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RESUMO

Introdugao: Trabalhadores em turnos s&o individuos vulneraveis ao desalinhamento
circadiano que ocorre pela divergéncia entre o reldgio bioldégico e as obrigagdes
sociais e laborais, como o turno de trabalho. O "Jetlag Social" (JLS) — definido como
uma medida de ruptura do sistema circadiano -, € usualmente elevado em
trabalhadores em turnos e esta associado a doencgas metabdlicas e cardiovasculares
em diferentes grupos populacionais. No entanto, os efeitos do JLS e do turno de
trabalho sobre o estresse oxidativo e a estabilidade osmética de membrana de
eritrécitos de trabalhadores em turnos sao ainda inexplorados na literatura. Essa é
uma importante tematica a ser abordada, tendo em vista que tanto o estresse
oxidativo quanto a estabilidade osmoética de membrana de eritrécitos estédo
envolvidos em diversos processos fisiopatolégicos. Objetivo: Avaliar a associagcéo
entre turnos de trabalho, jetlag social, horas de sono, parametros de dano por
estresse oxidativo, defesa antioxidante e de estabilidade de membrana em
trabalhadores de turnos. Materiais e Métodos: Trata-se de um estudo transversal
realizado com 79 homens com idade entre 21 e 65 anos e IMC médio de 27.56 (+
4.0), que trabalhavam no turno noturno (n=37) e diurno (n=42). Foram aferidos os
parametros antropométricos (peso, altura e circunferéncia da cintura) e analisados
no sangue os marcadores de estresse oxidativo (TBARS, Carbonilas, Perdxido de
Hidrogénio - H,O, - e Nitritos), das defesas antioxidantes (FRAP, Superdxido
dismutase, Catalase e Glutationa peroxidase), parametros bioquimicos e de
estabilidade de membrana de eritrécitos - absorbancia maxima (Amasx), @ absorbancia
minima (Amin), O intervalo de concentragéo salina envolvido no processo de hemalise
(dX) e a concentragéo salina em que a hemodlise foi de 50% (Hso). O JLS foi
calculado pela diferenca absoluta entre o ponto médio do sono nos dias de trabalho
e descanso. Resultados: No estudo que avaliamos o estresse oxidativo, verificamos
que o grupo noturno apresentou maiores valores de TBARS e H,O, em relagcéo aos
diurnos. O grupo noturno também apresentou menores valores de nitrito, FRAP,
catalase e superoxido dismutase. Além disso, foi encontrada associagdo negativa
entre 0 JLS e as enzimas catalase e superédxido dismutase. No estudo que envolveu
a avaliagdo da estabilidade de membrana, foi observado que individuos que
dormiram em média menos que 6 horas apresentaram maiores valores de 1/Hso e de
dX. Encontrou-se, também, interacédo entre turno e JLS para a variavel Anin, ha qual
o individuo do turno noturno e sem JLS apresentou menores valores em relagcéo aos
demais. Conclusao: Nossos achados sugerem que o trabalhador noturno possui
maiores niveis de estresse oxidativo e menores niveis das defesas antioxidantes,
sendo o JLS possivelmente um dos responsaveis por esse quadro. Em adicdo, a
estabilidade de membrana dos eritrocitos parece ser influenciada pelas horas de
sono e pelo jetlag social.

Palavras-chave: Estresse oxidativo. Antioxidantes. Trabalho em turnos. Jetlag
social. Eritrocitos. Estabilidade de membrana. Ritmos circadianos.



ABSTRACT

Introduction: Shift workers are individuals vulnerable to the circadian misalignment
that occurs because of the divergence between the biological clock and social and
labor obligations, such as shift work. Social Jetlag (SJL) - defined as a measure of
circadian system rupture - is usually elevated in shift workers and is associated with
metabolic and cardiovascular diseases in different population groups. However, the
effects of SJL and work shift on oxidative stress and osmotic membrane stability of
erythrocytes of shift workers are still unexplored in the literature. This is an important
issue to be addressed, since both oxidative stress and osmotic stability of erythrocyte
membrane are involved in several pathophysiological processes. Objective: To
evaluate the association among work shifts, social jetlag, sleep hours parameters of
oxidative stress damage, antioxidant defense and membrane stability in shift
workers. Materials and Methods: This was a cross-sectional study of 79 men aged
21-65 years and mean BMI of 27.56 (+ 4.0), who worked at night shift (n = 37) and
daytime (n = 42). The oxidative stress markers (TBARS, Carbonyls, Hydrogen
Peroxide - H,O, - and Nitrites), antioxidant defenses (FRAP, Superoxide dismutase,
Catalase and Glutathione) were analyzed in the blood samples (weight, height and
waist circumference) peroxidase), erythrocyte membrane stability and biochemical
stability parameters - maximal absorbance (Amax), minimum absorbance (Anin), saline
concentration involved in the hemolysis process (dX) and saline concentration where
the hemolysis was 50 % (Hsp). SJL was calculated by the absolute difference
between the midpoint of sleep on work and rest days. Results: In the study that
evaluated the oxidative stress, we verified that the nocturnal group had higher values
of TBARS and H,O, in relation to the diurnal ones. The nocturnal group also
presented lower values of nitrite, FRAP, catalase and superoxide dismutase. In
addition, a negative association was found between SJL and the catalase and
superoxide dismutase enzymes. In the study that involved the evaluation of
membrane stability, it was observed that individuals who slept on average less than 6
hours presented higher values of 1/Hso and dX. Interaction between shift and SJL
was also found for the variable Anin, in which the night shift and without SJL
individuals presented lower values in relation to the others. Conclusion: Our findings
suggest that the nocturnal worker has higher levels of oxidative stress and lower
levels of antioxidant defenses, and SJL is possibly one of those responsible for this
condition. In addition, the erythrocyte membrane stability seems to be influenced by
sleep hours and social jetlag.

Keywords: Oxidative stress. Antioxidants. Shift work. Social Jetlag. Erythrocytes.
Membrane stability. Circadian rhythms.
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1. INTRODUGCAO

O numero de empregos com horarios de trabalho irregulares ou incomuns
aumentou massivamente nas ultimas décadas, correspondendo a cerca de 10% a
20% da forca de trabalho na Europa e nos Estados Unidos (Stevens et al., 2011). No
Brasil, estima-se que 14,9% das pessoas economicamente ativas trabalham em
regime noturno, ou seja, em algum periodo entre 22h e 5h (Brasil, 2016).

A literatura atual aponta que o trabalho em turnos representa um importante
fator de risco para o ganho de peso e, consequentemente para o desenvolvimento
de doencgas metabdlicas e nutricionais como a obesidade (Pietroiusti et al., 2010;
Konturek et al., 2011; Markwald et al., 2013). Acredita-se que as possiveis vias pelas
quais o trabalho noturno poderia levar a obesidade seriam pela privagao crbnica de
sono, que pode aumentar os niveis de fadiga e levar a redugado da atividade fisica
(Dinges et al., 1997; Patel e Hu, 2008) e pelos efeitos neuro-hormonais que
aumentam a ingestdo caldrica (Spiegel et al., 2004; Spaeth et al., 2013). Existe
ainda a hipotese de que o desalinhamento circadiano — desencontro entre o relégio
enddégeno e o social, muito frequente entre trabalhadores em turnos -, poderia
reduzir o gasto energético de repouso, levando ao ganho de peso (Patel e Hu, 2008;
Markwald et al., 2013; Spaeth et al., 2013; Capers et al., 2015), porém essa
associagao € pobremente explorada pela literatura.

Estudos tém apontado que condigdes tipicas do trabalho em turnos — como a
dessincronizagéo dos ritmos bioldgicos e a privagdo de sono - estdo associadas ao
aumento da atividade inflamatéria (Lu et al., 2016), perturbagdo na atividade do
sistema de estresse neuroendocrino (Casado et al.,, 2008; Buyukhatipoglu et al.,
2010; Faraut et al., 2013), redugéo das defesas imunoldgicas e formagao excessiva
de espécies reativas de oxigénio (ERO) (Casado et al., 2008; Buyukhatipoglu et al.,
2010). Além disso, o trabalho em turnos vem sendo associado com maior risco de
desenvolver cancer (Lin et al., 2015; Papantoniou et al., 2016), o que pode ser pelo
fato de atuar como um estressor oxidativo e reduzir o potencial dos protetores
antioxidantes (Faraut et al., 2013).

Um alvo celular essencial das ERO sdo as membranas celulares e das
organelas, particularmente, das mitocondrias e dos eritrocitos. Uma vez que o
fornecimento de oxigénio para os varios 6rgaos em todo o corpo é realizado

exclusivamente por eritrocitos, estes sdo constantemente expostos a radicais livres
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durante toda a sua vida, que induzem peroxidagao lipidica e, assim, causam
alteragdes no funcionamento, na fluidez e fun¢gdes da membrana dos mesmos
(Stagsted e Young, 2002). Para se proteger da acdo das ERO, os eritrécitos
possuem um conjunto de enzimas que as neutralizam, como a glutationa peroxidase
(GPx), a superoxido dismutase (SOD) e a catalase (CAT) (Massafra et al., 2002; Al-
Naama et al., 2015).

Estudos vém demonstrando que a atividade das enzimas de defesa
antioxidantes sofre influéncia do ritmo circadiano, ou seja, em condi¢ées normais de
claro/escuro, a atividade destas enzimas exibe um ritmo ciclico de 24 horas
(Kolanjiappan e Manoharan, 2005; Jimenez-Ortega et al., 2009; Wilking et al., 2013).
Junto a isto, alguns autores defendem a existéncia de possivel associagao entre a
exposi¢cdo a luz durante a noite e niveis alterados de enzimas antioxidantes,
principalmente os de GPx (Gromadzinska et al., 2013). Diante do exposto, serao
discutidos a seguir assuntos relacionados aos trabalhadores em turnos e o
desalinhamento circadiano e suas possiveis consequéncias no estresse oxidativo,

sistema de defesa antioxidante e na estabilidade de membrana de eritrécitos.

1.1 CONSIDERAGOES INICIAIS

A formatagdo desta tese segue o “Modelo alternativo” estabelecido pelo
Programa de Po6s Graduacdao e Pesquisa em Ciéncias Saude da Universidade
Federal de Uberlandia. Inicialmente, uma fundamentagao tedrica sera apresentada
como forma de reviséo da literatura sobre os temas abordados na tese. Em seguida,
sao apresentados dois manuscritos elaborados a partir dos dados obtidos e analises
estatisticas realizadas. O primeiro artigo (capitulo 1: “Oxidative Stress Is Influenced
by Night Work and Social Jetlag”) foi submetido no periédico Free Radical Biology &
Medicine (ANEXO A) e o segundo artigo (capitulo 2: “The erythrocyte membrane
stability is influenced by the sleep time and social jetlag in shifth workers”) foi
submetido para o periddico “Plos One” (ANEXO B).
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2. FUNDAMENTAGAO TEORICA

2.1 TRABALHO EM TURNOS

Para atender as demandas da sociedade moderna decorrentes do avango da
industrializagao e tecnologia, vem crescendo o numero de pessoas que trabalham a
noite ou com horarios irregulares (Moreno et al., 2003). Acredita-se que o trabalho
em turnos abrange aproximadamente 20% da populacdo ativa dos paises
desenvolvidos (De Bacquer et al., 2009; Stevens et al., 2011; Wang et al., 2014),
sendo que no Brasil cerca de 14,9% trabalham em escala noturna (Brasil, 2016).
Devido a crescente prevaléncia do trabalho em turnos em todo o mundo
(Rajaratnam e Arendt, 2001; De Bacquer et al., 2009), existe atualmente um grande
interesse em se conhecer os efeitos adversos causados por este tipo de trabalho
sobre a fisiologia humana e os ritmos bioldgicos (Haus e Smolensky, 2006).

Na literatura existem inumeras definicdes e conceitos de trabalho em turnos.
Para Costa (2003), o trabalho em turnos € uma atividade laboral que se caracteriza
pela ndo interrupcdo da producdo durante as 24h do dia (Costa, 2003). De forma
semelhante, Waterhouse (1997) o definiu como aquele realizado fora dos horarios
habituais, de forma continua durante 24 horas por meio do revezamento de equipes
num mesmo posto de trabalho (Waterhouse et al., 1997). Ja& Sallinen e Kecklund
(2010) definem o trabalho em turnos como aquele realizado em horarios variados e
que envolve dois ou mais turnos que se diferem pelo horario de entrada e de saida
no trabalho (Sallinen e Kecklund, 2010).

Os turnos de trabalho podem ser classificados em fixos ou permanentes -
sempre 0 mesmo horario de trabalho - e também em alternantes ou rodiziantes -
caracterizado pela continua modificagdo dos horarios de trabalho, segundo uma
escala previamente definida (Knauth, 1996; Driscoll et al., 2007). Além disso, de
acordo com o horario de entrada e saida do trabalhador da empresa, os turnos fixos
podem ser categorizados em matutino - inicio entre 03h e 11h (Kaewilai et al., 2010),
diurno - inicio a partir de 06h e término em torno das 18h (Mcmenamin, 2007),
vespertino - inicio as 14h e término aproximadamente as 22h (Lombardi et al., 2014)
e noturno - 5 horas consecutivas entre 23h e 07h (Smith et al., 2005). Vale destacar
que assim como para a definicdo de trabalho em turnos, existe também grande

variedade de propostas na literatura para as escalas ou horarios dos turnos.
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2.1.1 Trabalho em turnos e ocorréncia de doengas

As consequéncias do trabalho em turnos na saude humana tém sido muito
estudadas nas ultimas décadas (Merkus et al.,, 2012). Evidéncias cientificas vém
apontando que o trabalho em turnos - em especial 0 noturno — propicia muitas
implicacbes negativas para a saude e bem-estar psicossocial, tais como conflitos
entre trabalho e familia (Haines lii et al., 2008), fadiga aumentada (Jansen et al.,
2003) e problemas de adaptacéo ao turno (Bjorvatn et al., 1998). Em longo prazo, é
observada maior propensao desses trabalhadores em desenvolver doencas
metabdlicas e nutricionais como a obesidade (Mcglynn et al., 2015), diabetes (Gan
et al., 2015), sindrome metabdlica (Pietroiusti et al., 2010; Wang et al., 2014),
dislipidemias (Dochi et al., 2009), além dos disturbios gastrointestinais (Konturek et
al., 2011) e cancer (Akerstedt et al., 2015; Rao et al., 2015; Mancio et al., 2018).

Um estudo de revisdo sistematica e meta-analise apontou que, em
comparagao com o turno diurno ou a populagdo em geral, o trabalho em turnos foi
associado com maior risco de eventos vasculares, especificamente infarto do
miocardio (RR = 1,22; IC: 1,15-1,31; 1?>=0) e acidente vascular cerebral isquémico
(RR = 1,05; IC: 1,01-1,09; 1?>=0) (Vyas et al., 2012). Além disso, outro estudo de
meta-analise encontrou associagcdo entre diabetes mellitus tipo 2 e trabalho em
turnos em comparagdo com aqueles expostos apenas ao turno diurno. A
probabilidade de desenvolver diabetes foi 9% maior em pessoas que foram expostas
ao trabalho em turnos, sendo 42% maior nos trabalhadores de turnos rotativos em
comparagao aos de turno fixo (Gan et al., 2015). De forma semelhante, Hansen et
al. (2016), em estudo de coorte realizados com enfermeiros, encontraram que
aqueles que trabalhavam nos turnos noturno (RR = 1,58; IC: 1,25-1,99) e
vespertinos (RR = 1,29; IC: 1,04-1,59) apresentaram maior risco de apresentar
diabetes (Hansen et al., 2016).

Pelo fato de trabalhadores em turnos apresentarem maior predisposi¢cao para
o desenvolvimento de dislipidemias, diabetes mellitus tipo 2 e excesso de peso,
estudos tém relacionado o trabalho em turnos a maior prevaléncia e incidéncia de
sindrome metabdlica (Pietroiusti et al., 2010; Itani et al., 2017; Lu et al., 2017). Uma
possivel explicagdo para essa associagdo € a disruptura circadiana. O

desalinhamento circadiano leva a alteragdes na funcdo de hormbnios como o
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cortisol, o horménio do crescimento, a melatonina, a leptina e a grelina, afetando
negativamente a manutengdo da homeostase de glicose e lipidios (Boivin e
Boudreau, 2014; Kim et al., 2015). Tais alteragdes podem ser diferentes entre os
turnos de trabalho, como no estudo de Crispim et al. (2012), que comparou as
concentragbes de adipocinas e de fator de necrose tumoral-a (TNF-a) entre os
turnos noturno, matutino e diurno. Os individuos do turno matutino apresentaram
menores niveis de adipocinas, o0 que os tornam mais propensos a resisténcia
insulinica. Além disso, tanto o turno matutino quanto o noturno tiveram os maiores
niveis de TNF-a, quando comparado ao turno diurno (Crispim et al., 2012).

O céancer é outra enfermidade que vem apresentando associagdo com o
trabalho em turnos, sendo esta modalidade laboral considerada fator de risco para
as neoplasias de mama (Akerstedt et al., 2015; Papantoniou et al., 2016), pulm&o
(Schernhammer et al., 2013) e préstata (Rao et al., 2015; Mancio et al., 2018). Em
estudo caso-controle de base populacional (1.095 casos de céncer de préstata e
1.388 controles), Papantoniou et al. (2015) encontraram associacao entre trabalho
noturno e cancer de préstata (OR = 1,14; IC: 0,94-1,37), sendo maior com o tempo
de exposigao (= 28 anos: OR = 1,37; IC: 1,05-1,81; p-tendéncia = 0,047). O risco foi
mais pronunciado para tumores com pior prognéstico (RR = 1,40; IC: 1,05-1,86),
especialmente entre individuos com maior duragao da exposi¢ao a esta modalidade
de trabalho (228 anos: RR = 1,63; IC: 1,08-2,45; p-tendéncia = 0,027) (Papantoniou
et al., 2015).

A obesidade é um fator de risco para doencas cronicas, e varios estudos
relatam que o excesso de peso e a obesidade sdo mais prevalentes entre os
trabalhadores em turnos do que nos de jornada normal de trabalho (Macagnan et al.,
2012; Kim et al.,, 2013; Mcglynn et al., 2015; Xiao et al., 2016). Para Knutsson
(2003), o trabalho em turnos pode ser uma das potenciais causas de incremento do
peso corporal dos individuos. Estudo realizado por Xiao e Wang (2016) investigou
7.262 trabalhadores em turnos de uma industria téxtil na China e encontrou que
64,5% dos trabalhadores apresentavam excesso de peso. Além disso, estes autores
verificaram que os trabalhadores em turnos tinham 19% (IC: 1,05-1,35) e 15% (IC:
1,00-1,32) maior chance de ter sobrepeso e obesidade, respectivamente, quando
comparados aos diurnos (Xiao et al., 2016). Corroborando com estes achados,

McGlynn et al., (2015) em estudo caso-controle realizado com trabalhadoras
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canadenses observaram 88% mais chance de ter obesidade nas mulheres que
estavam expostas a modalidade de trabalho em turnos (Mcglynn et al., 2015).

Fatores do estilo de vida sdo importantes mediadores que ligam o trabalho
por turnos ao excesso de peso. Junto a isto, € de conhecimento da literatura que a
privacdo de sono e a ma qualidade do sono possuem associacdo com a obesidade
(Knutsson, 2003; Macagnan et al., 2012). Nesse sentido, estudos tém evidenciado
que trabalhadores em turnos sao individuos muito vulneraveis a privagdo de sono
devido as alteragbes no ritmo circadiano que ocorrem pelo desalinhamento entre o
periodo de sono, ambiente fisico e social no periodo de 24h (Moreno et al., 2003; Di
Milia et al., 2013; Stanojevic et al., 2016; Kaliyaperumal et al., 2017).

Estudos tém mostrado que a duracdo do sono é dependente do turno de
trabalho. Drake et al. (2004) encontraram que 32% dos trabalhadores noturnos e
26% dos trabalhadores rotativos relataram sintomas de ins6nia ou sonoléncia
excessiva, ao passo de que esses sintomas foram relatados por apenas 18% dos
trabalhadores diurnos (Drake et al., 2004). No estudo de Padilha et al. (2010), os
trabalhadores do turno matutino tiveram maior duragcéo de sono (413,2 min), quando
comparado ao turno noturno (350,9 min; p<0,05) (Padilha et al., 2010). Além disso,
estes trabalhadores apresentam diferentes disturbios no padrao de sono (Hublin et
al., 2001; Schlafer et al., 2014), sendo 0 mais comum a sonoléncia diurna, que pode
trazer consequéncias negativas diversas, tais como dores de cabeca, alteracdes na
fungdo imunoldgica, prejuizos na memodria € no humor, problemas psiquicos,
motores, sociais e familiares, absenteismo e maior risco de acidentes (Hublin et al.,
2001).

2.2 DESSINCRONIZAGAO DOS RITMOS CIRCADIANOS

Praticamente toda a vida na Terra é exposta a ciclos ambientais regulares de
24 horas gerados pela rotacdo do planeta. As fungdes corporais que sao repetidas
com uma periodicidade sdo denominadas ritmos bioldgicos, que podem ser eventos
bioquimicos, fisiolégicos ou comportamentais (Noce et al, 2008). Os ritmos
bioldgicos sao fendmenos fisioldgicos enddégenos que promovem uma adaptagao
dos seres vivos ao meio ambiente, se manifestam em diferentes periodos e
classificam-se em trés tipos: ultradianos, infradianos e circadianos. Os ritmos

ultradianos s&do eventos que se repetem numa frequéncia menor de 20 horas. Os
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ritmos infradianos s&o eventos que se repetem numa frequéncia maior que 28 horas.
Ja os circadianos sado eventos que se repetem entre 20 e 28 horas. O termo
“circadiano” vem do latim Circa diem (“em torno de um dia”) por definir ritmos com
duracao de aproximadamente 24 horas (Mcclung, 2006; Huang, 2018).

Nos mamiferos, a parte do sistema nervoso responsavel pela organizagao do
comportamento circadiano reside numa estrutura presente no hipotalamo conhecida
como nucleo supraquiasmatico (NSQ), considerada peca central do reldgio bioldgico
(Welsh et al., 2010). O NSQ é uma estrutura bilateral que sincroniza o ritmo
circadiano com o ciclo claro/escuro externo usando informagdes que s&o projetadas
através do trato retino-hipotalamico. A sincronizagéo das células do relégio acontece
por fendbmenos moleculares e fisiologicos (Kalsbeek et al., 2006; Depoy et al., 2017),
sendo composta por um conjunto de osciladores (central e periféricos), que sao
responsaveis por ajustar os ritmos de acordo com fatores temporais, estimulos
féticos e nado foticos (Menna-Barreto e Wey, 2007). Assim, considerando que a
sincronizagao dos ritmos circadianos nao ocorre somente via NSQ, alguns autores
tém sugerido o termo “sistema de temporizacdo circadiana” em substituicdo ao
“reldgio biologico” (Mrosovsky, 2003; Mohawk e Menaker, 2009). Por este motivo,
optou-se por utilizar o termo “sistema de temporizacéo circadiana” na presente tese,
para designar a respectiva atuagéo sobre ritmicidade circadiana do NSQ e os 6rgéaos
alvos espalhados pelo corpo.

Cotidianamente o organismo passa por processos de ajuste de seus ritmos,
através da acdo de ciclos ambientais que arrastam nossos sistemas de
temporizagdo. Nesse sentido, o ciclo claro/escuro é reconhecidamente um dos mais
importantes sinais ambientais, nos seres humanos, capaz de sincronizar os ritmos
biologicos (Oike, 2017). O ciclo claro/escuro regula o sistema de temporizagao
central no NSQ, no qual dominam principalmente os ritmos relacionados a atividade,
tais como ciclos de sonolvigilia, sistema nervoso autdénomo, temperatura corporal
central e secrecdo de melatonina (Tahara e Shibata, 2013).

Em situagdes de alinhamento circadiano os sistemas de temporizagao central
e periféricos devem permanecer sincronizados entre si e com o ambiente. Sob
condi¢cdes fisiologicas, o sistema central no NSQ sincroniza os periféricos
espalhados pelo organismo, através de varias cascatas de sinalizagao (Green et al.,
2008). Estes sistemas de temporizacado periféricos exibem sensibilidade diferencial
para outros zeitgebers ambientais (termo alemao para "fornecedor de tempo"), tais
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como a alimentagao e atividade fisica (Figura 1). Por sua vez, o NSQ também regula
a ingestao de alimentos, bem como as respostas fisioldgicas a esse comportamento,
mantendo a ritmicidade entre todos esses fatores (Gamble e Young, 2013). Além
disso, os sistemas periféricos sao responsaveis por ajustes de processos fisioldgicos
locais, incluindo a homeostase da glicose e lipidios, a secrecdo hormonal, a resposta

imune e o sistema de digestdo (Richards e Gumz, 2012).

Figura 1 - Mecanismo de sincronizacdo dos ritmos circadianos envolvendo os

sistemas de temporizagao central e os periféricos especificos dos tecidos no corpo.

Fonte: Adaptado de Goede et al. (De Goede et al., 2018)

Além de serem importantes sinalizadores sobre o tempo ambiental para o
NSQ (Berson et al., 2002), os estimulos luminosos também atuam sobre a glandula
pineal, que é responsavel em secretar a melatonina (N-acetil-5-metoxitriptamina), um

neuro-hormaonio importante na cronobiologia do ciclo sono/vigilia (Hardeland, 2012).
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Esse peptideo possui varias fungdes que vao desde a coordenagédo da atividade
circadiana, com efeito favoravel ao sono, até regulagdo da secrecdo de insulina e
propriedades antioxidantes (Nduhirabandi et al., 2012). Existe um biorritmo
circadiano endogeno sincronizado que permite a produ¢do maxima de melatonina
humana durante a noite, entre a meia-noite e as trés da manha, sendo que nos
adultos o inicio da sintese ocorre aproximadamente entre as 21 e as 23 horas e dura
cerca de 8-9 horas (Dominguez-Rodriguez et al., 2010).

Como supracitado a secregao de melatonina segue um padrao programado,
influenciado pela luminosidade ambiental, com seu inicio nas primeiras horas da
noite, participando da tendéncia do individuo a conciliar o sono. Este inicio &
considerado uma das “portas” de entrada no sono (Espino et al., 2011). Assim, se
um individuo forca o estado de vigilia, lutando contra o0 sono nesse momento
propicio, perde a entrada através desta porta determinada pela secrecdo de
melatonina, tendo dificuldades depois de conciliacdo do sono. Obviamente, a
melatonina ndo é o unico elemento determinante desta periodicidade do ciclo
sono/vigilia no ser humano, mas certamente é reconhecida como um dos neuro-
horménios mais importantes (Cipolla-Neto et al., 2014). Nesse sentido, a
sincronicidade entre os ciclos ambientais, os ritmos circadianos internos e a
harmonia entre flutuacbes moleculares dentro das células sdo essenciais para o
funcionamento normal do organismo (Hardeland, 2012). A organizacdo entre os
sistemas central e periféricos envolve mecanismos genéticos, hormonais,
neurolégicos e comportamentais e esta dindmica é prejudicada em circunstancias
que podem levar a dessincronizagao circadiana, como por exemplo, a privagao de
sono (Baron e Reid, 2014).

Diversos fatores ambientais exercem influéncia sobre nosso sistema de
temporizagao circadiana, promovendo uma relativa plasticidade que nos permite, por
exemplo, alterar nossa rotina ou adaptarmos a mudancgas de fuso horario. No
entanto, ha limites para essa plasticidade, que impedem, por exemplo, a adaptacao
completa de nossos ritmos biolégicos ao trabalho noturno (Moreno et al., 2003). O
processo de dessincronizagao do ritmo circadiano pode levar o organismo a
esfor¢cos de adaptagdo que conduzirdo a situagdes de desgaste, com repercussdes
organicas (Maury et al., 2010; Covassin et al., 2016). Neste sentido, os eventos que

podem levar ao desalinhamento circadiano sao: trabalho em turnos, extensas
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jornadas de trabalho, jetlag ocasionado por mudangas de fuso horario e o jetlag
social (JLS) (Wittmann et al., 2006; Lima e Vargas, 2014).

O trabalhador em turnos muitas vezes ignora o sinal circadiano, se mantendo
acordado mesmo precisando dormir. Os trabalhadores noturnos, por exemplo, que
trabalham durante a noite e passam a dormir durante o dia, tém seus ritmos
biolégicos alterados, ja que esses ndo se modificam instantaneamente (Waterhouse
et al., 2003). Quando o horario de sono é modificado, a relagao temporal normal do
ciclo sono/vigilia e o marcapasso circadiano endégeno sao perturbados, o que pode
levar a importante alteragao do ritmo circadiano (Moreno et al., 2003; Di Milia et al.,
2013). Esta “quebra” ou dessincronizagao do ritmo circadiano tem sido associada ao
desencadeamento de diversas desordens e doencgas da atualidade (Baron e Reid,
2014; Leproult et al., 2014). Junto a isto, a dessincronizagao entre o reldgio bioldgico
e os horarios de trabalho nestes individuos esta envolvida em efeitos deletérios
graduais e cumulativos a saude ao longo dos anos. As consequéncias na saude
destes trabalhadores variam de deébito de sono e sonoléncia as doengas
cardiovasculares e, até mesmo, o cancer (Faraut et al., 2013), como exposto acima.

Ja estd bem consolidado na literatura, que a insuficiéncia de sono e o
desalinhamento circadiano tém impactos negativos sobre a saude e a fungao
endécrina (Briancon-Marjollet et al., 2015), metabdlica (Depner et al., 2014),
cardiovascular (Scheer et al., 2009), 6ssea (Everson et al., 2012), imunolégica
(Dimitrov et al., 2004), de estresse (Everson et al., 2014), cognitiva e neuroldgica
(Germain e Kupfer, 2008; Minkel et al., 2012; Chellappa et al., 2018). Além disso, a
privagdo do sono juntamente com o desalinhamento circadiano crénico - condigao
de vida real dos trabalhadores em turnos - vém sendo considerados estressores
fisiolégicos e um desafio metabdlico que esta frequentemente associado a
alteracbes dos niveis de cortisol e das concentragdes plasmaticas de proteinas
inflamatdrias (Minkel et al., 2012; Wright et al., 2015).

Somados as evidéncias dos efeitos deletérios da privacdo do sono sobre a
saude, outro fator importante que pode influenciar o grau de desalinhamento é o
desencontro do cronotipo do individuo - que reflete a matutinidade ou vespertinidade
individual (Zavada et al., 2005; Roenneberg et al.,, 2012), ou seja as diferengas
interindividuais na ritmicidade diurna - com as obriga¢des sociais (Horne e Ostberg,
1976). O cronotipo inclue aspectos subjetivos, como a hora preferida para despertar,

medidas de alerta e desempenho mental (Kyriacou e Hastings, 2010), e marcadores
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fisiolégicos de ritmicidade endogena (Randler e Schaal, 2010). Neste sentido,
evidéncias indicam que n&o sé a privagao do sono deve ser considerada como fator
de risco para diversas doengas metabdlicas, mas também a dinamica dos horarios
de dormir e acordar sao fatores potencialmente determinantes para o
desenvolvimento de desordens desta natureza (Roenneberg et al., 2012; Parsons et
al., 2015; Wong et al., 2015).

2.2.1 Jetlag Social

O “jetlag social” (JLS) mensura a discrepancia da duragado de sono nos dias
de trabalho e dias livres (Wittmann et al., 2006; Roenneberg e Merrow, 2007). Foi
assim chamado devido a semelhanga ao jetlag induzido por viagens, que causa a
dessincronizagao circadiana em um individuo decorrente da troca de fuso horario.
Uma vez que o déficit de sono acumulado durante os dias trabalho tende a ser
compensado aos finais de semana ou dias livres, o JLS ocorre cronicamente ao
longo do tempo de trabalho de um individuo (Parsons et al., 2015).

O jetlag social € obtido pela diferenga absoluta entre o ponto médio do sono
nos dias livres (do inglés, mid-sleep on free days - MSF) e o ponto médio do sono
nos dias de trabalho (do inglés, mid-sleep on workdays - MSW) (Wittmann et al.,
2006; Roenneberg et al., 2012). Este é atualmente considerado como uma medida
do desalinhamento circadiano e pode ser analisado como uma variavel linear ou de
forma dicotomizada, conforme pontos de corte pré-estabelecidos (Wittmann et al.,
2006). Atualmente, o ponto de corte > 1h € o mais utilizado para indicar que o
individuo possui jetlag social (Wong et al., 2015; Alves et al., 2017).

E provavel que o JLS provoque consequéncias crénicas para o metabolismo
devido ao desalinhamento circadiano (Juda et al., 2013b). Nesse ambito, alguns
estudos ja sugerem associacdo entre JLS com a obesidade (Roenneberg et al.,
2012; Parsons et al., 2015), maior risco cardiovascular (Kantermann et al., 2013;
Mota et al., 2017), sintomas depressivos (Levandovski et al., 2011), tabagismo, uso
de alcool, estresse mental (Wittmann et al., 2006; Wittmann et al., 2010) e
desajustes no comportamento alimentar (Mota et al., 2017). O trabalho em turnos é
uma forma bem conhecida de desalinhamento circadiano e, por isso, o JLS é muito

prevalente neste publico (Juda et al., 2013a; Vetter et al., 2015), sendo mais comum
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entre os trabalhadores noturnos e matutinos em comparag¢ao aos diurnos (Juda et
al., 2013a; Alves et al., 2017).

A influéncia do cronotipo dos individuos no desenvolvimento de JLS é um
ponto importante que tem sido alvo de estudos nos ultimos anos (Petru et al., 2005;
Vetter et al., 2015). Deve-se levar em consideragcao, que os vespertinos apresentam
preferéncias individuais de horarios para realizarem suas atividades e periodos de
repouso, possuindo maior dificuldade de adaptagdo aos ritmos sociais impostos
pelos horarios de estudo e trabalho, especialmente durante os dias de semana
(Wittmann et al., 2006; Roenneberg et al., 2012; Reutrakul et al., 2013). Alguns
pesquisadores observaram que o JLS é minimo em individuos que alinham o
cronotipo ao horario de trabalho, e sugerem ser possivel planejar o turno de trabalho

com base nas caracteristicas cronobiolégicas (Vetter et al., 2015).
2.3 ESTRESSE OXIDATIVO E O SISTEMA DE DEFESA ANTIOXIDANTE

O processo de instalagao do estresse oxidativo decorre da existéncia de um
desequilibrio entre compostos pré-oxidantes e antioxidantes, em favor da geracéo
excessiva de espécies reativas de oxigénio (ERO) ou em detrimento da velocidade
de remocgao das mesmas (Valko et al., 2007).

As ERO podem ser originadas tanto exdgena quanto endogenamente. As
fontes exdgenas incluem luz ultravioleta, radiacdes ionizantes e agentes quimicos.
Ja as ERO formadas intracelularmente podem ser originadas como consequéncia do
préprio metabolismo celular ou durante processos patoldgicos, como por exemplo, o
que ocorre em uma resposta inflamatéria (Berra et al.,, 2006). ERO é um termo
bastante amplo que abrange além dos radicais de oxigénio como radical hidroxil
(‘OH), o6xido nitrico (NO’) e radical superoxido (027), também derivados do oxigénio
que nao sao radicais, como peroxido de hidrogénio (H2O»), acido hipocloroso
(HOCI), oz6nio (O3) e oxigénio singlete ('0,)? (Mates, 2000; Barreiros et al., 20086).

Os mecanismos de geracdo de ERO ocorrem, normalmente, nas
mitocéndrias, membranas celulares e no citoplasma. Na mitocéndria, o O, sofre
reducdo tetravalente, com aceitacdo de quatro elétrons, resultando na formacgao de
agua (reagao 1) (Barbosa et al.,, 2010). A enzima catalisadora dessa reagao € a
citocromo oxidase. A acao dessa enzima controla a geracdo de ERO, impedindo sua

geragao excessiva nessa organela. No entanto, cerca de 2% a 5% do oxigénio
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metabolizado nas mitocéndrias sdo desviados para outra via metabdlica, e reduzidos
de forma univalente, dando origem as ERO. Assim, o radical superoxido é formado
pela adicdo de um elétron a uma molécula de oxigénio (reagéo 2) (Forman et al.,
2010). Por sua vez, o radical superéxido, ao receber ions de hidrogénio, gera
peréxido de hidrogénio. Tal reagcdo, conhecida por dismutacdo, é catalisada pela
enzima superoéxido dismutase (SOD), que acelera a reacdo na ordem de 10* vezes
(reacao 3) (Schneider e Oliveira, 2004; Dalle-Donne et al., 2006).

Reacgao 1: 0, + 4e™ - 2H,0 + energia

Reagcao 2: 0, +e™ = 0,

SOD
Reacao 3: 20, + 2H" — H,0,

Quando o peroxido de hidrogénio reage com ions ferro ou cobre é originado
o radical hidroxil, esse processo é chamado de reacao de Fenton (reagao 4) (Koury
e Donangelo, 2003). O radical hidroxil também pode ser gerado na reacéo de Haber-
weiss, na qual os referidos ions catalisam a reag&o entre o peroxido de hidrogénio e
o radical superoxido (reacéo 5). Além disso, o radical superdoxido, quando reage com
0 Oxido nitrico, forma o peroxinitrito (reacdo 6). Nesse sentido, observa-se que a
producao de ERO se da mediante reacbes especificas, catalisadas por enzimas e
com a participagao dos ions ferro e cobre (Dalle-Donne et al., 2006; Barbosa et al.,
2010).

Reagdo 4: Fe?*/Cu* + H,0, » OH + OH™ + Fe3* /Cu®*

. Fe/Cu
Reag¢ao 5: H,0, + 0, — OH + OH™ + 0,
Reagdo 6: 0, + NO' - ONOO~
No organismo, as ERO encontram-se envolvidas na produgdo de energia,

fagocitose, regulagdo do crescimento celular, sinalizagao intercelular, mediagcao da

transferéncia de elétrons nas varias reagdes bioquimicas e sintese de substancias
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bioldgicas importantes (Forman et al., 2010). No entanto, seu excesso apresenta
efeitos prejudiciais, tais como a peroxidagdo dos lipidios de membrana e agressao
as proteinas dos tecidos e das membranas, as enzimas, aos carboidratos e ao DNA
(Evans et al., 2004; Barreiros et al., 2006). Assim, a producédo exacerbada de ERO
leva ao estresse oxidativo e pode resultar na oxidacdo de biomoléculas, com
consequente perda de suas fungdes bioldgicas e/ou desequilibrio homeostatico, cuja
manifestacdo € o dano oxidativo potencial contra células e tecidos (Valko et al.,
2007).

A oxidacao de proteinas € mais frequentemente representada pela formacéao
de derivados de carbonila, caracterizada pela adicdo de um grupo carbonila, como
aldeido ou cetona, a partir de uma cascata de reagdes oxidativas irreversiveis e
irreparaveis. Tais reacdes podem levar a perda da funcéo catalitica ou estrutural,
fazendo com que essas proteinas figuem suscetiveis a degradagédo proteolitica
(Bloomer et al., 2007). Ja a peroxidacao lipidica ocorre por meio de uma reagdo em
cadeia que envolve a oxidagdo e destruicdo das estruturas poli-insaturada e
fosfolipidica da membrana celular, levando a perda de sua deformabilidade normal e
propriedades biologicas, como grau de fluidez, tornando as membranas mais
suscetiveis a hemolise (Pham-Huy et al., 2008; Voskou et al., 2015). No que se
refere aos seus produtos finais, tem havido ampla medida de substancias reativas
ao acido tiobarbiturico (TBARS), um marcador indireto da peroxidagao lipidica, além
da avaliagdo de um aldeido importante, o malondialdeido (Ramel et al., 2004). Este
ultimo é capaz de interagir com acidos nucleicos e outras proteinas, levando a
formacdo de compostos de caracteristicas genotoxicas. Assim, o aumento na
peroxidagao lipidica pode levar a prejuizos na fungao fisiolégica normal, ou seja,
perda de fluidez e aumento da permeabilidade da membrana, com perda de
proteinas citosdlicas e alteragdes na fungao enzimatica (Bloomer e Goldfarb, 2004).

Evolutivamente foram elaboradas varias estratégias antioxidantes para as
células lidarem com a toxicidade do oxigénio. Um antioxidante &, por definicao,
qualquer substancia que, quando presente em baixas concentracdes, atrasa
significativamente ou inibe a oxidagdo de substratos pelas ERO (Uchiyama et al.,
2006). Estas substancias possuem a capacidade de fornecer elétrons/atomos de
hidrogénio as ERO sem se transformarem em moléculas instaveis. Os mecanismos
de defesa antioxidante nos diferentes tecidos compreendem sistemas enzimaticos,

tais como a superdxido dismutase, a catalase e a glutationa peroxidase; e néo
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enzimaticos, como a vitamina E, b-carotenos, ubiquinona e ubiquinol, flavonoides,
vitamina C e glutationa (Berra et al., 2006; Ferreira et al., 2007).

A catalase (CAT) é uma enzima contendo ferro heme que converte o perdxido
de hidrogénio a agua e oxigénio, estando em grande parte localizada em organelas
celulares, como os peroxissomos. Mitocdndrias e reticulo endoplasmatico contém
pouca CAT. Quando a taxa de H,O, se eleva, acredita-se que a CAT adquira um
papel importante como um mecanismo adicional de defesa antioxidante celular,
evitando que essa ERO forme radical hidroxil, via reagdo de Fenton e limitando a
acumulacao intracelular de H,0O; (Limon-Pacheco e Gonsebatt, 2009).

Ja a glutationa peroxidase (GPx) possui uma maior afinidade pelo H,O, do
que a CAT, o que significa que, em concentracdes baixas de peroxido de hidrogénio,
a GPx apresenta um papel muito mais ativo na sua remocéao celular. O seu correto
funcionamento esta dependente da presenca de selénio na sua constituicdo e da
disponibilidade de H,0O, e de outros hidroperoxidos, utilizando a glutationa reduzida
(GSH) como doador de elétrons/hidrogénios, formando glutationa oxidada (GSSH) e
agua. Este funcionamento atribui a GPx um papel importante na protecao celular das
membranas lipidicas, proteinas e acidos nucleicos contra as ERO (Ferreira et al.,
2007; Pisoschi e Pop, 2015).

Por sua vez, a superoxido dismutase (SOD) € uma metaloproteina que
metaboliza o radical superdxido gerando peréxido de hidrogénio como produto final
da dismutagao. Existem trés isoenzimas da SOD, codificadas e reguladas de forma
independente: a citosdlica, superdéxido dismutase cobre, zinco (Cu,Zn-SOD ou
SOD"), a mitocondrial, superéxido dismutase manganés (Mn-SOD ou SOD?) e uma
forma extracelular da Cu,Zn-SOD ou (SOD?) (Perry et al., 2010).

Estudos tém encontrado que a expressao das enzimas antioxidantes e a
atividade das mesmas possuem ritmicidade circadiana (Hardeland et al., 2003;
Wilking et al.,, 2013) e, também, variagdes ao longo do dia no dano ao DNA,
peroxidacao lipidica e oxidagao proteica, indicando oscilagbes circadianas das
respostas ao estresse oxidativo (Robinson e Reddy, 2014; Putker e O'neill, 2016).
Dessa forma, sugere-se que o ritmo circadiano desempenha papel significativo na

resposta celular ao estresse oxidativo (Wang et al., 2012).
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2.3.1 Estresse Oxidativo e Trabalho em Turnos

A indugao de estresse oxidativo modula a expresséo e a atividade de enzimas
antioxidantes, bem como os niveis de moléculas antioxidantes, utilizando caminhos
semelhantes aos de doengas subjacentes degenerativas. A idade, o sexo, a
suscetibilidade genética, os habitos alimentares e o estilo de vida s&o fatores
importantes que influenciam a capacidade de um organismo para montar uma
resposta protetora. Assim, o acumulo de dano oxidativo resultante da exposi¢cao
cronica a fatores estressantes tem sido associado ao cancer, a aterosclerose, a
doencas pulmonares e cardiovasculares (Limon-Pacheco e Gonsebatt, 2009).

Conforme previamente descrito, quando uma pessoa trabalha a noite e passa
a dormir durante o dia pode haver dessincronizacdo interna, levando a uma
importante alteracdo do ritmo circadiano (Sand et al., 2001; Waterhouse et al.,
2003). Nesse sentido, tanto a dessincronizagdo dos ritmos bioldgicos quanto a
privacdo de sono - ambos muito comuns nos trabalhadores em turnos -, vém sendo
associados a formagao excessiva de espécies reativas de oxigénio (Casado et al.,
2008; Faraut et al., 2013). Buyukhatipoglu et al. (2010) observaram aumento do
estresse oxidativo apdés horas continuas de trabalho, enquanto a capacidade
antioxidante total diminuiu (p<0.001) (Buyukhatipoglu et al., 2010). De forma
semelhante, Sharifian et al. (Sharifian et al., 2005) avaliaram a capacidade
antioxidante total de trabalhadores em turnos, antes e apds o turno de trabalho, e
também observaram redu¢cdo da mesma apos o turno noturno. Em outro estudo
realizado com enfermeiros foram observados niveis aumentados de marcadores de
dano oxidativo do DNA nos trabalhadores em turnos em comparagao com aqueles
que trabalhavam no periodo diurno (Ishihara et al., 2008).

Uma das possiveis explicacdes para a elevada resposta ao estresse oxidativo
presente nesses individuos pode ser pelo fato do sono ser um estado de repouso
dindmico com propriedades antioxidantes, responsavel em eliminar as ERO
produzidas durante a vigilia (Gopalakrishnan et al., 2004; Villafuerte et al., 2015). Ao
mesmo tempo, a propria sintese de ATP produz ERO, subprodutos formados como
parte do metabolismo aerdbio normal das mitocondrias e dos peroxissomos, que séo
neutralizadas por moléculas antioxidantes. Dessa forma, a vigilia prolongada exige
maior metabolismo para manter o uso de ATP, o que requer aumento do consumo

de oxigénio, resultando em producao significativamente maior de oxidantes (Pena et
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al., 1999). E possivel, portanto, que as ERO e outros marcadores de estresse
oxidativo se acumulem durante a vigilia prolongada, podendo haver uma
interdependéncia estreita entre o ritmo circadiano, a produgdo de energia e o
metabolismo oxidativo (Ramanathan et al., 2002; Villafuerte et al., 2015).

Em adicdo, a dessincronizagdo dos ritmos bioldgicos decorrente do trabalho
em turnos leva a desregulacdo do eixo hipotalamo-hipofise adrenal, bem como seu
mediador, o cortisol (Faraut et al., 2013). Tais mudangas nos niveis de cortisol
geram alteragdes no equilibrio oxidativo, incluindo mudangas nos niveis de
glutationa e metilagdo do DNA (Rains e Jain, 2011; Rahal et al., 2014). Por sua vez,
esse estado alterado é prevalente em diferentes disturbios neurolégicos, inclusive
doencas neurodegenerativas (Deth et al., 2008; Everson et al., 2014).

Outro horménio que tem seus niveis cronicamente reduzidos pela exposigao
a luz durante a noite nos trabalhadores em turnos é a melatonina (Folkard, 2008). A
producdo deste horménio se ajusta ao ciclo claro/escuro, atuando assim como um
sincronizador endoégeno que estabiliza e reforga os ritmos circadianos e, também,
exibe propriedades antioxidantes. Especula-se ainda que a atividade de algumas
enzimas de defesa antioxidantes é estimulada pela melatonina, e que o aumento do
estresse oxidativo em trabalhadores em turnos pode estar relacionado a diminui¢ao
da secrecao deste horménio (Baydas et al., 2001; Poeggeler et al., 2002; Rodriguez
et al., 2004).

2.4 ESTABILIDADE DE MEMBRANA DE ERITROCITOS

O eritrécito apresenta papel importante na respiragdao celular, por conter
moléculas de hemoglobina responsaveis pelo transporte de oxigénio dos pulmdes
para os tecidos e do diéxido de carbono dos tecidos para os pulmdes. Apesar de ser
uma célula aparentemente simples, os eritrocitos estdo envolvidos em uma grande
diversidade de processos, ndo apenas fisioldgicos, mas também fisiopatolégicos. O
eritrocito € considerado o modelo primario para estudo de membrana plasmatica
celular animal, pelo fato de ser desprovida de nucleo e organelas (Mohandas e
Gallagher, 2008).

As membranas plasmaticas de um modo geral sdo como barreiras seletivas
que asseguram a composicao interna constante das células, atraveés do controle do

transporte ativo e passivo de inumeras moléculas (Watson, 2015). Estas membranas
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tém um sistema estrutural complexo, citoesqueleto, que envolve tanto a forma da
célula, como sua mobilidade, deformabilidade e o transporte de macromoléculas. A
funcionalidade da membrana celular esta bastante relacionada com sua estrutura
fisico-quimica (Lemos et al., 2011). Nesse sentido, as membranas biologicas
possuem uma determinada capacidade de preservagao de sua estrutura fisico-
quimica mesmo quando submetida a acdo de agentes e/ou condigbes
desfavoraveis, sendo esta propriedade denominada de estabilidade. As alteragdes
na estabilidade da membrana podem desencadear um impacto consideravel sobre
as fungdes celulares, promovendo prejuizos a saude do individuo. Por isso, a
estabilidade de membrana celular vem sendo foco de muitos estudos nos ultimos
anos (Jain et al., 1989; Cunha et al., 2007; Custodio Afonso Rocha et al., 2012; De
Freitas et al., 2014).

A estabilidade, entdo, pode ser definida como a capacidade da membrana de
resistir a lise contra muitos agentes prejudiciais. Uma das formas de se fazer esse
estudo é por meio de teste de fragilidade osmatica. Esse teste consiste em expor os
eritrocitos a solugdes salinas cada vez mais hipotdnicas, que variam de 0,9 a 0,0%
de NaCl, até que ocorra lise total das células (Bernardino Neto et al., 2013). Assim, a
curva de lise gerada através da diminuicdo da tonicidade do meio por decréscimo na
concentracao salina € dada por uma curva sigmoide decrescente (Penha-Silva et al.,
2008), a qual oferece parametros de estabilidade osmotica. Estes parametros
incluem a absorbancia maxima (Amax), @ absorbancia minima (Anin), O intervalo de
concentragdo salina envolvido no processo de hemodlise (dX) e a concentragéo
salina em que a hemodlise foi de 50% (Hso) (Figura 2) (Cunha et al., 2007; Penha-
Silva et al., 2008; Custodio Afonso Rocha et al., 2012). As variaveis dX e 1/H50
estdo relacionadas diretamente com a estabilidade de membrana dos eritrocitos e
foram utilizadas no nosso estudo para a analise de suas possiveis associagdes com
as variaveis cronobiolégicas, bem como o0s parametros bioquimicos e
hematoldgicos.

Neste sentido, a estabilidade osmética é amplamente utilizada para elucidar
0s mecanismos que afetam as propriedades da membrana dos eritrocitos (Walski et
al., 2014). Entre os fatores que afetam a estabilidade da membrana destacam-se a
dieta, idade, temperatura, uso de drogas e algumas condigbes fisioldgicas e
patolégicas (Bernardino Neto et al., 2013). Além disso, fatores celulares intrinsecos

como a propor¢cao de colesterol em relacdo ao fosfolipidio da membrana do
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eritrocito, também influenciam a estabilidade (Chabanel et al., 1983). O colesterol,
devido a sua parte hidrofobica, contribui para o aumento da afinidade entre os
fosfolipidios da membrana eritrocitaria, fazendo com que a mesma se torne mais
rigida, o que pode refletir em aumento da resisténcia a expansao de volume
decorrente da hipotonicidade. No entanto, uma membrana mais rigida dificulta
processos que ocorrem por meio dela, como o transporte de nutrientes e a difusao

de oxigénio (Marks e Johnson, 1958; Menchaca et al., 1998).

Figura 2 - Parametros de estabilidade osmdtica: absorbancia maxima (Amax),
absorbancia minima (Anin), intervalo de hemolise (dX) e metade da hemolise (Hsp).
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Atualmente, evidéncias tém mostrado que as variagdes circadianas regulam o
funcionamento de diversas células do sistema hematoldgico, como eritrocitos,
leucdcitos e trombdcitos (Pritchett e Reddy, 2015). Além disso, os niveis de
eritropoetina (EPO) - horménio estimulador da produgao de eritrdcitos -, apresentam
ritmo circadiano bem marcado, com nivel médio mais baixo as 08:00h e mais alto as
20:00h (Wide et al., 1989). Vale destacar que muitos aspectos do metabolismo,

fisiologia e comportamento estdo estruturados para antecipar as mudancas que
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acompanham os ciclos de 24h transmitidos pela rotacdo do planeta. Dessa forma,
levando em conta que o relégio molecular é essencialmente um fendémeno
transcricional/translacional, ndo é surpreendente que os constituintes basicos da
membrana, tais como os canais ibnicos e os transportadores, sejam regulados em
nivel de mRNA (Ceriani et al., 2002; Takahashi et al., 2008). O potencial e a
resisténcia elétrica de membrana em repouso (Park e Griffith, 2006; Cao e Nitabach,
2008) e até mesmo os niveis citoplasmaticos de calcio demonstraram oscilar de
forma circadiana (Colwell, 2000).

Uma vez que o ritmo circadiano esta altamente relacionado a regulagéo
transcricional de diversos genes por meio de mecanismos de retroalimentagéo
positiva e negativa (Takahashi et al., 2008; Cho et al., 2012; Koike et al., 2012), a
descoberta da presencga de ritmo circadiano nos eritrocitos foi uma grande surpresa,
pois essas células ndo possuem nucleo celular, sendo incapazes de realizar
transcricdo e, portanto, ndo sao influenciados por estas algas de retroalimentagao
(Pritchett e Reddy, 2015). Acredita-se que nos eritrécitos existe um mecanismo de
ritmo circadiano que opera completamente independentemente dos eventos
transcricionais, sendo este sujeito as oscilagdes do sistema redox (peroxiredoxinas)
(O'neill e Reddy, 2011).

Ao longo dos anos, tornou-se cada vez mais evidente que o relégio biolégico
atua em diferentes estruturas da célula, ndo s controlando os niveis e a atividade
de proteinas, mas também modulando as propriedades estruturais da mesma
(Frenkel e Ceriani, 2011). Assim, considerando que possa existir certa relacéo entre
o desalinhamento circadiano e a estabilidade de membrana, torna-se extremamante
importante compreender o efeito que esses dois fatores exercem um sobre o outro.
No entanto, este tema € ainda inexplorado na literatura, principalmente em
trabalhador em turnos — que se caracteriza como um importante modelo de

desalinhamento circadiano.
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3. OBJETIVOS

3.1 Objetivo Geral

Avaliar a associagao entre o jetlag social e os parametros de dano por
estresse oxidativo, defesa antioxidante e de estabilidade de membrana em

trabalhadores em turnos.

3.2 Objetivos Especificos

- ldentificar os habitos de sono, o cronotipo, o nivel de jetlag social e de atividade
fisica dos trabalhadores.

- Avaliar os parametros do estresse oxidativo e das defesas antioxidantes dos
trabalhadores dos turnos diurno e noturno.

- Conhecer a estabilidade de membrana de eritrécitos dos trabalhadores dos turnos
diurno e noturno.

- Estudar as associagdes entre jetlag social e os parametros do estresse oxidativo e
das defesas antioxidantes dos trabalhadores dos turnos diurno e noturno.

- Comparar e associar os parametros de estabilidade de membrana de eritrécitos
com o jetlag social e a duragao de sono dos trabalhadores dos turnos diurno e

noturno.
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Highlights

e The night workers had higher levels of oxidative damage markers and lower levels of
antioxidant defense when compared to day workers.

e Social Jetlag is one of the possible factors responsible for oxidative stress in shift workers.

e Circadian misalignment decrease activity of antioxidant enzymes.

Abstract

Social Jetlag (SJL), defined as a measure of rupture of the circadian system, is usually
elevated in shift workers and is associated with metabolic and cardiovascular diseases in
different population groups. However, the effects of SJL and work shift on oxidative stress
profile of workers have not been explored in the literature. The objective of the present study
was to evaluate the association of shift work and SJL with parameters of oxidative damage
and antioxidant defense. A cross-sectional study was carried out with 79 men (21-65 years-
old, 27.56+4.0 kg/mz) who worked at night shift (N=37) and daytime (N=42). The analyzed
variables included anthropometric measures and determination of systemic levels of markers
of oxidative damage and antioxidant defense. SJL was calculated by the absolute difference
between the mean sleep point on working and rest days. The Generalized Linear Model
(GzLM) was used to evaluate the effects of shift work and SJL on oxidative stress damage
and antioxidant defense. Correlation and/or linear regression tests were used to analyze
association between the studied variables. The night group presented higher systemic values
of thiobarbituric acid reactive substances and oxygen peroxide, and lower levels of nitrite,
total antioxidant capacity, and catalase (CAT) and superoxide dismutase (SOD) activities in
relation to the day group. In addition, negative associations were found between the SJL and
the CAT and SOD enzymes. These results suggest that the night worker has higher levels of
oxidative stress damage and lower levels of antioxidant defenses, being the SJL a possible
responsible factor for this condition.

Key words: oxidative stress, antioxidants, shift work, social jetlag, circadian.
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Introduction

In Western society, the demand for work for twenty-four hours a day and seven days a
week is increasing. As a result, the number of shift workers has increased massively in the last
decades, corresponding to about 10% to 20% of the workforce in Europe and the United
States [1] and approximately 14.9% in Brazil [2]. However, this work modality leads to
circadian misalignment [3-5], which is associated with the onset of several pathological
conditions such as dyslipidemia [6], obesity [7], metabolic syndrome [8], type 2 diabetes
mellitus [9] and cardiovascular diseases [10], among others.

Currently, circadian misalignment has been measured by the calculation of the Social
Jetlag (SJL) [10, 11], a term used in similarity to the jetlag resulting from trans-meridional
journeys. However, unlike the displacement jetlag, the SJL occurs chronically throughout the
professional life of the individual and can lead to chronic health effects [12]. Indeed, SJL has
been associated with biomarkers of inflammation and diseases such as diabetes and obesity
[13], as well as smoking, alcohol abuse and sedentary lifestyle [14].

The circadian system represents a complex temporal regulatory network, which plays
an important role in the synchronization of various biological processes within the organism
and in its coordination with the environment. Circadian disorders, caused by work shift, may
lead to the desynchronization of multiple physiological processes and the disruption of normal
homeostasis in tissues [15], leading to an increase in inflammatory activity [16], disturbance
in the activity of the neuroendocrine stress system [17, 18], reduction of immunological
defenses [18] and excessive formation of reactive oxygen species (ROS) [18, 19].

ROS is a very broad term that encompasses in addition to free radicals (hydroxyl
radical, nitric oxide and superoxide radical), other non-radical species also derived from
oxygen, such as hydrogen peroxide [20, 21]. Oxidative stress, a condition that characterizes
the imbalance between oxidative and antioxidant compounds, due to the excessive generation
of free radicals or the deficiency in the capacity to fight them [22, 23], leads to the oxidation
of biomolecules, with consequent loss of their biological functions and generation of
homeostatic breaks that can affect the cell, tissues and organs [24, 25].

Oxidative stress is considered a cardiometabolic risk factor [26] and has been related
to the pathophysiology of a wide variety of diseases [27, 28], many of them highly frequent in
shift workers [29, 30].

Although these concepts are already individually established in the literature [23, 31],
there is still limited evidence on the relationship between SJL, oxidative stressors, antioxidant
defenses and shift work. Given the importance of investigating the connection of oxidative
stress to the health-illness relation of shift workers, this study was designed from the
hypothesis that night workers present higher values of oxidative stress markers and lower
levels of antioxidant defenses, in relation to day workers. Also, we believe that SJL is
positively associated with oxidative stress markers and negatively associated with antioxidant
defenses in these workers. Thus, the objective of the present study was to evaluate the
association of shift work and SJL with parameters of oxidative stress damage and antioxidant
defense in shift workers.

Material and Methods

This study is in accordance with the Code of Ethics of the World Medical Association
(Declaration of Helsinki) and was previously approved by the Human Research Ethics
Committee of the Federal University of Uberlandia. The population of this cross-sectional
study was composed of male workers from two hospitals in the city of Uberlandia, MG,
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Brazil, aged between 21 and 65 years. The volunteers worked in the same routine for at least
six months in administrative and health-related functions (nurse, physiotherapist, nursing
technician, laboratory technician and stretcher bearers) and were classified according to their
work shift in: 1) day workers, who worked only during the day, morning and/or afternoon,
without developing any work activity at night, and with additional shifts always also daytime;
and 2) night workers, who worked at least six hours after midnight, and with and without
daytime additional work activities.

The recruitment flowchart of the volunteers, according to the adopted exclusion
criteria, is represented in Figure 1. Individuals with previous illnesses and under treatment,
except obesity, with work schedules different from the two classifications of this study,
smokers, and users of drugs or substances with antioxidant properties were excluded from this
study. All selected volunteers signed a free and informed consent form to participate in the
study.

Recruited individuals (135)

Excluded (56)
- Diseases previously diagnosed and under
treatment, except obesity (9)
- Working hours different from the two
classifications of this study (16)
- Smokers (9)
- Refusal to participate (22)

\ 4

Participants (79)
- Night workers (37)
- Dav workers (42)

Fig. 1. Flow chart of the volunteer recruitment process.

The volunteers who met the inclusion and exclusion criteria were submitted to
anthropometric, chronobiological and sleep evaluations, as well as to laboratory dosages. In
addition, data on socio-demographic characteristics, physical exercise and alcohol
consumption were also collected. These assessments were made in the morning after a night's
sleep, before the work shift.

Anthropometric Assessment

Body mass index (BMI, kg/m?) was calculated from the weight, measured in a scale
with 0.1 kg precision (Welmy™, Sao Paulo, SP, Brazil), and height, measured using a wall-
fixed stadiometer with 0.1 cm precision (Welmy™, Sao Paulo, SP, Brazil) [32]. The waist
circumference (WC) was measured between the last costal arch and the iliac crest in
volunteers with normal BMI or overweight, as recommended by the World Health
Organization [32], and at the navel level in obese volunteers [33].
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Sleep Pattern, Chronotype and Social Jetlag

These evaluations were performed by a specialized team trained in sleep studies based
on the information compiled in the participants' responses to a previously reported
questionnaire: What time do you usually go to sleep on work days? How long (how many
minutes, on average) do you stay up in bed before falling asleep (after turning off the lights)
on work days? At what time do you usually wake up during work days? What time do you
usually go to sleep on rest days? How long (how many minutes on average) do you stay up in
bed before falling asleep (after turning off the lights) on rest days? What time do you usually
wake up on rest days? [34]. The answers to these questions were used to account for hours of
sleep on work and rest days, taking into account the time it took for each worker to fall asleep
(sleep latency).

Sleep duration was calculated using the weighted average of the self-reported sleep
duration, given by the following equation: [(sleep duration reported for working days X
number of days worked in the week) + (sleep duration reported for rest days x number of rest
days in the week)] + 7 [35].

The mid-sleep time on free days (MSF) of the weekend, with a sleep debt correction
(MSFsc) given by the difference between average sleep duration at rest and work days, was
used to establish the chronotype of the daytime worker [36]. A specific formula proposed by
Juda et al. [37] was used to calculate MSF"sc and establish the chronotype of the night
worker. The shift workers were categorized in early, intermediate and late chronotypes when
their MSFsc values were < 3:59 h, between 4:00 and 4:59 h and > 5:00 h, respectively [31].
Social jetlag was estimated with basis in the absolute difference between mid-sleep time on
weekends and on weekdays [11].

Epworth Sleepiness Scale (ESS)

The Epworth Sleepiness Scale (ESS) is a widely used and reliable predictor of
daytime sleepiness [38], and therefore its Portuguese-language version [39], previously
validated for use by Brazilian participants [40], was used to evaluate daytime sleepiness. A
total score > 8 was considered indicative of excessive sleepiness [39].

Blood Collection and Sample Preparation

Erythrocytes were washed three times with saline and stored in a preservative solution
(3.98 mM MgS04 and 0.96 mM glacial acetic acid) in an ultrafreezer at -80 °C for analysis of
the activity of antioxidant defense enzymes.

Blood samples were collected by venipuncture in heparinized tubes (Vacutainer™,
BD, Juiz de Fora, MG, Brazil) after 12 h of fasting and immediately centrifuged at 1,300 x g
for 15 min in a refrigerated centrifuge at 4 °C (Hitachi Koki™, model CFRI15XRII
Hitachinaka, Japan). The obtained supernatants were then frozen at -80 °C in an ultrafreezer
model CUK-UB2I-PW (Panasonic™,  Nijverheidsweg, The Netherlands) for further
determination of the oxidative stress variables [41]. The erythrocytes were washed three times
with saline and stored in a solution of 3.98 mM MgS04 and 0.96 mM glacial acetic acid in an
ultrafreezer at -80 °C for further determination of the activity of antioxidant enzymes. All
blood samples were performed in a single moment, the morning after a night's sleep, before
the start of the work shift.

Determination of Total Plasma Proteins

The protein concentration was determined according to the method previously
described by Lowry et al. [41], which uses bovine albumin solution at a concentration of 1
mg/ml as standard and 10 pL of sample.
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Determination of Lipoperoxidation by Dosage of Thiobarbituric-Acid Reactive Substances
(TBARS) in Plasma

A volume of 0.75 mL of 10% (w/v) trichloroacetic acid (TCA) was added to 0.25 mL
of homogenate to denature its proteins and acidify the reaction medium. This solution was
then stirred and centrifuged for 3 minutes at 1000 rpm. A mixture of 0.5 mL of its supernatant
was added to 0.5 mL of 0.67% (w/v) thiobarbituric acid (TBA) was incubated at 100 °C in a
thermostated water bath for 15 minutes and then cooled in an ice-water bath. Then, the
absorbance generated at 535 nm, due to the reaction of the TBA with lipoperoxidation
products present in the biological sample, was measured in a UV-VIS spectrophotometer [42].

Determination of Protein Oxidation by Dosage of Carbonyls in Plasma

Oxidatively modified plasma proteins were determined by carbonyls quantification,
based on the reaction with 2,4-dinitrophenylhydrazine (DNPH) in 2.5 M HCI, followed by
successive washes with organic acids and solvents and final incubation with guanidine (20%
v/v TCA; 10% v/v TCA; 1:1 v:v ethanol and ethyl acetate; and 6 M guanidine in 2.5 M HCI
pH 2.5) [43]. The absorbance at 360 nm of carbonyls was measured in a UV-VIS
spectrophotometer.

Determination of Superoxide Dismutase (SOD) from Erythrocytes

The determination of the SOD activity was based on the reaction of the superoxide
radical with pyrogallol, with the formation of a colored product, detected
spectrophotometrically at 420 nm for 2 minutes. The percentage inhibition of initial reaction
rates depends on the pH and amount of SOD present in the reaction mixtures. The amount of
enzyme required to inhibit the reaction by 50% was defined as one unit of SOD. The reaction
mixture contained 980 pL of 50 mM Tris-phosphate buffer pH 8.2, 10 pL of 24 mM
pyrogallol, 5 uL of 30 mM CAT, and 5 pL of sample. A standard line with three different
concentrations of SOD (0.25, 0.5 and 1 U) was obtained to determine the equation used in the
calculations [44].

Determination of Catalase (CAT) from Erythrocytes

The activity of CAT was determined by measuring the absorbance at 240 nm of a
solution of H,O,. The decomposition rate of hydrogen peroxide is directly proportional to the
activity of CAT. CAT activity was given by peroxide consumption and expressed in umol/mg
protein.

Determination of Glutathione Peroxidase (GPx) from Erythrocytes

GPx activity was expressed as nmol peroxide/hydroperoxide reduced/min/mg protein
and was based on the consumption of NADPH at 480 nm [45].

Determination of Total Antioxidant Capacity in Plasma

The total antioxidant capacity of the plasma was determined by the Ferric Reducing
Antioxidant Power (FRAP), based on the production of Fe** (ferrous ion) from the reduction
of the Fe’* (ferric ion) present in the 2,4,6-tripyridyl-S-triazine complex (TPTZ). The
reduction reaction changes the color of the medium from light purple to dark purple, and this
allows the determination of the total reduction power of a sample by reading the absorbance at
593 nm. The assays were performed on a microplate with the addition of 290 pL of the FRAP
reagent (sodium acetate and acetic acid buffer pH 3.6, 10 mM TPTZ and 20 mM ferric
chloride hexahydrate) to 10 pL of ferrous sulfate heptahydrate solutions at 0, 0.25, 0.5, and 1
mM (for the standard-line construction) or 10 puL of sample (for FRAP determination by
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interpolation in the standard line). The microplate was incubated under stirring at 37 °C for 5
min before absorbance readings [46].

Determination of Hydrogen Peroxide (H,O,) in Plasma

The plasma sample was initially incubated for 30 min at 37 °C in 10 mM phosphate
buffer containing 140 mM NaCl and 5 mM dextrose. After adding an aliquot of this plasma
treated sample to a solution containing 0.28 mM phenol red and 8.5 U/mL horseradish
peroxidase (HRPO), and incubating for 5 min, a 1 M solution of NaOH was added, before
reading of absorbance at 610 nm, which detects the oxidation product formed by the
peroxidase-catalyzed reaction of HO, with phenol red. The results were expressed in uM of
H,0, [47].

Determination of Total Plasma Nitrite

Total plasma nitrite was determined by reacting the plasma samples with 50 pL of
Griess's reagent and using a standard nitrite curve. Assays were performed on 96-well
microplates in an ELISA reader at 592 nm [48] and values were expressed as nmol/mg
protein.

Statistical Analysis

The statistical analysis of the data was done using the IBM SPSS software version
20.0. Initially, the normality of the data was verified with the Shapiro-Wilk Test. Parametric
data were presented as means and standard deviations and non-parametric data were presented
as median and interquartile range. Comparison of proportions between groups for the
variables expressed as frequency was done using the Chi-square test. The comparison
between groups of variables related to socio-demographic and anthropometric characteristics,
sleep patterns, drowsiness scores, chronotype, social jetlag, life habits and stress parameters
was done using the Student's t-test for independent samples or the Mann-Whitney Test.

The Generalized Linear Model (GzLM) was used to compare the differences of the
variables of oxidative stress and antioxidant defense between shifts, SJIL and shift versus SJL
interaction, adjusted for age and working time per week. The Sequential Sidak Test was used
to compare estimated marginal means. Multiple regression analysis with the total population
and the populations of each work shift, adjusted for age and time, was used to determine if the
variables of oxidative stress and antioxidant defense are associated with SJL. Statistical tests
with values of p<0.05 were accepted as significant.

Results

The volunteers were between 21 and 65 years of age. There was no difference between
the shifts in relation to the workers' age (night: 42.43 + 8.50; day: 43.40 + 12.72, p=0.688)
and working time in the current shift (night: 5.00 [2.00-12.5]; day: 4.00 [2.00-10.75],
p=0.348). In addition, there was also no difference between the shifts in relation to body
weight (night: 83.49 + 11.73; day: 81.13 £ 13.97, p=0.427), BMI (night: 27.24 [26.05-29.64];
day: 26.51 [24.00-28.49], p=0.115), WC (night: 97.62 + 11.04; day: 95.17 + 11.04, p=0.334)
and duration of physical exercise per week (night: 240.0 [157.50-330.00]; day: 240.0 [135.00-
435.00], p=0.601). On the other hand, night workers presented higher workload (p<0.001),
daytime sleepiness (p=0.002) and SJL (p<0.001), as well as shorter sleep time in workdays
(p<0.001), in relation to day workers (Table 1).
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Table 1
Working hours per week, sleep patterns, score sleepiness, chronotype and social jetlag of
employees according to shift worked.

Night (n=37) Day (N=42) p-value
Working Hours/week 57.0 [42.0-69.0] 36.0 [36.0-40.0] <0.001*
Sleepiness Score (Epworth) 10.76 + 4.88 7.48 £4.00 0.002*
Daytime Sleepiness 16 (43.2) 9(121.4) 0.037*
No Drowsiness 21 (56.8) 33 (78.6)
Mean Sleep Duration (h)
Work days 3:50 [2:22-4:27] 6:35 [5:28-7:35] <0.001*
Rest days 7:56 = 1:58 8:33 £ 1:52 0.170
Chronotype (MSF"sc) (h) 3:44 + 1:00 3:38 £ 1:25 0.708
Morning 21 (56.8) 29 (69.0) 0.260
Indifferent 12 (32.4) 7(16.7)
Evening 4(10.8) 6 (14.3)
Social Jetlag (h) 5:07 [2:35-7:53] 1:15[0:45-2:02] <0.001*
Yes 32 (86.5) 25 (59.5) 0.011*
No 5(13.5) 17 (40.5)

Values are presented as mean £ SD for normally distributed data or median (interquartile range) for
non-normally distributed data. Comparisons between groups were done using the Student's t-test or the
Mann-Whitney test, for independent samples, for data with and without normal distribution,
respectively, or by the Chi-square test, for variables expressed as frequency. * p <0.05 indicates
statistically significant difference. SJIL was calculated based on the absolute difference between the
average sleep time on working and rest days and was dichotomically categorized as >60 min (with
SJL) or <60 min (without SJL).

The parameters of oxidative stress between the work shifts are presented in Figure 2.
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Fig. 2. Comparison of parameters of oxidative stress damage (TBARS, thiobarbituric acid
reactive substances; carbonyls, plasma protein oxidation); prooxidants (H,O,, hydrogen
peroxide; and nitrite) and antioxidant defense (FRAP, ferric reducing/antioxidant power;
CAT, catalase; SOD, superoxide dismutase; and GPx, glutathione peroxidase) between night
(dark grey) and day (light grey) workers, using Student's t-test or Mann-Withney test for
independent samples. *p<0.05 and **p<0.001 indicates statistically significant difference.
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Significantly higher values were found in night workers compared to day workers for
the variables of lipoperoxidation (TBARS), 0.60 (0.57-0.65) and 0.57 (0.52-0.65) uM/mg
protein (p=0.028); H,O,, 28.70 (19.81-41.25) and 19.26 (13.33-30.18) uM (p=0.005); and
GPx, 12.97+4.79 and 9.85+6.26 nmol/min/mL (p=0.016); respectively (Figure 2).

On the other hand, significantly lower values were found in night workers in relation
to day worker for the variables nitrite, 1.57 (1.24-2.13) and 1.99 (1.42-2.63) nmol/mg protein
(p=0.017); FRAP, 0.76 (0.67-0.85) and 0.92 (0.84-1.03) mM Fe(II) (p<0.001); CAT (11.03 £
3.72 and 14.96 + 4.45 nmol/mg protein (p<0.001) and SOD, 603.41 (595.32-627.53) and
714.77 (663.99-761.29) USOD/mg protein (p<0.001); respectively (Figure 2).

Only protein oxidation values of night and day workers, 2.65 (2.53-2.89) and 2.78
(2.65-2.99) nmol/mg protein, respectively, did not differ significantly (p=0.109).

In relation to the variables of oxidative stress damage and antioxidant defense, the
comparison of work shifts, SJIL and work shift*SJL interaction (Table 2) revealed the
influence of the work shift in the variables FRAP (p = 0.002), CAT (p=0.034) and SOD
(p<0.001). In this analysis, significantly lower values were found in night workers compared
to day workers for the variables FRAP, 0.78 (0.71-0.86) and 0.95 (0.89-1.00) mM Fe(ii);
CAT, 11.33 (9.30-13.79) and 14.76 (13.12-16.60) nmol/mg protein; and SOD, 609 (578-641)
and 712 (687-738) U/mg; respectively. None of the analyzes found interactions between work
shift and SJL.



Table 2.
Main effects of interaction between work shift and Social Jetlag (SJL) for parameters of oxidative damage and antioxidant defenses, adjusted for
age and working hours.

Night Day Shift SJL Shift*SJL

With SJL (n=33) Without SJL. (n=4) With SJL (n=25) Without SJL (n=17) DF p-value DF p-value DF p-value

TBARS (pumol/mg protein) 0.62 [0.59-0.66] 0.56 [0.49-0.65] 0.58 [0.54-0.61] 0.61 [0.57-0.66] 1 089% 1 0468 1 0.064
Carbonyls (nmol/mg protein)  2.79 [2.66-2.93] 2.51[2.23-2.81] 2.74 [2.60-2.88] 2.79 [2.62-2.98] 1 0288 1 0237 1 0.080
H,0, (uM H,0,) 32.5[26.2-40.4] 24.5[14.9-40.3] 26.2 [20.9-32.9] 18.7 [14.2-24.7] 1 0204 1 0.051 1 0.867
Nitrite (nmol/mg protein) 1.74 [1.53-1.97] 1.64 [1.21-2.21] 2.02[1.77-2.30] 2.05[1.75-2.41] 1 008 1 0823 1 0.684
FRAP (mM Fe'?) 0.78 [0.73-0.83] 0.77 [0.64-0.91] 0.95[0.89-1.02] 0.95[0.88-1.03] 1 0.002* 1 0961 1 0.994
CAT (nmol/mg protein) 11.1[9.7-12.6] 11.6 [8.1-16.7] 15.2[13.2-17.4] 14.1[11.7-16.8] 1 0.034* 1 0951 1 0.570
SOD (USOD/mg protein) 610 [587-633] 610 [556-669] 712 [684-742] 697 [660-736] 1 <0.001* 1 0915 1 0.900
GPx (nmol/min/mL) 12.8 [10.3-16.2] 14.4 [8.32-25.1] 8.4 [6.6-10.8] 11.9 [8.90-16.1] 1 008 1 0126 1 0.571

SJL was calculated based on the absolute difference between the average sleep time on working and rest days and was dichotomically categorized as > 60 min (with SJL) or
<60 min (without SJL).

Abbreviations: TBARS, thiobarbituric acid reactive substances; carbonyls, plasma protein oxidation; H,0,, oxygen peroxide; FRAP, ferric reducing antioxidant power (total
antioxidant capacity); CAT: catalase; SOD, superoxide dismutase; GPx, glutathione peroxidase.

*p<0.05 indicates statistically significant values.
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When the variables of all volunteers were evaluated without stratification by
work shift, through linear regression analysis, negative associations were found between
SJL and CAT (B =-0.37, p =0.028) and SJL and SOD (B =-7.88, p = 0.007). The same
analysis, with the stratification of the volunteers per shift, revealed the existence of only
one negative association, which occurred between SJL and TBARS (B = -0.03, p =
0.013) in day workers. For the other variables, other associations were not found either
for the whole population or for the population stratified per work shift (Table 3).

Table 3.
Linear regression of SJL in relation to parameters of oxidative damage and antioxidant
defense, adjusted for age and working hours.

All Night Day

B p-value R? B  p-value R? B p-value R?

TBARS -0.01 0.793  0.10 0.01 0919 0.01 -0.03 0.013* 0.16
Carbonyls 0.01 0.808 0.04 -0.01 0.983 0.07 -0.05 038 0.03

H,0, 096 0.133 0.11 028 0.775 007 256 0.185 0.07
Nitrite -0.02 0.518 0.22 -0.01 0958 0.08 0.02 0898 0.20
FRAP -0.01  0.071 020 -0.01 0.863 0.08 0.02 0.578 0.20
CAT -0.37 0.028* 0.13 -0.18 0.331 0.06 084 0269 0.04
SOD -7.88 0.007* 0.23 -0.77 0.638 0.06 -6.51 0.656 0.07
GPx -0.01 0975 0.01 -036 0.136 001 -1.02 0337 0.03

Abbreviations: SJL, Social Jetlag; TBARS, thiobarbituric acid reactive substances; H,0,, oxygen
peroxide; FRAP, ferric reducing antioxidant power (total antioxidant capacity); CAT: catalase; SOD,
superoxide dismutase; GPx, glutathione peroxidase.

*p<0.05 indicates statistically significant adjustments.

Discussion

This study aimed to evaluate the profile of oxidative stress according to the work
shift and the circadian misalignment associated with social jetlag. The night workers
had lower levels of antioxidant defense and higher levels of ROS and oxidative stress
damage when compared to day workers, which confirms the initial hypothesis of this
study. In addition, although there were no differences in relation to those variables
between individuals with and without SJL, this chronobiological variable was
associated with the levels of antioxidant defense enzymes. According to our literature
review, this is the first study that showed that the oxidative damage variables suffer a
chronic effect of working hours and that the antioxidant defense system itself is
influenced by circadian misalignment.

Some studies have shown reduction in total antioxidant capacity [17, 49] and
increase in levels of oxidative stressors [17] after continuous hours of shift work.
Indeed, the present study showed that night workers presented higher values of TBARS
and H,0,, and lower values of nitrite, FRAP, CAT and SOD.

Thus, shift work may be leading to increased oxidative stress damage (TBRAS)
in these workers, through an increase in ROS production (H,0,) and a reduction in
enzymatic (CAT e SOD) and non-enzymatic (FRAP) antioxidant defenses (Figure 3).
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Fig. 3. Influence of shift work on circadian cycles and oxidative profile.

The formation of oxidants seems to be under the influence of circadian factors
that regulate the energetic metabolism [50]. Thus, a circadian misalignment could
actually lead to exacerbation of ROS production as a result of changes in mitochondrial
functioning [51, 52]. In fact, the increase in ROS levels during prolonged wakefulness
suggests the existence of interrelation between redox metabolism and circadian rhythm
[53, 54].

Considering that oxidative stress plays a harmful effect on vital cell structures
[55], this would be one of the possible mechanisms for the higher incidence of disease
in this population. Oxidative damage to DNA, for example, is a factor that has been
related to several diseases [56] and in the face of oxidative stress, the repair of such
damage is essential to prevent the onset of these diseases. Since shift work promotes
increased prooxidants, but also decreased antioxidant defense, as observed in this study,
the cell is at the mercy of oxidative stress damage.

The decreased antioxidant defense in shift workers appears to occur via
suppression of melatonin production [57]. Indeed, some studies have shown that a key
element in the relationship between work shift and oxidative stress is melatonin [57-59].
Endocrine changes caused by circadian rupture in shift workers result in suppression of
melatonin production through light exposure at night, leading them to maintain
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chronically reduced levels of this hormone [60]. Melatonin production adjusts to the
light/dark cycle, allowing it to act as an endogenous synchronizer that stabilizes and
enhances circadian rhythms. Melatonin, in addition, exhibits antioxidant properties.
Indeed, this hormone is a powerful eliminator of ROS, such as the hydroxyl radical,
being more effective than glutathione and trolox [61]. It is speculated that the activities
of some antioxidant defense enzymes are stimulated by melatonin, and that the increase
of oxidative stress (due to constant exposure to light) may be related to both the
formation of free radicals and the decrease in the secretion of this hormone [62-64]. It is
possible that it is the low level of circulating melatonin during night work, not
adequately compensated by the sleep period during the day [57], the explanation for the
association of oxidative stress with the circadian misalignment caused by the night work
schedule observed in the present study.

Both the expression and activity of antioxidant enzymes and the overall
oxidative balance are synchronized with the biological rhythms [65, 66]. The SJL
reflects the misalignment between the endogenous circadian rhythm and the real time of
sleep [31] and has been associated with several metabolic risk factors, such as altered
glycemia, lipid profile and adiposity [10, 12]. The present study found negative
associations between the SJL and CAT and SOD, i.e., the higher the SJL the lower the
activity of these enzymes in all (night and day) workers. SOD is an enzyme that
catalyzes the formation of H,O, from the superoxide radical. H,O, is responsible for the
formation of the hydroxyl radical, but can be removed by a reaction catalyzed by GPx
or CAT [18]. GPx has a higher affinity for HO, than CAT, which means that, at low
concentrations of H,O,, GPx plays a much more active role in its removal [67]. In this
sense, it is possible that the increased GPx values in the night group may represent an
unsuccessful attempt to adapt the organism to cope with increased oxidative stress. It is
noteworthy that a loss in antioxidant protection, as verified in the present study, can
generate lesions in the cells that would then be repaired with metabolic and molecular
adaptive changes that, if not properly controlled, could result in apoptosis and even cell
death [52]. Nevertheless, the findings of the present study confirm that the
misalignment caused by the work shift can directly influence the correct functioning of
the antioxidant defense mechanisms [68, 69].

Ulas et al. [27] found that the increase in oxidative stress parameters observed at
the end of the night shift in health professionals was not influenced by the position or
function at work, but by prolonged work activity and inadequate rest time. In the
present study, the analyzes were adjusted for working hours and, even so, the
differences of these parameters between the shifts remained. Thus, it seems that night
work and circadian misalignment promote oxidative stress. It is important to mention
that the studies found in the literature evaluated workers at different moments of the
work shift (before and after), capturing only the acute effects of the same, instead of
their long-term consequences. In the present study, shift workers were compared in a
real-life situation, which expresses the chronic effects of shift and desynchronization of
biological rhythms in the parameters of oxidative stress damage and antioxidant
defense.

Another finding of this study was that night workers had more evening habits, a
higher social jetlag value and lower average sleep time on workdays, and, consequently,
greater daytime sleepiness, compared to daytime workers. In an intervention study,
Vetter et al. [5] adjusted the daytime preference of the volunteers to their work shift and
found a mean reduction in SJL of 1 h and 20 min (p = 0.002), and improvement in
duration and quality of sleep. For these authors, SJL is lower in individuals whose
chronotype is in line with their working hours. Juda et al. [70] showed that SJL depends
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on the work shift (p<0.001). And, as observed in the current study, these authors found
higher SJL in the night shift (p<0.05). The results of the present study and other studies
previously found in the literature [5, 14, 70, 71] clearly indicate the importance of
aligning the individual's chronotype to his or her work shift to minimize the differences
between biological and social clocks, in order to reduce SJL and, possibly, the
consequences of circadian misalignment.

This study presents some limitations, such as the variability in the work time
among volunteers of both work shifts, especially in night workers, characterized by
having more than one job and having few hours of rest; therefore, it is necessary to
consider these factors when comparing the night workers with the day workers. But
statistical adjustments were made to remove the effect of this confounding factor. It
should also be noted that the analyzes of TBARS and FRAP, used here, although not
specific, are widely used [17, 49, 72-74] and may indicate important characteristics of
the oxidative status. In addition, although the cross-sectional nature of this study does
not allow the establishment of causal relationships, the large number of parameters
analyzed in this study allowed a better understanding of the oxidative profile in shift
workers, and this should serve as a basis for future research. Of course, new studies and
new tools will be needed to clarify how the circadian rhythm can modulate the oxidative
profile, leading to a new understanding of its outcomes in the health of these workers.

In conclusion, the findings of this study indicate that the night workers have
lower levels of antioxidant defense and higher levels of ROS and lipoperoxidation,
determining a condition of oxidative stress, probably associated to their social jetlag.
Preventive changes in working conditions and lifestyle are necessary to improve the
health and quality of life of these workers. The effectiveness of these changes could be
monitored through the evaluation of oxidative stress status.
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Abstract

The osmotic stability of the erythrocyte membrane (OSEM) has been associated
with lipid profile, blood glucose and blood pressure. Changes in these parameters are
very frequent in shift workers, possibly because of the lack of synchronization of
biological rhythms, which results in the social jetlag. However, the existence of
association between OSEM and circadian misalignment has not been investigated in this
population. Therefore, this study investigated the influence of shift work, sleep time and
social jetlag (SJL) on biochemical and hematological variables. A population consisting
of 79 men working at night (n = 37) or during the day (n = 42), aged between 21 and 65
years and with a mean BMI of 27.56 + 4.0 kg/m” was investigated transversally in
relation to sleep time, SJL, anthropometric (height, weight and waist circumference) and
blood variables, with emphasis on the OSEM. SJL was calculated by the absolute
difference between the midpoint of sleep on work and rest days. The Generalized Linear
Test (GzLM) was used to investigate the existence of associations between SJL and
average sleep time in relation to the analyzed variables. Night shift workers without SJL
presented lower baseline lysis values of erythrocytes in isotonic medium in relation to
night worker with SJL. In addition, workers who slept on average less than 6 hours had
higher OSEM, and total and LDL-cholesterol total values in relation to those who slept
more than 6 hours, regardless of the shift. It is possible that the association of sleep
deprivation and SJL with erythrocyte membrane stability is mediated through changes
in the lipid profile.

Key words: Erythrocyte, Sleep, Membrane Stability, Shift Work, Social Jet Lag.

Introduction

Circadian rhythms are evident in virtually all biological processes, from the
cellular level to the whole organism [1]. These rhythms are generated by endogenous
biological clocks, being the suprachiasmatic nucleus the major pacemaker in mammals
[2]. There also exist biological clocks generating circadian rhythms in peripheral
tissues, as is the case of the liver, adipose tissue, heart and skeletal muscle. Also, stimuli
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such as body temperature, light/dark cycles, fasting/feeding and hormone secretion are
responsible for the circadian modulation of the body [3]. This regulation may suffer
misalignment when, for example, the sleep/wake cycle, food intake and/or physical
exertion occur at times drastically different from usual [1]. Thus, a real-world condition
in which circadian misalignment undoubtedly occurs is the shift work environment [4].
In addition to the adaptation of biological rhythms to inversions of periods of activity
and rest, these workers are also subject to a drastic change of lifestyle, which negatively
influences general health, sleep and social and family interactions [5].

Due to desynchronization of biological rhythms [6] and sleep deprivation [7],
shift workers are at increased risk of developing sleep disturbances [8], and nutritional,
metabolic [9], gastrointestinal and cardiac disorders [10-12], and even cancer [13],
among other conditions. One way to measure circadian misalignment is by calculating
the social jetlag (SJL) - a parameter that measures the discrepancy in sleep time on
working days in relation to free days [14, 15]. SJL has been associated with biomarkers
of inflammation and diseases such as obesity [16] and diabetes mellitus [17].

Alterations in glucose [18, 19] and lipids [20] blood levels, as well in blood
pressure [21] commonly present in shift workers have been associated with osmotic
stability, i.e., the ability of the erythrocyte to resist lysis under hyposmotic conditions.
However, little is known about the influence of shift work and circadian misalignment
on erythrocytes. The levels of erythropoietin (EPO), a hormone that stimulates
erythrocyte production, has a well-marked circadian rhythm [22]. The erythrocyte is the
most abundant cell in the blood, being responsible for the transport of oxygen and
carbon dioxide [23]. Despite being an apparently simple and anucleate cell, the
erythrocyte participates in functions that are essential to the organism, and therefore is
involved in the pathophysiology of numerous diseases [20]. The osmotic fragility test is
a simple way to evaluate the erythrocyte membrane behavior [24]; however, the
relationship between erythrocyte membrane stability and circadian misalignment is still
unclear.

Given the above understanding, the hypothesis raised in this study is that night
workers have a difference in erythrocyte membrane stability in relation to day workers.
Therefore, the objective of this work was to evaluate the influence of shift work, sleep
hours and SJL on biochemical, hematologic and erythrocyte membrane stability
parameters.

Material and Methods

This study cross-sectional study was approved by the Ethics Committee of the
Federal University of Uberlandia. The study population comprised 79 workers men (37
night workers and 42 day workers) of two hospitals of Uberlandia, a city located in the
state of Minas Gerais, Brazil. The volunteers worked in the same routine for at least six
months in administrative and health-related functions (nurse, physiotherapist, nursing
technician, laboratory technician and stretcher bearers) and were classified according to
their work shift in: 1) day workers, who worked only during the day, morning and/or
afternoon, without developing any work activity at night, and with additional shifts
always also daytime; and 2) night workers, who worked at least six hours after
midnight, and with and without daytime additional work activities.

From the total of one hundred and thirty-five workers who agreed to participate
in this study, a total of 79 male adult workers were selected. The exclusion criteria
comprised diseases previously diagnosed and under treatment, except obesity; current or
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past active smoking and work schedules different from the classifications stipulated in
this study. Twenty two workers refused to participate. All participants included in this
study had not recently used any drug with antioxidant properties, such as vitamin C or E
or acetylcysteine. Each participant signed a written informed consent.

After completing the criteria for inclusion and exclusion and selection of
participants, data on socio-demographic characteristics, physical exercise and alcohol
consumption were collected. All selected volunteers were subjected to anthropometric,
chronobiological and sleep evaluations, and to laboratory dosages. All evaluations were

performed in a single moment of the morning following a night's sleep before the work
shift.

Assessment of body composition

Anthropometric variables such as weight and height were measured,
respectively, using an electronic scale (Welmy™) and a wall-mounted portable
stadiometer e (Welmy™), and used to calculate the body mass index (BMI, kg/m?) of
the volunteers [25]. The waist circumference (WC) was measured in agreement with the
standard proposed by [26]. WC values of the male population studied here were
considered increased when they were > 94 cm [25].

Sleep pattern, chronotype and social jetlag

These evaluations were performed by a specialized team trained in sleep studies
based on the information compiled in the participants' responses to a previously
reported questionnaire [27].

The bedtime on working days and rest days was obtained considering the time it
took for the volunteer to fall asleep. Sleep duration, for day shift, was computed using
the weighted average of self-reported sleep duration, which considers both work days
and days off, using the formula: [(Reported current weekday sleep duration x 5) +
(Reported current weekend sleep duration x 2)]/7. For the night shift, using the formula:
[(Reported current weekday sleep duration x 3.5) + (Reported current weekend sleep
duration x 3.5)]/7 [28].

For day workers, 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 rest days
and work days (Roenneberg et al., 2007). For night workers, chronotype was calculated
with the specific formula for shift workers (MSE"sc) proposed by Juda et al. [29]. The
chronotype was classified in: early types: MSFsc < 3:59 h; intermediate types: MSFsc >
4:00 and < 4:59 h; and late types: MSFsc > 5:00 h [16]. Social jetlag was calculated
based on the absolute difference between mid-sleep time at weekends and on weekdays
[14].

Epworth Sleepiness Scale (ESS)

Daytime sleepiness was assessed from the Epworth Sleepiness Scale (ESS)[30],
previously translated into the language of the study participants [31], with a total score
> 8 indicating excessive drowsiness [30]. ESS is a widely used tool to characterize
daytime sleepiness [32].

Biochemical dosages

Blood collection was performed in a single moment of the morning following a
night's sleep before the work shift. Blood samples were collected by venipuncture in
tubes containing EDTA and separating gel (Vacutainer™, BD, Juiz de Fora, MG,
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Brazil) and immediately centrifuged at 1,300 x g for 15 min in a refrigerated centrifuge
(Hitachi Koki, model CFR15XRII™, Hitachinaka, Japan) at 4 °C. Supernatants from
these centrifuges were frozen at -80 °C (Panasonic'™, model CUK-UB2I-PW,
Nijverheidsweg, Netherlands). The volunteers were instructed to fast for 12 hours and
abstain from physical exercise and alcohol consumption 24 hours prior to collection.
The collected blood samples were used for for determination of hematologic,
biochemical and OSEM variables. The osmotic fragility test used to evaluate the OSEM
variables.

Determination of the osmotic stability of the erythrocyte membrane (OSEM)

Microtubes containing 1 mL of 0.1-0.9 g/dL NaCl solution were preincubated at
37 °C in a thermostated bath (Marconi™, Model MA 184, Piracicaba, SP, Brazil) for 10
minutes. After adding 10 uL of whole blood, the tubes were carefully homogenized,
reincubated at 37 °C for 30 minutes and then centrifuged at 1600 x g for 10 min. The
amount of hemoglobin released on lysis was expressed by reading the absorbance of the
supernatant at 540 nm in a UV-VIS spectrophotometer (Shimadzu™, UV1650TC
model, Japan). Absorbance at 540 nm (Assg) as a function of NaCl concentration was
adjusted by sigmoidal regression based on the Boltzmann equation:

A —A_

— max min
Agyy= |4 X Hs/ixX +An, (1),
where A, and A are the mean absorbance values at the minimum and maximum
plateaus of the simoid and represent the initial and the maximum hemolysis rate,
respectively; Hso is the NaCl concentration capable of promoting 50% hemolysis and

dX is the variation in the NaCl concentration necessary to promote 100% hemolysis
[24].
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Figure 1. Boltzmann's sigmoidal fitting of a typical curve erythrocyte lysis in relation to
NaCl concentration in a shift worker volunteer. Hso is the NaCl concentration that
promotes 50% hemolysis; dX is the salt concentration variation necessary to promote
100% hemolysis; Apin 1s the minimum value of absorbance presented under conditions
of blood-like osmolarity; and A,y is the maximum value of absorbance associated with
100% hemolysis.

Statistical Analysis

Data analysis was performed using SPSS version 20.0 (IBM Corp., Armonk,
NY). The existence of normality in the data distribution was verified using the Shapiro-
Wilk test. Parametric data were presented as means and standard deviations and non-
parametric data were presented as median and interquartile range. The chi-square test
was used to compare variables presented in frequency. The existence of differences
between the groups in relation to the studied variables (socio-demographic,
anthropometric, sleep patterns, sleepiness score, chronotype, social jetlag, life habits
and stress parameters) was analyzed using Student's t-test for independent samples or
the Mann-Whitney test.

The Generalized Linear Model (GzLM) was used to analyze the existence of
differences in biochemical parameters and membrane stability between shifts, hours of
sleep, SJL and the interactions (shift x hours of sleep, shift x SJL), adjusted for age,
BMI, working hours and exercise (min/wk). The sequential Sidak procedure was used
for the comparisons of the estimated marginal means. Statistical tests with p<0.05 were
accepted as significant.
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Results

The volunteers had aged between 21 and 65 years. Night and day workers did
not differ in age (p = 0.688) and working time in the current shift (p=0.348). The
workers of the two shifts also did not present difference of weight (p=0.427), BMI
(p=0.115) and WC (p=0.334). Regarding the sleep and chronobiological variables, sleep
time on days off (p=0.170) and MSFEsc (p=0.708) were not different between the work
shifts. On the other hand, night workers presented higher workload (p<0.001), greater
daytime sleepiness (p=0.002) and shorter sleep time in workdays (p<0.001), but a
higher value of social jetlag (p<0.001) in relation to the day workers (Table 1).

Table 1. Sociodemographic characteristics, anthropometric indices, life habits, sleep
patterns, score sleepiness, chronotype and social jetlag of employees according to shift
worked.

Night (n=37) Day (N=42) p-value
Mean Sleep Duration (h)
Work days 3:50 [2:22-4:27] 6:35[5:28-7:35] <0.001*
Rest days 7:56 = 1:58 8:33 £ 1:52 0.170
Chronotype (MSF"sc) (h) 3:44 £ 1:00 3:38 £ 1:25 0.708
Morning 21 (56.8) 29 (69.0) 0.260
Indifferent 12 (32.4) 7 (16.7)
Evening 4(10.8) 6 (14.3)
Social Jet Lag (h) 5:07 [2:35-7:53] 1:15[0:45-2:02] <0.001*
Yes 32 (86.5) 25 (59.5) 0.011%*
No 5(13.5) 17 (40.5)
Sleepiness Score (Epworth) 10.76 + 4.88 7.48 £4.00 0.002*
Daytime Sleepiness 16 (43.2) 9(121.4) 0.037*
No Drowsiness 21 (56.8) 33 (78.6)
Age (years) 42.43 +8.50 43.40+12,72 0.688
Working time (years) 5.00[2.00-12.5] 4.00 [2.00-10.75] 0.348
Workload (h/week) 57.0 [42.0-69.0] 36.0 [36.0-40.0] <0.001*
Anthropometry
Weight (kg) 83.49+11.73 81.13+13.97 0.427
Height (m) 1.72 £ 0.06 1.73 £0.07 0.585
BMI (kg/m?) 27.24 [26.05-29.64]  26.51[24.00-28.49] 0.115
Waist Circumference (cm) 97.62 £11.04 95.17£11.04 0.334
Physical Exercise (N, %)
Yes 17 (45.9) 21 (50.0) 0.718
No 20 (54.1) 21 (50.0)
Duration (min/week) 240.0 [157.50-330.00] 240.0[135.00-435.00] 0.601
Alcohol Consumption (N, %)
Yes 20 (54.1) 26 (61.9) 0.502
No 17 (45.9) 16 (38.1)

Beer (cans/week) 4.00 [1.00-10.00] 5.0 [2.25-6.75] 0.330

Values are presented as mean + SD for normally distributed data or median (interquartile range) for non-
normally distributed data.

*p<0.05 indicates statistically significant difference. SJL was calculated based on the absolute difference
between the average sleep time on working and rest days and was dichotomically categorized as >60 min
(with SJL) or <60 min (without SJL). Comparisons between groups were done using the Student's t-test
or the Mann-Whitney test, for independent samples, for data with and without normal distribution,
respectively, or by the Chi-square test, for variables expressed as frequency.
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There was no statistically significant difference between the work shifts in
relation to the OSEM, hematologic and biochemical variables studied here (Table 2).

Table 2. Comparison of OSEM, hematologic and biochemical parameters between

work shifts.

Day Workers (n=37)

Night Workers (n=42) p-value

Anax (abs)

Anin (abs)

1/Hs (g/dL NaCl)"

dX (g/dL NaCl)

Red Blood Cells (million/mm’)
Hemoglobin (g/dL)
Hematocrit (%)

Mean Corpuscular Volume (fL)
Leukocyte Count (10°/mm’)
Platelet Count (10°/mm’)
Serum Iron (pg/dL)
Reticulocyte Count (10°/mm’)
Reticulocyte Index (%)

Total Cholesterol (mg/dL)
HDL-Cholesterol (mg/dL)
LDL-Cholesterol (mg/dL)
Glucose (mg/dL)

HbAlc (%)

Triglycerides (mg/dL)

Uric acid (mg/dL)

1.24 [1.18-1.28]
0.011 % 0,006
2.29[2.26-2.37]
0.011 [0.009-0.013]
5.20 [4.98-5.31]
1533+ 1.05
47.65+3.12
91.68 + 4.86
591+0.15
213.41 +£45.85
114.20 [90.10-140.10]
62.37 [48.97-88.73]
1.10 [1.00-1.70]
172.0 [155.5-198.0]
38.50 + 6.89
107.1 [88.75-124.80]
82.0 [76.0-87.5]
5.3 [5.05-5.55]
127.0 [97.5-229.0]
6.18 + 1.44

1.25 [1.21-1.30] 0.207
0.009 = 0.007 0.400
2.31[2.26-2.38] 0.467
0.011 [0.010-0.014]  0.559
5.19 [4.85-5.41] 0.949
15.36 4 0.99 0.892
47.52 +2.84 0.840
91.81 + 4.70 0.911
6.05+1.51 0.686
205.93 + 41.70 0.450
114.5[94.32-139.30]  0.898
56.05 [44.19-73.50]  0.205
1.10 [0.90-1.50] 0.366
167.0 [148.25-190.25]  0.309
39.54 + 10.33 0.603
105.1[87.3-125.75]  0.902
82.0 [76.0-87.5] 0.476
5.20 [5.1-5.5] 0.437
111.0 [82.25-163.25]  0.115
6.01+1.31 0.593

Abbreviations: OSEM, osmotic stability of erythrocytes membrane; A ., absorbance obtained by lysis of
the total erythrocyte population used in the test; A, absorbance obtained by hemolysis under isotonic
conditions with blood; 1/Hs,, inversion of saline concentration in which there is 50% hemolysis; dX,
saline concentration range involved in the lysis process of the total erythrocyte population used in the test;
HbAlc, glycated hemoglobin Alc.

*p<0.05 indicates statistically significant difference. Values are presented as mean + SD for normally
distributed data or median (interquartile range) for non-normally distributed data. Comparisons between
groups were done using the Student's t-test or the Mann-Whitney test, for independent samples, for data
with and without normal distribution, respectively.

In order to investigate the occurrence of some impropriety with the results,
correlation analyzes were performed between the A, variable and erythrogram
variables that are conceptually associated with that OSEM variable. Strong positive
associations were observed between A values and erythrocyte counts, hemoglobin
levels and hematocrit values for the entire studied population (r=0.68, p<0.001; r=0.80,
p<0.001; r=0.71, p<0.001) and also for night (r=0.71, p<0.001; r=0.82, p<0.001;
r=0.67, p<0.011) and day (r=0.64, p<0.001; r=0.77, p<0.001; r=0.75, p<0.001) workers,
respectively. This confirms the reliability of the data obtained in this study.

Table 3 presents the comparison of the studied variables in relation shift and
average sleep time (<6 hours or > 6 hours), and the interaction shift*hours of sleep, after
adjustement for age, BMI, and exercise. There was influence of sleep time on the
variables 1/Hsy (p=0.031), dX (p=0.020), MCV (p=0.004), RBC count (p=0.005), and
total (p=0.027) and LDL-cholesterol (p=0.009). Workers who slept less than 6 hours on
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average had higher values of 1/H50 (<6h: 2.44 [2.37-2.50]; >6h: 2.33 [2.28-2.38]) and
dX (<6h: 0.015 [0.012-0.18]; >6h: 0.011 [0.009-0.013]). In addition, subjects who slept
less than 6 hours had lower MCV values (<6h: 89.3 [87.1-91.5]; >6h: 93.6 [91.7-95.5])
and higher RBC counts (<6h: 5.33 [5.17-5.50]; >6h: 5.04 [4.92-5.17]) and blood levels
of total (<6h: 185 [169-203]; >6h: 163 [151-175]) and LDL-cholesterol (<6h: 121 [107-
137]; >6h: 98.0 [88.4-108]), in relation to those who had longer average sleep time.
There was no interaction between shift and mean sleep time for any of the variables.
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Table 3. Comparison of OSEM, hematologic and biochemical variables of shift workers in relation shift and average sleep time (<6 hours or > 6
hours), and interaction shift*hours of sleep, after adjustement for age, body mass index, workload and physical exercise.

Night Workers Day Workers Shift Hours of sleep Shift:lI: :;rs of
Parameters
<6 h(?;isz (3)§ sleep >6 h(;lllll;slgg sleep <6 hozll:: 9o)f sleep >6 h(;ﬁiss (; sleep Df pvalor Df p-valor Df p-valor
Apnax (abs) 1.27 [1.22-1.31] 1.25[1.20-1.31] 1.26 [1.21-1.32] 1.22[1.18-1.26] 1 0572 1 0.214 1 0.586
Apin (abs) 0.007 [0.004-0.013] 0.011 [0.006-0.021] 0.011 [0.005-0.022] 0.011 [0.007-0.017] 1 0.656 1 0.466 1 0.550
1/Hs, (2/dL NaCl)™! 2.38[2.28-2.47] 2.32[2.21-2.43] 2.49[2.37-2.62] 2.35[2.26-2.42] 1 0288 1 0.020* 1 0.356
dX (g/dL NaCl) 0.014 [0.010-0.019] 0.009 [0.006-0.014] 0.016 [0.011-0.023] 0.012 [0.009-0.016] 1 0356 1 0.031* 1 0.769
RBC (million/mm’®) 5.21 [5.00-5.44] 5.04 [4.78-5.30] 5.46 [5.18-5.76] 5.05 [4.86-5.24] 1 0392 1 0.005* 1 0.364
Hemoglobin (g/dL) 15.5[14.8-16.2] 15.3 [14.5-16.2] 15.3[14.4-16.2] 15.2[14.6-15.8] 1 0753 1 0.694 1 0.844
Hematocrit (%) 48.1 [46.2-50.1] 47.3 [45.0-49.7] 47.1 [44.7-49.6] 47.0 [45.3-48.7] 1 0.612 1 0.630 1 0.736
Mean Corpuscular Volume (fL) 92.3 [89.2-95.5] 93.9[90.1-97.9] 86.3 [82.6-90.2] 93.2[90.5-96.1] 1 0.114 1 0.004* 1 0.133
Leukocyte Count (10°/mm®) 5.59 [4.67-6.70] 5.72 [4.54-7.22] 6.25[4.97-7.86] 6.14 [5.24-7.21] 1 0473 1 0.977 1 0.849
Platelet Count (10*/mm’) 223.21[198.84-250.57]  192.94 [166.74-223.26] 212.08 [183.07-223.26] 205.69 [185.33-228.28] 1 0.938 1 0.117 1 0.387
Serum Iron (pg/dL) 139[111-172] 124 [95.8-161] 116 [88.2-153] 112 [92.8-136] 1 0341 1 0.486 1 0.766
Reticulocyte Index (%) 1.08 [0.86-1.34] 1.04 [0.79-1.35] 1.07 [0.81-1.40] 1.43[1.18-1.73] 1 0.289 1 0.208 1 0.190
Total Cholesterol (mg/dL) 194 [172-220] 150 [129-176] 176 [152-206] 176 [157-196] 1 0.749 1 0.027* 1 0.082
HDL-C (mg/dL) 38.5[33.7-44.1] 41.8 [35.4-49.4] 38.2[32.3-45.3] 37.8 [33.6-42.7] 1 0.565 1 0.581 1 0.557
LDL-C (mg/dL) 122 [103-144] 87.7[70.7-109] 120 [97.7-148] 110 [94.0-127] 1 0379 1 0.009* 1 0.232
Glucose (mg/dL) 87.2 [81.2-93.5] 86.0[79.0-93.6] 83.2[76.2-90.9] 77.3 [72.7-82.2] 1 0.114 1 0.191 1 0.442
HbAlc (%) 5.35[5.16-5.54] 5.42 [5.18-5.65] 5.32[5.08-5.56] 5.09 [4.93-5.25] 1 0.175 1 0.372 1 0.173
Triglycerides (mg/dL) 155 [112-216] 100 [65.9-152] 96.2 [62.3-148] 137 [102-183] 1 0.708 1 0.778 1 0.050
Uric acid (mg/dL) 6.06 [5.17-7.11] 4.89 [4.03-5.95] 5.65 [4.59-6.95] 6.46 [5.60-7.44] 1 0357 1 0.611 1 0.059

Abbreviations: OSEM, osmotic stability of erythrocytes membrane; A .., absorbance obtained by lysis of the total erythrocyte population used in the test; A, absorbance
obtained by hemolysis under isotonic conditions with blood; 1/Hs, inversion of saline concentration in which there is 50% hemolysis; dX, saline concentration range involved
in the lysis process of the total erythrocyte population used in the test; HbAlc, glycated hemoglobin Alc.

*p<0.05 indicates statistically significant difference (Generalized Linear Model and sequential Sidak procedure).
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Table 4 presents the comparison of the studied variables in relation shift and SJL, and
the interaction shift*SJL, after adjustment for age, BMI, workload and exercise. There was a
significant effect of the work shift and the SJL on the values of the stability variable A, and
the blood levels of uric acid. The night workers (0.003 [0.001-0.006]) had lower A, values
than day workers (0.012 [0.008-0.017]); on the other hand, workers without SJL (0.003
[0.001-0.006]) had lower Ani, values than workers with SJL (0.012 [0.009-0.016]).
Furthermore, the night workers (4.54 [3.53-5.84]) presented lower values of uric acid than the
day workers (6.20 [5.49-7.01]), and the workers without SJL (4.65 [3.69-5.86]) also
presented lower values of uric acid than the workers with SJL (6.05 [5.52-6.64]). In addition,
there was interaction between shift and SJL for the variable A, (p = 0.034); the individuals
without SJL of the night shift had lower values of Ay, in relation to the others.
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Table 4. Comparison of the studied variables in relation shift and social jetlag (SJL), and the interaction shift*SJL, after adjustment for age, body
mass index, workload and physical exercise.
Night Workers

Day Workers Shift SJL Shift*SJL

With SJL (n=33)

Without SJL (n=4)

With SJL (n=25)

Without SJL (n=17)

Df p-value Df p-value Df p-value

Ao (abs) 1.26 [1.22-1.30] 1.22 [1.10-1.35] 1.25 [1.20-1.30] 1.22[1.18-1.26] 1 0963 1 0347 1 089
Amin (abs) 0.009 [0.006-0.013]* 0.001 [0.0002-0.004]° 0.016 [0.009-0.027]* 0.009 [0.006-0.014]* 1 0.003* 1 <0.001* 1 0.034*
1/Hso(g/dL NaCly" 2.36 [2.29-2.44] 2.38 [2.13-2.65] 2.28[2.18-2.38] 2.45[2.37-2.53] 1 0926 1 0201 1 0279
dX (g/dL NaCl) 0.013 [0.009-0.017] 0.012 [0.005-0.028] 0.009 [0.007-0.013] 0.015 [0.012-0.020] 1 0972 1 0438 1 0264
Red Blood Cells (million/mm’) 5.14 [4.94-5.35] 5.14 [4.50-5.87] 5.08 [4.82-5.35] 5.21 [5.00-5.43] 1 098 1 0733 1 0712
Hemoglobin (g/dL) 15.4 [14.8-16.0] 14.5[12.7-16.4] 15.6 [14.8-16.4] 15.0 [14.5-15.6] 1 0561 1 0160 1 0.671
Hematocrit (%) 47.6 [46.0-49.2] 49.3 [44.0-55.2] 48.0 [45.9-50.2] 46.3 [44.7-47.9] 1 0482 1 098 1 0267
Mean Corpuscular Volume (fL) 92.6 [89.8-95.4] 96.1 [86.8-106] 94.7[91.1-98.5] 89.0 [86.3-91.8] 1 0435 1 0651 1 0.080
Leukocyte Count (10*/mm?’) 5.60 [4.82-6.50] 4.48 [2.70-7.42] 7.01 [5.76-8.53] 5.75 [4.92-6.72] 1 0166 1 136 1 0927
Platelet Count (10*/mm?’) 214.60 [193.50-238.01]  184.23 [130.89-259.29] 195.11 [170.44-223.37] 211.49[190.35-23498] 1 0856 1 0705 1 0223
Serum iron(ug/dL) 133 [110-161] 128 [68.5-239] 111 [86.8-143] 113 [93.9-137] 1 048 1 0947 1 0.862
Reticulocyte Index (%) 1.07 [0.88-1.30] 0.88 [0.46-1.67] 1.35[1.05-1.70] 1.30 [1.06-1.58] 1 0160 1 0506 1 0.663
Total Cholesterol (mg/dL) 179 [160-202] 142 [96.8-209] 172 [148-200] 173 [154-195] 1 0553 1 0279 1 0274
HDL-C (mg/dL) 404 [36.1-45.1] 33.3[23.0-48.1] 35.2 [30.5-40.6] 40.2 [35.9-45.0] 1 0840 1 0774 1 0112
LDL-C (mg/dL) 109 [93.2-129] 87.4 [51.0-149] 108 [87.7-133] 111[94.9-132] 1 0532 1 0514 1 0384
Glucose (mg/dL) 86.9 [81.8-92.4] 74.7[61.2-91.3] 78.9 [72.9-85.4] 79.5 [74.7-84.5] 10792 1 0195 1 0.157
HbAlc (%) 5.40 [5.20-5.54] 5.16 [4.65-5.73] 5.19 [4.99-5.41] 5.15 [4.99-5.32] 10633 1 0419 1 0602
Triglycerides (mg/dL) 134 [100-179] 100 [38.3-265] 143 [98.1-208] 106 [78.5-142] 1 084 1 0282 1 00983
Uric Acid (mg/dL) 5.68 [4.94-6.53] 3.62[2.29-5.74] 6.45 [5.39-7.73] 5.96 [5.17-6.87] 1 0.048*% 1 0.039% 1 0.149

Abbreviations: A, absorbance obtained by lysis of the total erythrocyte population used in the test; A,, absorbance obtained by hemolysis under isotonic conditions with
blood; 1/Hs, inversion of saline concentration in which there is 50% hemolysis; dX, saline concentration range involved in the lysis process of the total erythrocyte population
used in the test; HbAlc, glycated hemoglobin Alc.

*p<0.05 indicates statistically significant difference. SJL was calculated based on the absolute difference between the average sleep time on working and rest days and was
dichotomically categorized as > 60 min (with SJL) or < 60 min (without SJL) (Generalized Linear Model and sequential Sidak procedure).



Discussion

The present study evaluated the influence of sleep time and SJL on the parameters of
erythrocyte membrane stability and its relation to the work shift. The use of the Generalized
Linear Model and sequential Sidak procedure showed that workers without SJL presented
higher membrane stability, since they presented lower A, values, in relation to workers with
SJL. Besides that, there was interaction between shift and SJL for this variable A, since the
individuals without SJL of the night shift presented lower values of A, in relation to the
others. On the other hand, the use of this same statistical formalism showed that workers who
have less than 6 hours of sleep have erythrocytes with greater osmotic stability, since they
presented higher values of 1/Hsy and dX. It is important to note that this behavior, although
evaluated in vitro, reflects changes present in vivo conditions of the workers.

It is important to note that Ani,, 1/Hso and dX, which are all erythrocyte membrane
stability variables, have different meanings. As can be seen in Figure 1, A, is a variable that
is directly proportional to the initial lysis rate, even under conditions of blood-like osmolarity.
Therefore, this variable is the one that most represents the membrane stability of erythrocytes
in vivo. On the other hand, as can still be seen in Figure 1, Hso and dX are variables that in
fact will represent the osmotic behaviour of RBC. Indeed, it is easy to infer from that figure
that Hsy is a variable of osmotic fragility, while dX is effectively a variable of osmotic
stability. That’s why the Hs( results are often represented as 1/Hs, so that both 1/Hsy and dX
can represent the osmotic stability of those cells.

The erythrocyte membrane stability may be influenced by several factors, such as the
LDL-C levels [24], which were also investigated in this study. Indeed, the cholesterol content
of the erythrocyte membrane is directly associated with LDL-C levels, as a function of
cholesterol transfer from this plasma lipoprotein to the red blood cell membrane [33, 34]. It is
important to note that this increase in membrane cholesterol content to a certain extent allows
the membrane to achieve the so-called critical fluidity and the stability required to perform its
functions. Thus, the cholesterol content in the membrane is important to maintain erythrocyte
stability. That is why non-excessive increases in membrane cholesterol content raise the
osmotic stability of the cell [35]. However, beyond this critical level, the increase in
cholesterol content may decrease membrane stability, due to a decrease in the deformability,
essential property to allow the passage of the erythrocyte through capillaries of narrower
caliber by the organism [20, 36, 37], leading to impairment of its functions. In the present
study, since erythrocytes of workers who had less than six hours of sleep per day were
osmotically more stable, it is possible that this increased erythrocyte stability was due to
higher levels of LDL-C, since those workers also had higher levels of LDL-C (Table 3). This
makes a lot of sense with the recognized influence that plasma lipid concentrations suffer
from circadian misalignment and sleep deprivation[38], especially with the inverse
association reported between blood levels of non-HDL-C and sleep duration [39].

Regarding the two stability variables that had a relation with sleep time, it is important
to highlight dX. An extremely small value of dX indicates a transition between two states, one
intact and another lysate, ie, an all-or-nothing transition, while a higher value of dX indicates
existence of intermediate states, which suggests existence of cellular heterogeneity in the lysis
transition, with subpopulations of erythrocytes with different vulnerabilities to osmotic lysis.

Among the erythrogram parameters, the red cell distribution width (RDW) has a
meaning similar to dX, since RDW, which is is obtained from the standard deviation of the
mean corpuscular volume (MCV), represents the volume variability of the erythrocyte. This
is why RDW is widely used to indicate heterogeneity in the erythrocyte population. Certainly
it is because of the common meaning between dX and RDW that these two variables have
been directly associated [24]. Unfortunately, in the present study there was no evaluation of
RDW, but the association of higher dX values with an average sleep time < 6 h suggests the
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existence of greater variability in the erythrocyte population in this group. This question is
very important because RDW was associated with sleep time according to a U-shaped curve,
with lower RDW values associated with mean sleep duration of 7-8 h and higher values
associated with sleep duration time < 5 and >10 hours per night. This is very worrying, since
the elevation of RDW has the potential to predict premature mortality [40] due to many
diseases [41-43], among which the cardiovascular disease of atherosclerotic origin stands out
[44-50], particularly by the interposition of the erythrocyte in the relationship between
hypercholesterolemia and progression of the atherosclerotic lesion [20]. Surely this is an
important reason why the shift work has been considered as a risk factor for hypertension,
inflammation and cardiovascular disease [51, 52].

The association between A, and SJL also deserves attention, bearing in mind that
Amin has a different meaning in relation to the other stability variables, as previously
mentioned. In this case, the fact that workers without SJL have presented higher membrane
stability, since they have lower A, values in relation to workers with SJL, seems to be a
good association for the shift workers without SJL. Once the individuals without SJL of the
night shift were the workers who presented lower values of Ay, in relation to the others, this
means that the SJL is a variable that has its own deleterious implications. Indeed, SJL has
been associated with inflammatory biomarkers [17] and in this study was positively
associated with the amount of lymphocytes (r = 0.23, p <0.05). Actually, in addition to SJL,
sleep restriction has also been related to changes in immune function, with a gradual increase
in subpopulations of white blood cells and changes in their thythymicity [53].

In addition to sleep deprivation [7], shift work causes misalignment of the biological
rhythms, which can negatively affect the regulation of the hematologic system [54]. The
erythrocyte population in the blood is under constant change due to the removal of degenerate
and/or old erythrocytes and the production of new erythrocytes [55]. Circulating erythrocytes
exhibit circadian fluctuation that is regulated not only by the endogenous biological clock, but
also by the light/dark and sleep/wake cycles [56, 57]. The subcellular processes within the
erythrocytes are not the only ones that undergo circadian oscillations; the number of red blood
cells also varies rthythmically [56]. The lower MCV values and the higher RBC counts in the
group of workers who slept on average less than 6 hours per day seem to be due to the
stochastic influence of the lower average sleep time, caused by shift work, on the volume and
number of circulating erythrocytes. However, the mechanisms by which this influence would
have occurred can not be inferred from the results of this study, but can certainly involve
aspects of selective nutritional nature.

It is important that other limitations of the present study are also considered. First, the
cross-sectional nature of the study does not allow the establishment of causal relationships.
Second, the relatively small population size impairs its characterization and analysis, although
significant results have been found in this study. Another difficulty found in the study was the
variability of the workload between the two work shifts, which required statistical
adjustments to remove the effect of this and other confounding factors. In addition, although
the findings reported here are important and essential for understanding the mechanisms of
circadian misalignment over membrane stability, it should be noted that the results of
experiments in in vitro models can not be directly extrapolated to in vivo systems. Therefore,
it is important to highlight the need to carry out new studies using new tools in order to clarify
how the circadian rthythm can influence the erythrocyte membrane stability, leading to a new
understanding of its outcomes in the health of these workers. There is also a need to study
further the relation between shift work and chronotype, with the aim to reduce the
consequences of circadian rhythm misalignment and sleep deprivation [58, 59].

In summary, the results of this study confirm the initial hypothesis raised, since night
workers with SJL have erythrocytes with lower stability compared to night workers without



102

SJL, under conditions of blood-like osmolarity. On the other hand, regardless of the work
shift, sleeping on average less than 6 hours per day is associated with in vitro increase in
erythrocyte membrane stability and cellular heterogeneity. To the best of our knowledge, this
is the first study that has identified that a sleep time < 6 hours per day is able to interfere with
the erythrocyte membrane stability. It is possible that this behavior is associated with changes
in the lipid profile. Due to the high risk of diseases in this group, the execution of new studies
focusing on hematologic parameters in shift workers becomes a task of great importance.
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Para preenchimento da equipe executora: Cddigo do voluntario:
Data de nascimento: / / Sexo: Masculino ( ) Feminino (
Telefones para contato: Email.

Estado Civil: Profisséo: Setor:

Turno de trabalho:

Noturno ( ) Diurno ( ) Diurno-Noturno ( ) Horério de : até

Fixo ( ) Alternante () Ha quanto tempo nesse turno?
Faz plantbes?

Sim( )Nao( ) Qual frequéncia? Qual
horario?

Ja trabalho no esquema de turnos antes da atividade atual? Sim ( YNao ( )

Por quanto tempo? Ha quanto tempo?

Escolaridade:

( ) Ensino médio incompleto ( ) Superior Incompleto

( ) Ensino médio completo ( ) Superior Completo

( ) Curso técnico incompleto ( ) Pés-gradutagéo incompleto

( ) Curso técnico completo ( ) Pés-graduacéo completo

Com que frequéncia vocé consulta seu médico? 3 meses ( ) 6 meses ( ) anualmente ( )

Raramente ( )

Necessitou de internagéo hospitalar no ultimo ano? () N&o ( ) Sim, qual motivo:
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Excelente ( yBom ( )Regular( )Ruim () Ndosabe( )

Assinale um X se tem algum dos problemas de saude listados abaixo:
( ) Diabetes.

Usa medicamento ( )Sim ( )N&o, esta controlado? ( )Sim ( ) Ndo ( ) mais ou menos

( ) Presséo Alta.

Faz ou ja fez tratamento: (  )Sim () N&o, esta controlado? ( )Sim ( ) N&o ( ) mais ou menos

( ) Problemas Cardiacos (incluindo infarto ou derrame)

Faz ou ja fez tratamento: ( )Sim ( )N&o, esta controlado? ( )Sim ( ) N&o ( ) mais ou menos

( ) Doencas Pulmonares (Asma, Bronquite, etc)
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Faz ou ja fez tratamento: (  )Sim ( )N&o, esta controlado? ( )Sim ( ) Ndo ( ) mais ou menos
( ) Colesterol Alto

Faz ou ja fez tratamento: (  )Sim ( )N&o, esta controlado? ( )Sim ( ) Ndo ( ) mais ou menos
( ) Triglicerideos alto

Faz ou ja fez tratamento: ( )Sim ( )Nao, esta controlado? ( )Sim ( ) Nao () mais ou menos

Outras?

Faz uso de algum medicamento? Qual?

Antecedentes familiares
Paternos: ( ) Obesidade ( )HAS ( )DM2 ( ) DCV ( )Cancer ( ) Outros:

Maternos: ( ) Obesidade ( ) HAS () DM2 ( )DCV ( )Céancer ( ) Outros:

Habitos de vida

Consumo de tabaco ( ) Sim ( ) Nao N° de cigarros: ( )dia ( )semana ( )més
Consumo de bebidas alcodlicas ( ) Sim ( ) Nao

Tipo de bebida mais frequentemente consumida: ( ) cerveja ( )destilada ( ) vinho
Quantidade: Lata(s)( ) Dose(s)( ) Garrafa(s)( )

Frequéncia: ( )dia ( )semana ( ) més

Atividade Fisica ( )Sim () Nao H& quanto tempo? Tipo: ( )
Musculagdo () Aerébio Tempo de cada sesséo: Frequéncias:
semana

Habitos de sono

A que horas normalmente vocé vai dormir durante a semana? : horas
Quanto tempo vocé leva para dormir a noite durante a semana? minutos.
A que horas normalmente vocé acorda durante a semana? : horas

Vocé acorda com auxilio de um despertador ou de alguém durante a semana? ( )sim ( )nao

A que horas normalmente vocé vai dormir nos dias livres (fins de semana ou folga)?

horas

Quanto tempo vocé leva para dormir a noite nos dias livres (fins de semana ou folga)?
minutos.

A que horas normalmente vocé acorda nos dias livres (fins de semana ou folga)? : horas
Vocé acorda com auxilio de um despertador ou de alguém nos dias livres (fins de semana/ folga)?

( )sim ( )néo
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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

Uso de medicamento para dormir ou antidepressivos? ( ) Sim ( ) Nao

Quais:

1) Freq: xDSMConsomeha ~ AMDose: gmg
2) Freq: xDSMConsomeha ~ AMDose: gmg
3) Freq: xDSMConsomeha ~ AMDose:  gmg
4) Freq: xDSMConsomehd__ AM Dose:_ gmg
5) Freq: xDSMConsomehd__ AM Dose:_ gmg

D: Diaria; S: Semanal; M: Mensal. A: Anos. M: Meses.

Historia dietética
Mudanca de habitos alimentares apds iniciar suas atividades profissionais neste turno de trabalho?
Sim( )Nao( )

( ) Come mais ( ) Tem menos fome
( ) Come menos ( ) Melhorou a qualidade
( ) Tem mais fome ( ) Piorou a qualidade

Na sua opinido foi para: Melhor ( ) Pior ( ) Indiferente ( )

Consome bebidas (alimento) com cafeina? ( ) Sim ( ) N&o

Tipo de bebida:

Café ( ) Chocolate () Refrigerante a base de cola () Energéticos ( ) Chas ( )

Frequencia: Dia( ) Semana ( ) Quantidade:

Avaliagao Antropométrica:
Apds mudar o trabalho para este turno, vocé:
( ) Ganhou peso Quantos? ( ) Perdeu peso Quantos?

( ) Manteve o peso

Data
Peso (kg)

Estatura (m)
IMC (kg/m?)
CC (cm)
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ESCALA DE SONOLENCIA DE EPWORTH

Para preenchimento da equipe executora: Cddigo do voluntario:

Qual a probabilidade de vocé “cochilar’ ou adormecer nas situagdes apresentadas a
seguir? Procure separar da condigdo de se sentir simplesmente cansado (a). Responda
pensando no seu modo de vida nas ultimas semanas. Mesmo que vocé nao tenha passado
por alguma dessas situagdes recentemente, tente avaliar como se portaria frente a elas.

Utilize a escala apresentada a seguir para escolher o numero mais apropriado para
cada situagao.

0 — Nenhuma chance de cochilar

1 — Pequena chance de cochilar

2 — Moderada chance de cochilar

3 — Alta chance de cochilar Sentado e lendo.

Sentado e lendo.

Vendo televisao.

Sentado em lugar publico sem atividades (sala de espera, cinema, teatro,

reuniao).

Como passageiro de carro, 6nibus, trem, andando uma hora sem parar.

Deitado para descansar a tarde, quando as circunstancias permitem.

Sentado e conversando com alguém.

Sentado calmamente, apos o almogo, sem alcool.

No carro parado por alguns minutos durante o transito.

Obrigado! Sua participacao € muito importante para nés!




