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RESUMO

Introducgao: O efeito do trabalho em turnos sobre o desempenho psicomotor e sua
interagdo com variaveis que conhecidamente deterioram o estado de alerta — como o
desalinhamento circadiano, o excesso de peso, obesidade e o cronotipo do individuo
— tem sido pouco explorado na literatura. Objetivo: Nosso objetivo foi avaliar a
influéncia da rotacao de turnos de trabalho no desempenho psicomotor do trabalhador
ao longo de um rodizio de turnos. Material e métodos: O estudo foi conduzido com
30 homens, os quais trabalhavam em uma empresa de mineragdo sob o regime de
rotacao de turnos de trabalho. As avaliacdes ocorreram ao longo de sete dias dentro
de um programa de rotagdo de turnos organizado em condi¢des de vida real da
seguinte maneira: dois dias de trabalho em turno matutino (D1 e D2), dois dias de
trabalho em turno vespertino (D3 e D4), 24-horas livres e dois dias de trabalho em
turnos noturnos (D6 e D7). O desempenho psicomotor foi avaliado pelo Teste de
Vigildncia Psicomotora (PVT). A actigrafia foi usada para determinar a duracdo de
sono, quantificar a estabilidade do Ritmo Atividade Repouso (IS- Interdaily Stability) e
sua fragmentacgao (IV-Intradaily Variability). O cronotipo foi determinado por meio do
questionario de Munich adaptado para trabalhadores em turnos (Munich Chronotype
Questionnaire-MCTQshift). Resultados: Encontramos um efeito significativo do dia
de turno de trabalho, indice de massa corporal (IMC), IS e IV nos lapsos de atencao
(p<0.001). Maiores numeros de lapsos ocorreram no D7 em relagcéo ao D1, D2, D3 e
D4 do programa de rotacdo de turnos. O grupo de participantes obesos apresentou
maior numero de lapsos de atencédo do que o grupo de eutréficos. A interacao entre
dia de trabalho e IS mostrou que individuos menos sincronizados apresentaram maior
numero de lapsos de atengcdo no D7 do que no D1. Para interagao entre dia de
trabalho e IV, os individuos mais fragmentados apresentaram um maior numero de
lapsos de atencdo no D7 do que no D6. Também encontramos resultados
significativos para interacdo entre cronotipo e o programa de rotacdo de turnos na
duracdo de sono, média do tempo de reacdo e numero de lapsos de atencao
(p<0.001). Em geral, os individuos matutinos foram os mais impactados em termos de
tempo de reacgao (antes e apds o trabalho) e niumero de lapsos ao longo do rodizio de
turnos. O cronotipo intermediario foi o menos impactado em termos de desempenho
psicomotor. Conclusdo: Concluimos que valores maiores de IMC, menor
sincronizagao e maior fragmentacdo do RAR influenciaram nos lapsos de atencéo ao
longo do rodizio de turnos. Em termos de desempenho psicomotor, o cronotipo
intermediario parece ser o melhor para a execucado do trabalho no programa de
rotagao de turnos.

Palavras-chave: Rotagdo de turnos. Performance psicomotora. Desalinhamento
circadiano. Cronotipo.



ABSTRACT

Background: The effect of shift work rotation on psychomotor perfomance and its
interaction with variables known to impair alertness - such as circadian misalignment,
overweight and obesity, and individual chronotype - has been little explored in the
literature. Objectives: We aimed to evaluate the influence of shift work rotation on
psychomotor performance throughout a complete shift rotation schedule. Methods:
The study was conducted with 30 males working rotating shifts from a mining company
under real life conditions. Individuals were evaluated over seven days in a shift
schedule carried out as follow: two days of day work (D1 e D2), two days of evening
work (D3 e D4), 24-hour free day and two days of night work (D6 e D7). Work
performance was evaluated by psychomotor vigilance task (PVT), and actigraphy was
used to measure the stability and fragmentation of rest-activity rhythm based on
intradaily variability (IV) and interdaily stability (IS) and to determine sleep duration.
The chronotype was determine using Munich Chronotype Questionnaire adapted for
shift workers (MCTQshirt). Results: We found a significant effect of the shift, body mass
index (BMI), IS and IV on lapses in attention. More lapses occurred on D7 than D1,
D2, D3 and D4 of the schedule shift. The obese group presented a higher number of
lapses in attention than eutrophic. The interaction between day and IS showed that
less synchronized individuals presented a higher number of lapses in attention on D7
than D1 and, for the interaction between day and IV, more fragmented individuals
presented a higher number of lapses in attention on D7 than D6. We found a significant
effect of the interaction between chronotype and work schedules on mean of reaction
time (MRT) in pre-and post work and number of lapses of attention (p<0.001). In
general, early types showed higher values of MRT-pre and post work, while late-type
workers presented a greater number of lapses of attention along the advancement of
the schedule. Intermediate-types were the least impaired in terms of psychomotor
performance. Conclusion: We conclude that higher BMI, lower synchronization and
higher fragmentation of the rest-activity pattern and chronotype influenced lapses in
attention throughout the shift rotation. In addiction, we conclude that higher values of
BMI, less synchronization and greater fragmentation of the RAR influenced the
attention lapses throughout the shift rotation. In terms of psychomotor performance,
the intermediate chronotype seems to be the best to work on rotation schedule.

Keywords: Shift rotation. Psychomotor performance. Misalignment circadian.
Chronotype.
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1 INTRODUGAO

Define-se trabalho em turnos qualquer horario de trabalho que se desvia dos
padrdes habituais de um pais (KUNST et al., 2015) e tem como principal caracteristica
as 24 horas continuas de operagédo programadas em diversas escalas de trabalho
(SIMOES, MARQUES e ROCHA, 2010) (ESQUIROL et al., 2011 & WAAGE et al.,
2012). Os programas de turnos s&o diversos e englobam turnos fixos e rodiziantes
(DALL'ORA et al., 2016) (MA et al., 2017), os quais podem ainda se diferenciar em
relagdo a diregdo e velocidade do deslocamento, horario de inicio e término dos
turnos, dias de folga, entre outros (SVETLANA, 2014) (SALLINEN; KECKLUND,
2018). Estima-se que ha 20% de trabalhadores em turnos em todo o mundo
(ALTERMAN et al., 2013), com destaque para os Estados Unidos da América (EUA),
cuja porcentagem chega a 28,7%, e Noruega, que apresenta um percentual de 34%
(KUNST et al., 2015). No Brasil, ainda ndo ha dados disponiveis sobre a prevaléncia
do trabalho em turnos, mas estima-se que o trabalho noturno cubra 15% de todas as
modalidades de trabalho (IBGE, 2016).

Estudos apontam para diversos prejuizos a saude decorrentes do trabalho em
turnos, tais como o aumento de peso corporal (MCHILL et al., 2014) e obesidade
(TAHERI et al., 2004) (COOK et al., 2017) (TSAl et.al., 2017) (GARAULET et al., 2017)
(COVASSIN et al., 2016) (MACAGNAN et al., 2012), a deterioragao do padrao de sono
(KECKLUND; AXELSSON, 2016) (HULSEGEE et al., 2018) (BASNER; DINGES,
2011) (SHORT et al., 2015) e o desalinhamento circadiano (JAMES et al., 2017) (FISK
et al., 2018). Evidéncias recentes demonstram ainda que o trabalho em turnos esta
associados a prejuizos no desempenho psicomotor, tais como a queda na atengao
(BASNER et al., 2017), perda de memoria (RAVEN et al., 2018), vagarosidade na
“tomada de decisao” (BROWN et al., 2012), prejuizos no humor (SCHWARZ et al.,
2018), problemas psiquicos, motores, sociais e familiares, além de absenteismo e
maior risco de acidentes (RAJARATNAM, 2011) (FERGUSON et al., 2012). Até o
momento ndo ha um consenso sobre qual programa de turnos teria um menor impacto
na saude e no desempenho psicomotor, e questdes referentes a melhor velocidade
para rotagdo dos turnos (rotagdes rapidas ou lentas), o melhor sentido da rotagao
(horério ou anti-horario) (SALLINEN; KECKLUND, 2018), tipo de turno e sequéncia
mais nociva ao desempenho (VEDAAAB et al., 2015) continuam sem respostas.



17

Alguns estudos apontam beneficios na saude e desempenho em programas
com rotagao rapida e em sentido horario (SALLINEN; KECKLUND, 2018). Outros
sugerem que os turnos matutinos e noturnos seriam piores do que os vespertinos
(KANTERMANN et al.,, 2010), por gerar efeitos deletérios sobre a performance
psicomotora do trabalhador (FOLKARD; LOMBARDI, 2006) (KEITH et al., 2017)
(REINKE, 2015) (ORIYAMA; MIYAKOSHI, 2018) e por aumentar a chance de
sonoléncia e fadiga (MA et al., 2017) (BASNER et al., 2017), o que retarda o tempo
de reacao e predispde o desenvolvimento de lapsos de atengdo (NARCISO et al.,
2016).

O efeito isolado do trabalho em turnos sobre a vigilancia psicomotora e sua
interagdo com variaveis que conhecidamente deterioram o estado de alerta — como a
obesidade (TSAI et al., 2017) e o cronotipo do individuo (MARTIN et al., 2015) — tem
sido pouco explorado na literatura. Sabe-se que individuos obesos tendem a
apresentar valores de tempo de reagdo mais vagarosos e um maior numero de lapsos
de atengcdo ao longo do rodizio. Em relagdo ao cronotipo - definido como
manifestagcdes comportamentais do sistema circadiano enddégeno que governa a
preferéncia em relagdo a horario de dormir e acordar (ROENEBERG et al., 2003)
(BARCLAY; MYACHYKOV, 2017) e assim os agrupa em individuos matutinos que
consideram facil levantar de manha, apresentam um melhor desempenho neste
momento e adormecem facilmente durante o inicio da noite; em vespertinos, que
relatam dificuldade para levantar cedo, tém como pico de suas atividades a noite e
vao para a cama tarde; em intermediarios, cujas preferéncias variam entre o matutino
e o vespertino (BARCLAY; MYACHYKOV, 2017) (TAILLARD et al., 2011). Acredita-
se que os intermediarios tendem a apresentar uma melhor performance psicomotora
em programas com rodizio de turnos. Porém, diante da diversidade dos programas,
0s quais impactam diretamente na performance psicomotora, é necessario cautela e
mais estudos para tais afirmacdes (MARTIN et al., 2015) (SCHIMIDT et al., 2012)
(REINK et al., 2015).

Os trabalhadores em turnos rodiziantes apresentam grande alteracdo nos
horarios de dormir, trabalhar e se alimentar ao longo de um periodo de rodizio
completo. Nesse sentido, é razoavel supor que o desalinhamento circadiano imposto
por essa dindmica laboral leva a um pior desempenho no trabalho. Este estudo teve
como objetivo avaliar a influéncia de um rodizio completo de turno rotativo sobre o

desempenho psicomotor de trabalhadores do sexo masculino. Constitui-se como
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objetivo adicional da pesquisa o entendimento de como o desalinhamento circadiano,
a duracao do sono e determinadas caracteristicas do trabalhador — como seu estado
nutricional e cronotipo — podem influenciar o desempenho psicomotor dos mesmos.
Nossa hipotese € que individuos com valores menores de sincronizagao e maiores de
fragmentagao do padrao do ritmo atividade-repouso, com peso corporal excessivo e
com cronotipos desajustados com os horarios de trabalho podem apresentar maior
numero de lapsos de atengao e maior tempo de reagéo ao longo da rotagéo dos turnos
de trabalho.

1.1 Consideragoes iniciais

Essa tese esta estruturada no formato alternativo estabelecido pelo Programa
de Pés-Graduacdo e Pesquisa em Ciéncias da Saude da Universidade Federal de
Uberlandia. Inicialmente foi apresentada uma fundamentacéao teérica como forma de
revisdo da literatura sobre os temas abordados na tese. Em seguida, foram
apresentados dois manuscritos, os quais englobam os resultados encontrados nessa
pesquisa. Dessa maneira, a tese esta organizada nas seguintes segodes: 1. Introdugao;
2. Fundamentagcdo Tedrica; 3. Objetivos; 4. Artigo 1: Shift rotation, circadian
misalignment and excessive body weight influence psychomotor performance: a
prospective and observational study under real life conditions, submetido no periddico
Scientific Reports (ANEXO D); 5. Artigo 2: Effects of chronotype on psychomotor
performance throughout a complete shift rotation schedule: a prospective study in a

real-life condition, a ser submetido no periédico Journal of Biological Rhythms.
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2 FUNDAMENTAGAO TEORICA

2.1 Trabalho em Turnos

2.1.1 Definicao

O trabalho em turnos tem sido definido como qualquer horario de trabalho que
se desvia dos padrdes habituais de um pais especifico (KUNST et al., 2015) e tem
como principal caracteristica as 24 horas continuas de operagao programadas dentro
de uma variedade de horarios que englobam turnos fixos e rodiziantes,
desempenhados por trabalhadores agrupados em varias equipes (SIMOES,
MARQUES e ROCHA, 2010) (ESQUIROL et al., 2011). Essa modalidade laboral
surgiu diante da necessidade da produgdo de bens e/ou servigos continuos
(VEDAAAB et al., 2015), como os servigos nas areas da saude, seguranga, transporte
e diversas industrias como a de energia elétrica. Nesses setores, o trabalho em turnos
€ considerado um regime regular (DALL'ORA et al., 2016).

Na maioria dos casos, as empresas que adotam programas de trabalho em
turnos objetivam o aumento de sua produtividade e otimizacdo de seus recursos,
como, por exemplo, a diminui¢gao da inatividade de maquinas extremamente onerosas.
Paralelo a isso, os consumidores também se beneficiam ao terem servigos constantes
e produtos mais baratos (FERGUSON et al., 2012). Dessa maneira, é possivel
entender o crescente aumento desse tipo de trabalho em todo o0 mundo e também o
aumento das discussodes referentes ao seu impacto na sociedade. Na Europa, por
exemplo, ha grandes discussdes frente a regulagcédo do trabalho em turnos e muitas
empresas optam por longas horas de turnos (12h-16h), a fim de diminuir salarios e
custos sociais, justificados por uma alta concorréncia. A grande questao é que a
maioria das legislagcbes trabalhistas no mundo todo apresenta fragilidades ao
regulamentar esse tipo de trabalho, haja vista a diversidade dos programas de turnos
(AKERSTEDT AND WRIGHT JR, 2009).

2.1.2 Tipos de escalas

Atualmente as companhias que adotam o trabalho em turnos possuem escalas

bastante variadas e os principais programas englobam os turnos fixos e/ou turnos
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rodiziantes (WAAGE et al.,, 2012). Nos turnos fixos, também chamados de
permanentes, o trabalhador tem um horario determinado de inicio e término, com
possibilidade de ser diurno, vespertino ou noturno (MA et al., 2017). Nos turnos
alternados ou rodiziantes ocorre o rodizio entre esses periodos, assim o0s
trabalhadores executam suas fungdes em diversas escalas (KNAUTH,1996). Os
programas de rodizio adotados pelas empresas séo geralmente determinados diante
de suas préprias necessidades (SIMOES, MARQUES e ROCHA, 2010). As escalas
de trabalho se diferem ainda em relacdo a direcdo e velocidade do deslocamento,
horario de inicio dos turnos, duragéo do turno, quantidade de dias de folga, numero
de turnos consecutivos e o momento da mudanca de turnos (SVETLANA, 2010)
(SALLINEN; KECKLUND, 2018), sendo todos esses fatores decisivos para melhor
adaptagao do trabalhador a esse esquema organizacional.

Em relacdo a diregdo da rotacdo dos turnos de trabalhadores rodiziantes, o
deslocamento pode ocorrer no sentido horario (com inicio do trabalho de manha,
evoluindo para tarde e noite, por exemplo) ou anti-horario (“para tras”, por exemplo:
dia, noite, tarde). No que se refere a velocidade a qual os horarios de trabalho séo
alterados, pode acontecer de maneira rapida (por exemplo, dois dias em cada tipo de
turno) ou lento (até 6 dias em cada tipo de turno) (KANTERMANN et al., 2014).

Até o momento ndo ha ainda um consenso sobre qual programa de turnos teria
menor impacto na saude dos trabalhadores, qual seria a melhor velocidade para
rotacdo dos turnos (rotagdes rapidas ou lentas) ou o melhor sentido da rotagéo
(horario ou anti-horario). No entanto, alguns autores constataram que a rotagao rapida
e em sentido horario provocaria menores efeitos adversos sobre a (SALLINEN;
KECKLUND, 2018). Ja a rotagdo em sentido anti-horario foi associada a uma pior
qualidade e duragcédo de sono e a queda no desempenho psicomotor no trabalho. A
rotagao lenta, por sua vez, € capaz de provocar um impacto negativo na vida social e
familiar do trabalhador (SHIFFER et al., 2018). Outros estudos destacam o tipo de
turno (turno matutino, vespertino ou noturno) como o fator mais impactante na saude
do trabalhador (TUCKER et al., 2000).

Diante de todas as informagdes expostas acima, € necessario estudar o
impacto dos programas de turnos sobre o individuo, de acordo com as fungbes
exercidas e a rotina do local de trabalho, situagdes essas que podem variar em
diferentes localidades. Pesquisas mostram que os programas em turnos nao sao

igualmente deletérios e que determinados ajustes sao possiveis ao elaborar o
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programa de turnos adotado (KNAUTH, 1996) (SALLINEN; KECKLUND, 2018). Isso
destaca a importancia de pesquisas que abrangem os diversos tipos de programas de
trabalho em turnos existentes, com o objetivo de identificar acées que minimizam o
impacto do rodizio entre turnos na vida social, familiar, aspectos de saude,
desempenho de atividades e, consequentemente, nos acidentes de trabalho
(SAKSVIK, 2011).

2.1.3 Prevaléncia

Atualmente estima-se que o trabalho em turnos atinja mais de 20% entre
trabalhadores em todo o mundo (ALTERMAN et al., 2013). Dados relacionados a
populagao norte-americana e europeia mostram um percentual em torno de 15 a 30%,
respectivamente (BOUDREAU, DUMONT, BOIVIN, 2013). Outras estimativas
apontam que a porcentagem ja chega em 28,7% nos Estados Unidos (KUNST et al.,
2015) e 34% na Noruega (KUNST et al., 2015), seguindo o padrao dos paises
europeus.

Estimativas recentes do Brasil apontam que o trabalho noturno represente
aproximadamente 15% de todos os trabalhadores (IBGE, 2016). Embora seja notoria
a expressividade do trabalho em turnos no pais, ainda ndo ha dados disponiveis para

trabalhadores em turnos rodiziantes.

2.2 Cronobiologia

Cronobiologia é uma palavra de origem grega derivada de trés palavras: kronos
-tempo, bios - vida e logos - estudo. Definida como a ciéncia que estuda o tempo, teve
sua primeira descoberta descrita no século XVIlII com Linnaeus (GARAULET;
GOMEZ-ABELLAN, 2013), o qual projetou um belo "relégio floral" que representou as
horas do dia, dependendo do tempo que as flores abriam suas pétalas (HALKET,
1931). Haregistros de que o astrénomo Jean-Jacques Dortous de Mairan (1678-1771)
publicou anteriormente um artigo sugerindo a possivel existéncia de um mecanismo
marcador de tempo em uma planta (Mimosa pudica) e que essas seriam as primeiras
tentativas de ler os “tempos” dos organismos vivos (MENNA-BARRETO; MARQUES,
2002).
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A cronobiologia € um campo cientifico que estuda as caracteristicas temporais
da matéria-viva em todos os seus niveis de organizagdo (GARAULET; GOMEZ-
ABELLAN, 2013). As flutuagdes de um sistema bioldgico fazem parte da esséncia da
cronobiologia, que busca a compreenséo dos organismos e suas interagdes com meio
onde vivem sob o ponto de vista temporal (MENNA-BARRETO; MARQUES, 1999).

Os aspectos que justificam o estudo do funcionamento dos seres vivos do ponto
de vista temporal € o carater dindamico dos fendmenos vitais e a demonstragao da
existéncia de mecanismos internos produtores de tempo, os chamados “relégios
biologicos”. Hoje ja se sabe que as oscilagbes em nossos organismos sdo mediadas
por um Sistema de Temporizacdo Circadiana (STC) (MENNA-BARRETO; WEY,
2007). Assim, diferentes organismos ajustam temporalmente seu comportamento e
metabolismo através de ritmos biolégicos. Esse tempo adequado de eventos
moleculares e celulares é fundamental para o seu desenvolvimento e saude (WEBB,;
OATES, 2016).

2.2.3 Ritmos biolégicos

Os ritmos bioldgicos sdo uma sequéncia de eventos que se repetem na mesma
ordem e nos mesmos intervalos (MINORS; WATERHOUSE, 1981). Em todos os
niveis de organizacdo dos seres vivos ha fendmenos ritmicos, os quais ocorrem
predominantemente em nivel celular. Novos exemplos de ritmos biologicos continuam
a ser descobertos juntamente com redes oscilatérias baseadas na regulagao génica,
fato que comprova que o comportamento ritmico € algo extremamente frequente nos
sistemas bioldgicos e esta relacionado com os processos de feedback, que controlam
a dindmica das funcoes fisiolégicas (GOLDBETER, 2017). Algumas caracteristicas
sao importantes para avaliar a expressao dos variados tipos de ritmos biolégicos
como: o periodo (T) em que ocorrem, a frequéncia (f), o nivel médio ou mesor (M), a
amplitude (A), afase (9), o zénite (z) ou acrofase (O) e o nadir (n) ou batifase (MENNA-
BARRETO; MARQUES, 2007). Tais avaliagdes permitem elucidar os principais papéis
dos ritmos bioldgicos no controle das funcgdes fisiolégicas e, consequentemente,
evidenciar as doencas associadas as alteragdes nesses ritmos (GOLDBETER, 2017).

Com base nisso, os ritmos bioldgicos podem ser classificados em relagao a
frequéncia (f) com que ocorrem: 1. circadianos - aqueles cuja frequéncia esta proxima

de um dia (periodo entre> 20 e <28 h), como o ciclo sono-vigilia; 2. ultradianos - ritmos
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quem tém frequéncia maior que um ciclo por dia (menos de 20 h), como por exemplo
a respiragcao e os batimentos cardiacos; 3. infradianos - aqueles cuja frequéncia é
menor que um ciclo por dia (periodo superior a 28 hrs), como o ciclo menstrual em
humanos (GARAULET; GOMEZ-ABELLAN, 2013).

Varias fungbes organicas possuem oscilagdes que se repetem regularmente
num periodo de 24 horas, apresentando assim ritmicidade circadiana (BACK, 2007).
Esse periodo das 24 horas (dia) € determinado por periodos de luz e escuridao (ciclo
claro-escuro), criados pela rotagdo do nosso planeta enquanto ele orbita o sol. Assim,
a luz é o principal sincronizador do STC (WEBB; OATES, 2016). Os componentes
desse sistema podem ser divididos em “reldgio central” e “relégios periféricos”, o
primeiro baseia-se no Nucleo Supra Quiasmatico (NSQ), localizado na regido do
hipotdlamo, enquanto que os reldgios periféricos estao presentes em diversos tecidos
do organismo (BARON; REID, 2014).

O NSQ é composto por aproximadamente 20.000 neurénios que formam uma
rede circadiana altamente unificada e capaz de, a partir da entrada de luz da retina,
sincronizar o tempo do relégio interno ao dia. Esse sinal funciona como pistas
temporais para os chamados relégios periféricos, localizados nos tecidos, e determina
toda arquitetura molecular para a geragdo e sustentacdo dos ritmos circadianos
através de vias enddcrinas e sistémicas (PARTCH; GREEN; TAKAHASHI, 2014).

Recentemente foram descritos alguns genes relacionados a expressao das
caracteristicas celulares, relacionadas a ritmicidade circadiana, os chamados genes
circadianos ou genes do relégio. Os principais sdo: CLOCK, CRY, PER, BMAL,; esses
parecem regular a produgao de proteinas com fungdes no sistema de temporizagao
(PARTCH; GREEN; TAKAHASHI, 2014). Assim, o0s eventos bioquimicos e
neuroenddcrinos controlados por esses genes sdo mantidos em sincronia pelo NSQ,
o qual orquestra as oscilagdes de fungdes metabdlicas e fisioldgicas especificas dos
tecidos, como o apetite, a secrecao de glicocorticoides, o controle da temperatura
corporal, estado metabdlico e sono (YAMAKAWA et al., 2016). Para que a rede
circadiana funcione é necessario que informacgdes temporais sejam inseridas em todo
esse processo € modulem a fase, amplitude e periodo do relégio molecular
(JAGANNATH et al., 2017).

A luz é o principal sincronizador circadiano que sinaliza para que o ciclo claro-
escuro determine o amanhecer e o anoitecer ao longo das 24 horas (BARON; REID,
2014). E o principal zeitgeber do corpo, expressao que em alemao significa "doadores
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de tempo" e que diz respeito a sincronizadores. Ja se sabe que outros zeitgebers
apresentam grande importancia na sincronizagdo circadiana, como a melatonina
enddégena e as atividades fisicas e sociais. As pistas temporais geradas por esses
zeitgeibers sao altamente importantes, haja vista que s&o os fatores que modulam a
expressao dos ritmos circadianos (HUSSE; EICHELE; OSTER, 2015).

A rotacdo da Terra em torno de seu eixo resulta em mudancgas periddicas nas
fases de luz e escuro no meio ambiente, as quais permitem que os organismos
alinhem seus ritmos de atividade-repouso para tempos especificos do dia e da noite
(LE GATES et al., 2014). Assim, o ciclo claro-escuro € um dos principais agentes de
arrastamento do ritmo central, ja que a luz no periodo da manh& avanga (move-se
mais cedo), enquanto a luz ao entardecer atrasa (mover-se-a mais tarde) o ritmo
circadiano (BARON; REID, 2014). Além disso, outros sincronizadores s&o capazes de
influenciar a ritmicidade circadiana de varios tecidos periféricos, como, por exemplo,
o tempo de ingestdo de um alimento, o que pode redefinir o relégio periférico presente
no figado e, assim, o metabolismo hepatico. A coordenagao entre os ritmos centrais
e periféricos nao é totalmente compreendida e € um desafio para os pesquisadores
identificar as rotas de sinalizagdo que garantam que todos os ritmos sejam
devidamente coordenados (HUSSE; EICHELE; OSTER. 2015). O alinhamento
adequado entre luz, NSC e os sincronizadores periféricos produzem uma ordem
temporal nos organismos, que € essencial para a sobrevivéncia (LE GATES et al.,
2014).

Como elucidado anteriormente, ha um grande numero de fenbémenos
fisiolégicos nos seres humanos que apresentam ritmicidade circadiana, como o sono
e a vigilia, a temperatura corporal, secre¢cao de alguns hormdnios-melatonina, os
quais sao de extrema importancia para homeostasia dos organismos. O ciclo sono-

vigilia e o ritmo atividade-repouso serdo elucidados a seguir.

2.2.3.1 Ciclo sono-vigilia

O ciclo sono-vigilia € um dos mais importantes e conhecidos exemplos de
ritmos bioldgicos. A luz, o NSQ e sono podem interagir diretamente para permitir que
os organismos se adaptem aos seus ambientes (LE GATES et al., 2014). O controle
do ciclo sono-vigilia é feito por mecanismos excitatorios ou inibitérios que modulam

nao apenas a presenga de vigilia ou de sono, mas também os niveis de excitagdo



25

dentro desses estados, incluindo a profundidade do sono, o grau de vigilancia e a
atividade motora (VYAZOVSKIY; DELOGU, 2014). Acredita-se que os mecanismos
envolvidos no ciclo sono-vigilia incluam processos homeostaticos e circadianos
(denominados processos S e C, respectivamente), os quais tém como objetivo
promover a vigilia durante o dia e sono durante a noite (FISK et al., 2018).

Por meio de estimulos neuroendécrinos e com a participacdo de
neurotransmissores como acetilcolina, serotonina, gaba, entre outros, o NSQ estimula
regides cerebrais responsaveis pela vigilia, sono ndo-REM (movimento ndo rapido dos
olhos) e sono REM (movimento rapido dos olhos) (BROWN et al., 2012). Essas
diferenciagcdes de fases sdo possiveis gragas as mudangas periddicas nas ondas
cerebrais e, consequentemente, nas atividades cerebrais especificas mensuradas
pelo eletroencefalograma (EEG) (VYAZOVSKIY; DELOGU, 2014). O EEG,
juntamente com o eletromiograma (EMG), sdo capazes de quantificar os
comportamentos cerebrais e musculares relacionados a vigilia, sono-REM (Rapid
Eyes Moviment) e sono—~NREM (Non Rapid Eyes Moviment). Durante a vigilia, o EEG
exibe atividade de alta frequéncia e baixa amplitude - “EEG dessincronizado” e o EMG
mostra ténus muscular alto. No sono NREM, o EEG é dominado por alta amplitude,
baixa frequéncia (0.5—4.5Hz), ou seja, “EEG sincronizado” com fusos do sono. O sono
REM apresenta caracteristica que o assemelha a vigilia ou “ EEG dessincronizado”;
porém, o EMG mostra uma paralisia completa de musculos posturais (WEBER; DAN,
2016).

O periodo de vigilia tende a gradualmente se acumular e, posteriormente, se
dissipar durante o sono. Este processo parece estar relacionado com o sono NREM,
sono de ondas lentas, que se caracteriza por uma ocorréncia regular de oscilagdes
corticais lentas, locais e globais. O sono NREM ¢é considerado o estagio de transi¢ao
da vigilia para o sono REM (VYAZOVSKIY; DELOGU, 2014). O sono REM, também
chamado de "sono ativo" ou "sono paradoxal”, foi inicialmente identificado com base
nos movimentos rapidos produzidos por explosdo de musculos oculomotores. E
caracterizado por uma supressao ativa da atividade muscular esquelética, ativagao
autondmica da respiragao, flutuagcdes na temperatura do cérebro e corpo, entre outros
(PEEVER; FULLER, 2017). A interrupcao do sono interfere nas fungbes do sono
NREM e REM, resultando em rupturas da fungao respiratéria e cardiovascular,
mudangas no estado emocional e prejuizos cognitivos na atengdo, memoria e tomada
de decisao (BROWN et al., 2012).
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2.2.3.2 Ciclo atividade-repouso

Um ritmo biolégico de extrema importéncia € o ciclo atividade-repouso (RAR),
o qual também apresenta padrdes circadianos (LUIK et al., 2013). O RAR vem sendo
utilizado na mensuracao de constituintes individuais que auxiliam na determinacéo de
caracteristicas relacionadas aos periodos de repouso, aos periodos ativos e também
como um indicador da organizagao circadiana do ciclo sono-vigilia. Com isso, através
da analise do RAR é possivel determinar o numero de minutos sedentarios por dia ou
0 numero de minutos acordados a noite (SMAGULA, 2017).

A actigrafia ou actimetria € um instrumento validado e utilizado para mensurar
as variaveis desse ritmo, seu uso vem sendo de grande valia para medir a atividade
motora ao longo de 24 horas do dia (KRANE-GARTISER, 2017). Com o uso da
actimetria e de métodos ndo paramétricos é possivel quantificar a estabilidade do
RAR, sua fragmentagdo e amplitude (GONCALVES et al., 2015). Nesse sentido,
acredita-se que o estudo de Van Someren et al. (1996) tenha sido o primeiro a
implementar uma abordagem para avaliar o RAR por meio de variaveis nao-
paramétricas, com base no nivel e variabilidade encontrados em gravagdes de séries
temporais do RAR. As medidas resultantes incluem: Variabilidade Intra-diario (IV-
Intraday Variability), definida como a relagéo entre a variabilidade de atividade hora a
hora e a variabilidade global da atividade; Estabilidade Inter-diario (IS-Interdaily
Stability), definida como a razao da variabilidade entre a média tragada para o perfil
de atividade dentro daquele horario e variabilidade global da atividade (VAN
SOMEREN et al., 1996).

A relagcao entre o STC e as variaveis nao paramétricas do RAR é baseada no
fato de que a sincronizagao dos ritmos com o mundo externo é medida pelo IS, que
esta relacionado com os estimulos neurais dos sincronizadores do ciclo claro-escuro.
A degeneracao desse oscilador afeta principalmente a fragmentacao do ritmo, medido
por 1V, e sua amplitude de saida — o Amp. Quando a sincronizagdo enfraquece, ha
uma reducao na atividade motora medida por M10 (periodo de dez horas mais ativo).
Isso € acompanhado por um aumento nos valores de L5 (periodo de cinco horas
menos ativo), o qual reflete a atividade durante o descanso e a reducao da atividade
motora, o que causa uma diminuicdo no valor M10 (periodo de dez horas mais ativo).
Essas variaveis apresentam um elo com o funcionamento neurocomportamental, ja

que a sincronizagcdo do RAR com o ciclo claro-escuro esta associada a melhorias no
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humor e memoéria. Ja a fragmentacdo do RAR esta associada a deficiéncia em
cogni¢cdo, memoria, eficiéncia do sono e sincronizagdo com o ciclo claro-escuro
(GONCALVES et al., 2015) (LIUK, 2013).

2.3 Cronotipo

O homo sapiens é uma espécie diurna adaptada para exercer suas atividades
na fase clara do ciclo claro/escuro e repousar na fase escura. O desenvolvimento de
nosso sistema visual e a dependéncia da informacao luminosa caracterizam o ser
humano como espécie diurna. O periodo principal de sono nessa espécie situa-se na
fase escura, embora possam ocorrer outros momentos de repouso ao longo do dia
(MARTINEZ, LENZ e MENNA-BARRETO, 2008).

O padréo diurno do ciclo sono-vigilia dos seres humanos apresenta diferengas
entre individuos em relacdo ao melhor horario para a realizacido das atividades. Nesse
sentido, existem pessoas que preferem realizar atividades pela manha, outros pela
tarde ou ainda pela noite. Essa variabilidade também esta presente na preferéncia
para o momento de dormir (TAILLARD et al., 2011). Dentro desse contexto, o
cronotipo é definido como as manifestacbées comportamentais do sistema circadiano
enddégeno que governa a predilecdo em relagdo ao tempo preferido de dormir e
acordar (BARCLAY; MYACHYKOV, 2017).

A maioria dos individuos (60%) é classificada como cronotipo intermediario, ou
seja, suas preferéncias podem variar entre cronotipo matutino e cronotipo vespertino.
Os tipos matutinos, chamados de “cotovias”, acham facil levantar de manha,
“funcionam” melhor neste momento e adormecem facilmente durante o inicio da noite.
Os tipos vespertinos, por outro lado, chamados de “corujas”, relatam dificuldade de
levantar cedo, tém como pico de suas atividades a noite e vao para a cama tarde,
muitas vezes nas primeiras horas da manha (BARCLAY; MYACHYKOQV, 2017). Os
tipos matutinos e vespertinos se diferem em relagdo a fase enddégena do ritmo
circadiano, as regulacées homeostaticas do sono e a resposta frente a fragmentacéao
e privacao do sono (TAILLARD et al., 2011).

O cronotipo nao é uniforme ao longo da vida, sendo mais tardio durante o inicio
da idade adulta e mais matutino durante a infancia e entre idosos. Essa variavel
também parece ser influenciada pelo género, ja que os homens tendem a ser
cronotipos posteriores aos das mulheres (ROENNEBERG; MERROW, 2003). E
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importante ainda enfatizar que os fatores determinantes do cronotipo de um individuo
sd0 complexos e n3o estdo totalmente elucidados (NOVAKOVA; SLADEK; SUMOVA,
2013). Acredita-se que tais caracteristicas sédo resultantes do funcionamento do STC
herdadas geneticamente, mas que sofrem adaptagdes as condigdes ambientais
(PEREIRA et al., 2009). O mecanismo relacionado a essas possiveis adaptagdes
ainda nzo foi totalmente compreendido (NOVAKOVA; SLADEK; SUMOVA, 2013).
Nesse sentido, estudos moleculares atuais, com genes que supostamente estdo
relacionados com a expressdo de cronotipo, esclareceram apenas a arquitetura
genética e a contribuicdo para a expressao do cronotipo, mas a variagado genética
permanece incerta e com poucas variantes identificadas. Estima-se que os fatores
genéticos explicam uma proporgao de até 50% da variabilidade populacional frente ao
cronotipo (KALMBACH et al., 2017).

A luz ambiental e os estagios de desenvolvimento humano também possuem
uma influéncia na determinagéo do cronotipo (HITTLE; GILLESPIE, 2018). Foi ainda
sugerido que as diferengas entre os cronotipos surgem das diferengas em relagao ao
tempo de seus ritmos circadianos endégenos que regulam as variagdes diarias em
varios processos bioldgicos e comportamentais, como a temperatura central, os ritmos
de melatonina e o tempo de sono. Esta nocéo foi apoiada pelo achado de diferentes
angulos de fase de arrastamento entre os tipos matutinos e vespertinos (LACK et al.,
2009).

Os cronotipos comecaram a ser avaliados primeiramente por questionarios
projetados para classificar os individuos com tendéncias para matutinidade ou
vespertinidade. Um dos mais conhecidos é o questionario de Horne JA, Ostberg O,
publicado em 1976 e que engloba questdes subijetivas, relacionando sono e tempos
de atividade. Com o intuito de entender melhor a base genética da organizacao
temporal em humanos, Roenenberg e colaboradores (2003) desenvolveram um
questionario que relaciona os tempos de sono dentro de um periodo de 24 horas, a
exposicao autorreferida a luz e considera os dias de trabalho e os dias livres
separadamente. O questionario conta com perguntas simples (Anexo B) e tem a
duragdo de sono como o principal indicador para determinar o cronotipo
(ROENNEBERG; WIRZ-JUSTICE; MERROW, 2003) (JUDA; VETTER;
ROENNEBERG, 2013).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Horne%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=1027738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ostberg%20O%5BAuthor%5D&cauthor=true&cauthor_uid=1027738
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2.4 Desalinhamento circadiano

O desalinhamento circadiano € a alteragao da sincronia entre o ritmo central
(NSQ) e a luz, ou seja, ha uma dessincronizagao entre o ciclo claro-escuro e STC
realizado pelos sincronizadores centrais (NSQ) e os periféricos (BARON; REID, 2014).
Como mencionado anteriormente, a luz € um dos principais fatores de arrastamento
de ritmos, podendo avanga-los ou atrasa-los (BARON; REID, 2014). Junto com isso,
a expressao inadequada de varios outros sincronizadores como os horarios das
refeigdes, atividades fisicas e sociais sdo capazes de gerar “pistas” desalinhadas com
o ciclo claro-escuro, sono-vigilia, atividade-repouso, provocando uma
dessincronizagao com os varios tecidos periféricos relacionados com o funcionamento
do organismo. O resultado é um desalinhamento na ordem temporal, essencial para
harmonia de todo esse processo feito pelo NSQ e que mantém todos os osciladores
em sincronia (GAMBLE; YOUNG, 2014) (LE GATES et al., 2014).

A mensuracao do desalinhamento circadiano € um fenédmeno complexo que
envolve inumeras diferencgas interindividuais (VAN DRONGELEN, 2011). Atualmente
tem-se quantificado o desalinhamento circadiano por meio das variaveis previamente
descritas do RAR, como IS e IV (LUIK et al., 2013).

2.4.1 Relagao entre trabalho em turnos e o desalinhamento circadiano

Ja é bem descrito na literatura que o trabalho em turnos é capaz de provocar o
desalinhamento circadiano, impactado por sincronizadores externos - como o padrao
diurno de exposi¢cao a luz - e pelo tempo de exposicdo a outros sincronizadores
(JAMES et al., 2017). Assim, o ajuste da fase dos ritmos circadianos endégenos €&
comprometido nos trabalhadores em turnos, o que leva a dessincronizagao entre o
reldgio circadiano e o ciclo do sono ou desalinhamento circadiano (WEST et al., 2017).

Sabe-se que trabalhadores em turnos podem apresentar niveis variados de
adaptacao frente a diversidade de alteracdes provocadas pelo desalinhamento
circadiano, mas nenhuma adaptacdo é suficientemente efetiva a ponto de néo
provocar interferéncia nas fungdes fisioldgicas reguladas pelo STC. Alguns individuos
podem intuitivamente adaptar seus comportamentos a favor do arrastamento
circadiano, enquanto outros, devido a caracteristicas relacionadas ao cronotipo,

responsabilidades domésticas e sociais, executam uma higiene do sono inapropriada
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ou inconsistente em relagdo a exposi¢cado claro-escuro (BOUDREAU, DUMONT,
BOIVIN, 2013).

2.5 Relagao entre excesso de peso, desalinhamento circadiano e trabalho em

turnos

Um estudo recente que analisou dados das capitais brasileiras mostrou que a
frequéncia de adultos com excesso de peso atingiu o percentual de 54%, com variagéo
entre as capitais de 46,9% a 65,8% dos entrevistados e com predominio nos homens,
57,3%. A frequéncia de adultos obesos foi de 18,9% e os valores variaram entre 15,0%
e 23,8%, sem diferenga entre os sexos (BRASIL, 2018). De acordo com a Organizagao
Mundial de Saude, IMC entre 25-30 kg/m? é considerado excesso de peso e IMC = 30
kg/m? é considerado obesidade (OMS, 2006).

Atualmente, a obesidade é considerada um sério problema de saude publica
com uma etiologia multifatorial. O desenvolvimento dessa doenga envolve
suscetibilidade genética, desordens metabdlicas, idade, sexo, dieta e fator
ocupacional (BRASIL, 2014). E considerada um fator de risco para outras doencas
como a hipertensdo arterial sistémica, diabetes melittus tipo 2 e dislipidemias
(BRASIL, 2014) (WHO, 2006). Evidéncias atuais apontam que o trabalho em turnos é
considerado fator de risco para o desenvolvimento de obesidade (CRISPIM et al.,
2007) (McHILL et al., 2014) (TAHERI et al., 2004) (COOK et al., 2017) (TSAI et al.,
2017) (GARAULET et al., 2017) (COVASSIN et al., 2016).

Um estudo de Macagnan et al. (2012) encontrou que 42,2% dos trabalhadores
noturnos eram obesos, contra 34,3% dos diurnos. Em relagao a obesidade abdominal,
os autores encontraram que 24,9% dos trabalhadores noturnos apresentavam
circunferéncia abdominal acima dos parametros de normalidade (< 102 cm para
homens e < 88cm para mulheres) e, entre diurnos, a porcentagem foi de 19,5%
(MACAGNAN et al., 2012). Em concordancia com os dados acima, outra pesquisa
com italianos mostrou que trabalhadores em turnos apresentaram maior prevaléncia
de obesidade do que o contingente de diurnos (BARDORO et al., 2013). Sun et al.,
(2017) publicaram uma meta-analise com base na andlise de 28 estudos e
confirmaram os riscos do trabalho em turnos para o desenvolvimento de sobrepeso e
obesidade. Nessa pesquisa, cabe destacar que os trabalhadores em turnos noturnos

permanente demonstraram um risco 29% maior do que os trabalhadores em turnos



31

rodiziantes, tendo como principal fator a modificagado dos horarios de trabalho (Sun et
al., 2017). Grundy et al. (2017) também encontraram que trabalhadores em turnos
rodiziantes apresentaram um risco de 34% para obesidade, estudo feito no Canada.

Acredita-se que a principal explicagao para a relagao entre trabalho em turnos
e obesidade seja o desalinhamento circadiano provocado por aquele, o qual tem sido
associado ao aumento global da prevaléncia de obesidade e de doengas metabdlicas,
tendo em vista que leva ao aumento da exposicao a luz durante a noite, fato capaz de
interferir na homeostasia do STC (SKENE et al., 2018) (FONKEN et al., 2010).

O mecanismo por tras dessa relacdo € imensamente complexo, com varios
ciclos de retroalimentagdo interligados entre sincronizadores central (NSQ) e
periféricos (reldgio dos tecidos), genes e proteinas metabdlicas. A luz regula a fase
do mecanismo molecular no NSQ, enquanto que os sinais hormonais (por exemplo,
insulina e glicocorticoides) e os comportamentos de alimentagéo e jejum alteram os
niveis de glicose e, por sua vez, impactam na fase dos reldgios periféricos. Envolvidos
em todo esse processo estdo os niveis de insulina, o funcionamento hepatico e o
metabolismo do glicogénio, acidos graxos e triglicerideos (JAGANNATH et al., 2017).

As consequéncias do desalinhamento circadiano provocado pelo trabalho em
turnos sob o ganho de peso sao bastantes variadas, porque envolvem alteragdes na
resposta imunologica e metabdlica, na expressao da melatonina, no ciclo celular, nos
padrdes de sono, na ingestao alimentar e em outros processos fisioldgicos totalmente
interligados ao ganho de peso, risco de sobrepeso e a intolerancia a glicose
(SZTRAMKO et al., 2014) (PROPER et al., 2016).

A constancia do desalinhamento provoca a diminuigédo de leptina, aumento de
glicose e insulina, aumento na média pressao arterial e uma reducao na eficiéncia do
sono, fatores ligados as desordens metabdlicas como diabetes tipo 2, hipertensao
arterial, dislipidemias, obesidade e sindrome metabdlica (JAMES et al., 2017). Além
disso, nos trabalhadores em turnos, os horarios comportamentais sao impostos, o que
torna necessario determinar os mecanismos subjacentes a esse desalinhamento
(SKENE et al., 2018).

Sabe-se que os hormobnios grelina e leptina regulam importantes variaveis
relacionados ao comportamento alimentar, como o tempo, o tamanho e os nutrientes
ingeridos em uma refeicdo (NGUYEN; WRIGHT, 2010) e que apresentam uma
desregulagao nos trabalhadores em turnos, capaz de provocar alteragées no peso e
no metabolismo (McHILL et al., 2014) (NGUYEN; WRIGHT, 2010). Um exemplo é o
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metabolismo da glicose e os avangos cronicos dos horarios das refei¢gdes, o que esta
relacionado a resisténcia a insulina, enquanto que os atrasos cronicos dos horarios
das refei¢cdes parecem elevar os niveis de glicose no sangue (YOON et al., 2012). A
longo prazo, essa situagao € capaz de propiciar o desenvolver de diabetes tipo 2,
obesidade e sindrome metabdlica, visto que essas doengas estdo interligadas
(McHILL et al., 2014) (JAMES et al., 2017).

Além do exposto acima, a alimentagdo dos trabalhadores em turnos, de
maneira geral, € caracterizada por uma ingestdo de alimentos de alto valor energético
e com alto teor de gorduras saturadas e agucar (BALIEIRO et al., 2014). Soma-se a
isso toda a problematica provocada pelo desalinhamento circadiano, como a privagao
do sono, o que contribui para o acumulo de gordura nos adipdcitos (REITER et al.,
2012) (PANA et al., 2011). O trabalho em turno impacta também na rotina alimentar
do trabalhador, inclusive mudangas de ordem comportamentais como o tabagismo,
alcoolismo e pratica de refeigbes irregulares, as quais podem exacerbar toda

problematica mostrada acima (GUO, 2015).

2.6 Desempenho psicomotor, acidentes de trabalho e trabalho em turnos

A manutencéo e o processamento de informagdes no ambiente de trabalho sédo
cruciais no processo de tomada de decisdes. Essas fungdes sao diretamente
reguladas pelo sistema nervoso, através de redes cerebrais independentes e ligadas
aos processos cognitivos humanos (MAREK, 2010). Um dos componentes centrais
dos processos cognitivos € a atengao, que pode ser estimulada por mecanismos
voluntarios ou involuntarios.

Acredita-se que trés redes cerebrais independentes estdo envolvidas com os
diferentes aspectos que envolvem a atencdo: a orientacdo, o alerta e o controle
executivo (POSNER, ROTHBART e VOELKER, 2016). Sabe-se que prejuizos nessas
variaveis podem elevar as chances de acidentes de trabalho, definidos como um
evento que ocorre de maneira ndo planejada e causa danos ou prejuizos ao
trabalhador. Esse tipo de acidente tem aumentado nas industrias e gerado
consequéncias indesejaveis. A Organizagao Internacional do Trabalho divulgou dados
com estimativas mundiais que a cada quinze segundos um trabalhador morre de
acidente de trabalho ou doenga relacionado ao trabalho e, ainda, a cada 15 segundos,
153 trabalhadores tém um acidente de trabalho (ASADY et al., 2018).
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Varios fatores sdo apontados por aumentarem a chance de acidentes de
trabalho. Segundo estudos, esses vao desde causas pessoais quanto ocupacionais,
sendo os principais: alcool, tabagismo, idade jovem, exceso de peso e trabalho por
turnos. Acredita-se que os disturbios de sono tenha relagcdo direta com o risco de
acidentes e incidentes no ambiente empresarial (Hagg, Torén, Lindberg, 2015).
Rahmani et al. (2013) encontraram que 45% dos acidentes de uma empresa do setor
elétrico no Ird ocorreram com trabalhadores em turnos e no final dos turnos, o que
indica que esse tipo de atividade laboral pode aumentar consideravelmente o risco de
danos dentro da empresa e da sociedade. Assim, o efeito da diminuicdo nas horas
de sono provocado pelo trabalho em turnos esta relacionado com uma queda do
desempenho neurocognitivo e, subsequentemente, a erros e risco de acidentes
(WICKWIRE et al., 2016).

Os mecanismos voluntarios que estimulam a atencdo e que, portanto,
diminuem as chances de acidentes de trabalho, sdo mediados por orientagao visual,
realizada pelos dois sistemas frontoparietais neuronais, os quais enviam estimulos
para a atengdo em resposta as pistas apresentadas, referindo-se a onde (espaco),
quando (tempo) e para qué (objeto) os individuos deveriam direcionar sua atengao
(MAREK, 2010). Em situagdes nas quais a atencéo esta bem focada no objetivo da
tarefa, o desempenho sera rapido e preciso. Por diversos motivos, a atengcéo pode
nao estar bem focada na tarefa a ser realizada e a consequéncia sdo tempos de
resposta (TR) muito mais lentos que o normal, ocorréncia de erros reflexivos rapidos,
como os lapsos na atengdo, os quais podem se relacionar com situagbes de
negligéncia (UNSWORTH; ROBISON, 2016).

Nesse contexto e utilizando-se de pistas visuais, o Teste de Vigilancia
Psicomotora (PVT) é capaz de mensurar o desempenho em tarefas cognitivas,
através de variaveis como o tempo de reacao (RT) e lapsos de atengao (NARCISO et
al., 2016). O PVT é considerado um teste de resposta visual que envolve o estimulo
luminoso, onde os flashes sado exibidos em intervalos de 2 a 10 segundos na tela do
dispositivo. Assim que o estimulo visual aparece deve-se pressionar um botdo de
resposta localizado no lado direito do aparelho o mais rapido possivel (BUCKLEY et
al., 2016). Os estimulos visuais sao apresentados em intervalos irregulares ao longo
de um periodo que pode variar entre 5 minutos € 10 minutos (DEURVEILHER et al.,
2014). Por meio desses estimulos visuais, mensura-se a atengao sustentada ou

vigilante, através da gravacao de tempos de resposta (TR), definido como o tempo
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necessario para responder (tipicamente um botdo pressionado) a um estimulo
(tipicamente visual). Durante os 10 ou 5 minutos do teste, ocorrem varios estimulos e
respostas que fornecem uma amostragem do TR. Além disso, o PVT também mensura
os lapsos na atencgao, os quais podem ocorrer quando ha fadiga causada pela perda
do sono ou pelo tempo na tarefa (BASNER; DINGES, 2011).

As consequéncias neurocomportamentais da perda de sono podem ser
medidas em certos aspectos do funcionamento cognitivo. Nesse caso, uma variavel
confiavel a ser medida é a degradagao da atengao, especialmente a atengéao vigilante,
medida pelo PVT. Os efeitos da perda de sono no desempenho do PVT parecem ser
devido a variabilidade na manutengao do estado de alerta (ou seja, rede de alerta), o
que pode provocar os déficits de atengdo (BASNER; DINGES, 2011).

Pesquisas que utilizaram o PVT tém demonstrado que os niveis de vigilancia
dos individuos flutuam ao longo do dia e que isso influencia a performance no
ambiente de trabalho (CORREA, 2014) (LARA, 2014). JIANG et al. (2016) destacam
dois fatores que devem ser levados em consideragcdao ao analisar o desempenho
psicomotor: o processo homeostatico conectado com a atividade diaria natural (hora
do dia) e os horarios de trabalho. A hora do dia é O fator-chave nas tarefas que
demandam vigilancia. Além das fungbdes cerebrais (niveis de vigilancia), outras
fungdes como temperatura corporal e secre¢cao de horménios apresentam ritmicidade
circadiana, com isso declinam no periodo noturno (CORREA, 2014). Por isso, os
trabalhadores noturnos sdo constantemente afetados pela sonoléncia e diminuem a
atencao e a vigilancia durante e depois do trabalho no decorrer da noite. Essa situagao
prejudica as tarefas de desempenho que exigem atencdo e memoria, retardando o
tempo de reacao (NARCISO et al., 2016).

Os efeitos negativos do trabalho noturno no desempenho psicomotor ja foram
reconhecidos em estudos anteriores (FOLKARD; LOMBARDI, 2006) (KEITH et al.,
2017) (REINKE et al., 2015) (ORIYAMA; MIYAKOSHI, 2018), os quais mostraram
maior efeito deletério no estado de alerta e no desempenho neurocomportamental
quando os individuos trabalhavam em turnos noturnos consecutivos (FOLKARD;
LOMBARDI, 2006). Keith et al. (2017) encontraram diminuicdo no desempenho
cognitivo dos trabalhadores durante o turno da noite quando comparado ao turno da
manha. Reinke et al. (2015) também observaram que a ocorréncia de lapsos na
atencdo aumentou durante o turno da noite. Dado que o numero de lapsos na atengao

pode ser influenciado pela “hora do dia” e impactado pela sonoléncia e fadiga, &
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importante considerar o impacto desses resultados sobre os erros humanos e,
consequentemente, os altos niveis de acidentes ocupacionais (SHORT et al., 2015).
Portanto, estratégias de intervencdo devem ser adotadas em individuos que
trabalham a noite, a fim de se evitar efeitos deletérios no desempenho psicomotor e

garantir a seguranga desses trabalhadores.

2.6.2 Desempenho psicomotor, desalinhamento circadiano e trabalho em turnos

O desempenho psicomotor € regulado por influéncias circadianas e
homeostaticas (FISK et al., 2018). Em condi¢des como a do trabalho em turnos, o
STC sofre o impacto do desequilibrio de alguns sincronizadores como a luz, horarios
de refeigdes e atividades fisicas, como exposto anteriormente. Assim, a ritmicidade
circadiana presente nas atividades neurais também é impactada (JIANG et al., 2016)
(CORREA, 2014).

Sabe-se que as flutuacdes dos horarios provocados pela rotacao de turnos
prejudicam as tarefas que exigem atengao e memoaria, retardam o tempo de reagao e
aumentam o numero de lapsos de atencao desse trabalhador (NARCISO et al., 2016).
Todo esse ambiente ao qual o trabalhador em turnos esta exposto elevam as chances
de entrar no estado de fadiga mental, o que pode levar a uma menor produtividade e
aumento dos riscos de acidentes (Hu et al., 2015).

Cabe lembrar que STC promove o sono durante a fase escura, periodo que os
trabalhadores em turnos usualmente realizam suas atividades ocupacionais, e
promove a vigilia durante a fase clara, periodo em que os trabalhadores necessitam
iniciar seu sono. Dessa maneira, o desalinhamento gerado pelos ritmos circadianos e
horarios de trabalho impactam negativamente na qualidade e eficiéncia do sono
(CHINQY et al.,, 2016). Sabe-se que a privagdo do sono pode trazer graves
consequéncias para o trabalhador, como dores de cabeca (JAMES et al., 2017),
efeitos negativos na performance psicomotora (FISK et al., 2018), queda na atencao
(BASNER et al., 2017), memoria (RAVEN et al., 2018), prejuizos na tomada de
decisao (BROWN et al., 2012), no humor (SCHWARZ et al., 2018), problemas
psiquicos, motores, sociais e familiares, além de absenteismo e maior risco de
acidentes (RAJARATNAM, 2011) (FERGUSON et al., 2012).

Alguns estudos destacam que os turnos matutinos e noturnos causam maiores

efeitos adversos a saude e ao desempenho do trabalhador do que os vespertinos
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(KANTERMANN et al., 2010) (TUCKER et al., 2000). Outros estudos apontam
também que turnos noturnos consecutivos elevam o risco de acidentes de trabalho
em comparagao com o primeiro dia de trabalho da escala (FOLKARD; LOMBARDI,
2006) (KEITH et al., 2017) (REINKE et al.,2015) (ORIYAMA; MIYAKOSHI, 2018) e
que a longa duragéao do turno pode impactar na sonoléncia e fadiga dos trabalhadores
(MA et al., 2017).

O efeito da rotacédo de turnos de trabalho sobre a performance psicomotora e
sua interacdo com variaveis que conhecidamente influenciam o estado de alerta -
como o cronotipo (FACER-CHILD; BOILING; BALANQOS, 2018) (RIO-BERMUDEZ et
al., 2014) e o excesso de peso (GARAULET; ABELLAN, 2013) - tem sido pouco
explorado na literatura. Nesse sentido, o cronotipo parece ser um fator que pode
potencialmente mediar a adaptagédo ao trabalho em turnos (ERREN; LEWIS, 2018)
(VETTER et al., 2015) (FACER-CHILD; BOILING; BALANOS, 2018) (RIO-
BERMUDEZ et al.,, 2014). Isso porque o cronotipo € capaz de provocar um
descompasso entre essas preferéncias individuais e o horario de trabalho, situacao
que interfere negativamente na duragdo de sono e, por sua vez, na performance
psicomotora (VETTER et al., 2015) (FACER-CHILD; BOILING; BALANOS, 2018).

Alguns estudos sugerem que trabalhadores com cronotipos vespertinos
tendem a tolerar melhor o trabalho noturno (VETTER et al., 2015), enquanto que os
cronotipos matutinos apresentam um maior nivel de desalinhamento circadiano
quando submetidos ao trabalho nesse horario (JUDA; VETTER; ROENNEBERG,
2013). Outros estudos (SCHMIDT et al., 2012) (MARTIN et al., 2015) evidenciaram
que trabalhadores com cronotipos intermediarios apresentaram uma melhor
adaptacgao tanto a turnos matutinos quanto em turnos noturnos, em comparagao com
cronotipos vespertinos.

Alguns estudos evidenciaram que o trabalho em turnos e, consequentemente,
o desalinhamento circadiano, impactam em diversas fungbes que apresentam
ritmicidade circadiana, inclusive no metabolismo de macronutirientes (CRISPIM et al.,
2007) (McHILL et al., 2014) e na desregulacdo na secreg¢ao dos hormbnios como a
grelina e leptina (TAHERI et al.,, 2004). Cook et al. (2017) evidenciaram que a
obesidade é capaz de interferir no desempenho do individuo, e que tal relagao pode
ser explicada pelo surgimento de uma inflamacgao sistémica provocada pelo estresse
oxidativo e pela disfuncdo metabdlica, o que pode interferir em fungdes cerebrais
ligadas a parte cognitiva. Tsai et al. (2017) mostraram em seu estudo que o grupo de
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individuos obesos apresentaram um tempo de reagdo mais lento ao serem
comparados com o grupo controle. Atualmente, o que se sabe € que o STC é
responsavel por sincronizar a homeostasia energética com o ciclo claro-escuro e que
este mecanismo € indispensavel para o controle do ganho de peso e para o
metabolismo energético (GARAULET et al., 2017) (COVASSIN et al., 2016).

3. OBJETIVOS

3.1 Objetivo geral

Avaliar a influéncia da rotacdo dos turnos de trabalho sobre o desempenho

psicomotor do trabalhador ao longo de um rodizio completo.

3.2 Objetivos especificos

e Relacionar os valores de IS e |V dos trabalhadores em turnos rodiziantes ao
desempenho psicomotor;
e Associar o IMC ao desempenho psicomotor;

e Avaliar a influéncia do cronotipo sobre o desempenho psicomotor.
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4 ARTIGO 1. Shift rotation, circadian misalignment and excessive body weight
influence psychomotor performance: a prospective and observational study

under real life conditions

Artigo submetido para publicagao para o periddico “Scientific Reports” (comprovante

de submissdo: Anexo D).
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ABSTRACT

We aimed to evaluate the influence of shift work rotation, circadian misalignment and
being overweight/obese on psychomotor performance throughout a complete shift
rotation schedule. The study was conducted with 30 males working rotating shifts from
a mining company under real life conditions. Individuals were evaluated over seven
days in a shift schedule carried out as follow: two shifts in the morning (D1 and D2),
two shifts in the afternoon (D3 and D4), 24 hour free day (D5) and two shifts at night
(D6 and D7). Work performance was evaluated by psychomotor vigilance task tests
(PVT), and actigraphy was used to characterise the rest-activity rhythm based on
intradaily variability (IV) and interdaily stability (IS) of nonparametric functions. We
found a significant effect of the shift, body mass index (BMI), IS and IV on lapses in
attention. More lapses occurred on D7 than D1, D2, D3 and D4 of the schedule shift.
The obese group presented a higher number of lapses in attention than eutrophic. The
interaction between day and IS showed that less synchronised individuals presented
a higher number of lapses in attention on D7 than D1 and, for the interaction between
day and IV, more fragmented individuals presented a higher number of lapses in
attention on D7 than D6. We conclude that higher BMI, lower synchronisation and
higher fragmentation of the rest-activity pattern influenced lapses in attention

throughout the shift rotation.
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INTRODUCTION

Shift work is characterised by 24 hours of operations and presents a wide variety
of working time arrangements, including all working hours that are outside the normal
daytime ones’. In industrialised society it is estimated that this type of work represents
more than 20% of employees?, in the USA it is 28.7%?3 and in Brazil the percentage for
shift work has not yet been calculated, but specific data for night work shows a
percentage of 15%*. Among the different types of shift work arrangements, the rotating
shift — characterised by constant alternation of working hours and free days within a
pre-established period® — is quite common among companies®. The direction of shift
schedule rotation (clockwise or counterclockwise) and rotation speed (fast or slow) also
presents variation among shift work schedules’.

The physiology and behaviour of human beings are coordinated by an intrinsic
molecular clock into rhythms that are synchronised with the 24 hour solar day. The
suprachiasmatic nucleus (SCN), the primary synchroniser, works with various
peripheral synchronisers®, and both are influenced by external time cues — such as
light-dark, meals and social interaction®. Shift work, mainly night shifts, is impacted by
most of these external synchronisers — such as the daytime pattern of exposure to light
and the exposure time to synchronisers'®. Thereby, adjustments in the phase of
endogenous circadian rhythms are compromised in shift workers®, which leads to
desynchronisation between the circadian clock and the sleep cycle, known as circadian
misalignment'!. Currently it is possible to quantify circadian misalignment by assessing
variables such as interdaily stability (IS, i.e. the stability of the rhythm over days) and
intradaily variability (IV, i.e. the fragmentation of the rhythm relative to its 24 hour
amplitude) by actigraphy'2.

Circadian misalignment may negatively affect psychomotor performance, since
cognitive functions such as vigilance level and, consequently, the development of
lapses in attention are directly linked to circadian and homeostatic influences, which in
turn suffer fluctuations throughout the day's. The physiological mechanism involving
wakefulness levels is determined by responses generated by the parasympathetic and
sympathetic nervous systems through environmental stimuli'*. Therefore, the vigilance
level of individuals fluctuates over the course of a day' and may be impacted by
misalignment. This can lead to an inappropriate response, indicating a state of
decompensation and failure of physiological functions'. It has been documented that
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approximately 10% to 30% of fatal traffic deaths are due to sleepiness and fatigue,
which are directly associated with lapses in attention’®. In addition, variables such as
the workload and the nutritional status of individuals have been shown to be possible
variables that can alter psychomotor performance”:'8.

Previous studies showed that circadian misalignment also leads to losses in
physiologic functions, which show a 24 hour rhythmicity and are ruled by the light/dark
cycle, such as the sleep/awake cycle' and macronutrients metabolism?°2'. In this
condition, the release of hormones associated with food consumption, such as leptin
and ghrelin, may be altered, which establishes a link between circadian misalignment
and obesity??. Cook et al.?® postulated that even in situations where there is no
apparent circadian misalignment, obesity is capable of interfering with psychomotor
performance?®. However, the relationship between psychomotor performance,
circadian misalignment and obesity is little explored among shift workers.

Rotating shift workers experience a large variation in working times over a short
period. In this sense, it is reasonable to assume that circadian misalignment leads to
diminished work performance, and in obese subjects this situation could be worse?*.
This study aimed to evaluate the influence of a rotating shift, circadian misalignment
and being overweight/obese on the performance of rotative shift workers. We
hypothesised that excessive body weight, lower synchronisation and higher
fragmentation of the rest and activity pattern can lead to an increase in the number of

lapses in attention throughout the scheduled shift days in rotative shift workers.

METHODS

Participants and Ethics

This prospective, observational study was conducted with 30 males that worked
for a mining company located in a city in the midwest of Brazil, on a rotative shift work
schedule. The shift workers were informed about the objectives and procedures, and
after that they were invited to join the study. This study was approved by the Human
Research Ethics Committee of the Federal University of Uberlandia (CAAE:
49689115.0.0000.5152), all methods were performed in accordance with the relevant

guidelines and regulations and all subjects signed an informed consent form.
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From the company’s total workforce 30 subjects (aged between 25 and 52 years)
participated in the study according the following inclusion criteria: be a clockwise
rotating shift worker (morning-afternoon-night); work in an operations control panel or
leadership position; be able to wear actigraphy monitors; be able to perform the
psychomotor performance tests (PVT); have not done trans-meridian travel in the three
months prior to the start of the study; and not be diagnosed with any sleep disorder.
Thirty individuals agreed to participate and concluded the study.

On the first day of the study, initial evaluations such as questionnaires regarding
sociodemographic and health behaviours, as well as anthropometric and biochemical
analyses, were conducted. Then, individuals were evaluated over seven days

regarding their work performance (PVT) and rhythm rest-activity pattern (actigraphy).

INITIAL EVALUATION

Sociodemographic data and health behaviours

All subjects answered a questionnaire about sociodemographic aspects, such
as age, marital status, presence of children, level of education and years of shift work,
as well as health behaviours such as frequency of physical activity, alcohol intake,

smoking habits, diseases diagnosed and use of medicines.

Blood parameters

The subjects were instructed to fast overnight for 12 hours before blood sample
collection. All procedures occurred at the company’s ambulatory clinic. The
biochemical analyses measured were: fasting blood glucose, fasting insulin, insulin
resistance index (HOMA-IR), total cholesterol, low density lipoprotein (LDL-c), high
density lipoprotein (HDL-c) and triglycerides (TG).

The glucose-oxidase method (Siemens, Chicago, IL, USA) was used to
determine the glucose serum concentrations. Insulin concentrations were accessed
using a commercial enzyme-linked immunosorbent assay kit (ELISA) (Siemens).
Homeostasis model for the assessment of insulin resistance (HOMA-IR) was
determined using the following formula described by Matthews et al.?5, fasting serum
insulin (uIU/L) x fasting serum glucose (mmol/L)/22.5. The concentrations of
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cholesterol, triglycerides and HDL-cholesterol were determined by means of coupled
reactions. The products of this reaction are a coloured complex that can be measured
by spectrophotometry. Each of the specific analyses was accessed using a commercial
kit from Biosystems® (cholesterol - Ref. 21505, triglycerides - Ref. 11828, HDL-
cholesterol - Ref. 11648). The value of LDL-cholesterol was determined using the

formula described by Friedewald?®.

Anthropometric variables

Weight and height measurements were performed according to the
standardisation method proposed by Lohman et al.?” Weight was measured with a high
precision scale accurate to 0.1 kg (Toledo Scale Corp., Toledo, Ohio). To measure
height, a stadiometer coupled to a scale with an accuracy of 0.1 cm (Toledo Scale
Corp., Toledo, Ohio) was used. Waist circumference (WC) was measured as the
midpoint between the last rib and the iliac crest using an inelastic measuring tape?.
According to World Health Organization recommendations, a WC = 102 cm was
considered abdominal obesity?®. Body mass index (BMI, kg/m?) was calculated as the
weight (kg) divided by the height squared (m?). A BMI < 25 kg/m? was considered

eutrophic, 2 25 to < 30 kg/m? overweight and 2 30 kg/m? obese®.

Evaluations Conducted Over Shift Schedule

Individuals were followed for seven consecutive days carried out as follows: two
days (D1 and D2) working during the morning (08:00-16:00); two days (D3 and D4)
working during the evening (16:00-00:00); two days (D6 and D7) working during the
night (00:00-08:00). On the 24 hours of rest (D5) between the last day of evening shift
and the first one at night, as well as on free days (D8, D9 and D10), the psychomotor

vigilance test (PVT) was not performed (Fig 1).
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Figure 1. Shift schedule days. D = shift days; working times of each shift = morning (D1 and D2) — 08:00
to 16:00; afternoon (D3 and D4) — 16:00 to 00:00;
24h free day (D5) — 00:00 to 00:00; and night (D6 and D7) — 00:00 to 08:00.

Actigraphy

The actigraphy data were collected using the actigraph - Act trust (Condor
Instruments®). This tool was configured for collecting information every 24 hours over
the period of 15 consecutive days. The information was downloaded through the
software ActStudio (Condor Instruments® - version 1.0.0.0050.2015). The volunteers
wore the actigraph on their non-dominant wrist. Use of the actigraph was
recommended during two complete shift schedules and volunteers filled out a sleep
diary with information on their activity during this period®. For this paper we analysed
only data from the period between D1-D7 (on the first shift rotation). The correct use
of actigraphy were certificated by cellphone messages. The actigraph is a tool
validated to identify the patterns of circadian rhythm during shift work®'. Through the
analysis of circadian rhythm variables by the cosinor method it is possible to obtain
information about parametrical (acrophase, mesor, period and amplitude) and
nonparametric variables for quantifying the stability and fragmentation of the rest-
activity rhythm?32,

In this research, rhythm fragmentation was measured by intradaily variability
(IV), while synchronisation to the 24 hour light-dark cycle was measured by interdaily
stability (IS)*3. We used the median values of IS (0.23) and IV (0.66) to create two
groups: for IS, less synchronised (< 0.23) or more synchronised (> 0.23); and for IV,
less fragmented (< 0.66) or more fragmented (> 0.66). Fragmentation (IV) may be
derived from daytime sleepiness and/or nocturnal arousals. Higher IV values are
related to worse sleep efficiency. The variable IS indicated it was synchronised with

the 24 hour zeitgeber. High values show that the subject was synchronised. This
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reflects good functioning of the CTS components related to photic and nonphotic

synchronisation (social effects and schedule shifts3?).

Psychomotor vigilance performance

Psychomotor vigilance performance was measured using a portable
psychomotor vigilance task (PVT) model 192 (Ambulatory Monitoring, Inc., NY). The
PVT tests had durations of five minutes and occurred just before and after the work
period, over six days of shift work (corresponding to a complete work schedule) at the
workplace. The participant performed the test alone in a quiet room (before the PVT
test all partipants were trained to use the machine). The PVT-5 min was used to
measure sustained attention and psychomotor vigilance of participants. The variable
analysed for this study was mean number of lapses in attention. Lapses in attention
are disruptions in performance that typically last > 500 ms3*. The protocol adopted only
used visual response tests, during which bright red visual stimuli (from a light-emitting
diode [LED] digital counter) were flashed at intervals of 2 to 10 seconds on the screen
of the device. The participants were instructed to press a response button, located on
the right side of the device, as soon as the visual stimuli appeared?®. The values

obtained were analysed using the software Microsoft Excel®.

Statistical Analysis

The Shapiro-Wilk test was performed to test the normality of the data. Data are
presented as mean and standard error or median and interquartile range. The
Spearman correlation test was used to analyse the correlation between lapses in
attention and BMI. Generalised estimating equations (GEE) were used to analyse the
effect of shift day, BMI, IS and IV, as well as the effect of the interaction between IS,
BMI and IV on lapses in attention among the days of shift work. In the present study,
an exchangeable correlation structure was used in two models for analysis of the
interactions: model 1: day of shift work, BMI and IS, and model 2: day of shift work,
BMI and IV. Both models were adjusted for age, period of shift work and presence of
children at home. Gamma distribution and Sidak sequential test were performed for
pairwise comparisons. Statistical analyses were performed using SPSS version 23.0
(SPSS Inc., Chicago, IL). For statistical significance, a error was set at 5%.
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RESULTS

Data regarding sociodemographics, clinic, occupational, anthropometric, blood
parameters, sleep duration, circadian and psychomotor characteristics are presented
in Table 1. Among the thirty individuals evaluated, the majority were married (90%),
had children at home (63.3%) and had worked in shifts for 10 years or more (66.7%).
Ninety percent of participants did not smoke, while fifty percent drank alcoholic
beverages at least once a week and most of the subjects did physical activities at least
once a week (63.3%). In regards to anthropometric parameters, the majority of subjects
had BMI 2 25 kg/m? (76.7%), and 30.0% had abdominal obesity (WC = 102 cm). The
individuals had a shorter sleep duration on D5 and during the night shifts (D6 and D7),
when compared with morning shifts (D1 and D2), afternoon shifts (D3 and D4) and free
days (D8, D9 and D10) (Table 1).

Table 1 Sociodemographic characteristics, anthropometric indices, health behaviours,
biochemical parameters, sleep duration, variables of rest-activity circadian rhythm and

psychomotor performance (PVT) of employees (n = 30).

Variables All (n =30)
Age (years), mean + SD 372+5.7
Marital status - married, n (%) 27 (90.0)
Children at home - < 12 years, n (%) 19 (63.3)

Period of shift work
<10 years, n (%) 10 (33.3)
= 10 years, n (%) 20 (66.7)

Health behaviours

Smoking status - Yes, n (%) 4 (13.3)
Alcohol intake (at least once a week) - Yes, n (%) 15 (50.0)
Physical activity - Yes, n (%) 19 (63.3)

Anthropometric measurements



BMI (kg/m?), mean + SD

Overweight (BMI = 25 to < 30 kg/m?), n (%)
Obese (BMI = 30kg/m?), n (%)

Waist circumference (cm), median [interquartile range]

Abdominal obesity (= 102 cm) - Yes, n (%)
Biochemical exams

Glucose (mg/dL), mean + SD

Insulin (UI/mL), median [interquartile range]
HOMA-IR, median [interquartile range]

HDL (mg/dL), median [interquartile range]

LDL (mg/dL), median [interquartile range]
Triglycerides (mg/dL), median [interquartile range]
Total cholesterol (mg/dL), mean + SD

Sleep duration

Morning shifts - D1 and D2 (hour), mean = SD
Afternoon shifts - D3 and D4 (hour), mean £ SD
24 hour free day - D5 (h), mean £ SD

Night shift - D6 and D7 (h), mean £ SD

Free days - D8, D9 and D10 (h), mean £ SD
Circadian*

Interdaily stability, median [interquartile range]

Less synchronised, n (%)

More synchronised, n (%)

48

28.43 +3.73

16 (53.3)
9 (30.0)

96.5 [93.1-100.0]

9 (30.0)

92.1+13.5
6.5 [5.1-8.3]
1.6 [1.1-1.78]
38.4 [32.4-43.6]
98.5 [69.4-117.0]
113.0 [96.9-140.7]

1714 £ 37.6

7:34 +0:13°
6:52 + 0:11°
4:42 + 0:20°
5:58 + 0:11¢

7:20 £ 0:133P

0.23 [0.20-0.27]
17 (68.0)
8 (32.0)
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Intradaily variability, median [interquartile range] 0.66 [0.58-0.74]
Less fragmented, n (%) 15 (60.0)
More fragmented, n (%) 10 (40.0)

Psychomotor vigilance task

Number of lapses in attention, median [interquartile range] 1.00 [1.00-2.00]

Data are expressed as mean * standard deviation (SD), median [interquartile range] or number
(percentage). BMI, body mass index. The sleep duration values with different superscripts are
significantly different; P < 0.05, calculated by GEE test. *n = 25

We found a significant positive correlation between the total number of lapses
in attention during the complete shift schedule (seven days) and BMI (Fig 2; r = 0.331,
P < 0.001)

30 r=0.331
P <0.001
25 °
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Figure 2. Correlation between total number of lapses in attention in schedule shift and BMI (n = 27; 3

outliers were excluded from this analysis).

GEE analysis showed the effect of BMI on the number of lapses in attention.
The analysis was conducted through two statistical models: 1) including as
independent variables: day of shift, BMI and IS; and 2) including as independent
variables: day of shift, BMI and IV. In Figure 3A (Model 1, including the IS variable),
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the obese individuals presented a greater number of lapses in attention than eutrophic
ones (2.51 + 0.52 and 1.07 + 0.68, respectively; P < 0.001). In Figure 3B (Model 2,
including IV variable), eutrophic individuals (0.56 £ 0.72) also had a lower number of
lapses in attention when compared to overweight and obese individuals (1.65 £ 0.26
and 2.49 + 0.49, respectively; P < 0.001 for all) (Fig 3B).

A BM| effect - Model 1
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Figure 3. Effect of BMI on number of lapses in attention. (A) Effect of BMI on number of lapses in
attention through the analysis of GEE-Model 1 and (B) effect of BMI on number of lapses through the

analysis of GEE-Model 2. Data correspond to mean * standard error of the mean (n = 30). The bars
with different letters are significantly different; P < 0.001. All analysis were adjusted for age, period of

shift work and presence of children in the house (see results for statistics).

The results of Model 1 showed isolated effects of the variables as well as their
interactions. In relation to the day of the shift rotation, the highest value of lapses in
attention was found on D7 (2.68 + 0.35; night shift), which was significantly higher than
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D1, D2, D3 and D4 (0.56 £ 0.77,1.84 £ 0.34, 1.99 £ 0.29 and 1.69 + 0.28, respectively;
P < 0.05 for all). For the effect of synchronisation of the rest-activity rhythm (I1S) on the
number of lapses in attention, we found that poorly synchronised subjects presented
mean number of lapses of 1.69 + 0.24 and the most synchronised ones of 1.53 + 0.20
without significant differences (P = 0.61).

Table 2 shows the effect of interactions between the shift day and IS and
between the shift day and BMI on the number of lapses in attention over the seven day
evaluation period (Model 1). In the analysis between day and IS, less synchronised
individuals had a greater number of lapses in attention on D7 than D1 (2.60 + 0.54 and
0.46 £ 0.10, respectively; P < 0.001). Also, in the more synchronised group, the highest
number of lapses in attention occurred on D7 (2.77 £ 0.43), significantly higher than
D1, D2 and D3 (0.67 + 0.09, 1.66 + 0.31 and 1.60 + 0.27, respectively; P < 0.001)
(Table 2). Throughout the work schedule, eutrophic individuals had higher values of
lapses in attention on D7 (3.00 = 0.35) than D1, D2 and D3 (0.18 £ 0.05, 0.74 + 0.21
and 1.24 £+ 0.15, respectively; P < 0.001) (Table 2). We did not find differences in the
overweight group in the lapses in attention values throughout the work schedule (P >
0.05). Also, the number of lapses in attention of the obese individuals was higher on
D1 than the eutrophic ones (0.54 + 0.00 and 0.18 £ 0.05, respectively; P < 0.001).

Obese individuals with low synchronisation had a mean number of lapses in
attention of 3.41 + 1.20, while obese ones that were more synchronised presented a
mean of 1.85 + 0.42 (P = 0.86). In the less synchronised eutrophic group, the mean
was 0.79 = 0.10 and for the more synchronised group the value was 1.45 + 0.00 (P =
0.17). Less synchronised overweight individuals presented a mean of 1.79 + 0.39 and

more synchronised a mean of 1.34 £ 0.44 (P = 0.92).
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Table 2 Generalised estimating equation models for effects of shift day, interdaily stability and BMI on lapses in attention of alternating shift workers.

Variable (n) D1 D2 D3 D4 D6 D7

M (SE) M (SE) M (SE) M (SE) M (SE) M (SE)
IS*
Less synchronised (13) 0.46 (0.10)® 2.04 (0.65)a° 2.47 (0.60)ac 1.98 (0.37)" 1.94 (0.60)P¢c 2.60 (0.54)
More synchronised (12) 0.67(0.09)2 1.66 (0.31)° 1.60 (0.27)" 1.44 (0.39) 2b:c 1.82 (0.42) abc b.e
BMI* 277 (0.43)°
Eutrophic (5) 0.18 (0.05) 3" 0.74 (0.21)@ 1.24 (0.15)2 2.46 (0.33)" 1.26 (0.30)°
Overweight (16) 1.81 (0.50) 1.58 (0.51) 1.40 (0.47) 0.92 (0.39) 1.66 (0.53) 3.00 (0.35)"
Obese (9) 0.54 (0.00) # 5.32 (1.84) 4.55 (1.22) 2.11 (0.47) 3.17 (1.32) 2.26 (0.61)

2.85(0.73)

Note: Data are expressed as mean (standard error, SE). IS, interdaily stability; BMI, body mass index; D, day. *P < 0.01, calculated by generalised estimating
equation test. Model 1: day of shift"BMI*IS — adjusted for age, period of shift work and children at home. The values in a line with different superscripts are
significantly different, P < 0.05. a, b, c and d, intragroup differences; B, diferences between groups.
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The analysis of Model 2 found a significant effect of the variables day of shift,
BMI and IV on number of lapses in attention (P < 0.001). In relation to the day of the
shift schedule, the volunteers had a higher value of lapses in attention on D7 — the last
day of the schedule and the night shift (2.19 + 0.42) — than the first day of the schedule
(0.60 £ 0.10, P < 0.001). D1 was also lower than D2 and D3 (1.71 £ 0.29 and 2.08
0.34, respectively; P <0.05). No significant isolated effect of activity-rest fragmentation
(IV) on the number of lapses in attention was found; less fragmented individuals
presented mean lapses of 1.33 + 0.17 and the more fragmented of 1.38 £ 0.19 (P =
0.86). The analysis of the interaction between day and BMI showed that the eutrophic
group presented higher values of lapses in attention on D3 (1.01 + 0.16) compared to
days D1, D4 and D6 (0.18 £ 0.54, 0.5 + 0.04 and 0.35 £ 0.05, respectively; P < 0.001)
(Table 3). The number of lapses in attention in the overweight group did not present a
significant difference between the days analysed. Obese subjects presented higher
values of lapses in attention on D3 (5.64 + 1.41), with a significant difference in
comparison with D1 (0.45 £ 0.08; P < 0.001) (Table 3).

The results of Model 2 for the interaction between day and IV showed, for the
more fragmented group, that D7 was significantly higher than D6 (4.94 + 1.33 and 0.83
1+ 0.17, respectively, P <0.001) (Table 3). In less fragmented individuals, no significant
differences were found (P > 0.05) (Table 3).

We also found in Model 2 that the group of more fragmented obese individuals
presented a mean number of lapses in attention of 3.83 + 1.29 and among less
fragmented individuals the mean was 1.61 £ 0.34 (P = 0.51). For the less fragmented
eutrophic group, we found a mean of 1.09 + 0.25 and in more fragmented individuals
the value was 0.25 + 0.00 (P = 0.11). In less fragmented overweight individuals mean
lapses in attention were 1.33 + 0.30 and for more fragmented overweight it was 2.05 £
0.77 (P=0.70).
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Table 3 Generalised estimating equation models for effects of shift day, intradaily variability and BMI on lapses in attention of alternating shift

workers.

Variable (n) D1 D2 D3 D4 D6 D7
M (SE) M (SE) M (SE) M (SE) M (SE) M (SE)

v*
Less fragmented (13) 1.10 (0.29) 0.92 (0.25) 1.43 (0.28) 1.76 (0.34) 1.70 (0.58) 1.27 (0.37)
More fragmented (12)  0.33 (0.66) 2P 3.17 (0.63)ab 3.03 (0.80)ab 0.80(0.19) 2P 0.83 (0.17) @ 4.94 (1.33) "
BMI*
Eutrophic (5) 0.18 (0.54) @ 0.74 (0.21) @b 1.01(0.16)" 0.50 (0.04)¢ 0.35 (0.05)a¢ 3.00 (1.24)abc
Overweight (16) 2.73 (0.95) 1.41 (0.39) 1.59 (0.63) 0.87 (0.32) 1.59 (0.56) 2.42 (0.63)
Obese (9) 0.45 (0.08) @ 4.83 (1.56) @ 5.64 (1.41)° 3.88 (1.02) @ 294 (1.37) 2 1.70 (0.59)°

Note: Data are expressed as mean (standard error, SE). IV, intradaily variability ; BMI, body mass index; D, day. *P < 0.01, calculated by generalised estimating
equation test. Model 2: day of shift‘BMI*IV — adjusted for age, period of shift work and children at home. The values in a line with different superscripts are

significantly different, P < 0.05. a, b, c and d, intragroup diferences.
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DISCUSSION

This study evaluated the effect of rotating shift work, circadian
misalignment and nutritional status on psychomotor performance throughout a
complete shift schedule under real life conditions. We found that schedule shift
rotation, the night shift, excessive body weight and their interactions, as well the
interaction between less synchronisation and high fragmentation with shift
rotation, increased the number of lapses in attention, which supports the
hypothesis of the present study. In addition, we found a moderate correlation
between lapses in attention in the total shift schedule and BMI. Overall, eutrophic
subjects — both less and more synchronised, as well as less or more fragmented
activity rhythm — presented a lower number of lapses in attention on several days
of the rotating shift schedule when compared with obese/overweight ones. Taken
together, the above results demonstrate that psychomotor performance may be
influenced by nutritional, work and circadian aspects of the shift worker, which
demonstrates the need for a multifactorial approach in interventions aimed at
improving the performance and safety of these individuals.

In our study the second day of night shift and the last day of the shift
schedule (D7) presented the most impairment in terms of psychomotor
performance compared to other days (Tables 2 and 3). The negative effects of
night work on performance have already been recognised in previous
studies36:37:3839 Magee et al.3® showed a greater deleterious effect on alertness
and neurobehavioural performance when individuals worked consecutive night
shifts. Folkard and Lombardi®” found that during the second day of night shift the
risk of work accidents increased by 6% compared to the first day of the night shift.
A study conducted by Keith et al.3® found a decrease in workers’ cognitive
performance during the night shift when compared with the morning shift. Reinke
et al.® also observed that the occurrence of lapses in attention increased during
night shifts. Our results corroborate previous studies, which reaffirmed the
deleterious effect of night shift on performance. Given that the number of lapses
in attention can be influenced by “time of day” and be impacted by sleepiness and
fatigue, it is important to consider the impact of these results on human errors
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and, consequently, the high levels of occupational accidents*®. Therefore,
intervention strategies should be adopted in individuals working at night to
prevent deleterious effects on psychomotor performance and ensuring the safety
of these workers.

Circadian misalignment also had a negative effect on the cognitive
performance of the workers analysed in this study (Tables 2 and 3). It is already
recognised that the cognitive performance of the worker is mediated by factors
such as time of day or circadian effects*!, which may justify the worse
performance of the misaligned workers in this study on a few days of the shift
schedule. It is important to highlight that the circadian system promotes sleep
during the dark phase; however, it is precisely in this period that the shift workers
should remain awake and alert when they are on the night shift. The combination
of these factors — misalignment and night work — has a negative impact on the
quality and efficiency of sleep*? and, consequently, favours the deterioration of
multiple aspects related to cognitive performance, such as the maintenance of
wakefulness and, in turn, the increase in the number of lapses in attention.

In addition, the results from this study showed an important interaction
between shift day and the variables of circadian misalignment (see Results
section). Misaligned individuals (“circadian misalignment condition”), those with
less synchronisation and more fragmentation, showed a higher number of lapses
in attention on D7. Less synchronisation — in other words, low values of IS —is a
repercussion of a possible misalignment between photic and non-photic
synchronisers (e.g. shift work) with circadian functions (e.g. sleep-wake cycle).
Based on the above considerations, the rhythmicity of some physiological
functions may impact cognitive perfomance, such as some hormones functions,
which are related to mediating information from the central nervous system,
including the SCN, to the peripheral tissues. Many of these hormones have a
daytime secretion pattern, thus in misalignment situations the transmission of
these biochemical signals compromises the mechanism called clock-hormone-
interaction, so different circadian oscillators, present in tissues, can impact
cognitive performance’®2'43 A similar mechanism occurs in more fragmented

individuals — with higher values of IV —in this case, the fragmentation of the wake-
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sleep cycle negatively compromises sleep efficiency?3. Since this cycle is also
influenced by the circadian timing system, the misalignment caused by the
evening ‘wake-maintenance zone’ (WMZ) and ‘sleep-promoting zone’ (SPZ)
leads to an abrupt deterioration of cognitive performance and both situations
compromise cognitive performance'?44.

The results from the present study corroborate the study of Chellapa et
al.*>, who performed a protocol of circadian misalignment/alignment in night shift
workers. The authors showed the effect of the “circadian misalignment condition”
on the decrease in cognitive performance when comparing the first day of
evaluations (T1) with the others (T2, T3 and T4)#. This data can be considered
relevant because, although night work leads to circadian desynchronisation, as
explained previously, the effect of night work on cognitive performance seems to
occur independently of circadian misalignment. Nonetheless, it is important to
recognise the potential interaction between night shift work and circadian effects
on psychomotor performance, since all these changes related to misalignment
drastically impact all physiological functions that have circadian rhythmicity“°.

Our results also showed that obese individuals presented higher values of
lapses in attention throughout the shift schedule compared with eutrophic ones
(Figs 1B and 2B). Although we believe that eating habits can affect cognitive
performance’’, other studies?*4¢ suggested that the possible mechanisms that
lead to a reduction in cognitive performance in obese individuals are linked to
increased oxidative stress, metabolic dysfunctions and systemic inflammation
that are capable of interfering with brain functions linked to cognitive
performance®®. In this sense, there is increasing evidence linking
neuroinflammation with the pathogenesis of obesity and, consequently, with
cognitive decline*®. Cook et al.?3 found that obese individuals had a decrease in
performance when compared to non-obese. Tsai, Huang and Tsai*’ showed
evidence in their study that the group of obese volunteers presented a slower
reaction time (PVT) compared with the control group, which impacts the decrease
in cognitive performance of obese individuals.

It is important to highlight that there is little evidence that components of
cognitive function such as vigilance and the number of lapses in attention may
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also be impacted by the association between circadian misalignment*® and
obesity?3. Regarding the interaction between synchronisation and BMI, we did not
find significative differences between the eutrophic group — both more and less
synchronised — and the overweight/obese group (see Results section). The
precise mechanisms linking obesity to the disruption of the circadian system are
not well understood®. It is already known that the circadian system is responsible
for synchronising energy homeostasis with the light-dark cycle, and that this
mechanism is indispensable for control of body weight and for general metabolic
health®®. Therefore, we can conclude that, either in isolation or through the
possible interactions analysed in this study, healthy eating and sleeping habits
are essential to control the nutritional status of workers and, thus, to minimise the
effects caused by shift work that impact the performance and safety of the worker.

This study has limitations. The study was conducted within a sample
composed of only male workers; a study including women and with a more
relevant sample size is necessary for better understanding of the association
between alternating shift work and work performance in the general population.
Although the data collected were objective, they were dependent on the
collaboration of the participants, since the correct use of the devices and the
performance of the tests at all times can determine the quality of the data.
Furthermore, the performance tasks were applied in a quiet and empty room to

minimise the influence of psychological and behavioural determinants.

CONCLUSION

The psychomotor performance of workers was affected by shift rotation,
especially in the group of workers that were less desynchronised, with fragmented
rhythm and overweight and/or obese. Also, eutrophic individuals — both
synchronised and with low fragmentation — performed better than
overweight/obese ones; the eutrophic group was impacted only by the night shift,
increasing the lapses in attention on those days. Additional studies should be

performed to confirm these findings.



59

REFERENCES

1.

Dall'Ora, C., Ball, J., Recio-Saucedo, A. & Griffiths, P. Characteristics of
shift work and their impact on employee performance and wellbeing: A
literature review. Int. J. Nurs. Stud. 57, 12-27 (2016).

Akerstedt, T. & Wright, K. P. Jr. Sleep loss and fatigue in shift work and
shift work disorder. Sleep Med. Clin. 4, 257-271 (2009).

Alterman, T., et al. Prevalence rates of work organization characteristics
among workers in the U.S.: data from the 2010 National Health Interview
Survey. Am. J. Ind. Med.. 56, 647-59 (2013).

IBGE https://biblioteca.ibge.gov.br/visualizacao/livros/liva7329.pdf (2016).

Knauth, P. Designing better shift systems. Appl. Ergon. 27, 39—44 (1996).

Waage, S., et al. Subjective and objective sleepiness among oil rig
workers during three different shift schedules. Sleep Med. 13, 64-72
(2012).

Kantermann, T., et al. The direction of shift-work rotation impacts
metabolic risk independent of chronotype and social jetlag--an exploratory
pilot study. Chronobiol. Int. 31, 1139-1145 (2014).

Partch, C. L., Green, C. B. & Takahashi, J. S. Molecular architecture of the
mammalian circadian clock. Trends Cell Biol. 24, 90-99 (2014).

Jin, Y., Hur, T. Y. & Hong, Y. Circadian rhythm disruption and subsequent
neurological disorders in night-shift workers. J. Lifestyle Med. 7, 45-50
(2017).



60

10.James, S. M., Honn, K. A., Gaddameedhi, S. & Van Dongen, H. P. A. Shift
work: disrupted circadian rhythms and sleep-implications for health and
well-being. Curr. Sleep Med. Rep. 3, 104-112 (2017).

11.West, A. C., et al. Misalignment with the external light environment drives

metabolic and cardiac dysfunction. Nat. Commun. 8, 417 (2017).

12.Luik, A. |., Zuurbier, L. A., Hofman, A., Van Someren, E. J. & Tiemeier, H.
Stability and fragmentation of the activity rhythm across the sleep-wake

cycle: the importance of age, lifestyle, and mental health. Chronobiol. Int.
30, 1223-1230 (2013).

13.Correa, A., Molina, E., & Sanabria, D. Effects of chronotype and time of
day on the vigilance decrement during simulated driving. Accid. Anal. Prev.
67, 113-118 (2014).

14.Lara T., Madrid J. A. & Correa A. The vigilance decrement in executive
function is attenuated when individual chronotypes perform at their optimal
time of day. Plos One 9, e88820 (2014).

15.Posada-Quintero, H. F., Bolkhovsky, J. B., Reljin, N., & Chon, K. H. Sleep
deprivation in young and healthy subjects is more sensitively identified by
higher frequencies of electrodermal activity than by skin conductance level

evaluated in the time domain. Front. Physiol. 8, 1-9 (2017).

16.Akerstedt, T., Axelsson, J., Lekander, M., Orsini, N. & Kecklund, G. The
daily variation in sleepiness and its relation to the preceding sleep
episode—a prospective study across 42 days of normal living. J. Sleep
Res. 22, 258-265 (2013).

17.Leedo, E., Beck, A. M., Astrup, A. & Lassen, A. D. The effectiveness of
healthy meals at work on reaction time, mood and dietary intake: a



61

randomised cross-over study in daytime and shift workers at an university
hospital. Br. J. Nutr. 118, 121-129 (2017).

18.Grant, C.L., et al. The impact of meal timing on performance, sleepiness,

gastric upset, and hunger during simulated night shift. Ind. Health 55,
423436 (2017).

19.Vetter, C., Fischer, D., Matera, J. L. & Roenneberg, T. Aligning work and
circadian time in shift workers improves sleep and reduces circadian
disruption. Curr. Biol. 25, 907-911 (2015).

20.Crispim, C.A., et al. The influence of sleep and sleep loss upon food intake
and metabolism. Nutr. Res. Rev. 20, 195-212 (2007).

21.McHill, A. W., et al. Impact of circadian misalignment on energy
metabolism during simulated nightshift work. Proc. Natl. Acad. Sci. U.S.A.
111, 1730217307 (2014).

22.Taheri, S, Lin, L., Austin, D., Young, T. & Mignot, E. Short sleep duration
is associated with reduced leptin, elevated ghrelin, and increased body
mass index. PLoS Med. 1, e62 (2004).

23.Cook, R.L., et al. Relationship between obesity and cognitive function in
young women: the food, mood and mind study. J. Obes. 2017, 5923862
(2017).

24.Gupta, C. C,, et al. It's not just what you eat but when: the impact of eating
a meal during simulated shift work on driving performance. Chronobiol. Int.
34, 6677 (2017).



62

25.Matthews, D. R., et al. Homeostasis model assessment: insulin resistance
and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia 28, 412—419 (1985).

26.Friedewald, W. T., Levy, R. |. & Fredrickson, D. S. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without use
of the preparative ultracentrifuge. Clin. Chem. 18, 499-502 (1972).

27.Lohman, T. G., Roche, A. F. & Martorell, R. Anthropometric
Standardization Reference Manual (Human Kinetics Books, Champaign,
IL, 1988).

28.Heyward, V. & Stolarczyk, L. Avaliagdo da Composigédo Corporal Aplicada
(Editora Manole, 2000).

29.WHO. Obesity: preventing and managing the global epidemic. World
Health Organ. Tech. Rep. Ser. 894, 1-253 (2000).

30.Martin, J. L. & Hakim, A.D. Wrist actigraphy. Chest 139, 1514-1527
(2011).

31.Marino, M., et al. Measuring sleep: accuracy, sensitivity, and specificity of
wrist actigraphy compared to polysomnography. Sleep 36, 1747-1755
(2013).

32.Mitchell, J .A., et al. Variation in actigraphy-estimated rest-activity patterns
by demographic factors. Chronobiol. Int. 34, 1042—-1056 (2017).

33.Gongalves, B. S. B., Adamowicz, T., Louzada, F. M., Moreno, C. R. &
Araujo, J. F. A fresh look at the use of nonparametric analysis in actimetry.
Sleep Med. Rev. 20, 84-91 (2015).



63

34.Basner, M. & Dinges, D. F. Maximizing sensitivity of the psychomotor
vigilance test (PVT) to sleep loss. Sleep. 34, 581-91 (2011).

35.Narciso, F. V., et al. Effects of shift work on the postural and psychomotor
performance of night workers. PLoS One 11, e0151609 (2016).

36.Magee, M., et al. Associations between number of consecutive night shifts
and impairment of neurobehavioral performance during a subsequent
simulated night shift. Scand. J. Work Environ. Health 42, 217-227 (2016).

37.Folkard, S. & Lombardi, D.A. Modeling the impact of the components of
long work hours on injuries and "accidents". Am. J. Ind. Med. 49, 953-963
(2006).

38.Keith, D. R., Gunderson, E. W., Haney, M., Foltin, R. W. & Hart, C. L.
Smoked marijuana attenuates performance and mood disruptions during
simulated night shift work. Drug Alcohol Depend. 178, 534-543 (2017).

39.Reinke, L., Ozbay, Y., Dieperink, W. & Tulleken, J. E. The effect of
chronotype on sleepiness, fatigue, and psychomotor vigilance of ICU
nurses during the night shift. Intensive Care Med. 41, 657—666 (2015).

40.0Oriyama, S. & Miyakoshi, Y. The effects of nighttime napping on sleep,
sleep inertia, and performance during simulated 16 h night work: a pilot
study. J. Occup. Health 60, 172—-181 (2018).

41.Short, M. A., Agostini, A., Lushington, K. & Dorrian, J. A systematic review
of the sleep, sleepiness, and performance implications of limited wake shift
work schedules. Scand. J. Work Environ. Health 41, 425—-440 (2015).



64

42.Chinoy, E. D., Harris, M. P., Kim, M. J., Wang, W. & Duffy, J. F. Scheduled
evening sleep and enhanced lighting improve adaptation to night shift work
in older adults. Occup. Environ. Med. 73, 869—-876 (2016).

43.Tsang, A. H., J. L. Barclay, & Oster, H. Interactions between endocrine
and circadian systems. J. Mol. Endocrinol.. 52, R1-16 (2014).

44.Ly, J. Q., et al. Circadian regulation of human cortical excitability. Nat.
Commun. 7, 11828 (2016).

45.Chellappa, S. L., Morris, C. J. & Scheer, F. Daily circadian misalignment
impairs human cognitive performance task-dependently. Sci. Rep. 8, 3041
(2018).

46.Moreno-Navarrete, J. M., et al. Neuroinflammation in obesity: circulating
lipopolysaccharide-binding protein associates with brain structure and
cognitive performance. Int. J. Obes. (Lond) 41, 1627-1635 (2017).

47.Tsai, C. L., Huang, T. H. & Tsai, M. C. Neurocognitive performances of
visuospatial attention and the correlations with metabolic and inflammatory
biomarkers in adults with obesity. Exp. Physiol. 102, 1683—1699 (2017).

48.Cheng, P., Tallent, G., Bender, T. J., Tran, K. M. & Drake, C. L. Shift Work
and Cognitive Flexibility: Decomposing Task Performance. J. Biol.
Rhythms 32, 143-153 (2017).

49.Garaulet, M., et al. Fragmentation of daily rhythms associates with obesity
and cardiorespiratory fitness in adolescents: The HELENA study. Clin.
Nutr. 36, 1558—-1566 (2017).



65

50. Covassin, N., Singh, P. & Somers, V. K. Keeping Up With the Clock:
Circadian Disruption and Obesity Risk. Hypertension 68, 1081-1090
(2016).

AUTHOR CONTRIBUTION STATEMENT

Dayane Eusenia Rosa (A); Luisa Pereira Marot (B); Marco Tulio de Mello (C);
Fernanda Veruska Narciso (D); Bruno da Silva Brandao Gongalves (E); Elaine
Cristina Marqueze (F); Cibele Aparecida Crispim(G).

A, B and G wrote the main manuscript text.

A and B prepared figures 1-3.

A and G prepared tables 1-3.

A, C and D analyzed the PVT datas.

A and E analyzed the actigraphy datas.

A, F and G analyzed the questionaire datas and review the statistics anlyzes.

ADDITIONAL INFORMATION

Competing interests

All the author(s) declare no competing interests.



66

5 ARTIGO 2. Effects of chronotype on psychomotor performance
throughout a complete shift rotation schedule: a prospective study in a

real-life condition

Artigo n&o submetido para publicagao.



67

Title: Effects of chronotype on psychomotor performance throughout a
complete shift rotation schedule: a prospective study in a real-life

condition

Dayane Eusenia Rosa'; Luisa Pereira Marot'; Marco Tulio de Mello?; Fernanda
Veruska Narciso?; Elaine Marqueze?; Lucio Borges de Araujo*; Cibele

Aparecida Crispim"

'Faculty of Medicine, Federal University of Uberlandia, Uberlandia, Brazil.
°Federal University of Minas Gerais, Belo Horizonte, MG, Brazil.
3Catholic University of Santos, Santos, SP, Brazil

4Faculty of Mathematics, Federal University of Uberlandia, Uberlandia, Brazil.

*Corresponding author: Cibele Aparecida Crispim, Faculty of Medicine, Federal
University of Uberlandia, Minas Gerais, Brazil. Av. Para, 1720, Bloco 2U, Sala
20. Campus Umuarama. Zip code: 38405-320 Uberlandia - MG. Phone/fax:
(+5534) 3218-2084. E-mail: cibelecrispim@gmail.com.



68

ABSTRACT

This study aimed to evaluate the effect of chronotype on psychomotor
performance throughout a complete shift rotation schedule. A total of 30 males
working in rotating shifts from a mining company under a real-life conditions were
studied. Individuals were evaluated over the following shift schedule: two days of
day work, two days of evening work and two days of night work. The chronotype
was determine using Munich Chronotype Questionnaire adapted for shift workers
(MCTQshitt), which was categorized by tertiles (Early-type, Intermediate-type and
Late-type). The psychomotor performance was evaluated by psychomotor
vigilance task (PVT). We found a significant effect of the interaction between
chronotype and work schedules on Mean of Reaction Time (MRT) in pre-and and
post work and number of lapses of attention (p<0.001). In general, early types
showed higher values of MRT-pre and post work, while late-type workers
presented a greater number of lapses of attention along the advancement of the
schedule. Intermediate-types were the least impaired in terms of psychomotor
performance. We conclude that, regarding of psychomotor performance,

intermediate types seem to be the best chronotype to work on rotation schedule.



69

INTRODUCTION

Social demands around the world generated a need for continuous service
production that culminated with the emergence of shift work (Vedaaab et al.,
2015). This is defined as any work schedule that deviates from the usual patterns
(Kunst et al., 2015) and has as main characteristic the continuous 24 hours of
operation (Waage et al., 2012). It is estimated that there are 20% of shift workers
worldwide (Alterman et al., 2013), especially the United States of America (USA),
that the percentage already reaches 28.7%, and Norway, which has a percentage
of 34% (Kunst et al., 2015). In Brazil, there is still no data available on the
prevalence of shift workers, but night work accounts for 15% of all workers (IBGE,
2016). The shifts schedules are diverse and include fixed and rotating shifts
(Dall'Ora et al., 2016) (MA et al., 2017), besides that the rotating can differentiate
in relation to the direction, speed of the displacement and time of beginning and
end of the shifts (Svetlana et al.,2010) (Sallinen and Kecklund, 2018).

Recent evidence demonstrates that shift work is related to negative effects
on psychomotor performance (Fisk et al., 2018) — which is defined as the ability
to maintain and process information for decision making in the workplace (Marek
et al,2010). These negative effects include cognitive impairments such as
attention drop (Basner et al., 2017), memory (Raven et al., 2017), decision
making (Brown et al., 2012), mood alteration (Schwarz et al., 2018), psychic,
motor, social and family problems, as well as absenteeism and increased risk of
accidents (Rajaratnam et al., 2011) (Ferguson et al., 2012). One of the main
triggers for such impairments appears to be deterioration of the sleep pattern
(Kecklund and Axelsson, 2016) (Hulsegee et al., 2015) (Short et al., 2015).
Individual worker characteristics - such as the chronotype - could supposedly be
associated with psychomotor performance (Vetter et al., 2015).

The chronotype governs preference regarding bedtime and waking hours
(Roeneberg et al., 2003). In this sense, morning people find it easy to get up in
the morning, perform better at this point and fall asleep easily in the early evening.
Evening types, on the other hand, report difficulty getting up early, have peak
activity at night and go to bed late (Barclay and Myachykov, 2017) (Taillard et al.,
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2011). Most individuals (60%) are classified as intermediate chronotype, that is,
their preferences may vary between morning chronotype and evening chronotype
(Barclay and Myachykov, 2017). It is known that the chronotype potentially
mediates adaptation and performance to shifts (Erren and Lewis, 2018) (Vetter
et al., 2015) (Facer-Childs, Boiling S and Balanos, 2018) (Rio-Bermudez et al.,
2014) (Correa, Molina and Sanabria, 2014). In theory, the chronotype may
interfere negatively in sleep duration and, consequently, psychomotor
performance (Vetter et al., 2015) Facer-Childs, Boiling S and Balanos, 2018).

To date, the interaction between specific factors of shift work - such as the
shift schedule, working hours and chronotype of the individual - has been little
explored in the literature. The few studies that addressed this subject (Fernandes
et al., 2013) (Reink, et.al, 2015) concluded that workers with evening chronotype
did not show better psychomotor performance during the night time period. In
agreement with these findings, Correa, Molina and Sanabria (2014) did not find
differences in the performance of morning subjects between morning and night
shifts (Correa, Molina and Sanabria, 2014).

In this context, this study aimed to evaluate the effect of chronotype on the
psychomotor performance in industrial workers throughout a complete shift
rotation schedule. We hypothesized that late chronotype presents a shorter sleep
duration and worse psychomotor performance — such as increase in the mean of
reaction time e number of lapses in attention — than other chronotypes throughout

a complete shift rotation schedule.

METHODS

Participants and ethics

This is an observational and prospective study of industrial workers in a
real-life condition. In total, 30 shift workers (male) were agreed to participate and
concluded this study. Theses participants (aged between 25 and 52 years)
worked at a mining company localized in a city in the Midwest of Brazil, in a
rotative shift work schedule. They were able to join the study according the
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following inclusion criteria: be a clockwise rotating shift worker (morning-
afternoon-night); work in the operations control panel or leadership position; be
able to answer the questionnaires; be able to wear actigraphy monitors and be
able to do the PVT test; had not done trans meridian travel in the three months
prior to the start of the study; no diagnoses with any sleep disorder.

All the shift workers participants gave written informed consent and all
subjects were informed about the objectives and procedures. The study was
approved by the Human Research Ethics Committee of the Federal University of
Uberlandia (CAAE: 49689115.0.0000.5152).

Procedures

The procedures were divided in two steps. At the first, information that
consisted of questionnaires regarding sociodemographic, health behaviors,
Munich Chronotype Questionnaire -(MCTQ) and anthropometric measurements
were collected. The second step was the study protocol, which started at the first
day of the schedule shift adopted by the company. This shift work schedule
rotation had duration of seven days. Individuals were followed for all seven
consecutive days carried out as follow: two days (D1 and D2) working during the
day (08:00- 16:00); two days (D3 and D4) working during the evening (16:00 —
00:00); two days (D6 and D7) working during the night (00:00 — 08:00).
Evaluations regarding the work performance by Psychomotor Vigilance Test
(PVT) and sleep by actigraphy were assessed over the seven days. On the 24
hours of rest (D5) between last day at evening shift and the first one at night, as
well as on free days (D8, D9 and D10) the Psychomotor Vigilance Test (PVT)

was not performed (Figure 1).
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Figure 1. Shift schedule days. D = work days; working times of each shift = day work (D1
and D2) - 08:00 to 16:00; evening work (D3 and D4) — 16:00 to 00:00; 24h free day (D5) —
00:00 to 00:00; and night work (D6 and D7) — 00:00 to 08:00.

Sociodemographic and health behaviors

All subjects answered a questionnaire about sociodemographic aspects,
such as age, marital status, presence of children at home, level of education and
years of shift work, as well as health behaviors such as frequency of physical
activity, alcohol intake, smoking habits, diseases diagnosed and use of

medicines.

Anthropometric Variable

To measure weight was used a high precision scale of 0.1Kg (Toledo
Scale Corp., Toledo, Ohio) and height, a stadiometer coupled to a scale with an
accuracy of 0.1cm (Toledo Scale Corp., Toledo, Ohio). Body mass index (BMI,
kg/m?) was calculated as the weight (kg) divided by the height squared (m?). A
BMI < 25kg/m? was considered eutrophic, = 25kg/m? and <30Kg/m? overweight,
= 30kg/m? obesity (Heyward and Stolarczyk, 2000). These measurements were

performed according to standardization method proposed by Lohman et al.,1988.
Munich Chronotype Questionnaire (MCTQ)
The chronotype was determined using Munich Chronotype Questionnaire

adapted for shift workers-MCTQsnit (Juda, Vetter and Roenneberg, 2013), an

adapted version from the Munich Chronotype Questionnaire (Roenneberg Wirz-
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Justice; Merrow, 2003). The Munich Chronotype consists of simple questions
about sleep timing (separately on work and free days), allowing the computation
of its key parameters: mid-sleep (the midpoint between sleep onset and offset)
and sleep duration (SD) (Roenneberg Wirz-Justice; Merrow, 2003).

The MCTQshit is a validated questionnaire to assess shift workers’
chronotype in rotational schedules, applies the standard MCTQ items separately
to the morning (M), evening (E), and night (N) shift (in reference to sleep onset
being either before a workday or a free day). For this study we adapted the
chronotype calculation with the type of rotation shift schedule performed by the
participants, so it was necessary to calculate the "oversleep" for individuals who
sleep longer on free days than on workdays. The MSF is the determination of
the chronotype for shift workers considering the following variables: mid-sleep in
free days; sleep duration in free day and the "oversleep (Juda, Vetter and
Roenneberg, 2013).

The employees were ranked by chronotype tertiles (Vetter, et al., 2015) and
was categorized: “Early type” (E-type) (01:30:00— 04:41:40), “Intermediate type”
(I-type) (04:41:41 — 06:10:38) and “Late type” (L-type) (06:10:39 — 10:21:27).

EVALUATIONS CONDUCTED OVER SHIFT SCHEDULE

Actigraphy

The information of actigraphy was collected using the actigraph - Act
trust (Condor Instruments®). This tool was configured for collecting information
every 24 hours in the period of 15 consecutive days. The information was
downloaded through the software ActStudio (Condor Instruments® - version
1.0.0.0050.2015). The actigraphy is a tool validated to identify the patterns of
circadian rhythm on shift work (Marino et al., 2013). The volunteers were
instructed to wear the actigraph on their non-dominant wrist and during two
schedule shift and filled out a sleep diary with information on their activity on this
period (Martin and Hakim et al., 2011). The correct use of actigraphy were

certificated at tests times and by cellphone messages.



74

Psychomotor vigilance performance

The performance was assessed using the Psychomotor Vigilance Task
(PVT). The PVT is considered a visual response test involving a luminous
stimulus, which displays flashes at intervals of 2 to 10 seconds on the device
screen (irregular intervals) over a period ranging from 10 minutes to 5 minutes
(Deurveilher et al., 2015). These data make it possible to measure performance
in cognitive tasks through variables such as reaction time (RT) and attention
lapses (Narciso et al., 2016). In this study, the mean reaction time measured
before the start of the shift (MRT-pre shift) and after the end of the shift (MRT-
post shift) were used, as well the number of lapses of attention to analyzed the
psychomotor performance.

Participants were "familiarized" with the test/equipment previously and
were instructed so that as soon as the visual stimulus appeared, they should
press a reply button (as fast as possible), located on the right side of the
equipment (Buckley et.al., 2016). The test was performed in a quiet illuminated
room, individually (only the participant was in the room). The PVT tests had
duration of five minutes and occurred just before and after the work period, over
six days of shift work (corresponds to complete schedule work) at the workplace.
During the 5 minutes of the test, several stimuli and responses occurred that
provide a sampling of reaction time and lapses of attention, which can occur when
there is fatigue (caused by loss of sleep or time in the task) (Basner and Dinges,
2011).

The variable analyzed for this study included Mean of Reaction Time
(MTR) in pre work and post work, and number of lapses of attention. The lapses
are disruptions in performance that typically last between 0.5 — 15 s (Magee et
al.,, 2016). The values obtained were analyzed using the software Microsoft
Excel®.

Statistical Analysis
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Data are presented as means + SD or numbers and percentages. The
Generalized linear models (GLM) (Dobson, 2010) was used to analyze the effect
of chronotype, shift rotation and its interaction on sleep duration and psychomotor
performance variables. The analysis was conducted through four statistical
models: 1. sleep duration as dependent variable and shift rotation, chronotype
and BMI (covariable) as independent variables; 2. MRT-pre shift as dependent
variable and shift rotation, chronotype and BMI (covariable) as independent
variables; 3. MRT-post shift as dependent variable and shift rotation, chronotype
and BMI (covariable) as independent variables; and 4. number of lapses of
attention as dependent variable and shift rotation, chronotype and BMI
(covariable) as independent variables. All models were adjusted for age, period
of shift work and presence of children at home.

The ROC curve (Zhou et al., 2014) was used for the comparison between
the chronotype and groups formed by the number of attention lapses. Statistical
analyses were performed using SPSS version 23.0 (SPSS Inc., Chicago, IL). For

statistical significance, a error was set at 5%.

RESULTS

The sample was distributed in similar proportions of each chronotype;
36.6% were early type, 33.3% were late type and 30.3% were intermediate type.
Data regarding sociodemographic, occupational and anthropometric
characteristics of each chronotype group are presented in Table 1. The majority
of individuals evaluated in each chronotype group were married, had children at
home, had worked in shifts for 10 years or more, did physical activities at least

once a week and were in the overweight range (BMI = 25 to < 30 kg/m?).



Table 1. Characteristics of the study population (n=30).
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Variables Early-type (n=11) Intermediate-type (n=9) Late-type (n=10)

Age (y), mean = SD 38.00 + 6.47 37.78 £5.24 35.80 £ 5.47
Children at home n (%) 9 (81.80) 5 (55.60) 5 (50.00)
Married or living together n (%) 11 (100.00) 8 (88.89) 8 (80.00)
Period of shift work

<10 years, n (%) 2 (18.18) 4 (44.44) 4 (40.00)
=10 years, n (%) 9 (81.82) 5 (55.56) 6 (60.00)
Physical activity - Yes, n (%) 6 (60.00) 7 (77.78) 5 (50.00)
BMI (kg/m?), mean + SD 28.27 + 3.65 27.95+3.70 29.03 +4.17
Overweight, n (%) 5 (45.45) 5 (55.56) 6 (60.00)
Obese, n (%) 4 (36.36) 2 (22.22) 3 (30.00)

Data are expressed as mean + standard deviation (SD) or number (percentage). BMI, body mass index. Overweight, BMI = 25kg/m? and <30Kg/m?;

Obesity, BMI = 30kg/m?, according to World Health Organization (2000). *n = 30



77

GLM analysis showed the effect of shift rotation (2 days of day work, 2 days of
evening work and 2 days of night work) and chronotype on sleep duration, reaction
time and number of lapses of attention. We found an isolated effect of shift rotation on
the sleep duration, the longer sleep duration occurred in day work (08:14:00 %
00:28:00) than evening and night work (06:55:00 + 00:28:00 and 05:26:00 + 00:28:00,
respectively; p<0.01). We did not find significant isolated effects of working in different
shifts throughout the rotation schedule on the PVT variables (MRT-pre work, p=0.49;
MRT-post work, p=0.86; lapses of attention, p= 0.88).

Chronotype had no isolated effect on sleep duration (p =0.98). The Figure 2
presents the isolated effects of chronotype on mean of reaction time and the number
of lapses in attention. Although we did not find significant differences between pre and
post shift MRT values in any of the shifts, the E-types individuals started and ended
shift differently than other ones in terms of MRT (Fig-2A). In this sense, E-type had a
higher value of MRT-pre work (308.77 + 10.03) than I-type and L-type (257.61 + 6.63,
273.35 + 6.96, respectively, p<0.001) (Fig-2A). In addition, MRT-post work was higher
(306.37+ 8.53) in the E-types than I-types and L-Types (252.91 + 5.97, 262.88 £ 6.05,
respectively, p <0.001) (Fig-2A).

The Figure 2B shows the isolated effect of chronotype on lapses of attention. L-
type group presented higher values of lapses (5.00 + 0.92) compared to E- type and |-
type (1.94 £ 0.50 and 1.33 + 0.30, respectively; p <0.001).
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Figure 2. Isolated effect of chronotype on mean of reaction time and the number of lapses in
attention. (A) Effect of chronotype on mean of reaction time pre and post shift. (B) Effect of
chronotype on number of lapses. Data correspond to mean % standard error (n = 30). *Statistical
differences between chronotype groups at the same MRT evaluation. The bars with different

superscripts are significantly different; P < 0.001.

Figure 3A presents a significant effect of the interaction between chronotype
and work schedules on sleep duration (p<0.001; Figure 3A). In this sense, I-type and
L-type — but not E-type - had a longer sleep duration in day work than night work (I-
type: 08:17:16 + 0:20:45 and 05:29:38 + 0:37:36, respectively; L-Type: 08:10:52 +
0:21:06 and 4:30:49 £ 0:35:17, respectively; p <0.001 for all). The sleep duration of the
E-type did not vary significantly throughout the rotation schedule (p=0.35; Fig-3A).

Figure 3B presents the significant effect of the interaction between chronotype

and work schedules on mean of reaction time in pre work (p<0.001). We did not find a
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significant variation of MRT-pre work values among the different work times throughout
the complete schedule for all chronotype groups. However, the results showed that the
chronotype groups started the shift work schedule with different MRT values. E-type
group had a higher MRT-pre work (312.80 + 14.3) in day work than I-type (252.87
9.58, p<0.001). In evening and night works, the E-type group had a higher MRT-pre
work (305.81 £ 12.14 and 303.25 £ 10.84, respectively) than I-type (255.13 £ 9.08 and
267.36 = 13.39, respectively; p <0.001; Fig 3B) and L-type (276.50 £ 14.39 and 268.29
1+ 11.02, respectively; p <0.001; Fig 3B).

Figure 3C the significant effect of interaction between chronotype and work
schedules on mean of reaction time in post work (p<0.001). As showed for MRT-pre
work, the MRT-post work had not a significant variation of values among the different
work times for all chronotype groups. However, we found that I-type presented lower
values of MRT-post work in evening (247.53 £ 6.51) and night work (252.14 £ 8.20)
than E-type group (315.06 £ 10.64 and 295.19 £ 12.79, respectively, p<0.001; Fig-3C).

The significant effect of the interaction between chronotype and work schedules
on number of lapses of attention is presented in the Figure 3D. The E-type group
presented a lower number of lapses during day work (1.00 + 0.63) than evening and
night works (3.44 + 0.73 and 3.13 £ 0.65, p<0.001). The other two chronotypes did not
significantly oscillate the number of lapses along the schedule advance. We found that
L-type had a higher number of lapses of attention during day work (06.18 + 2.68) than
E-type and I-type (1.0 £ 0.63 and 1.67 x 0.59, respectively; p<0.001). During evening
work, the I-type had a lower number of lapses of attention (0.87 + 0.22) than E-type
and L-type (3.44 £ 0.73, 6.31 + 1.98, respectively; p <0.001). For the night work, the L-
type had a higher number of lapses of attention (4.06 + 1.18) than I-type (1.50 + 1.98,
p <0.001).
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Figure 3. (A) Effect of interaction between chronotype and work schedules on sleep duration
(GLM-Model 1). (B) Effect of interaction between chronotype and work schedules on mean of
reaction time on pre-shifts (GLM-Model 2). (C) Effect of interaction between chronotype and work
schedules on mean of reaction time on post shifts (GLM-Model 3), (D) Effect of interaction
between chronotype and work schedules on number of lapses of attention (GLM-Model 4). The
values in the same chronotype group with different superscripts are significantly different; p<
0.001. (*) E - type significantly different of | — type, (**) E-type significantly different of I-type and
L-type (***) L-type significantly different of E-type and I-type, (****) I-type significantly different of
E-type and L-type, (*****) L-type significantly different of I-type, p< 0.001. Data expressed by mean

* standard error of the mean (n = 30).
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ROC curve presented in Figure 4 shows the association between the number
of lapses over the entire rotating shift and chronotype. Subjects with late chronotypes
(MSFS€ > 6:33h) tended to have 10 or more lapses during a complete rotation of shifts.

Considering the cut-off of 6.33, the sensitivity was 0.83 and the specificity was 0.73.

ROC Curve

Sensitivity

) ROC AUC=0.76

L5 ) T T T T 1
/0 0.2 a a8 ] in

1 - Specificity

Figure 4 - ROC curve. Comparison between the chronotype and groups formed by the number
of attention lapses. The area below the curve (AUC) was 0.76. The cut-off point for the chronotype
was 6.33. P = 0.003.

DISCUSSION

This study showed that the psychomotor performance of the workers over a full
rotation of day-evening-night work schedule is importantly influenced by the
chronotype. Late chronotype workers had a greater and regular number of lapses of
attention in different shifts of the scale, while early type workers showed an increasing
in the number of lapses of attention from day work to evening work and night work. It
was interesting to note that intermediate individuals oscillate less in terms of the
different variables related to psychomotor performance throughout the rotation; they
had lower values of reaction time and the number of attention lapses. As the majority
of the population (60%) is considered as intermediate chronotype (Barclay and
Myachykov, 2017), it would be reasonable to propose that companies align this
chronotype with the working schedules to ensure a better work performance and a
lower risk of accidents at work. The evolution of this area of research and confirmation
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of these findings are essential for the chronotype to become a variable considered in
the determination of the work scale.

Chronotype has been pointed out as one of the factors that can potentially
mediate adaptation to shift work (Erren and Lewis, 2018) (Vetter et al., 2015) (Facer-
Childs, Boiling and Balanos, 2018) (Rio-Bermudez et al., 2014) (Correa, Molina and
Sanabria, 2014). Our results corroborate with this statement, since the intermediate
chronotype workers showed a better means of reaction time and smaller numbers of
lapses of attention throughout the shifts (see results). Thus, even when exposed to a
wide range of schedules imposed by the rotating shift work, this group presented few
oscillations in relation to the measured variables, which is probably explained by the
better adaptability of the intermediate chronotype in in most of the working hours of
this schedule, especially to work during the day and in evening shifts.

Schmidt et al., (2012) and Martin et al., (2015) studies highlighted that workers
with intermediate chronotype showed a better adaptation — as less misalignment and
loss displacement of sleep - both for morning shifts and night shifts compared to
evening chronotypes (Martin et al.,2015), as we found in this study. Previous studies
have also suggested that workers with evening chronotypes tend to tolerate better
night shifts (Vetter et al.,2015) and morning individuals present a higher level of
circadian misalignment when submitted to night work schedules (Juda, Vetter and
Roenneberg, 2013). Corroborating Vetter et al (2015) and Juda, Vetter and
Roenneberg (2013) data, our study found that the E-type group showed an increase
in the number of attention lapses as shift rotation progressed. The mechanism related
to such adaptations is not yet fully understood (Novakova, Sladek and Sumova, 2013).
In part, it is believed that the link is between the operation of the Circadian Timing
System - inherited genetically (Kalmbach et al., 2017) and that regulates the
endogenous circadian rhythms (wake-sleep cycle) -, and environmental adaptations,
such as exposure to light and stages of human development (Hittle and Gillespie,
2018). In this sense, intermediate chronotypes would be better able to align their
endogenous rhythms with environmental synchronizers based on a greater flexibility
of schedules. In addition, factors such as working hours and consequently sleeping
and awaking would be more align with the Circadian Timing System.

One of the potential factors for the psychomotor performance decline over the
rotational work shifts is sleep curtailment (Fisk et al., 2018), which was identified in this
study (the sleep duration in day work days were higher than in evening and night work
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days, p <0.001). The mechanism behind this relationship is the circadian entrainment
caused by fluctuations in bedtime or work schedules time (James, et.al., 2017). In
addition, it should be remembered that the Circadian Timing System promotes sleep
during the dark phase, a period that shift workers usually perform their occupational
activities, and promotes wakefulness during the light phase, when workers need to
start their sleep (West, et al., 2017). In this sense, the misalignment of circadian
rhythms and working hours impact negatively the quality and efficiency of sleep
(Chinoy, E. D.2016). Nevertheless, some individuals may intuitively adapt their
behaviors in favor of circadian entrainment caused by rotating shifts while others, due
to chronotype-related characteristics, perform inappropriate or inconsistent sleep
hygiene in relation to the light-dark exposure (Boudreau and Boivin, 2014). In the
present study, we found that I-type and L-type had a longer sleep duration at the
begging of the schedule (day work) than at the end (night work), which also tended to
happen with the E-type group (p = 0.35). Interestingly, despite these losses in sleep
duration in different chronotypes, the intermediate group has maintained better levels
of psychomotor vigilance along the scale. Other factors such as fatigue (Fekedulegn,
et.al., 2018), naps (Oriyama, et.al., 2018) and time-awake (Zion and Shochat, et.al.,
2018) - which may also influence psychomotor performance - could justify our results.

This study has some limitations. The extrapolation capacity is limited,
considering that we studied a small and entirely male sample. In addition, we evaluated
only one shift rotation program and also only one kind of rotation. Thus, we do not
know how the psychomotor performance of workers in other types of programs would
be and even at another time of rotation, considering the diversity of factors capable of
interfering in psychomotor performance. However, we believe that our results are
relevant and sufficiently consistent to demonstrate the association between chronotype

and psychomotor performance of the rotating workers.

CONCLUSION

Late chronotypes workers presented a greater mean of lapses of attention in all
shifts of the schedule, while the E-type group increased the number of lapses of
attention from morning to evening and night shift. Intermediate chronotypes oscillated
less in the different variables related to psychomotor performance throughout the
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rotation schedule, with lower values of reaction time and the number of attention

lapses. Future research is needed to confirm these findings.
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ANEXO B - QUESTIONARIO DE CRONOTIPO DE MUNIQUE

QUESTIONARIO DE CRONOTIPO DE MUNIQUE (MCTQ)

Responds (edas oy questies baseado b sen bibwie de sooo hobwusl. Az respostos devem diferenciac on dizs de trabalise dos- diag livres,
indiearn o que oooaTe na maiori dos s & noifes,

Yook tem um horario regular de trabalho (tlambém como donalo) de casa, ete.)?
Sim [ Se responder "SIM": quantos dias por semana? 10 200 300 400 501 &[0 700
Nio [

cL'CE‘

5

. Eo
Jz-;";f‘i
T

."I ) !’ i .-'-. L “);
Use a escala das 24 horas, por exemplo, 23:00 em vez de 11:00!/!

Mos diag de trabalhve (incluindo a nodte anienor ao primerra dia da frabalho)
Figura 1: Vou para a cama as horas.
Figura 2: Algumas pessoas permanecem algum lempo acordadas depois de se deilarl
Figura 3: As horas, estou pronto para ir dormir.
Figura 4: Mecessito de minutos para adormecer,
Figura 5: Acordo s horas,
Figura &: Passados minulos, levanto-me.
Vood usa um despertador nos dias de trabalho? Sim [ MNao [

Se responder “SIM™, vocé acorda regularmente antes do alarme locar?  Sim 0 Hao [

Eora dos dias de trabalha (incluinde & noite anterior ag primeiro dia de descanss ou lazer)

Figura1: Vou para a cama as horas.

Figura 2: Algumas pessoas permanecem um tempo acordadas depois que vao se deitar!

Figura 3: As __ horas, estou pronto para i dermir,

Figura 4: HNecessito de minutos para adormecer,

Figura 5: Acordo ds horas.

Flgura &; Passados minutos acordo.

gl!:“hla:ll'l :9: ue mencionou scims sdo dependentes do despertador mesmo fora dos dias de trabalho?
a0

Ha uma razdo pela qual vocé ndo possa escolher livremente os seus hordrlos de sono fora dos dias de
trabalho? Crianca ou animal doméstico [J Hobbies [J Qutro motive [, por
Exemplo

Luz

Em média, quanto tempo por dia vocé passa exposto & luz do dia (s ar livre)?

Mos Dias de T Ih horas minufos

5 dias d ______horas minutos
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APENDICE A - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - TCLE

Vocé esta sendo convidado (a) para participar da pesquisa intitulada: “Efeitos
da alternéncia dos turnos sobre o ciclo vigilia/sono, tempo de reagéo, habitos
alimentares e presséao arterial em trabalhadores em turnos”, sob a responsabilidade
da pesquisadora: Dayane Eusenia Rosa. Nesta pesquisa buscaremos identificar se o
sono, atengao (vigilia), habitos alimentares e pressao arterial alteram durante o rodizio
dos turnos. Para informacéo de todos, sera realizada na empresa uma palestra. Caso
haja interesse em participar, o Termo de Consentimento Livre e Esclarecido (TCLE)
sera obtido pela pesquisadora no momento da selecao os participantes.

Na participacdo vocé respondera a trés questionarios, sendo aplicados pelas
pesquisadoras, em uma sala especifica da empresa apdés a assinatura do TCLE,
sendo que o preenchimento é feito apenas por vocé. Havera um questionario sécio-
econdmico e de saude, o qual consta de perguntas sobre: idade, sexo, estado civil,
numero de filhos, presengca de alguma doenga, uso de medicamentos, uso de
substancias para manter acordado ou para dormir, realizacao de atividade fisica, qual
turno trabalha, quanto tempo trabalha no turno atual e a funcdo desempenhada na
empresa. Sera perguntado ainda: qual o horario que vocé trabalha, dorme e acorda,
a qualidade do seu sono, os alimentos que consome, se vocé fuma e se ingere bebida
alcoolica. Sao informagdes importantes para que questdes relacionadas a sua saude
seja analisada. Para que essa analise seja completa, vocé também sera pesado e
medido (altura e circunferéncia da cintura), sendo necessario a retirada do seu
calgado. E durante os 13 dias utilizara um relégio de pulso que ajudara a monitorar
seu sono e um aparelho chamado MAPA, avaliara sua pressao arterial.

O pesquisador firma o compromisso que em nenhum momento vocé sera
identificado, assim suas informagdes individuais ndo serao disponibilizadas para
empresa nem mesmo ao publicar os resultados da pesquisa. Essa pesquisa nao
disponibiliza nenhuma retribuigdo financeira e todos os procedimentos realizados
serdo gratuitos. Os possiveis riscos consistem em: vocé podera se sentir
constrangimento (“vergonha”) durante a medi¢cdo de peso, da circunferéncia da
cintura, do preenchimento dos questionarios e da utilizagdo dos aparelhos como o
relogio de pulso e o MAPA. Além disso, podera sentir receio (“medo”) durante a coleta

de sangue.
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(Assinatura do participante da pesquisa)

No entanto, serdo tomados todos os cuidados para se evitar qualquer

ocorréncia deste tipo. Ja os possiveis beneficios serdo uma orientagdo detalhada

sobre o seu sono, seus habitos alimentares, seus exames laboratoriais e sua pressao

arterial. O TCLE consiste em duas paginas sendo assim, se concordar, assine- as.

Vocé é livre para deixar de participar da pesquisa a qualquer momento sem

nenhum prejuizo ou coagdo. Uma coépia deste Termo de Consentimento Livre e

Esclarecido ficara com vocé. Qualquer duvida a respeito da pesquisa, vocé podera

entrar em contato com as pesquisadoras responsaveis:

Ass.

Dayane Eusenia Rosa. Pds-Graduagao em Ciéncias da Saude, Faculdade de
Medicina, Universidade Federal de Uberlandia. Endereco: Avenida Para, 1720-
Bloco 2U, Sala 20, Campus Umuarama. Fone: 3218-2389 ou pelo (celular) 64
99850245.

Ass.

Luisa Pereira Marot Furlan. Pés-Graduacao em Ciéncias da Saude, Faculdade
de Medicina, Universidade Federal de Uberlandia. Endereco: Avenida Par3a,
1720- Bloco 2U, Sala 20, Campus Umuarama. Fone: 3218-2389 ou pelo
(celular) 64 99590342.

Ass.

Cibele Aparecida Crispim. Pds-Graduagao em Ciéncias da Saude, Faculdade
de Medicina, Universidade Federal de Uberlandia. Endereco: Avenida Para,
1720- Bloco 2U, Sala 20, Campus Umuarama. Fone: 3218-2389 ou pelo
(celular) 34 91631299.

Comité de Etica na Pesquisa com Seres-Humanos — Universidade Federal de
Uberlandia: Av. Jodo Naves de Avila, n° 2121, bloco J, Campus Santa Ménica
— Uberlandia -MG, CEP: 38408-100; fone: 34-32394131.
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Eu aceito participar do projeto citado acima, voluntariamente, apos ter sido

devidamente esclarecido.

Participante da pesquisa

Cataléo, de de 201__._
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APENDICE B - INFORMAGOES SOCIODEMOGRAFICAS E CLINICAS:

Cadigo: Data da coleta: )

A. Qual sua data de nascimento?
/ /

B. Como vocé vive?

( ) 1- Vive sozinho; () 2- Vive com companheiro; ( ) 3 — Vive com familiares; ( ) 4
— Vive com outras pessoas.

C. Seu estado civil é:
1.( ) solteiro; 2. ( ) casado; 3.( )viuvo; 4.( )divorciado;5. ( )separado ou desquitado;
6.( )outros.

D. Alguma crianga (menor de 12 anos) mora com vocé? (pode ser filho ou ndo)
1.( )sim; 2.( )ndo

Vocé tem filhos:

1.( )sim; 2.( )néao
E. Vocé estudou até que ano (série)?
( ) Primario incompleto;
( ) Ensino Fundamental completo (até a 8 série);
( ) Ensino Médio incompleto (ndo terminou o 3 ano do colegial)
( ) Ensino Médio completo (terminou o 3 ano do colegial)
( )Faculdade incompleta
( )Faculdade completa

( ) Pos- graduacao incompleta

© N o g bk wbh =

( ) Pos- graduagao completa

ORGANIZAGCAO DO TRABALHO

A. Qual sua ocupacéao/ cargo?

1. ( ) operador A; 2. ( ) operador B; 3. ( ) Operador C; 4. ( ) outros.

B. Vocé trabalha em turnos rodoziantes (roda turnos) a quanto tempo?

1.( )1abanos;2.( )entre5e 10 anos; 3.( ) entre 15 e 20 anos; 4. ( ) acima de 20

anos.

C. Vocé possui outro Trabalho:
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1.( )sim; 2.( )nao
Se sim, em qual turno de Trabalho:
1.( )manha; 2. ( )tarde; 3.( )noite; 4. () Rodiziantes

D. Durante a semana vocé trabalha quantas horas?

(calcular horas extras e outro emprego se houver)

INFORMACOES CLINICAS:

A. Apresenta ou ja apresentou alguma(s) dessa(s) doenga(s):
) 1 - hipertensdo arterial (pressao alta);

) 2 — diabetes;

) 3- doencas cardiacas (do coracéo);

) 4 — doengas pulmonares cronicas (asma, bronquite, enfisema)
) 5 — tumores ou cancer

) 6 — depressao

) 7 — doengas dos 0ssos e das juntas (articulagdes)

(
(
(
(
(
(
(
(

) 8 — outras:

w

Sentiu os sequintes sintomas na ultima semana:
) 1 —dor
) 2 — falta de ar

(

(

() 3 - palpitacao (batedeira)
( )4 —insbnia

()5 —tristeza

( )6 - ansiedade

( )7 —tonturas

( ) 8 —fadiga (cansaco)
()9 - falta de apetite

(

) 10 — outras:

C. Vocé utiliza algum medicamento?

1.( )sim; 2. ( )néao
Se sim, qual
(ais)?

D. Vocé realiza alguma atividade fisica?

1.( )sim; 2.( )nao
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Se sim, com que frequéncia?

1.( ) raramente; 2. ( ) 1- 3x por semana; 3.( ) apds o plantdo; 4.( ) diariamente
E. Faz uso de café?

1.( ) sim; 2.( )nao

F. Vocé é fumante?:

1.( )sim; 2.( )nao

G. Vocé faz uso de bebidas alcodlicas?

1.( )sim; 2.( )néao;

Se sim, com que frequéncia?
Avaliagao Antropométrica
Peso: _ Estatura:__
IMC: CA:




