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RESUMO

A vida na Terra evoluiu ao longo de bilhdes de anos em ambientes predominantemente
externos, sob condi¢cdes ambientais ciclicas. Como consequéncia, complexos mecanismos
fisiologicos de deteccdo e geracao de ritmicidade desenvolveram-se. Para seres humanos, assim
como para diversos organismos, variagdes de iluminagdo sao a principal pista temporal externa
capaz de sincronizar os ritmos biologicos ao ambiente. Entretanto, com o advento da
eletricidade, seres humanos passaram a expor-se menos a luz natural durante o dia e mais a luz
artificial durante a noite, o que traz consequéncias para a satde. A iluminag¢ao em Unidades de
Tratamento Intensivo Neonatais (UTIN) costuma ser continua ou irregular, € neonatos ficam
expostos a luz também no periodo noturno, o que pode impactar negativamente seu
desenvolvimento até a alta hospitalar. Neste contexto, o objetivo deste trabalho foi avaliar o
impacto do uso de equipamentos individuais de prote¢do contra a luz artificial no periodo
noturno no desenvolvimento e crescimento de neonatos prematuros. Neonatos nascidos com
menos de 37 semanas gestacionais que nao necessitavam mais de cuidados intensivos
constantes foram randomizados para utilizar protetores oculares no periodo noturno (grupo
intervengdo, n = 21) ou para continuarem expostos a luz artificial de baixa intensidade
normalmente presente na unidade (grupo controle, n = 20). Foram avaliados o numero de dias
até a alta, ganho de peso diario e sinais vitais (frequéncia cardiaca, frequéncia respiratoria,
saturacao de oxigénio e temperatura corporal) a cada 6 horas (02:00, 08:00, 14:00 e 20:00).
Neonatos que utilizaram protetores oculares a noite receberam alta mais cedo do que bebés do
grupo controle (8 [5] dias vs 12 [3.75] dias; p < 0.05). Nao foi observada diferenca significativa
entre os grupos com relacao ao ganho de peso. Uma maior variacao de frequéncia cardiaca foi
observada no grupo intervenc¢do, com valores menores de batimentos por minuto (bpm) as 14:00
e as 20:00. Nao foram detectadas diferengas significativas nas medidas de frequéncia
respiratoria, saturacdo de oxigénio e temperatura corporal entre os grupos nos horarios
avaliados. As atividades realizadas na UTI neonatal e em outras unidades de terapia intensiva
tornam invidvel a implementacao de um ambiente completamente escuro em qualquer momento
do dia. A partir dos resultados encontrados no presente estudo e dos dados presentes na
literatura, consideramos que unir um ambiente escurecido a noite com dispositivos individuais
de protegdo contra a luz seja uma forma de criar melhores condigdes para o desenvolvimento
de bebés prematuros na UTIN. Além disso, a utilizagdo de protetores oculares no periodo
noturno ¢ uma intervengdo barata que pode reduzir os custos da internagcdo ao diminuir o
numero de dias até a alta hospitalar, gerando uma economia para o sistema publico de saude.

Palavras-chave: Unidade de Tratamento Intensivo Neonatal, neonatos prematuros,
cronobiologia, poluicao luminosa, protetor ocular, neonatologia



ABSTRACT

Life on Earth has evolved over billions of years in predominantly external environments, under
cyclical conditions. As a consequence, complex physiological mechanisms for detecting and
generating rhythmicity were developed. For human beings, as well as for several organisms,
lighting variations are the main external temporal cue capable of synchronizing biological
rhythms to the environment. However, with the advent of electricity, humans’ exposure to
natural light during the day diminished and the exposure to artificial light at night increased,
which has health consequences. Lighting in Neonatal Intensive Care Units (NICU) is usually
continuous or irregular, and infants are also exposed to light at night, which can negatively
impact their development until hospital discharge. In this context, the objective of this work
was to evaluate the impact of the use of individual equipment for protection against artificial
light at night on the development and growth of preterm neonates. Infants born at less than 37
weeks of gestation who no longer needed constant intensive care were randomized to either use
eye protection at night (intervention group, n = 21) or to remain exposed to the low-intensity
artificial light normally present in the unit (control group, n = 20). Number of days until
discharge, daily weight gain and vital signs (heart rate, respiratory rate, oxygen saturation and
body temperature) were evaluated every 6 hours (02:00, 08:00, 14:00 and 20:00). Neonates who
used eye protection at night were discharged earlier than babies in the control group (8 [5] days
vs 12 [3.75] days; p <0.05). There was no significant difference between groups with regard to
weight gain. A greater variation in heart rate was observed in the intervention group, with lower
values of beats per minute (bpm) at 14:00 and 20:00 pm. There were no significant differences
in the measurements of respiratory rate, oxygen saturation and body temperature between the
groups at the evaluated times. The activities performed in the neonatal ICU and other intensive
care units make it impossible to implement a completely dark environment at any time of the
day. Based on the results found in the present study and the data present in the literature, we
consider that combining a darkened environment at night with individual light protection
devices is a way of creating better conditions for the development of premature infants in the
NICU. In addition, the use of eye protectors at night is an affordable intervention that can reduce
the costs of hospitalization by reducing the number of days until hospital discharge, generating
savings for the public health system.

Keywords: Neonatal Intensive Care Unit, preterm infants, chronobiology, light pollution, light
protection equipment, neonatology
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1 INTRODUCAO COMPREENSIVA

Cronobiologia: o estudo dos ritmos biologicos

Desde o surgimento do primeiro ser vivo, ha quase 4 bilhdes de anos, a vida na Terra
vem evoluindo sob condi¢des ambientais ciclicas. Os movimentos de rotagao e translagao do
planeta dao origem, por exemplo, a dias claros e noites escuras, a variagdes diarias e anuais de
temperatura e a eventos climaticos sazonais. Neste contexto, a capacidade dos organismos de
identificar e prever alteracdes no meio em que se encontram representou uma vantagem
evolutiva, possibilitando uma melhor adaptagao ao ambiente e, consequentemente, maiores
chances de sobrevivéncia. Como resultado, mecanismos cada vez mais complexos para detectar
e gerar ritmicidade se desenvolveram e, atualmente, sabe-se que os mais diversos organismos
(desde bactérias, fungos e algas até plantas, moscas, aves ¢ mamiferos) apresentam algum tipo
de sistema temporizador (BELL-PEDERSEN et al., 2005).

A Cronobiologia ¢ a ciéncia que estuda os ritmos biologicos. Estes podem ser
classificados em ultra-, infra- ou circadianos de acordo com a sua duragao: ritmos circadianos
possuem duracao de cerca de um dia, mais especificamente entre 20-28 horas (ex.: temperatura
corporal, liberacao de cortisol, ciclo sono-vigilia); ritmos ultradianos ocorrem mais de uma vez
por dia, ou seja, apresentam duragdo menor que 20 horas (ex.: batimentos cardiacos,
respiracdo); e ritmos infradianos ocorrem menos de uma vez por dia, ou seja, apresentam
duragdo maior que 28 horas (ex.: ciclo menstrual) (VITATERNA; TAKAHASHI; TUREK,

2001). A Figura 1 apresenta uma comparagao entre ritmos ultra-, infra- e circadianos.

Figura 1. Exemplos de ritmos biologicos
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Fonte: elaborada pela autora.



Segundo Takahashi (TAKAHASHI, 2017), o mecanismo molecular dos relogios
circadianos em mamiferos ¢ gerado por um circuito de retroalimentacdo transcricional
autorregulado em cada célula. Os genes envolvidos nesse processo sao chamados de “genes do
relogio” (clock genes), e os principais sao Clock, Bmall, Perl, Per2, Cryl e Cry2. Os fatores
CLOCK e BMALI ativam a transcricdo dos genes Per e Cry, cujos produtos, por sua vez,
inativam os fatores CLOCK e BMALI. Conforme as proteinas PER e CRY sdo degradadas,
CLOCK e BMALI voltam a promover a transcri¢cdo. Este ciclo ocorre em um periodo de cerca
de 24 horas (TROTT; MENET, 2018). Os fatores de transcricdo e elementos de resposta
mencionados, somados a outros, afetam a expressdo de diversos genes e regulam o

funcionamento celular (RIJO-FERREIRA; TAKAHASHI, 2019) (Figura 2).

Figura 2. A rede de genes circadianos e camadas de regulagdo do genoma em mamiferos
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Os fatores de transcricido CLOCK e BMALLT ativam os genes Perl, Per2, Cryl e Cry2 (Per2 e Cryl sao
mostrados na figura como exemplos), cujos produtos proteicos (PER e CRY) reprimem sua propria transcrigao
através da inibicdo do complexo CLOCK:BMALI. As proteinas PER e CRY sdo reguladas pds-tradugdo pelas

vias paralelas da ubiquitina ligase E3 (FBXL3 e FBXL21 para CRY e 3-TrCP para PER), com os niveis de PER
também regulados por CK1. CLOCK e BMALI também regulam a expressdo dos genes Nrld1/2, que codificam
os receptores nucleares REV-ERBa/p, respectivamente. Esses receptores nucleares reprimem ritmicamente a
transcrigdo de Bmall e Nfil3, dois genes que sdo ativados pelo receptor 6rfao-o/f relacionado ao acido retindico
(ROR/B). Por sua vez, NFIL3 juntamente com a proteina de ligacdo D-box (DBP), bem como CLOCK e
BMALL, regulam o ritmo dos receptores nucleares REV-ERBa/p. Esses trés loops de feedback transcricional
interligados regulam a maioria dos genes ciclicos, levando a ritmos em varios sistemas fisiologicos diferentes, do
sono ao metabolismo e envelhecimento (parte inferior da figura). Observe que os motivos E-box e D-box e as
regides de ligagdo de RORE estdo em cis a montante no promotor; no entanto, eles sdo representados aqui como

uma caixa empilhada para simplificacdo. Um trabalho recente identificou niveis adicionais de regulagio da
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expressdo génica circadiana (camada externa da figura), incluindo modificagdes ritmicas de histonas,
recrutamento de RNA polimerase II (Pol II), interagdes de conformagéo cromossomica circadiana ¢

modificagdes pos-traducdo (PTMs). Fonte: Rijo-Ferreira e Takahashi, 2019.

Variacoes de ilumina¢io como pista temporal

O sistema circadiano ¢ regulado tanto internamente quanto por meio de pistas externas,
chamadas de Zeitgebers (do alemao, "doador de tempo"). Horarios de alimentagdo, atividade
fisica e interacao social sdo exemplos de possiveis pistas temporais (MONK, 2010); o Zeitgeber
mais potente, no entanto, ¢ o fotico. Ou seja, as variagdes de iluminagdo sdo a principal pista
externa capaz de sincronizar nossos ritmos ao ambiente (BUTTGEREIT et al., 2015). Isso
acontece pois, em mamiferos, o sistema temporizador circadiano ¢ regido pelo nucleo
supraquiasmatico (NSQ) do hipotdlamo, considerado o relogio central, ou marcapasso central
(HASTINGS; REDDY; MAYWOOQD, 2003). Estimulos foticos provenientes do ambiente sdo
percebidos pelas células ganglionares intrinsecamente fotossensiveis da retina (ipRGCs) que se
projetam através do trato retino-hipotalamico até o NSQ e este, por sua vez, sincroniza os ritmos
dos relogios periféricos distribuidos por todo o organismo, como um maestro regendo uma
orquestra (RICHTER et al., 2004) (Figura 3). Uma das estruturas que recebe informagdes do
NSQ ¢ a glandula pineal, que na auséncia de luz produz e secreta melatonina, um hormoénio
que, entre outras fung¢des, promove a indugao e a manutencao do sono (MOORE, 1997). Ja na
presenca de luz, a sintese e a liberacao de melatonina sao inibidas e o organismo tende a acionar
mecanismos que aumentam a frequéncia cardiaca, a temperatura corporal e a producdo de

cortisol (MARQUES; MENNA-BARRETO, 1997).

Figura 3. Reldgios circadianos internos e Zeitgebers externos
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Fonte: adaptado de Buttgereit ez al., 2015.
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O sistema circadiano representa uma vantagem evolutiva por ser uma forma de
adaptacao ao ambiente, no qual se observa variagdes de temperatura de cor e intensidade
luminosa ao longo de 24 horas. O horario de exposi¢do a estimulos luminosos ¢ capaz de alterar
a fase dos ritmos circadianos, adiantando-os ou atrasando-os. Estes deslocamentos de fase sdo
avaliados com base em marcadores como a temperatura corporal minima, o horario de inicio
da liberacdao de melatonina em condic¢des de luz fraca (DLMO, dim light melatonin onset) e o
ponto médio do perfil de melatonina (REVELL; EASTMAN, 2005). A exposi¢ao a luz no
periodo da manha leva a um adiantamento de fase (EASTMAN et al., 2005; MISIUNAITE;
EASTMAN; CROWLEY, 2020; ROSENTHAL et al., 1990) e, no periodo da noite, a um atraso
de fase (LACK, L.; WRIGHT, 1993; YOUNGSTEDT et al., 2016). Este fendmeno pode ser
ilustrado através de uma curva de resposta de fase (do inglés, phase response curve), como a

representada na Figura 4.

Figura 4. Curva de resposta de fase
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Representagdo da curva de resposta de fase apds exposi¢do a luz. Quando a exposicdo ocorre antes do horario em
que a temperatura corporal atinge seu minimo (TCmin), ha um atraso de fase. Quando ocorre ap6s o horario de

TCuin, hd um adiantamento de fase (LACK, Leon; WRIGHT, 2007). Fonte: elaborada pela autora.

Com o advento da eletricidade, a exposicao do ser humano a iluminagao foi alterada.
Atualmente, em paises industrializados, as pessoas passam a maior parte do dia em ambientes
internos (KLEPEIS et al., 2001; LEECH et al., 2002; SCHWEIZER et al., 2007), onde a
principal fonte de luz costuma ser artificial, ou seja, menos intensa e mais constante do que a
luz solar. A exposi¢do a luz continua durante o periodo da noite, através de lampadas,
televisores, computadores, celulares e outros eletronicos, possibilitando inclusive o trabalho
noturno, que envolve cerca de 8% da populagdo empregada no Brasil (IBGE — INSTITUTO
BRASILEIRO DE GEOGRAFIA E ESTATISTICA, 2019). Como a alteragdo dos padrdes de
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iluminacdo a que os seres humanos estdo expostos ¢ uma mudanga recente, as consequéncias
para a saude ainda ndo sdo totalmente compreendidas, mas estdo se tornando cada vez mais

evidentes (EVANS; DAVIDSON, 2013).

Alteracoes de iluminacio e satide

Diversos estudos relacionam exposi¢ao excessiva a iluminacao artificial, pouca
exposicao a luz natural e alteragdes de intensidade, duragdo e temperatura de cor da luz com
desfechos de saude negativos (BECHTOLD; GIBBS; LOUDON, 2010; DAUCHY et al., 2015;
HAUS; SMOLENSKY, 2013). Um estudo com funcionarias do Hospital de Clinicas de Porto
Alegre mostrou que aquelas que trabalhavam em locais sem janelas e com menor exposi¢ao a
luz natural apresentaram maiores niveis de cortisol € menores niveis de melatonina a noite do
que funciondrias de locais com janelas. O cortisol elevado foi positivamente correlacionado
com sintomas depressivos e disturbios psiquiatricos menores; ¢ a melatonina diminuida foi
correlacionada com sintomas depressivos e pior qualidade de sono (HARB; HIDALGO;
MARTAU, 2015). Além disso, pessoas internadas em unidades de tratamento intensivo (UTIs)
estdo constantemente expostas a luz, barulho e atividade, com poucas pistas que ajudem a
distinguir entre dia e noite. Estes pacientes frequentemente sofrem delirium, um quadro
caracterizado por confusao mental, dificuldade de raciocinio, agitagdo, comportamento
agressivo e alucinagdes (GIRARD; PANDHARIPANDE; ELY, 2008). Um estudo de 1972
comparou pacientes internados em UTIs com e sem janelas, e foi observado que pacientes na
UTI sem janelas, que ndo estavam expostos a uma variagdo natural de iluminagao, estavam
mais propensos a desenvolver o quadro (WILSON, 1972).

Quando a exposi¢do a luz artificial ocorre no periodo noturno, além da supressao da
melatonina podem ocorrer atrasos de fase no reldgio circadiano, levando a um aumento do nivel
de alerta a noite e a uma possivel privacao de sono. Um exemplo classico do efeito da exposi¢ao
a luz artificial durante a noite na satude ¢ a observagao, por meio de estudos epidemioldgicos,
de que trabalhadoras noturnas possuem maior risco de desenvolver cancer de mama (DAVIS;
MIRICK; STEVENS, 2001; MANOUCHEHRI et al., 2021; MEGDAL et al., 2005). Os
mecanismos por tras do potencial carcinogénico do trabalho de turno estao sob investigacao e,
recentemente, a desregulacao circadiana de genes de reparo do DNA foi demonstrada em um
estudo controlado em laboratorio com simulagdo de trabalho noturno (KORITALA et al.,
2021). As evidéncias também apontam para uma predisposi¢do para sobrepeso, obesidade e
disturbios metabodlicos em trabalhadores noturnos, que pode ser resultado de uma disrupgao dos

ritmos circadianos (NELSON; CHBEIR, 2018). Mesmo entre pessoas que nao trabalham a
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noite, as chances de desenvolver obesidade aumentam conforme aumenta a exposi¢ao a luz

artificial no periodo noturno (MCFADDEN et al., 2014).

O sistema circadiano de recém-nascidos

Os resultados presentes na literatura indicam que, mesmo em adultos, que passaram
décadas desenvolvendo um ritmo circadiano enddgeno, este pode ser facilmente perturbado por
alteragdes ambientais. Bebés recém-nascidos, no entanto, possuem um sistema temporizador
ainda imaturo ¢ dependem inteiramente de pistas externas para sincronizar seus ritmos, que
mudam dramaticamente durante o primeiro ano de vida (THOMAS et al., 2014).

Durante a gestacdo, o feto apresenta ritmos circadianos de frequéncia cardiaca,
movimentagdo ¢ hormonios que sdo regulados pelos ritmos da progenitora. Variagdes de
temperatura corporal, secrecdo de melatonina (um dos poucos hormonios que atravessam a
placenta sem sofrer alteragdes), fluxo de nutrientes e ciclos de atividade e repouso da mae atuam
como pista temporal para organizar os ritmos fetais (SERON-FERRE; VALENZUELA;
TORRES-FARFAN, 2007) (Figura 5). Estudos apontam que o trabalho de turno (que pode
levar a disrupcao dos ritmos circadianos) durante a gravidez aumenta o risco de nascimento
prematuro, de o recém-nascido ser pequeno para idade gestacional e de desfechos reprodutivos
adversos (HAZELHOFF et al., 2021), resultados que ressaltam a influéncia dos ritmos

maternos no desenvolvimento fetal.

Figura 5. Representagdo esquematica das vias de sincronizacgdo propostas do sistema circadiano fetal
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A adrenal fetal de ratos e o NSQ (SCN) fetal de primatas podem ser controlados pelos ritmos da
melatonina materna, enquanto outros relogios periféricos fetais tém sua fase sincronizada por: (1) o NSQ
materno, por meio de sinais humorais ou metabolicos que cruzam a placenta ou (2) um reldgio circadiano

periférico fetal (potencialmente a glandula adrenal fetal, por meio da produgéo circadiana de glicocorticoides).

Fonte: Seron-Ferré et al., 2012.

ApoOs o nascimento, as pistas temporais que o neonato recebia no ambiente uterino
cessam e seu sistema circadiano imaturo ainda ndo € capaz de gerar e sustentar ritmos de 24h
endogenos (THOMAS et al., 2014). Padrdes de alimentacdo e interacdo social se tornam,
consequentemente, importantes sincronizadores dos ritmos e, assim como em adultos, as
variagdes ambientais de iluminagao também sdo potentes Zeitgebers para neonatos. Estudos em
primatas ndo humanos indicam que o NSQ responde a luz a partir de um estagio equivalente a
24 semanas de gestacdo em humanos, sugerindo que a iluminagao também pode atuar sobre os
ritmos de bebés nascidos prematuros (HAZELHOFF et al., 2021). De fato, quando comparou-
se o efeito de iluminagdo ciclica (acesa durante o dia e desligada durante a noite) versus nao-
ciclica (iluminagdo artificial constante) no crescimento e desenvolvimento de prematuros
internados em uma UTI neonatal, foi observado que bebés expostos a iluminagdo ciclica eram
mais ativos durante o dia do que a noite — uma indicagdo de ritmicidade circadiana (MILLER
et al., 1995). Ainda nesta linha, Vasquez-Ruiz e colegas observaram que prematuros internados
em uma UTI neonatal submetidos a um ciclo claro/escuro apresentaram ganho mais rapido de
peso, melhor saturagdo de oxigénio, frequéncia cardiaca mais estavel e menor tempo até a alta
do que neonatos que permaneceram sob iluminagdo artificial constante (padrao da Unidade)
(VASQUEZ-RUIZ et al., 2014).

Estudos que introduzem um padrdo de iluminagdo ciclico geralmente realizam
mudangas no sistema de iluminacdo da unidade ou, eventualmente, utilizam capacetes
individuais (VASQUEZ-RUIZ et al., 2014), cortinas (GUYER et al., 2012) ou cobertores de
incubadoras (BRANDON; HOLDITCH-DAVIS; BELYEA, 2002; GUYER et al., 2012) para
bloquear a luz. Estes métodos alcangam o objetivo proposto de criar uma variacdo de
iluminacao entre o dia e a noite, com noites mais escuras do que os dias. Entretanto, durante a
noite continua havendo exposicao a luz, mesmo que de baixa intensidade (~ 25 Ix) (GUYER et
al., 2012; VASQUEZ-RUIZ et al., 2014). Estudos em adultos apontam que uma iluminancia
de 5 Ix ja ¢ suficiente para reduzir a sintese da melatonina significativamente, ¢ mesmo 1 Ix
resulta em piora na qualidade do sono (STEBELOVA; ROSKA; ZEMAN, 2020). Visto que

uma ilumina¢ao que permita a visibilidade ¢ necessaria durante todo o tempo em UTIs, o uso
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de dispositivos individuais de protecao contra a luz artificial a noite, como mascaras para os

olhos (Figura 6), representam uma solucao em potencial para o problema da polui¢ao luminosa.

Figura 6. Protetor ocular para fototerapia

Fonte: Impacto Medical. Disponivel em <https://impactomedical.com.br/baby-block/> Acesso em abr. 2021.
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1.1 JUSTIFICATIVA

As evidéncias obtidas até agora no campo da pesquisa biomédica demonstram o impacto
da iluminacao na regulacao da nossa fisiologia. Além disso, sugerem o potencial terapéutico de
sistemas de protecao individual a polui¢ao luminosa noturna no intuito de minimizar os efeitos
deletérios que a exposi¢ao excessiva a luz durante a noite tem sobre o nosso organismo. Nesse
sentido, nossa hipotese ¢ de que neonatos prematuros que utilizarem prote¢do contra a luz
artificial no periodo noturno terdo ganho de peso mais acelerado e permanecerao menos tempo

na ala de internacao, se comparados aos neonatos expostos a luz artificial durante a noite.
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1.2 OBJETIVOS

1.2.1 Objetivo geral

Verificar os efeitos da protecao contra a luz artificial no periodo noturno no ganho de
peso e no tempo de internagao de neonatos prematuros do Hospital Nossa Senhora de Pompéia

de Caxias do Sul.

1.2.2 Objetivos especificos

° Verificar a influéncia da mascara de protecdo individual a iluminac¢ao noturna no tempo
de internacdo de neonatos prematuros;

° Avaliar o ganho de peso de neonatos que utilizam mascaras que oferecem prote¢ao
individual a iluminagdo noturna, comparados a neonatos sem mascaras;

° Caracterizar o ambiente e registrar fatores ambientais como intensidade de iluminagao,
tempo de exposi¢do a luz acesa e apagada, temperatura ¢ umidade do ar, através de aparelhos
medidores especificos instalados na unidade;

° Verificar o padrao de alimentacdo de neonatos prematuros que utilizam mascaras que
oferegam prote¢ao individual a iluminagdo noturna, comparados a neonatos sem mascaras;

° Verificar evolucao clinica por monitoramento de sinais vitais de neonatos prematuros

que utilizam mascaras que oferecam protecao individual a ilumina¢ao noturna.
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ABSTRACT

Newborn infants have an immature circadian system and relay on external temporal
clues for synchronizing their biological rhythms to the environment. In Neonatal Intensive Care
Units (NICU), lighting is usually continuous or irregular and infants are exposed to artificial
light at night, which can have negative health consequences. Therefore, the aim of this study
was to evaluate the impact of the use of individual light protection equipment at night on the
development and growth of preterm neonates. Infants born at less than 37 gestational weeks
who no longer needed constant intensive care were admitted into a newborn nursery and
randomized to either use eye masks at night (intervention, n = 21) or not (control, n = 20).
Number of days until discharge, daily weight gain and vital signs were analyzed. Infants who
used eye protection at night were discharged earlier than those in the control group (8 [5] days
vs 12 [3.75] days; p <0.05). There was no significant difference in weight gain between groups.
A greater variation within the day in heart rate was observed in the intervention group, with
lower values of beats per minute (bpm) at 2:00 pm and 8:00 pm. In light of our results and of
previous findings present in the literature, we suggest that combining a darkened environment
at night with individual light protection devices creates better conditions for the development
of preterm infants in the NICU. In addition, eye masks are an affordable tool that can reduce
hospitalization costs by decreasing the number of days spent in the NICU.

Keywords: Neonatal Intensive Care Unit, preterm infants, light pollution, light

protection equipment, neonatology
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INTRODUCTION

Preterm birth is defined by the World Health Organisation (WHO) as delivery before
the completion of 37 gestational weeks (Vogel et al., 2018). Worldwide, approximately 15
million infants are born prematurely every year, with varying rates among countries that range
from 5% to 18% of total births (World Health Organization et al., 2012). Premature infants are
at higher risk of neonatal respiratory and neurological conditions, sepsis, visual and hearing
problems and poorer neurodevelopmental outcomes (Vogel et al., 2018). Furthermore, preterm
birth complications are the leading cause of mortality of children under the age of five (Harrison
and Goldenberg, 2016). Given that specialized care is critical during the first weeks or months
of a preterm infant’s life, when proper health infrastructure is available, the newborns are
admitted to a Neonatal Intensive Care Unit (NICU). In this environment, infants are often
exposed to constant lighting conditions and artificial light at night (ALAN) (Hazelhoff et al.,
2021).

During the gestational period, maternal circadian signals, such as temperature
variations, activity-rest cycle, feeding schedule and melatonin secretion are responsible for
entraining fetal rhythms (Seron-Ferré et al., 2012). After delivery, in the absence of these
maternal signals and with an immature circadian system, the newborn uses social interaction
patterns, feeding schedule and, especially, environmental light variations as timing cues
(Thomas et al., 2014). The light-dark cycle is the main external clue responsible for the
entrainment of circadian rhythms (Duffy and Wright, 2005). In adults, lighting variations are
perceived by intrinsically photosensitive ganglion cells in the retina, which send this
information to the suprachiasmatic nucleus of the hypothalamus (SCN) through the
retinohypothalamic tract (RHT). The SCN acts as a master clock, synchronizing peripheral
circadian oscillators present in the whole organism (Bedrosian and Nelson, 2013). Although it
is currently unknown in which developmental stage the RHT becomes functional in humans,
studies in non-human primates indicate that the SCN is responsive to light since the equivalent
to 24 weeks of gestation in humans (Hao and Rivkees, 1999), suggesting that lighting can also
influence the rhythms of premature infants.

In fact, several studies documented improvement in clinical outcomes of preterm infants
exposed to light-dark cycles in NICUs, when compared to the typical constant light or constant
near-darkness conditions (Hazelhoff et al., 2021). When timed correctly, the exposure to bright
light can synchronize the circadian clock to the external environment, regulating behavior and

physiology (LeGates et al., 2014). Exposure to ALAN, on the other hand, has been associated
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in adults with several negative health outcomes, such as psychiatric and metabolic disorders
and higher cancer risk (Bechtold et al., 2010; Dauchy et al., 2015; Haus and Smolensky, 2013).
The mechanisms behind these effects are not yet fully elucidated, but potentially include the
suppression of melatonin biosynthesis, sleep deprivation and circadian disruption (Koritala et
al., 2021; Nelson and Chbeir, 2018; Touitou et al., 2017). Because some light is necessary in
the NICU (and other intensive care facilities) at all times for visibility reasons, creating a
completely dark environment during the night is often not a possibility. Studies in adults
indicate that exposure to even very low levels of artificial light at night (<10 1x) can interfere
with melatonin biosynthesis, alter sleep structure and aggravate sleep quality (Cho et al., 2016;
Phillips et al., 2019; Stebelova et al., 2020; Tahkadmo et al., 2019). The use of individual light
protection equipment, such as eye masks, offer a potential solution to this problem (Hu et al.,
2010). In this context, the aim of the present study was to investigate the impact of the use of
individual light protection equipment at night on the development and growth of preterm

infants.

MATERIALS AND METHODS

Participants

The sample consisted of forty-one infants born under 37 gestational weeks (average
gestational age of 31.99 £ 2.09 weeks) that no longer required intensive care and were admitted
at a nursery adjacent to the NICU. The eligibility criteria of the study were the same as those
used for admission in the room: weight greater than 1500g and stability of vital signs for at least
48 hours. Infants with congenital malformation relevant to the measurement of the desired
outcomes (e.g., pre-chiasmatic blindness, brain, cardiac and digestive tract malformations), O2-
dependency due to bronchopulmonary dysplasia and previous therapeutic phototherapy were
not included.

The randomization was performed as follows: prior to the start of the study, the research
team determined that infants in the control group would be identified by numbers 1-20 and
those in the intervention group, by numbers 21-41. The numbers were then randomized by a
computer to generate the order in which participants would be included (eg. the first infant
included in the study would receive the number 37 and therefore be part of the intervention
group). Envelopes containing information of which group the infant should be assigned to were

labeled in the randomized order and sealed. Every time a participant was included in the study,
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the next envelope in line was opened by the NICU staff and the infant was allocated
accordingly. Infants in the control group were exposed to the typical lighting conditions of the
nursery during day and night, while those in the intervention group wore eye masks during the
night. Twins were included and each infant was randomly assigned to the intervention (n = 6)
or control (n = 4) group, meaning that siblings could either be assigned to the same group or
not.

The study was conducted following the Declaration of Helsinki (World Medical
Association, 2013) and was approved by the Research Ethics Committees of Hospital de
Clinicas de Porto Alegre and Hospital Pompéia (CAAE 65311417.9.1001.5327). Verbal

informed consent was provided by a legal guardian.

Eye masks

Infants in the intervention group were blindfolded from 19:00 to 07:00 with an eye
protector typically used for phototherapy (Baby Block, Impacto Medical, Brazil). In the case a
mother came to breastfeed after 19:00, the eye mask was removed during breastfeeding to allow

eye contact between mother and child.

Setting

The study took place in a five-bed newborn nursery adjacent to the NICU. The room
has three windows facing other indoor facilities (one facing a corridor and two facing the
nursing station) and no external windows (see Fig. 1). Light was provided by two ceiling
luminaires with dimmable eco halogens light bulbs (2700K) that were mostly on and four
fluorescent lamp fixtures (4000K) that were only switched on if necessary, such as in the case
of a medical emergency. Decisions regarding when lights were switched on, dimmed or

switched off were made by the nurse or nurse technician in charge of the room.

[insert Figure 1.]
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Figure 1. Architectural plan of the five-bed newborn nursery where the study took place. The location

of the luminaires is shown in dashed lines.

[lluminance, temperature and humidity were measured every 10 minutes for 15
consecutive days by a sensor developed by the Biomedical Engineering Department of Hospital
de Clinicas de Porto Alegre. The sensor was attached horizontally to a wall (i.e. facing the
opposite wall) near the height of the head of an infant’s bed, at 92 cm from the ground. The
average temperature in the room was 24.9 + 0.78 °C and the average humidity was 62.73 +
6.28%. The median of illuminance detected during the day (from 07:00 to 19:00) was 1.06
[2.13] Ix but varied greatly, ranging from 0 to 46.54 1x on a few occasions. Small peaks were
evident around feeding times during the day (08:00, 11:00, 14:00, 17:00, 20:00 and 23:00) (see
Fig. 2). At night, the median of illuminance was 0.65 [1.26] 1x and ranged from 0 to 47.42 1x.

[insert Figure 2.]
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Figure 2. Daily profile of illuminance. Medians of illuminance (in lux) and interquartile range are presented

according to clock time.

Measures

Days until discharge

The number of days spent in the room until discharge was considered our primary
outcome. Discharge criteria included stable weight gain (15-30 g per day), weight greater than
1900g; the removal of the orogastric tube and complete oral feeding established for at least 48

hours; and the absence of other health conditions that required constant supervision.

Weight gain

Infants were weighed daily by a nurse or nurse technician. Body weight gain per day
was calculated dividing the total weight gain by the number of days until discharge. Because
weight can vary according to postmenstrual age (PMA) and sex of the infant, weight Z-scores

were calculated using PediTools (Chou et al., 2020).

Vital signs

Heart and respiratory rate, blood-oxygen saturation and body temperature were
measured every 6 hours (02:00, 08:00, 14:00 and 20:00) by the nurses using patient monitors
(DX 2023, Dixtal Biomédica, Brazil; and Efficia CM 120, Philips, Brazil).

Statistical analyses
Measures of age, sex, weight, head circumference and body length at birth, days until

oral feeding and days until discharge were compared between groups using chi-square,
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Student’s t or Mann-Whitney U tests when appropriate. Variations of heart rate and body
temperature over time were analyzed by generalized estimated equations (GEE). Differences
between groups at each time point were assessed by Bonferroni’s test for pairwise comparisons
and statistical significance for multiple-factor interactions was set at p < 0.1. Data were
presented as mean = SD, median [IQR] or percentage and statistical significance was set at p <
0.05 for the remaining tests. Analyses were performed on SPSS Statistics Subscription (IBM
Corp., Armonk, NY, USA) and RStudio version 1.3.1056 (RStudio, PBC, Boston, MA, USA).
Graphs were made on SPSS, RStudio and Microsoft Excel version 16.47 (Microsoft Corp.,
Redmond, WA, USA).

RESULTS

A total of 41 infants were included in the study between November 2017 and January
2021, 21 of which were randomized into the intervention group. No loss or exclusion occurred

after randomization. Groups were similar in age and weight at birth, at the time of enrollment

and at discharge. A summary of sample characteristics can be found in Table 1.

Table 1 Characteristics of the study population

Intervention (n = 21)

Control (n =20)

Test contrast, p

GA (wk) 32.86[1.65] 31[3.65] U=255,p=0.24
Sex (% female) 57.14 35.00 ¥2=2.02,p=0.16
Birth weight (g) 1686.67 + 339.42 1631.5+ 340.75 t=-0.519,p=0.61
Birth weight (Z-score) -0.3+0.87 -0.18+0.97 t=0.425,p=0.67
Birth length (cm) 40.76 +2.88 40.29 +2.57 t=-0.545,p=0.59
Head circumference at birth (cm) 30[2] 28 [3.5] U=225,p=0.2
PMA at check-in (wk) 34.57 (2] 34.07[2.11] U=229,p=0.62
Weight at check-in (g) 1873.33+203.23 1883.75+ 188.29 t=0.170,p=0.87
Weight at check-in (Z-score) -1.03[1] -0.98[1.37] U=204,p=0.88
PMA at discharge (wk) 35.57[1.72] 35.79[1.64] U=192,p=0.64
Weight at discharge (g) 2090 [362.5] 2215[336.25] U=151,p=0.12
Weight at discharge (Z-score) -1.01[1.04] -1[1.34] U=199.5,p=0.78
Days until oral feeding (d) 6[4.5] 8[7.5] U=138.5,p=0.06
Days until discharge (d) 8 [5] 12 [3.75] U=124.5,p<0.05

Chi-square (x?), Mann-Whitney (U) or Student’s #-test was used as appropriate.
Data are presented as median [IQR], mean + SD or percentage.
GA: gestational age; PMA: postmenstrual age.
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Days until discharge

Infants stayed a median of 11 [7.5 - 13] days in the nursery. Preterm infants randomized
to the intervention group were discharged earlier than infants in the control group (control, 12
[10.25 - 14 ]; intervention, 8 [7 - 12]; Mann-Whitney U test = 124.5, p = 0.025) (Fig. 3). The
calculated effect size was intermediate to large (7°= 0.121). Two infants stayed in the room
much longer than the others, one from the control group (29 days) and one from the intervention
group (35 days). If removed from the sample, the significant difference between groups was

maintained, therefore we decided to include them in the remaining analyses.

[insert Figure 3.]
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Figure 3. Percentage of infants in the nursery room at a given time point. Infants in the intervention group (black

line) were discharged earlier than those in the control group (grey line).
Weight gain
No significant difference was found between groups regarding average weight gain per

day (control, 31.35 £+ 8.27; intervention, 27.26 + 7.7; t = 1.641, p = 0.11) (Fig. 4).

[insert Figure 4.]
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Figure 4. A) Cumulative weight gain of the intervention group (black line) and the control group (grey line) in

the first ten days. B) Average weight gain per day during the whole stay in the nursery room.

Of the 41 infants, 34 entered the study before transitioning to oral feeding (control, n =
18; intervention, n = 16). No significant difference was found between the groups regarding
number of days until oral feeding (control, 8 [7.5]; intervention, 6 [4.5]; Mann-Whitney U test
=138.5, p=0.06).

Vital signs

Means of heart rate, respiratory rate, SpO2 and body temperature for each group are
presented in Figure 5. Statistical differences were found between groups for average heart rate
at 14:00 and 20:00 (¢ = 2.4, p = 0.021 and ¢ = 2.4, p = 0.02, respectively). Mean and standard

deviation values can be found in Supplementary Table S1.

[insert Figure 5.]
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Figure 5. Group means and standard deviations of heart rate, respiratory rate, pulse oximetry and body

temperature at four time points. *p < 0.05.
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The GEE performed for heart rate showed that the interactions time*day and

group*time*day were significant (p = 0.09 and 0.08, respectively). This indicates that the heart

rate difference between groups varies across days and time points. We then compared the

estimated marginal means of heart rates at each time point for the first ten days, when the

majority of infants were still in the nursery, and found that the heart rate was significantly higher

in the control group at 14:00 from day 4 onwards and at 20:00 from day 1 until day 8 (Fig. 6).
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Figure 6. A) Average heart rate of the intervention group (black line) and the control group (grey line) at
different time points during the first ten days. B) Multiple comparison of the estimated marginal means at
different time points across days. The black dots represent the difference between the estimated marginal means
of the two groups, the blue bars represent the standard error and the red lines represent equal values between
groups. When a blue bar is not crossing or touching the red line, there is a difference between groups. Negative
values indicate that the intervention group had lower estimated marginal means than the control group and

positive values indicate that the intervention group had higher estimated marginal means.

DISCUSSION

In the present study, preterm infants wearing individual light protection equipment at
night were discharged earlier from the hospital than infants exposed to very low levels of light.
We observed no significant differences in weight gain between groups, indicating that the
shorter stay was not due to a faster growth. Although the median of days until the beginning of
oral feeding was smaller in infants wearing masks at night, no statistically significant difference
was found between groups. The intervention group also showed greater heart rate variation
throughout the day during several days.

Light is the main environmental clue responsible for entraining human circadian
rhythms (Duffy and Wright, 2005). The timing of the exposure, as well as the intensity and
wavelength of light that individuals are exposed to, has physiological and behavioral impacts
and can be related to either positive or negative health outcomes (Souman et al., 2018; Vethe
et al., 2021). In this study, both groups were exposed to near darkness during most of the time,
with the difference that infants in the intervention group wore eye masks in order to block the
very low levels of ALAN in the room.

In adults, exposure to ALAN is related to negative metabolic outcomes, such as elevated
plasma triglycerides and low-density lipoprotein (LDL), decreased high-density lipoprotein
(HDL), subclinical atherosclerosis, overweight and obesity (Fleury et al., 2020). Evidence also
points to an association between nighttime light exposure and mental health issues, including
depression and other mood disorders (Bedrosian and Nelson, 2013). Disruption of circadian
rhythms is a potential mechanism behind these effects (Bedrosian and Nelson, 2013).
Endogenously-generated circadian rhythmicity is not yet established in preterm newborns and
therefore cannot be disrupted, but a study showing the effect of a light-dark cycle on melatonin
levels indicate that the introduction of 24h environmental patterns in the NICU (including
exposure to dark at night) might promote circadian entrainment (Vasquez-Ruiz et al., 2014).

Earlier findings pointed to light intensities of >100 lux at night having deleterious health
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impacts (Cho et al., 2015), but recent research suggests that exposure to less than 10 lux can
reduce melatonin biosynthesis, and even 1 lux can aggravate sleep quality in adults (Cho et al.,
2016; Phillips et al., 2019; Stebelova et al., 2020; Tdhkdmo et al., 2019). Given that melanopsin
is present in the eye tissue since early weeks of gestation and that the RHT and the SCN are
formed during the second trimester, it is likely that even extreme preterm infants have the ability
to sense and respond to light variations (Hazelhoff et al., 2021). To our knowledge, no study
has shown the effect of different intensity levels of ALAN on newborns.

Several researchers have investigated the effects of continuous illumination versus
cycled lighting patterns in NICUs on the development of preterm infants. The cycled light
condition, characterized by light-dark cycles with decreased light exposure at night, has been
shown to accelerate weight gain and the beginning of oral feeding (Miller et al., 1995; Vasquez-
Ruiz et al., 2014), shorten the stay in the NICU and improve peripheral oxygen saturation and
heart rate stability throughout the days (Vasquez-Ruiz et al., 2014), decrease activity,
respiratory rate and heart rate during the night (Blackburn and Patteson, 1991; Shiroiwa et al.,
1986) and accelerate the emergence of circadian activity-rest rhythms (Rivkees et al., 2004).
Cycled light has also been shown to improve weight gain when compared with continuous near
darkness (5-10 lux) (Brandon et al., 2002) and to reduce fussing and crying in very preterm
infants when compared with dim lighting (97.6 = 45.3 lux during the day and 20.8 £+ 20.7 lux
at night) (Guyer et al., 2012). Other studies, however, have found no difference between cycled
and continuous dim light conditions (Boo et al., 2002; Mirmiran et al., 2003). In the present
study, although not implementing a light-dark cycle, we also observed a decrease in time until
discharge in infants wearing light protection devices at night. However, no significant
difference was found between groups regarding weight gain and days until the beginning of
oral feeding, possibly due to the fact that infants were exposed to a near dark condition during
the day.

Factors that can influence the postnatal growth of preterm infants include degree of
prematurity, birth weight (appropriate or small for gestational age), nutrition type (breast milk
or formula), food intolerance and morbidities (Silveira and Procianoy, 2019. In the present
study, no statistically significant difference was found between the two groups regarding degree
of prematurity or birth weight. Other factors, however, were not evaluated.

The light-dark pattern is typically achieved through changes in the unit’s lighting system
and eventually with the use of individual helmets (Vasquez-Ruiz et al., 2014), curtains (Guyer
et al., 2012) or incubator coverings (Brandon et al., 2002; Guyer et al., 2012). Although

designed to resemble day-night alterations, the cycled condition usually consists of dim light
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exposure (~25 lux) during the “lights-off” phase (Guyer et al., 2012; Vasquez-Ruiz et al., 2014),
since devices such as eye masks, designed to block light as completely as possible, are rarely
employed (Shiroiwa et al., 1986). According to the nursing staff, the masks were easy to wear
and did not seem to increase restlessness or bother the infants. They are affordable and were
already available in the hospital, since typically used for phototherapy. The results presented
here, together with findings of studies in adults (Hu et al., 2010), suggest that this low-cost
intervention has the potential of bringing health benefits for patients in an intensive care unit.
A methodological limitation of this study is that, since the intervention consists of
wearing a mask, the nurses, nurse technicians and neonatologists that also collect daily data are
aware of the group division, and therefore a double-blind or single-blind study design was not
possible. Besides, because there was no need for 24-hour monitoring of the infants’ vital signs,
these were only recorded at four time points, which does not allow a precise characterisation of
rhythmic patterns. Furthermore, given that the study took place in a nursery where infants with
stable vital signs are admitted in order to gain weight, transition to oral feeding and get ready
for discharge, the average number of days in the study was lower than if they had been included
since birth. This means that possible long-term effects of the intervention could not be assessed.
However, the study setting is also one of its strengths. Since the nursery is separated by walls
and a corridor from the intensive ward, it provides a more controlled environment for
investigating the effect of light variations, with less noise and circulation. In fact, our next step
will be the implementation of a dynamic lighting system in the nursery, with color temperature
variations that aims to mimic the natural daily ones, in order to investigate the effect of the use
of light protection equipment at night coupled with bright light exposure during the day.
Lighting needs in the NICU and other intensive care facilities are different among
occupants. Medical interventions or nursing tasks might need to be performed at periods in
which the patient would rather stay in the dark. A cycled pattern consisting of bright light during
the day and dim light at night is potentially beneficial for both infants and staff (Rea and
Figueiro, 2016), and based on our results we believe that coupling a darkened environment at
night with individual light protection devices can create the best conditions for the development

of preterm infants.
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SUPPLEMENTARY MATERIAL

Table S1 Mean of vital signs at different time points

Heart rate Respiratory rate Sp02 Temperature
Intervention 159.21+7.7 52.72+1.62 95.89+1.16 36.59+0.11
02:00 Control 160.39+5.82 53.43+1.56 96.16 +0.86 36.6+0.12
P 0.59 0.16 0.41 0.84
Intervention 161.78+9 53.57+1.78 96.42+1.2 36.64+0.14
08:00 Control 163.96+ 5.59 53.83+£1.81 96.2+1.02 36.66+0.17
P 0.36 0.65 0.53 0.66
Intervention 157.26 + 8.51 53.56+1.93 95.8+1.4 36.58+0.19
14:00 Control 162.53+5.01 53.28 +£2.06 96.05+1.18 36.61 £0.15
P <0.05 0.66 0.54 0.68
Intervention 157.57+6.49 52.96 +1.52 95.89+1.25 36.55+0.14
20:00 Control 162.33+5.99 53.51+1.76 96.21 +0.88 36.62+0.12
P <0.05 0.29 0.36 0.1

Data are presented as mean + SD and compared with Student’s #-test.
SpO2: oxygen saturation determined by pulse oximetry.
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3 CONCLUSOES E PERSPECTIVAS

Avangos cientificos e tecnologicos nas ultimas décadas possibilitaram a criagdo de
condigdes necessarias para o desenvolvimento de neonatos prematuros, mas as taxas de
sobrevivéncia variam drasticamente de acordo com o local de nascimento. Menos de 10% dos
prematuros extremos (idade gestacional < 28 semanas) nascidos em paises empobrecidos
sobrevivem aos primeiros dias de vida, enquanto em paises ricos mais de 90% sobrevivem
(PLATT, 2014). Fatores sociais € econdomicos impactam o desenvolvimento pré- e pds-natal
dos bebés, entre os quais se encontram as condi¢des da infraestrutura hospitalar. Profissionais
de satde capacitados e disponibilidade de equipamentos € medicamentos sdo essenciais para o
oferecimento do cuidado necessario, € o espaco fisico que constitui o ambiente de internagao
também pode ter influéncia nos desfechos de saude.

Em adultos, a exposi¢do a luz artificial no periodo da noite acarreta piora na qualidade
de sono, reducao ou inibi¢ao da sintese de melatonina e disrupgao dos ritmos circadianos, e esta
relacionada com prejuizos metabolicos, psiquiatricos e cancer. Um estudo realizado em
ambiente de UTI simulado mostrou que o uso de protetor auditivo € mascara para os olhos no
periodo da noite resultou em melhor qualidade de sono, menores niveis de cortisol e maiores
niveis de melatonina em adultos. Na UTI neonatal, a exposicao a ciclos de claro-escuro foi
associada a ganho de peso acelerado, permanéncia encurtada, inicio da alimentag¢ao oral mais
cedo, melhor saturagdo periférica de oxigénio, frequéncia cardiaca mais estavel ao longo dos
dias, aceleragcdo do surgimento dos ritmos circadianos de atividade-repouso e menor atividade
e frequéncias respiratoria e cardiaca durante a noite quando comparada a padrdes constantes de
iluminagdo (BLACKBURN; PATTESON, 1991; BRANDON; HOLDITCH-DAVIS;
BELYEA, 2002; GUYER et al, 2012; MILLER et al, 1995; RIVKEES et al., 2004;
SHIROIWA et al., 1986; VASQUEZ-RUIZ et al., 2014).

No presente estudo, observamos que neonatos prematuros que utilizaram mascara para
protecao contra luz artificial a noite receberam alta mais cedo do que bebés do grupo controle,
que estavam expostos a niveis de ilumina¢ao muito baixos no mesmo periodo. Nao observamos
diferencas significativas no ganho de peso entre os grupos, indicando que o menor tempo de
internagdo nao foi devido a uma maior velocidade de crescimento, como originalmente
hipotetizado. A mediana de dias até a transicdo completa de alimentagdo por sonda para
alimentacao oral foi menor no grupo intervencdo, embora nao significativamente; € uma maior
variacdo de frequéncia cardiaca foi observada no grupo intervengao, com valores menores de

batimentos por minuto (bpm) as 14h e as 20h. Nao foram detectadas diferencas significativas
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nas medidas de frequéncia respiratéria, saturagao de oxigénio e temperatura corporal entre os
grupos nos diferentes horarios avaliados.

Em um estudo brasileiro com dados de 2006, o custo diario da internacao de um bebé
prematuro na UTI neonatal foi estimado entre US$97 e US$157 (MWAMAKAMBA;
ZUCCHI, 2014). Outro estudo, mais recente, estimou um custo diario de, em média, US$188
(OGATA et al.,2016). Neste contexto, o uso de mascaras no periodo da noite € uma intervencao
barata que pode reduzir os custos da internacdo ao diminuir o nimero de dias até¢ a alta
hospitalar, gerando uma economia para o sistema publico de saude, além do potencial que
apresentam de trazer beneficios a satde de pacientes internados em unidade de terapia intensiva.

Como perspectivas, pretendemos continuar a coleta até atingir o niumero amostral
calculado originalmente (N = 68), mas acreditamos que os resultados se manterao similares e
que a randomizacao contribuiu para o controle de possiveis efeitos confundidores. A segunda
fase do projeto consistird na instalacdo de lampadas dinamicas na UTIN, cuja temperatura de
cor varia ao longo do dia, como uma tentativa de mimetizar as transigdes naturais. O objetivo
entdo sera comparar a recuperagao de neonatos expostos a luz dindmica de dia e luzes apagadas
de noite com aqueles expostos a luz dinamica de dia e luzes apagadas com utilizacdo de
mascaras de noite.

Uma pergunta que surgiu a partir do presente trabalho ¢ se a exposicdo a diferentes
intensidades luminosas a noite gera efeitos fisioldgicos diferentes e proporcionais a quantidade
de lux, uma vez que nao encontramos estudos na literatura que investiguem isso em neonatos;
e se os efeitos variam com relacao a quantidade de luz recebida durante o dia. Um possivel
desenho experimental para responder tal pergunta seria a alocagao de neonatos para diferentes
combinagdes de intensidades de iluminacao noturna (ex.: 1 1x, 5 Ix, 50 Ix e 100 Ix) e diurna
(ex.: 50 Ix, 100 Ix, 500 Ix e 1000 Ix), e posterior avaliacao de niveis de melatonina e cortisol de
manha e a noite, ritmos de atividade/repouso e sono/vigilia, ganho de peso e tempo até a alta.

As necessidades de iluminagdo na UTI neonatal e em outras unidades de terapia
intensiva variam de acordo com os ocupantes do espago. Para que a equipe de profissionais da
saude possa prover os cuidados adequados, muitas vezes ¢ preciso iluminagao forte em horarios
em que o ideal do ponto de vista fisiologico seria que o paciente estivesse no escuro. Um padrdo
de iluminagao ciclica, com luz intensa durante o dia e fraca durante a noite, tem o potencial de
beneficiar tanto neonatos quanto funcionarios da unidade e, com base em nossos resultados,
acreditamos que unir um ambiente escurecido a noite com dispositivos individuais de protecao
contra a luz ¢ uma forma de criar melhores condigdes para o desenvolvimento de bebés

prematuros na UTI.
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APENDICE A - FICHA DO PACIENTE

FICHA DO PACIENTE

Numero do paciente:

1. ldade Gestacional:

2. Cidade de nascimento:

3. Cidade onde mora a familia:

Variavel

Valor

<34 semanas: New Ballard

>34 semanas: Capurro

Peso ao nascer

Comprimento ao nascer

Perimetro da cabega ao nascer

Resultado teste do pezinho

Outras informagoes:
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1. Article types

JBR considers original reports in English as Research Articles, covering all aspects of biological rhythms, using
genetic, biochemical, physiological, behavioural, epidemiological, and modelling approaches, including clinical
trials. Emphasis is on circadian and seasonal rhythms, but other periodicities are also considered. Letters also
report original research but of a narrower scope, with a few figure panels or equivalent-sized tables. Reviews,
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e Original Research
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2. Editorial policies

2.1 Peer review policy
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below:
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e Reviewer nominees from the same institution as any of the authors are not permitted

You will also be given the opportunity to nominate peers who you do not wish to review your manuscript
(opposed reviewers).

Please note that the Editor is not obliged to invite/reject any recommended/opposed reviewers to assess your
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The Editor or members of the Editorial Board may occasionally submit their own manuscripts for possible
publication in the journal. In these cases, the peer review process will be managed by alternative members of
the Board and the submitting Editor/Board member will have no involvement in the decision-making process.

2.2 Authorship

Papers should only be submitted for consideration once consent is given by all contributing authors. Those
submitting papers should carefully check that all those whose work contributed to the paper are
acknowledged as contributing authors.

The list of authors should include all those who can legitimately claim authorship. This is all those who:

(i) Made a substantial contribution to the concept or design of the work; or acquisition, analysis
or interpretation of data,

(i) Drafted the article or revised it critically for important intellectual content,

(iii) Approved the version to be published,
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(iv) Each author should have participated sufficiently in the work to take public responsibility for
appropriate portions of the content.

Authors should meet the conditions of all of the points above. When a large, multicentre group has conducted
the work, the group should identify the individuals who accept direct responsibility for the manuscript. These
individuals should fully meet the criteria for authorship.

Acquisition of funding, collection of data, or general supervision of the research group alone does not
constitute authorship, although all contributors who do not meet the criteria for authorship should be listed in
the Acknowledgments section. Please refer to the International Committee of Medical Journal Editors (ICMJE)
authorship guidelines for more information on authorship.

2.3 Acknowledgements

All contributors who do not meet the criteria for authorship should be listed in an Acknowledgements section.
Examples of those who might be acknowledged include a person who provided purely technical help, or a
department chair who provided only general support.

2.3.1 Writing assistance

Individuals who provided writing assistance, e.g. from a specialist communciations company, do not qualify as
authors and so should be included in the Acknowledgements section. Authors must disclose any writing
assistance — including the individual’s name, company and level of input — and identify the entity that paid for
this assistance..

It is not necessary to disclose use of language polishing services.

Any acknowledgements should appear first at the end of your article prior to your Declaration of Conflicting
Interests (if applicable), any notes and your References.

2.4 Funding

JBR requires all authors to acknowledge their funding in a consistent fashion under a separate heading. Please
visit the Funding Acknowledgements page on the SAGE Journal Author Gateway to confirm the format of the
acknowledgment text in the event of funding, or state that: This research received no specific grant from any
funding agency in the public, commercial, or not-for-profit sectors.

2.5 Declaration of conflicting interests

It is the policy of JBR to require a declaration of conflicting interests from all authors enabling a statement to
be carried within the paginated pages of all published articles.

Please ensure that a “Declaration of Conflicting Interests” statement is included at the end of your manuscript,
after any acknowledgements and prior to the references. If no conflict exists, please state that “The Author(s)
declare(s) that there is no conflict of interest”.

For guidance on conflict of interest statements, please see the ICMJE recommendations here.
2.6 Research ethics and patient consent

Medical research involving human subjects must be conducted according to the World Medical Association
Declaration of Helsinki.

Submitted manuscripts should conform to the ICMJE Recommendations for the Conduct, Reporting, Editing,
and Publication of Scholarly Work in Medical Journals, and all papers reporting animal and/or human studies
must state in the methods section that the relevant Ethics Committee or Institutional Review Board provided
(or waived) approval. Please ensure that you have provided the full name and institution of the review
committee, in addition to the approval number.

For research articles and letters, authors are also required to state in the methods section whether
participants provided informed consent and whether the consent was written or verbal.
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3.3 Open access and author archiving

IBR offers optional open access publishing via the SAGE Choice programme. For more information please visit
the SAGE Choice website. For information on funding body compliance, and depositing your article in
repositories, please visit SAGE Publishing Policies on our Journal Author Gateway.

3.4 Permissions

Authors are responsible for obtaining permission from copyright holders for reproducing any illustrations,
tables, figures or lengthy quotations previously published elsewhere. For further information including
guidance on fair dealing for criticism and review, please visit our Frequently Asked Questions on the SAGE
Journal Author Gateway.

4. Preparing your manuscript

4.1 Word processing formats

Manuscripts should be written clearly and concisely and should conform generally to the Council of Science
Editors Style Manual (Scientific Style and Format: The CSE Manual for Authors, Editors, and Publishers, 7th
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Preferred format for the text and tables of your manuscript is Word DOC; RTF, XLS, LaTeX files are also
accepted. The text should be double-spaced throughout and with a minimum of 3cm for left and right hand
margins and 5cm at head and foot. Text should be standard 10 or 12 point. Word and (La)Tex templates are
available on the Manuscript Submission Guidelines page of our Author Gateway.

4.2 Title page

Include the authors' names, the title and a short running title, and the institution(s) (with all words spelled out
in full) from which the paper emanates. If current addresses are different, then these should be indicated in a
footnote. Also include the name, mailing address, phone and fax numbers, and e-mail address of the person to
whom correspondence and proofs should be sent.

4.3 Introduction
Include an Introduction that provides a brief review of relevant background material and indicates the purpose
of the study.

4.4 Materials and methods section

This section should provide sufficient information for qualified investigators to reproduce the work in similar
fashion. Reference to published procedures by appropriate succinct summary and citation is encouraged but
should not replace adequate methodological description. Authors must confirm that they have conscientiously
followed principles and practices in accord with these documents in experiments involving human subjects and
experimental animals (see 2.6 Research ethics and patient consent).

4.5 Results section
Provide a concise description of the findings with appropriate reference to illustrations and tables.

4.6 Discussion section
Include a summary of the main findings (no data), their relation to other published work, and a statement of
their significance.

4.7 Artwork, figures and other graphics

For guidance on the preparation of illustrations, pictures and graphs in electronic format, please visit SAGE’s
Manuscript Submission Guidelines.

Figures supplied in colour will appear in colour online regardless of whether or not these illustrations are
reproduced in colour in the printed version. For specifically requested colour reproduction in print, you will
receive information regarding the costs from SAGE after receipt of your accepted article.

Number the pages, illustrations, and tables.

A list of figure legends should follow the references and be the last section in the text. A brief title and
description of each illustration should be included. These should be typed consecutively on the same page(s).
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Information on informed consent to report case series should be included in the manuscript text. A statement
is required regarding whether written informed consent for patient information and images to be published
was provided by the patient(s) or a legally authorized representative.

Please also refer to the ICMJE Recommendations for the Protection of Research Participants.

All research involving animals submitted for publication must be approved by an ethics committee with
oversight of the facility in which the studies were conducted. The journal has adopted the Consensus Author
Guidelines on Animal Ethics and Welfare for Veterinary Journals published by the International Association of
Veterinary Editors or the U.S. National Institutes of Health Guide for the Care and Use of Laboratory Animals.

2.7 Clinical trials

JBR conforms to the ICMJE requirement that clinical trials are registered in a WHO-approved public trials
registry at or before the time of first patient enroliment as a condition of consideration for publication. The
trial registry name and URL, and registration number must be included at the end of the abstract.

2.8 Reporting Guidelines

The relevant EQUATOR Network reporting guidelines should be followed depending on the type of study. For
example, all randomized controlled trials submitted for publication should include a completed Consolidated

Standards of Reporting Trials (CONSORT) flow chart as a cited figure, and a completed CONSORT checklist as a
supplementary file.

Other resources can be found at NLM’s Research Reporting Guidelines and Initiatives

3. Publishing Policies

3.1 Publication ethics

SAGE is committed to upholding the integrity of the academic record. We encourage authors to refer to the
Committee on Publication Ethics’ International Standards for Authors and view the Publication Ethics page on
the SAGE Author Gateway.

3.1.1 Plagiarism

JBR and SAGE take issues of copyright infringement, plagiarism or other breaches of best practice in
publication very seriously. We seek to protect the rights of our authors and we always investigate claims of
plagiarism or misuse of published articles. Equally, we seek to protect the reputation of the journal against
malpractice. Submitted articles may be checked with duplication-checking software. Where an article, for
example, is found to have plagiarised other work or included third-party copyright material without permission
or with insufficient acknowledgement, or where the authorship of the article is contested, we reserve the right
to take action including, but not limited to: publishing an erratum or corrigendum (correction); retracting the
article; taking up the matter with the head of department or dean of the author's institution and/or relevant
academic bodies or societies; or taking appropriate legal action.

3.1.2 Prior publication

If material has been previously published it is not generally acceptable for publication in a SAGE journal.
However, there are certain circumstances where previously published material can be considered for
publication. Please refer to the guidance on the SAGE Author Gateway or if in doubt, contact the Editor at the
address given below.

3.2 Contributor’s publishing agreement

Before publication, SAGE requires the author as the rights holder to sign a Journal Contributor’s Publishing
Agreement. SAGE’s Journal Contributor’s Publishing Agreement is an exclusive licence agreement which means
that the author retains copyright in the work but grants SAGE the sole and exclusive right and licence to
publish for the full legal term of copyright. Exceptions may exist where an assignment of copyright is required
or preferred by a proprietor other than SAGE. In this case copyright in the work will be assigned from the
author to the society. For more information please visit our Frequently Asked Questions on the SAGE Journal
Author Gateway.
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4.8 Supplementary material

This journal is able to host additional materials online (e.g. datasets, podcasts, videos, images etc) alongside
the full-text of the article. These will be subjected to peer-review alongside the article. For more information
please refer to our guidelines on submitting supplementary files, which can be found within our Manuscript
Submission Guidelines page. Number figures and tables S1, S2, etc.

4.9 Reference style

References should be double spaced and listed sequentially in alphabetical order according to the name of the
first author with (a) a full list of authors, (b) date, (c) full title of the paper, (d) journal titles abbreviated as per
Index Medicus, (e) volume number, and (f) first and last pages. Only papers published or in press may be
included in the reference list. Papers should be cited in the text by author(s) and date.

Examples
Aschoff J (1965) Response curves in circadian periodicity. In Circadian Clocks, J Aschoff, ed, pp 95-111,
North-Holland, Amsterdam.

Pittendrigh CS and Daan S (1976) A functional analysis of circadian pacemakers in nocturnal rodents:
The stability and liability of spontaneous frequency. J Comp Physiol A 106:223-252.

Richter CP (1965) Biological Clocks in Medicine and Psychiatry, Charles C Thomas, Springfield, IL.

4.10 Abbreviations
Abbreviations should be introduced in parentheses after the first occurrence of the term being abbreviated.
Use standard metric units wherever possible.

4.11 English language editing services

Authors seeking assistance with English language editing, translation, or figure and manuscript formatting to fit
the journal’s specifications should consider using SAGE Language Services. Visit SAGE Language Services on our
Journal Author Gateway for further information.

5. Submitting your manuscript

5.1 How to submit your manuscript
JBR is hosted on SAGE Track, a web based online submission and peer review system powered by ScholarOne™
Manuscripts. Visit https://mc.manuscriptcentral.com/jbrhythms to login and submit your article online.

IMPORTANT: Please check whether you already have an account in the system before trying to create a new
one. If you have reviewed or authored for the journal in the past year it is likely that you will have had an
account created. For further guidance on submitting your manuscript online please visit ScholarOne Online
Help.

5.2 Title, keywords and abstracts

Please supply a title, short title, an abstract and at least five keywords to accompany your article. The title,
keywords and abstract are key to ensuring readers find your article online through online search engines such
as Google. Please refer to the information and guidance on how best to title your article, write your abstract
and select your keywords by visiting the SAGE Journal Author Gateway for guidelines on How to Help Readers
Find Your Article Online.

5.3 Corresponding author contact details
Provide full contact details for the corresponding author including email, mailing address and telephone
numbers. Academic affiliations are required for all co-authors.

6. On acceptance and publication




6.1 SAGE Production

Your SAGE Production Editor will keep you informed as to your article’s progress throughout the production
process. Proofs will be sent by PDF to the corresponding author and should be returned promptly. Authors are
reminded to check their proofs carefully to confirm that all author information, including names, affiliations,
sequence and contact details are correct, and that Funding and Conflict of Interest statements, if any, are
accurate.

6.2 Access to your published article
SAGE provides authors with online access to their final article.

6.3 Online First publication

Online First allows final revision articles (completed articles in queue for assignment to an upcoming issue) to
be published online prior to their inclusion in a final journal issue which significantly reduces the lead time
between submission and publication. For more information please visit our Online First Fact Sheet.

7. Further information

Any correspondence, queries or additional requests for information_on the manuscript submission process
should be sent to the JBR editorial office as follows:

William J. Schwartz, M.D.
Editor in Chief
william.schwartz@austin.utexas.edu
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