, and this group
presented a lower mean age (p<0.001), higher frequency of day workers (p<0.001),
higher mean of BMI (p=0.01), and higher prevalence of overweight (p=0.01) when
compared with individuals without SJL (<=1h) (Table 1). Regarding the circadian
data, individuals with SJL (>1h) presented higher MSFsc (p<0.001), greater
frequency of late individuals (p<0.001), later sleeping times during the week (p=0.01)
and weekends (p<0.001), and later waking times on weekends (p<0.001) when
compared to those without SJL (<=1h). Sleep duration on weekends (p<0.001) and
the mean sleeping duration (p=0.03) were also higher among those with SJL (>1h)

when compared to those without SJL (<=1h) (Table 1).

Insert Table 1

Associations between SJL and anthropometric and metabolic parameters and

blood pressure

Table 2 shows the estimated averages for metabolic parameters and BP
according to the absence (<=1h) or presence (>1h) of SJL. No effect of time, SJL, or
interaction of time and SJL was observed on fasting glucose, HbA1c, total

cholesterol, HDL-c, LDL-c, triglyceride, and BP levels.

Insert Table 2
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In the TD2 group, the most prevalent combinations of NCCDs were 34% of
‘TD2 and SHA and dyslipidemia and obesity’ (n=64); 22% of ‘TD2 and SHA and
dyslipidemia’ (n=41), and 17% of ‘TD2 and SHA and obesity’ (n=33). In the SOD
group, the most prevalent combinations of NCCDs were 30% of ‘HAS and
dyslipidemia and obesity’ (n=146), 29% of ‘HAS and obesity’ (n=136), and 12% of
‘HAS and dyslipidemia’ (n=63; data not shown in table).

Figure 1 shows the follow-up over a year for the estimated averages for fasting
glucose according to the presence or absence of SJL in the TD2 group and the SOD
group. In the TD2 group, an effect of interaction between time and SJL was observed
on the fasting glucose (estimated averages with SJL group [>1h]: baseline = 142.2 +
10.6 mg/dL; one-year follow-up = 157.4 + 12.8 mg/dL; estimated averages without
SJL [<=1h] group: baseline = 132.0 + 5.5, one-year follow-up = 127.4 + 4.9; [Df=1,
p=0.03]).

Insert Figure 1

Multiple linear regression analysis with SJL and the delta difference changes
in metabolic parameters and BP are shown in Table 2. After adjustments for possible
confounding variables, SJL was positively associated with the delta difference of
fasting glucose levels among all subjects (=0.09, p=0.04, r2 adjusted=0.02) and in
the TD2 group (B=0.20, p=0.01, r? adjusted=0.06). A positive association was found
between SJL and the delta difference triglyceride levels (after adjustments for
confounders) among all subjects (3=0.09, p=0.03, r2 adjusted=0.03) and in the TD2
group (B=0.19, p=0.01, r? adjusted=0.06). A negative association was found between
SJL and the delta difference of levels of HDL-c among all individuals (p=-0.09,
p=0.04, r? adjusted=0.02) and in the SDO group (B=-0.10, p=0.04, r? adjusted=0.02)

after adjustments for confounding factors.

Insert Table 3
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CONCLUSION

This study evaluated the influence of SJL on metabolic parameters and BP
among individuals with NCCDs. We found that SJL was positively associated with the
delta difference of fasting glucose and triglyceride levels when all participants were
analyzed, as well as among TD2 individuals. Furthermore, we found that SJL was
negatively associated with HDL-c levels in the SOD group and among all participants.
These associations persisted after adjustment for traditional factors involved in
metabolic control, such as socio-demographic characteristics and health behaviors.
Taken together, these results suggest a deleterious effect of circadian misalignment
on fasting metabolic parameter levels in patients with NCCDs, especially TD2
individuals. These data confirm our initial hypothesis that circadian desynchronization
measured by SJL is negatively associated with the control of metabolic parameters
among individuals with NCCDs.

In healthy individuals, clinical studies have showed that -circadian
misalignment resulted in systematic increases in postprandial glucose and insulin
levels (13,14) and a decrease in insulin sensitivity (13,15). In this sense, Wong et al.
(6) showed in a sample of middle-aged individuals (n=490; age=42.7 + 7.4) that SJL
was associated positively with fasting insulin (8=0.11, p<0.05) and insulin resistance
(B=0.11, p<0.05), but not with fasting glucose. In the present study, we did not
evaluate postprandial glucose and insulin levels, but, contrary to Wong et al. (6), we
found a positive association between SJL and the delta difference of baseline and
one-year follow-up fasting glucose data (Table 3). In addition, the mean fasting
glucose levels of TD2 patients with SJL (>1h) showed an increase over the period of
one year — the inverse pattern of individuals without SJL (<1h). Take together, this
evidence shows that SJL can elevate the fasting glucose and hinder glycemic control,
but additional studies must confirm our results.

In our study, SJL was not related to HbA1c levels (Tables 2 and 3), which also
occurred in other studies (8,16). According to Anothaisintawee et al. (16), low
prevalence of SJL, as occurred in the present study (n = 164; 25%), may influence
the association of this parameter with conditions of circadian misalignment. In fact,

associations between HBA1c levels and SJL were found in studies whose prevalence of SIL
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was higher: 82% (n = 548/667) (4) and 49% (39/80) (9). These factors underscore the need
for further studies with different populations and periods investigating all of these
parameters.

The effects of the interaction of time and SJL on increasing glycemic levels
over a year (Figure 1 and Table 3) may be explained by some mechanisms. One of
them is related to the influence of melatonin secretion and sympathetic overactivity
on glucose metabolism. Sleep mid-points (used for establishment of SJL degree)
have been shown to present significant correlations with dim light melatonin onset
(17,18). Melatonin secretion at night might have been disrupted by short sleep
duration, light exposure, and/or circadian misalignment (19). In animals,
reduced melatonin levels are associated with an increased risk of developing TD2
(20). In humans, lower melatonin secretion had a significantly higher incidence of
TD2, even when adjusted for confounding factors (21). In this sense, studies have
proposed that pancreatic receptors of B-cells for melatonin are coupled to three
parallel signaling pathways with different influences on insulin secretion (22). On the
other hand, sympathetic overactivity and unfavorable changes of the hypothalamic—
pituitary—adrenal axis increasing levels of catecholamines, cortisol, and appetite-
satiety hormones (19,23-25). These hormonal changes can promote the
development of impaired glucose tolerance, insulin resistance, pancreatic (3-cell
dysfunction (23), and an atherogenic lipid profile (26,27).

The negative influence of SJL with glycemic and lipid parameters showed in
the present study (Figure 1 and Table 3) may also be explained by the circadian
disruption between internal clocks and external schedules, possibly by affecting gene
expression (28). In animals, brain and muscle ARNT-like protein 1 (BMAL1) and
circadian locomotor output cycles kaput (CLOCK), genes that function in the core
molecular clock, contribute to the regulation of recovery from the hypoglycemic
response to insulin (29). Additionally, adipose triacylglycerol lipase and hormone-
sensitive lipase genes are activated directly by the BMAL1:CLOCK transcriptional
complex, hence allowing the core molecular clock to modulate the rate of hydrolysis
across the circadian cycle (30). It is also important to consider that SJL can impair

lifestyle habits, such as physical activity practice (31) and dietary pattern (32), but in
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the present study the association between SJL and metabolic parameters remained
significant even after adjustment for such variables.

In the present study, the individuals with SJL (>1h) presented a higher mean
BMI and greater prevalence of overweight (Table 1). These results were also found in
other studies with the same theme in relation to SJL (5,6). Roenneberg et al. (5)
conducted an epidemiological study and showed that SJL was positively associated
with weight increase in the overweight group (OR=3.3 [95% CI: 2.5-4.3]). Wong et al.
(6) found positive associations between SJL and BMI (B=0.16, p=0.001) and WC
(B=0.18, p<0.001) in a population of healthy middle-aged adults (age 42.7 + 7.4). The
circadian system organizes whole energy homeostasis, and disruption of the
circadian clocks can lead to inadequate weight gain (5,33). Factors related to food
intake — such as changes in meal distribution across the day (34) and/or the type of
food consumed (32) — and physical activity pattern (24,31) could also explain weight
change due to circadian disturbances. However, other studies did not find
associations between SJL and anthropometric parameters (24,31), which indicates
the need for new studies investigating the effects of circadian misalignment on
overweight.

In relation to pressure levels, previous studies have found no associations
between SJL and systemic BP values (6, 24), as in the present study (Tables 2 and
3). These results can be explained by the periodic monitoring of BP and the use of
hypotensive drugs, as with the population of this study. These factors may favor the
control of BP (35). There is some evidence that circadian misalignment may lead to
an increase of BP, such as a 3% increase in mean arterial pressure during short-term
circadian misalignment (p=0.001) found in a study of laboratory-controlled conditions
(14). Future studies with different population profiles and protocols are required to
investigate whether circadian misalignment leads to increased BP.

This study has some limitations. We used questionnaires that, although
validated in other studies, are subjective and dependent on the memory and
motivation of the participants. The generalization of data is also relatively limited
because we included users of the Brazilian public health service, which comprises
approximately 70% of the population. In addition, although volunteers reported

maintaining their sleep habits, the current values of SJL may have eventually
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changed over the period covered in this study. New studies that include all these
variables and with alternative models such as the longitudinal prospective may lead
to a better understanding of the influence of circadian misalignment on controlling
metabolic parameters in individuals with different NCCDs.

This study presents the first evidence that SJL may adversely influence the
control of metabolic markers related to NCCDs, especially the levels of fasting
glucose, triglycerides, and HDL-c. Our study with patients with NCCDs contributes to
the emerging body of evidence supporting a link between circadian alignment and
metabolic parameters, and it suggests that the adverse impact of SJL may be
clinically significant for those with disorders in the glycemic and lipid profile.
Interventional studies are needed to address the effectiveness of lifestyle

modifications, such as correcting circadian misalignment.
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Table 1. Demographics, work factors, health behaviors, chronic diseases, and anthropometric and circadian
variables according to the presence or absence of social jetlag (n=654)

All (n=654) SJL < 1h (n=490) SJL >1h (n=164) p*
Variables
Age (years) 56.0+12.0 58.0+11.2 495+£11.9 <0.001
Female (%) 492 (75.0) 362 (74.0) 130 (79.0) 0.19
Marital status — Married (%) 329 (50.0) 246 (50.3) 83 (51.0) 0.54
Family income — (US $553.00) 455 (69.5) 157 (64.0) 298 (65.0) 0.37
Education — <=12 years 458 (70.0) 159 (68.0) 299 (64.0) 0.82
Work factors
Employment status — Day workers (%) 235 (36.0) 159 (33.0) 76 (47.0) <0.001
Retired (%) 254 (39.0) 215 (44.0) 37 (23.0)
Others (%) 165 (25.0) 116 (23.0) 51 (30.0)
Hours per week 406 +9.0 40.3+8.3 41.3+10.2 0.54
Ex-night worker 30 (5.0) 21 (4.3) 9 (5.4) 0.52
Health behaviors
Smoking status — Yes (%) 86 (13.0) 59 (12.0) 27 (16.4) 0.14
Alcohol intake — Yes (%) 186 (28.0) 129 (26.3) 57 (35.0) 0.07
Alcohol — Servings/week 2.0[0.7-6.0] 2.0[0.5-6.0] 3.0[1.1-7.0] 0.28
Physical activity (PA) — Yes (%) 240 (37.0) 187 (38.0) 53 (32.2) 0.55
Minutes of PA/week 180 [120 - 300] 180 [120 - 320] 180 [120 - 300] 0.62
Anthropometric
BMI (kg/m?) 29.5+56 29.1+56 30.3+£57 0.01
Overweight (BMI>25 kg/m?) 476 (73.0) 344 (70.2) 132 (80.4) 0.01
Obesity (BMI >30kg/m?) 345 (53.0) 257 (52.4) 88 (53.6) 0.12
Abdominal obesity (%)} 470 (72.0) 347 (71.0) 123 (75.0) 0.30
Circadian
Chronotype — MSFsc (h)'* 02:35[01:55 - 03:25] 02:54 [02:06 — 03:48] 03:33 [02:44 — 03:48] <0.001
Bedtime weekday (h) * 22:30[22:00 — 24:00] 22:00[21:45 — 23:42] 22:50[21:30 — 23:40] 0.01
Bedtime weekend (h) * 23:00 [22:00 — 24:00] 22:50 [22:46 — 23:50] 23:43 [21:48 — 01:00] <0.001
Waketime weekday (h) * 06:00 [05:30 — 07:00] 06:00 [06:00 — 07:00] 06:00 [05:30 — 07:00] 0.68
Waketime weekend (h) 07:00 [06:00 — 08:30] 06:30 [06:00 — 08:00] 09:00 [08:00 — 10:00] <0.001
Sleep duration weekday (h) 07:17 [06:00 — 08:15] 07:20 [06:00 — 08:20] 07:00 [06:15 — 08:25] 0.89
Sleep duration weekend (h) 07:47 [06:15 — 09:00] 07:48 [06:00 — 08:50] 08:30 [07:00 — 09:30] <0.001
Mean sleeping duration (h) 07:31 + 1:55 07:22 + 01:48 07:57 + 01:40 0.03
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Notes: *One-way ANOVA and Tukey post-hoc analyses were performed for normally distributed variables. When the
variables were not normally distributed, Kruskal-Wallis tests were used. Variables with significant values in the Kruskal—
Wallis test were tested by Dunn's test with a correction of alpha via Bonferroni's method. Values are presented as mean
and SD for normally distributed data or as median (interquartile range) for non-normally distributed data. BMI: body mass
index. TChronotype (MSFsc) was derived from time of mid-sleep on free days (weekend), with further correction for
calculated sleep debt — the difference between average sleep duration on weekends and weekdays. *Time is presented
in 24-h clock time. Waist circumference = 102 cm for men and = 88 cm for women were considered abdominal obesity.
BMI: body mass index; SJL: social jetlag.
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Table 2. Estimated measurements of the metabolic parameters according to the presence or absence of social
jetlag (n=654)

Means + SD Effects
SJL<=1h SJL>1h Time SJL Time*SJL
All (n=654) Baseline One-year Baseline One-year Df p* Df p* Df P
follow-up follow-up

Fasting glucose’, mg/dL 111.9+27 112.0+ 2.5 113.0 + 4.1 1124+ 43 1 09 1 0.87 1 0.86
HbA1c!, % 58+ 0.1 59+01 6.0+0.3 6.0+ 04 1 074 1 055 1 0.58
HbA1c’, mmol/mol 40.0+ 11 410+ 11 420+ 3.3 420+ 4.4 1 074 1 055 1 0.58
Total cholesterol¥, mg/dL  185.7 + 3.6 184.3 + 3.3 196.5+7.5 183.6 +6.5 1 005 1 046 1 0.10
HDL-c*, mg/DI 454 +1.2 46.0+ 1.1 443 +2.4 435+ 21 1 068 1 046 1 0.28
LDL-c*, mg/dL 107.7 + 3.0 106.4 + 2.9 1156 +6.3 105.3+5.3 1 006 1 057 1 0.13
Triglycerides*, mg/dL 1726 + 8.7 168.3 + 10.0 177.9+10.5 187.0+12.5 1 03 1 036 1 0.76
Systolic BPS, mm Hg 932+23 914+22 96.3+4.4 96.8 5.1 1 076 1 036 1 0.62
Diastolic BPS, mm Hg 122.8 + 3.2 120.0 + 3.1 133.6 + 7.1 122.8 + 6.6 1 005 1 015 1 0.24

Notes: *p values calculated by generalized estimating equation (GEE). p<0.05 was considered significant. TAdjusted for
age, sex, time of diagnosis of type 2 diabetes, minutes of physical activity per week, and total calorie intake. *Adjusted for
age, sex, time of diagnosis of dyslipidemia, minutes of physical activity per week, and total calorie intake. SAdjusted for
age, sex, time of diagnosis of systemic arterial hypertension, minutes of physical activity per week, and total calorie intake.
DF: degree of freedom; SJL: social jetlag. Bold values are statistically significant. HbA1c: glycated hemoglobin.
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Table 3. Associations between social jetlag and delta difference of metabolic parameters and BP over a year
(n=654)

All (n=654) Type 2 diabetes (n=189) SOD (n=465)
B P B P B p
Fasting glucose, mg/dL 0.09 0.042f 0.20 0.019 -0.02 0.65
HbA1c, % 0.05 0.48 0.02 0.26 0.05 0.34
Total cholesterol, mg/dL -0.04 0.39 0.02 0.79 -0.02 0.65
HDL-c, mg/dL -0.09 0.04°" 0.03 0.67 -0.10 0.04"f
LDL-c, mg/dL -0.05 0.27 -0.08 0.25 -0.08 0.27
Triglycerides, mg/dL 0.09 0.03¢¢ 0.19 0.01¢¢ 0.05 0.36
Systolic BP, mm Hg -0.07 0.09 -0.07 0.32 -0.08 0.1
Diastolic BP, mm Hg -0.04 0.36 -0.06 0.29 -0.01 0.82

Notes: @Multivariate linear regression analysis adjusted for age, sex, time of diagnosis of type 2 diabetes, use of
antidepressants, and menopause status. Multivariate linear regression analysis adjusted for age, sex, and minutes of
physical activity per week. °“Multivariate linear regression analysis adjusted for age, sex, employment status, time of
diagnosis of dyslipidemia, and use of sleeping pills. YMultivariate linear regression analysis adjusted for age, time of
diagnosis of type 2 diabetes, menopause status, and mean sleep per week. *Multivariate linear regression analysis
adjusted for age, sex, time of diagnosis of type 2 diabetes, and minutes of physical activity per week. 'r2 adjusted=0.02; *r2
adjusted=0.03; %2 adjusted=0.06. SOD: systemic arterial hypertension and/or obesity and/or dyslipidemia group; HbA1c:
glycated hemoglobin.
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Figure 1. Estimated measurements of the fasting glucose (mg/dL) in the SOD group and the type 2 diabetes group
according to the presence or absence of social jetlag

Notes: *p values calculated by generalized estimating equation (GEE). p<0.05 was considered significant. In

the type 2 diabetes group, an effect of interaction between time and social jet lag was observed on the

fasting glucose (estimated averages with SJL group [>1h]: baseline = 142.2 + 10.6 mg/dL; one-year follow-up

= 157.4 + 12.8 mg/dL; estimated averages without SJL [<=1h] group: baseline = 132.0 + 5.5; one-year

follow-up = 127.4 + 4.9; [Df=1, p=0.03]). Degree of freedom (DF) = 1."Adjusted for age, sex, time of

diagnosis of type 2 diabetes, minutes of physical activity per week, and total calorie intake. SOD: systemic

arterial hypertension and/or obesity and/or dyslipidemia group; SJL: social jetlag.
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ANEXO C - RECORDATORIO 24 HORAS

Para preenchimento da equipe executora: Caddigo do voluntario:

Data: / / Dia da semana: 22 () 32 () 42( ) 52( ) 62( ) Sab () Dom ()

Refeicdo/Horario Alimento consumido

Quantidade/Observagdes
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scientificreports@nature.com
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Please note that you are listed as a co-author on the manuscript "Social jetlag and metaboelic control in non-communicable chronic diseases:
a study addressing different obesity statuses” (reference number: SREP-17-09954), which was recently submitted to Scientific Reports.

The corresponding author is solely responsible for communicating with the journal and managing communication between co-authors.
Please contact the corresponding author directly with any queries you may have related to this manuscript.

You can now use a single sign-on for all your accounts, view the status of all your manuscript submissions and reviews, access usage statistics
for your published articles and download a record of your refereeing activity for the Nature journals. Please check your account regularty and
ensure that we have your current contact information.

In addition, NPG encourages all authors and reviewers to associate an Open Researcher and Contributor Identifier (ORCID) to their account.
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disambiguate research contributions.

Access your acco

Many thanks,
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Nature Publishing Group
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year follow-up" has been submitted to Diabetes Care.

Dear Miss Mota:

Thank you for submitting your work to Diabetes Care, Your manuscript has been successfully submitted and is presently being given full
consideration for publication. Please refer to the above manuscript number in all future comrespondence.

If you have not already done so, please e-mail or fax the completed manuscript submission form to the Editorial Office (317-547-46856;
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interest statements, our Editorial Office may contact you to request such information. Before Diabetes Care fully considers your article for
publication, we may ask that you upload a new version of your manuscript that includes any required information.
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APENDICE A - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(TCLE)

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Vocé estd sendo convidado (a) para participar da pesquisa intitulada “Associa¢ao entre cronotipo
e doencgas crbénicas nao transmissiveis”, sob a responsabilidade dos pesquisadores: < Maria
Carliana Mota e Cibele Aparecida Crispim >. Nesta pesquisa n6s estamos buscando entender a
associacao entre cronotipo e controle de marcadores clinicos e bioquimicos de doencas
como a hipertensao arterial, o diabetes mellitus tipo Il e a obesidade. O cronotipo é uma
preferéncia individual em dormir e acordar em determinados horarios do dia.
O Termo de Consentimento Livre e Esclarecido sera obtido pela pesquisadora <Maria Carliana
Mota>, no momento da apresentac¢do do estudo nas farmacias populares da rede publica de
saude da Prefeitura Municipal de Uberlandia.
Na sua participacdo vocé fornecerd informac¢des sobre os seu comportamento alimentar,
pratica de atividade fisica e habitos de sono. Também serao coletados do seu prontuario
médico os seus resultados de pressdo arterial, glicemia, insulina, hemoglobina glicada,
triglicerideos, colesterol total e fragdes.
Em nenhum momento vocé sera identificado. Os resultados da pesquisa serdo publicados e ainda
assim a sua identidade sera preservada. Vocé nio tera nenhum gasto e ganho financeiro por
participar na pesquisa.
Os riscos consistem em a) constrangimento (“vergonha”) para medi¢cdo de peso,
circunferéncia da cintura, mas serdo tomados todos os cuidados para se evitar qualquer
ocorréncia deste tipo; e b) possibilidade de vocé ser identificado, porém todos os
formularios serdo codificados e seu nome ndo constara em nenhum a fim de evitar a sua
identificacdo. Os beneficios sera a descri¢do para a ciéncia de possiveis associa¢cdes entre o
padrédo de sono e de vigilia (periodo em que vocé esta acordado) e o desenvolvimento das
doencas citadas acima, o que pode favorecer a obtenciao de sucesso em programas para
prevencao e tratamento destas doencas.
Vocé é livre para deixar de participar da pesquisa a qualquer momento sem nenhum prejuizo ou
coacgdo. Uma via original deste Termo de Consentimento Livre e Esclarecido ficara com vocé.
Qualquer duvida a respeito da pesquisa, vocé podera entrar em contato com:

e Maria Carliana Mota. Pés-Graduacdo em Ciéncias da Salde, Faculdade de Medicina,
Universidade Federal de Uberlandia. Endereco: Avenida Para, 1720- Bloco 2U, Sala 20,
Campus Umuarama. Fone: 3218-2389

e Cibele Aparecida Crispim. Professor Adjunto |, Curso de Nutricdo, Faculdade de Medicina,
Universidade Federal de Uberlandia. Endereco: Avenida Para, 1720- Bloco 2U, Sala 20,
Campus Umuarama. Fone: 3218-2084.

Poder4 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 A, sala 224, Campus
Santa Ménica — Uberlandia -MG, CEP: 38408-100; fone: 34-32394131

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

< Maria Carliana Mota > < Cibele Aparecida Crispim >

Eu aceito participar do projeto citado acima, voluntariamente, ap6s ter sido devidamente
esclarecido.

Participante da pesquisa
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APENDICEB - QUESTIONARIO INICIAL

Coédigo do voluntario: Ndmero do registro/prontuario:

Sexo:( )M ( )F Data de nascimento: / / Idade: anos

Estado civil: ( )solteiro ( )casado/UE ( )divorciado(a) ( )viivo (@) N. pessoas na casa: N. Criancas:.___

Escolaridade: ( ) Ndo estudou ( )12a42 ()52a82 ()EnsinoMédio () Ensino Superior () Poés-graduacio

Profissao: ( ) Empregado ( ) Desempregado ( ) Aposentado ( ) Afastado/Licenca
Carga horaria semanail: horas  Trabalha a noite? N S Héa quanto tempo: anos
Ja trabalhou a noite? N S Tempo: M A Ha quanto tempo: MA

Renda familiar total (SM:salario minimo): ( )Até 1 SM ( )De1a3SM ()De3a6SM ( )De6a9SM ( )>=10SM
Doenca (s) de base (informar tempo de diagndstico em anos):
( YHAS Tempo: MA ( )DM2 Tempo: MA ( ) Dislipidemia Tempo: MA

Outras:

Uso de medicamento (informar medicamentos de uso continuo e esporadico (analgésico, relaxante muscular, etc.):

1) Freq: xDSM Consomehd__ A MDose:___ _gmg
2) Freq: xDSM Consomeha__ A M Dose:__ _gmg
3) Freq: xDSM Consomehd__ A MDose:___ _gmg
4) Freq: xDSM Consomehd__ A MDose:___ _gmg
5) Freq: xDSM Consomehd__ A MDose:___ _gmg
6) Freq: xDSM Consomehd__ A MDose:___ _gmg
7) Freq: xDSM Consomehd__ A M Dose:__ _gmg
8) Freq: xDSM Consomehd__ A MDose:___ _gmg
9) Freq: xDSM Consomehd__ A MDose:___ _gmg
10) Freq: xDSM Consomehda__ A MDose:___ _gmg
Antecedentes clinicos:

Necessitou de internacdo hospitalar no dltimo ano em funcéo da doenca de base? N S Qto tempo: DMA
Afastou ou faltou ao trabalho em fung¢io da doenc¢a de base no dltimo ano? N S Qto tempo: DMA
Menopausa? N S Inicio: MA

Tem constipacéo intestinal (menos que trés evacuagdes/semana nos ultimos 6 meses)? N S
Como classificaria seu estado de salde: ( ) excelente () bom ( )regular () ruim ( ) ndo sabe

Consumo alimentar (informar n.° de porcdes e a frequéncia de consumo de alimentos contendo cafeina):

Café (50ml) xD S M N
Refrigerante cola (250ml) xD S M N
Chocolate (509g) xD S M N
Energético (250ml) xD S M N
Chas (Verde/Mate) (200ml) xD S M N
Suplementos (dose) xD 8§ M N
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Frequéncia de realizacdo do café da manha: ( ) 1-2x/semana ( ) 3-5x/semana ( ) <=6x/semana

Local e horario que realiza as seguintes refeicdes: (L — lanchonete/Padaria; R-Restaurante; T — Trabalho)

Cafédamanhd __ :  h Local: ( )casa ( )foradecasa L R T ( )ndo faco
Lanche da manha __h Local: ( )casa ( )foradecasa L R T ( )ndofaco
Almoco o h Local: ( )casa ( )foradecasa L R T ( )ndo faco
Lanchedatarde __ :  h Local: ( )casa ( )foradecasa L R T ( )ndofaco
Jantar o h Local: ( )casa ( )foradecasa L R T ( )ndo faco
Ceia " h Local ( )casa ( )foradecasa L R T ( )ndo faco
Madrugada o h Local: ( )casa ( )foradecasa L R T ( )ndo faco
Habitos de vida
Consumo de tabaco: N S  N°de cigarros: D S M Consome ha MA
Ja fumou: N S Por quanto tempo: M A Parou a quanto tempo MA
Consumo de bebidas alcodlicas: (informar n.° de por¢des e a frequéncia):
Cerveja (350ml) xD S M N
Destilado (vodka/pinga) (30ml ) xD S M N
Vinho (120ml) xD S M N
Pratica de atividade fisica: N S (Intensidade L - leve; M — Moderada; | — Intensa)
Qual: Frequéncia:; x/semana Tempo: ___ min Intensidade: L M |
Qual: Frequéncia:; x/semana Tempo: ___ min Intensidade: L M |
Qual: Frequéncia:; x/semana Tempo: ___ min Intensidade: L M |
Habitos de sono
A que horas normalmente vocé vai dormir durante asemana? . horas
A que horas normalmente vocé acorda durante a semana? . horas
A que horas normalmente vocé vai dormir aos finaisde semana? ____ . horas
A que horas normalmente vocé acorda aos finaisdesemana? . horas
Quanto tempo vocé leva para dormir a noite? ___ minutos.
Quanto tempo vocé gostaria de dormir a noite? horas minutos.
Como vocé considera a qualidade do seu sono de 0 a 10?
0 1 2 3 4 5 6 7 8 9 10
Muito ruim Muito Boa
Dados antropométricos:
Altura (cm) Peso (kg) IMC (kg)

CC (cm) C. Pescogo (cm)

Acha que seu peso esta: ( ) adequado ( ) abaixo do adequado ( ) acima do adequado
Se acima, ha quanto tempo esta acima do peso AM ( ) Nao sabe

Ganho de peso nos udltimos cinco anos? N S Quantos kg



