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RESUMO

Os ritmos circadianos sao ciclos de aproximadamente 24 horas, regulados por um oscilador
central e controlados por sincronizadores externos, influenciado principalmente pela luz. A
associacdo entre fotoperiodo ao nascimento (PAB - Photoperiod at Birth) e ritmos
circadianos tem sido relatada na literatura, sendo o cronotipo vespertino mais comum no
grupo de pessoas nascidas em meses com maiores fotoperiodos. Além disso, o polimorfismo
de nucleotideo unico (SNP) rs4753426 no promotor do gene MTNR1B e o polimorfismo de
repeticdo em tandem de numero varidvel (VNTR) no gene Per3 foram associados ao
cronotipo e poderiam modular essas associagdes. O objetivo deste trabalho foi avaliar a
associacdo entre fotoperiodo ao nascimento e cronotipos e investigar o possivel efeito
mediador de variaveis meteoroldgicas e de polimorfismos genéticos. Foram aplicados o
Questionario de Matutinidade e Vespertinidade (MEQ) e o Questionario de Cronotipo de
Monique (MCTQ) para a determinagdo do cronotipo e padrdo de sono, em uma amostra de
810 adultos jovens da populacdo de Alagoas. A genotipagem dos sujeitos foi realizada
através das técnicas de PCR para o polimorfismo VNTR do gene Per3 SNP rs4753426 no
promotor do gene MTNR1B. A analise estatistica foi realizada em ambiente de programacao
R. De forma consistente com a literatura, nds encontramos uma associa¢do entre PAB longo e
vespertinidade. Houve efeito mediador negativo da temperatura ambiental na relacdo entre
PAB e cronotipo. N&do houve efeito mediador dos polimorfismos nessa associacdo. Esses
achados demonstram que o PAB pode exercer um papel importante no desenvolvimento do
cronotipo nos estdgios iniciais do desenvolvimento. Considerando a associacao
consistentemente relatada entre vespertinidade e disfungdes metabdlicas e comportamentais,
esse dado pode ajudar no estabelecimento de medidas preventivas em ambientes hospitalares
ou domésticos durante a gestacdo ou para neonatos.

Palavras-Chave: Estacdo de nascimento, Fotoperiodo, Temperatura, Ritmo circadiano,
Cronotipo, Sono.



ABSTRACT

Circadian rhythms are cycles of approximately 24 hours, regulated by a central oscillator and
controlled by external synchronizers, mainly influenced by light. The association between
photoperiod at birth (PAB) and circadian rhythms has been reported in the literature, being
the most common eveningness chronotype in the group of people born in months with longer
photoperiods. In addition, the single nucleotide polymorphism (SNP) rs4753426 no promoter
of the MTNR1B gene and the variable number tandem repeat polymorphism (VNTR) in the
Per3 gene were associated with the chronotype and could modulate these associations. The
objective of this study was to evaluate the association between photoperiod at birth and
chronotypes and to investigate the possible mediating effect of meteorological variables and
genetic polymorphisms. The Morning and Evening Questionnaire (MEQ) and the Monique
Chronotype Questionnaire (MCTQ) were applied to determine the chronotype and sleep
pattern in a sample of 810 young adults from the population of Alagoas. Subject genotyping
was performed by PCR techniques for the Per3 SNP rs4753426 VNTR polymorphism in the
MTNR1 gene promoter. Statistical analysis was performed in R programming environment.
Consistent with the literature, we found an association between long PAB and eveningness.
There was a negative mediating effect of ambient temperature on the relationship between
PAB and chronotype. There was no mediating effect of polymorphisms in this association.
These findings demonstrate that PAB can play an important role in chronotype development
in the early stages of development. Considering the consistently reported association between
eveningness and metabolic and behavioral dysfunctions, this data may help in the
establishment of preventive measures in hospital or domestic environments during pregnancy
or for neonates.

Keywords: Season of birth, Photoperiod, Temperature, Circadian Rhythm, Chronotype,
Sleep.
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1 INTRODUCAO

As estacOes sdo periodos em que a Terra apresenta condi¢des climaticas sazonais
diferentes ao longo do ano, resultando nas quatro estacdes (primavera, verdo, outono e
inverno). Cada estacdo do ano possui caracteristicas proprias que se repetem anualmente. Ao
longo de cada estacéo, alguns fatores como padrdo de iluminacgdo e temperatura se modificam

e interferem na satde humana.

A estacdo em que o individuo nasce tem sido alvo de varios estudos e foi associada,
além de distarbios neuroldgicos, ao Cronotipo (preferéncia em realizar atividades dirias em
um periodo do dia). Entretanto, os dados da literatura sdo controversos e 0S mecanismos

responsaveis por essa associa¢do ndo sdo conhecidos.

De acordo com o cronotipo, os individuos podem ser classificados em Matutinos
(acordam cedo e dormem cedo, preferem realizar as atividades pela manhd), Vespertinos
(acordam tarde e dormem mais tarde, preferem realizar as atividades pela tarde) e
intermediarios (ndo tem preferéncia). O cronotipo estd associado a varias condigdes
fisiolégicas e psicoldgicas e sofre interferéncia das diferentes condicdes presentes nas
estacdes do ano, por exemplo, duracdo da luz do dia (fotoperiodo) e flutuacbes de

temperatura ambiental.

Além disso, o polimorfismo de nucleotideo Unico (SNP) rs4753426 no promotor do
gene do receptor de Melatonina (MTNR1B) e o polimorfismo de repeticdo em tandem -
VNTR (4 e 5 repeticdes) no gene Per3 foram associados ao cronotipo e poderiam modular

essas associacoes.

Para ajudar a compreender a interacdo entre estacdo de nascimento e cronotipo, 0
objetivo deste trabalho foi realizar um estudo de associacéo entre fotoperiodo ao nascimento
e cronotipo, avaliando o efeito mediador de varidveis meteoroldgicas e polimorfismos. O
estudo foi realizado em uma amostra da populagéo residente em Alagoas, localizada na

regido Nordeste do Brasil (latitude 9° S).



2 REVISAO DA LITERATURA
2.1 Ritmos Biologicos

A Cronobiologia (do grego crono= khronos - tempo; biologia= bids - vida; logia=
logos - estudo) é definida como a ciéncia responsavel por estudar os ritmos bioldgicos que

ocorrem em todos 0s niveis de organizacéo.

O primeiro estudo envolvendo ritmo bioldgico foi descrito em 325 antes de Cristo,
por Androstenes de Thasos que demonstrou movimento periddico didrio da planta
Tamarindo, sendo, provavelmente, o primeiro relato cientifico de ciclo de atividade/repouso
(RIETVELD 1996). Em 1729, o fisico francés Jean Jacques d'ortous de Mairan utilizando
uma planta, Mimosa, observou que a planta abria suas folhas durante o dia e as fechava
durante a noite, de acordo com a luminosidade a que estava exposta. Ao colocar a planta na
escuridao total, notou que as folhas da planta continuaram a abrir e fechar mesmo na auséncia
de estimulos ambientais (MOORE-EDE 1986). Em animais (abelhas, crustaceos, coelhos e
roedores), os estudos de ritmos bioldgicos foram realizados por volta do século XIX
(BUNNING 1969).

J4 em humanos, Nathanial Kleitman e seu aluno Bruce Rechardson realizaram o
primeiro estudo com ritmos bioldgicos nos Estados Unidos em 1938, eles passaram 33 dias
em uma caverna natural, isolados e sem pistas ambientais, revelando a capacidade de um
controle interno. Em outro estudo, individuos em cavernas artificiais foram submetidos ao
escuro constante, demonstrou que os ritmos biolégicos, como ciclo de vigilia e sono,
influenciados por pistas ambientais com duracao de aproximadamente 24 horas, apresentaram
uma duracgdo diferente desse periodo, destacando a existéncia de um periodo enddgeno (1)
(ASCHOFF 1979, ASCHOFF 1992; WEVER 1979).

Sendo assim, o ritmo bioldgico pode ser definido como “uma sequéncia de eventos
que ocorrem na mesma ordem e na mesma freqiiéncia” (Minors and Waterhouse 1981). Para
definir um ritmo, é importante considerar parametros como, periodo (T), nadir (n), acrofase
(p), mesor (M), amplitude (A) e fase (p) (ANDREOLI 2013; MARQUES; MENNA-
BARRETO 2003; NOGUEIRA 2007).
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Além disso, os ritmos biologicos, de acordo com o periodo enddgeno de oscilagéo,
podem ser classificados em ultradianos; em infradianos e em circadianos (Figura 1)
(BELISIO et al. 2012). Os ritmos ultradianos so aqueles com periodo menor que 20 horas e
apresentam mais de um ciclo a cada 24 horas - ritmos cardiacos e respiratrios; 0s ritmos
infradianos consistem em periodos maiores que 28 horas ou menos de um ciclo a cada 24
horas - més lunar, ciclos menstruais; ja os ritmos circadianos (do latim circa= cerca de
+ diem= dia), cujos periodos completam-se aproximadamente a cada 24 horas (BELISIO et
al. 2012).

Figura 1: Classificagdo dos ritmos bioldgicos.

e Ritmo Ultradiano
— Ritmo Circadiano

- - Ritmo Infradiano

Valores das varidaveis

>

0 4 Tempo (h)
Fonte: BELiSIO et al., 2012
2.2 Ritmos Circadianos em Mamiferos

Os ritmos circadianos sdo os ritmos mais descritos na literatura e estdo relacionados
com fatores fisioldégicos e comportamentais, apresentando ritmicidade circadiana. Como
descrito anteriormente, plantas, animais e homens confinados e submetidos a condicdes
controladas de luz, notou-se que o ritmo circadiano persistiu em auséncia da pista ambiental,
mostrando que h& um controle enddgeno que mantém este ritmo. No entanto, quando

expostos a pistas ambientais ocorre a sincronizacao.

10
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Em mamiferos, os ritmos circadianos sdo gerados e regulados por um sistema neural
especifico- Sistema de Temporizacdo Interno (MOORE 1997; DIBNER, SCHIBLER and
ALBRECHT 2010), e estdo sob controle de um marcapasso situado no nucleo
supraquiasmatico (NSQ), além disso, sdo sincronizados por fatores ambientais, como ciclo
claro/escuro, atividade/repouso, temperatura, entre outros, sendo denominado de Zeitgebers -
doador de tempo. A secrecdo de hormoénios, o ciclo de vigilia e sono, a regulacdo da
temperatura corporal, a pressdo sanguinea, os ciclos de disponibilidade de alimentos, de
atividade social e a producdo de urina sdo alguns exemplos desse ritmo (MARQUES;
MENNA-BARRETO 2003; ASCHOFF 1960).

O NSQ é composto por dois nucleos simétricos ovais, localizados no hipotalamo,
situados na parte inferior do hipotdlamo, ao lado das paredes inferiores do terceiro ventriculo
e dorsalmente ao quiasma Optico. Estdo interconectados por meio de circuitos locais,
apresenta duas subdivisdes, uma dorsomedial (Shell) que recebe informagdes direto da retina
e outra ventro-lateral (core) recebe sinais provindos da regido core pelos neurotransmissores,
incluindo polipeptideo intestinal vasoativo (VIP), polipeptideo liberador vasoativo (GRP),
substancia P (SP) e &cido gamaamino-butirico (GABA) (MOORE, 2013; ANTLE and
SILVER 2005; DUFFY and CZEISLER 2009).

Os NSQ séo considerados como principal marcapasso circadiano do Sistema Nervoso
Central. Esta estrutura é composta pelo input, que através do trato retino hipotalamico- TRH
0s sinais ambientais, principalmente a luz, chegam ao NSQ, os quais sincronizam a atividade
circadiana ao ciclo diario claro-escuro e pelo output, caracterizada pela expressdo dos
processos fisiologicos e comportamentais gerados pela informacao recebida (BUIJS et al.
1999; BUIJS et al. 2016; MOORE 2013; REPPERT and WEAVER 2002; HARB, HIDALGO
and MARTAU 2015). Alem da coordenagdo do oscilador central, os NSQs atuam em

osciladores periféricos presentes em diferentes 6rgaos.

Os NSQs também séo relevantes para o controle de variagfes sazonais. Por meio da
percepcdo do fotoperiodo, os NSQ transmitem essas informacdes as vias e estruturas
conectadas e promove adaptacdo as mudangas das esta¢fes. Alguns animais conseguem
antecipar e se preparar para mudancas, por exemplo, na disponibilidade de alimentos e
temperatura ambiental, pois estdo sincronizados com ciclos diarios e anuais (COOMANS,
RAMKISOENSING and MEIJER 2015).

11
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Em humanos, os niveis de neurotransmissores sofrem flutuaces sazonais. Os niveis
de serotonina (5-HT) no hipotalamo (CARLSSON, SVENNERHOLM and WINBLAD 1980)
e no liquido cefalorraquidiano (BREWERTON et al. 1988), o L-triptofano (precursor do
serotonina) no sangue (MAES et al. 1995), a disponibilidade de sitios de ligacdo de
transportadores de serotonina no hipotdlamo (NEUMEISTER et al. 2000) e o fator
neurotrofico derivado do cérebro (BDNF) (MOLENDIK et al. 2012) apresentam um ritmo
sazonal. Por estar fortemente envolvido na regulacdo dos ritmos circadianos pelos NSQs, a
reducdo dos locais de concentracao e de ligacdo ao transportador de 5-HT durante o inverno,
parece ter relacdo com aumento da prevaléncia de depressdo durante este periodo
(COOMANS, RAMKISOENSING and MEIJER 2015)

Em sujeitos jovens (6 a 47 anos de idade), o numero de neurbnios contendo
vasopressina e contendo polipeptideo intestinal vasoativo foi significativamente maior no
inicio do outono comparado a primavera-verdo (HOFMAN AND SWAAB 1992; HOFMAN
AND SWAAB 1993; HOFMAN, PURBA and SWAAB 1993), no entanto, essa flutuagéo
anual dos neurdnios contendo vasopressina diminui em idosos (50-95 anos de idade)
(COOMANS, RAMKISOENSING and MEIJER 2015), podendo estar relacionado ao tempo
de exposicdo a mudangas sazonais. O volume do ndcleo paraventricular também € alterado
por flutuagbes sazonais, com pico mais alto na primavera (HOFMAN and SWAAB 1992). A
conexdo NSQ- nucleo paraventricular € essencial para retransmitir informacdes
fotoperiddicas para outros locais do corpo, porém, as regides do cérebro que ndo estdo
envolvidos no sistema de temporizacdo ndo sofrem flutuacéo, sugerindo que essas mudancas
na morfologia sdo limitadas a regides relacionadas ao fotoperiodo (COOMANS,
RAMKISOENSING and MEIER 2015).

2.3. Fotoperiodo e Temperatura

A luz é o principal fator ambiental que sincroniza o relégio bioldégico com o ambiente,
sendo a duracdo e a intensidade da luz, aspectos importantes a serem considerados nessa
sincronizacdo. Além disso, a mudanca de fotoperiodo (duracdo da luz do dia) pode provocar
uma disrupcdo no ritmo e afetar a saide, gerando conseqliéncias como, por exemplos
disturbios metabolicos e comportamentais (KARATSOREOS 2014).

O NSQ esta sincronizado a ciclos ambientais de luz por meio de sinais transmitidos

via trato retino-hipotalamico, sendo a primeira estrutura cerebral a receber informacgédo de
12
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luminosidade. Os NSQs se adaptam as condicGes diferentes de luz por meio da coordenagéo

de neurdnios, isto provoca mudancas na plasticidade do cérebro nos niveis celular e de rede.

As mudancas sazonais afetam a duracdo e intensidade da luz. Mais especificamente, o
fotoperiodo, que esta relacionado a eventos anuais ou sazonais com curta durac¢do da luz do

dia (fotoperiodo curto) ou longa duracdo da luz do dia (fotoperiodo longo).

A temperatura também pode afetar os ritmos circadianos em mamiferos, no entanto,
diferente da luz, o efeito é reduzido (RENSING and RUOFF 2002). Em estudos com
Drosophila e Neurospora, a elevacdo da temperatura teve efeito nos mecanismos do reldgio
molecular, provocando inducdo da proteina de frequéncia (FRQ) e degradacdo do periodo
(PER) e TIMELESS (TIM) proteina, respectivamente (HERZOG and HUCKFELDT 2003).

O efeito da temperatura no arrastamento de ritmos de atividade a ciclos de
temperatura ambiente foi relatada em ratos e demonstrou que o periodo do ritmo circadiano
no NSQ é compensado pela temperatura. No entanto, mesmo com essa compensacao, houve
mudancas de fase de até 4 horas quando a temperatura foi aumentada em 3 ° C em um
intervalo de 2 horas, ou seja, pulsos de temperatura podem mudar de fase dos ritmos. Além
disso, as transi¢oes do estado de sono e o torpor estdo associados a mudancas na temperatura
do cérebro (RUBY, BURNS and HELLER 1999; BROWN et al. 2002).

No entanto, os estudos com temperatura ambiental e salde humana ainda sao
escassos, principalmente o efeito da temperatura ambiente ao nascimento e ritmo circadiano.
O fotoperiodo e a temperatura ambiente ao nascimento podem alterar os ritmos circadianos

enddgenos e interferir no cronotipo, particularmente em estagios iniciais do desenvolvimento.
2.3 Cronotipo

A ritmicidade circadiana pode ser expressa através do cronotipo, que varia de
individuo para individuo, por exemplo, as pessoas que acordam muito cedo e dormem cedo e
que estdo mais dispostas durante o periodo da manh& sdo classificadas como matutinas, as
pessoas que dormem mais tarde, estando mais dispostas final da tarde/inicio da noite, sdo
classificadas como vespertinas. Por sua vez, hd também pessoas que as vezes apresentam

predominéncia matutina e as vezes vespertina, que conseguem se ajustar com facilidade aos
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horéarios sociais, estas portanto, sdo classificadas como intermediarias (VINK et al. 2001;
URBAN, MAGYARODI and RIGO 2011).

Para classificar o0s sujeitos nas classes de matutinidade, vespertinidade e
intermediarios tem sido aplicado diferentes questionrios, dentre eles, os mais descritos na
literatura sdo o Questionario de Matutinidade e Vespertinidade (MEQ), de Horne e Ostberg
(HORNE OSTBERG, 1976) e o Questionario de Cronotipo de Munique (MCTQ), de
Roenneberg (ROENNEBERG, WIRZ-JUSTICE and MERROW 2003).

O MEQ esté relacionado a preferéncias didrias compostas por questdes direcionadas
as preferéncias em relacdo aos horarios de dormir e acordar e ao estado de alerta dos
individuos, além disso, especificamente a questdo 19 do questionario fornece dados sobre
como o entrevistado se considera: definitivamente um tipo matutino; mais matutino que
vespertino; mais vespertino que matutino ou definitivamente um tipo vespertino. O escore do
MEQ varia de 16 a 86. J4 0 MCTQ é uma medida subjetiva e baseia-se na fase média do sono

nos dias livres, corrigido para o débito de sono nos dias de trabalho.

O cronotipo é influenciado por fatores como idade e sexo, latitude/longitude
geograficas, fotoperiodo de nascimento e polimorfismos genéticos (ADAN et al. 2012). A
tipologia circadiana dos individuos muda ao longo de sua vida: as criancas sdo geralmente
matutinas, na adolescéncia tornam-se vespertinas e por volta dos 20 anos ha um retorno para
a matutinidade; as mulheres sdo mais matutinas que os homens e no final dos 50 anos de
idade, mulheres e homens apresentam cronotipos semelhantes, tendendo a ser mais matutinos
(ROENNEBERG et al. 2004).

A latitude/longitude que o individuo estad sujeito também interfere no cronotipo,
individuos matutinos estdo presentes mais ao leste e norte do hemisfério e em areas rurais, ja
0s vespertinos estdo presentes mais ao oeste e sul e em areas urbanas (BORISENKOV 2010;
RANDLER 2007). Dependendo dessa condicdo, a exposicao a luz também sofre interferéncia
e esta envolvida com o cronotipo, com relacdo ao fotoperiodo ao nascimento, individuos
nascidos durante o fotoperiodo curto parecem ser mais matutinos em relacdo aos nascidos

durante o fotoperiodo longo que sdo mais vespertinos (NATALE and DI MILIA 2011).

Além disso, os cronotipos sofrem influéncia genética (ASHBROOK, 2019). Varios

polimorfismos foram associados ao cronotipo, dentre eles, um polimorfismo de repeticdo em
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tandem - VNTR (4 e 5 repeticbes) no gene Per3 e um polimorfismo no receptor de
melatonina (PEREIRA et al. 2005; SILVA et al. 2019).

A investigacdo de cronotipos apresenta uma relevancia clinica, tendo em vista que a
vespertinidade tem sido associada com vérios disturbios, dentre eles destaca-se a depressdo
(MERIKANTO et al. 2013; MERIKANTO et al. 2015; ANTYPA et al. 2016), déficit de
atencdo (CACI, BOUCHEZ and BAYLE 2009), ansiedade (AZAD-MARZABADI and
AMIRI 2017), dependéncia de alcool (HASLER et al. 2013) e comportamentos anti-sociais
(SCHLARSB et al. 2014).
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3 JUSTIFICATIVA

Os estudos de associacdo entre cronotipo e fotoperiodo sdo controversos. Alguns
estudos evidenciaram associacdes entre o cronotipo e fotoperiodo (NATALE AND DI
MILIA 2011; MONGRAIN, PAQUET and DUMONT 2006). Em contrapartida, um estudo
com estudantes universitarios, o fotoperiodo ndo influenciava o cronotipo dessa populacdo
(TAKAO, KURACHI and KATO 2009), com isto, essa associacdo ainda nao estd clara.

Além disto, 0s mecanismos responsaveis por essa associacdo ndo sao conhecidos.

A exposicdo & fatores moduladores do ritmo circadiano ao nascer ou nos estagios
iniciais do desenvolvimento humano durante a gestacdo poderiam modular o
desenvolvimento do cronotipo e, consequentemente, a influéncia em outros tracos

fisioldgicos e comportamentais observados na literatura.
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4 OBJETIVOS

4.1 Objetivo Geral

- Investigar a associacdo entre fotoperiodo ao nascimento e cronotipo em uma amostra de

adultos jovens residentes em Alagoas, Brasil.
4.2 Objetivos Especificos

- Determinar o fotoperiodo ao nascimento e variaveis meteorologicas através da data e do

local de nascimento de individuos que compde o banco de dados de cronotipos de Alagoas;

- Avaliar a associacdo entre fotoperiodo ao nascimento e os valores de MEQ, MSFsc e
duracéo de sono;

- Avaliar o efeito mediador de variaveis meteoroldgicas (temperatura e insolacdo solar) e o

polimorfismo do receptor de Melatonina (rs4753426) e o polimorfismo VNTR de Per3.
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5 ARTIGO

Evidence for a mediating role of the environmental temperature on the association
between Photoperiod at Birth and Chronotype

Abstract

Season of birth (SOB) has been the subject of several investigations, in which the photoperiod
may influence chronotypes: eveningness was associated with being born during seasons with longer
photoperiods. However, the mechanism for this environmental interference on chronotype
development is not known. In this study, we evaluated the association between photoperiod with
chronotype and sleep parameters in a sample from young adults living at the same latitude (9°S) in
Brazil. Also, we investigated the possible mediating effect of environmental meteorological factors
and polymorphisms in the melatonin receptor MTNR1B and PER3. Daily meteorological data were
assessed using Solar Computer and Nasa Power databases. Circadian preference and sleep data were
assessed using MEQ and MCTQ (using the mid-point sleep on free days corrected for sleep debt
during the workdays- MSFsc), respectively. Genotypes were determined by conventional PCR for
PER3 and TagMan probes for MTNR1B. MMA, psych and process packages for R were used to
estimate mediation effects. Initially, subjects were categorized into short or long photoperiod groups
according to the distribution of photoperiod at birth (25th, n=203, and 75th, n=203, quartiles).
Consistently with previous reports, we confirmed that subjects born at longer photoperiods present
lower scores on MEQ and a phase delay in MSFsc, with a size effect of up to one hour considering the
5th most extreme quartiles (n=41 per group), indicating a tendency towards eveningness. Moreover,
we identified a mediating effect of environmental temperature on the association between photoperiod
and MSFsc, but no with polymorphism. These findings suggest a possible role for photoperiod and
environmental temperature on the modulation of chronotype development.

Introduction

Season of birth (SOB) has been associated with physiological and clinical variations
in human populations, including weight (DAY et al. 2015), Vitamin D levels
(TORNHAMMAR et al. 2014), hormonal changes in the menstrual cycle (KLIS et al. 2016),
type 1 and 2 diabetes (KAHN et al. 2009; VAISERMAN et al. 2009), neuropsychiatric
disorders (BROWN 2011; CHENG et al. 2014) and cancers (CRUMP et al. 2014; BASTA et
al. 2010). The mechanisms for these associations are not known but may be related to the
modulation of circadian rhythms by seasonal environmental factors (DIDIKOGLU et al.
2019; LEWIS and ERREN 2017). Seasonal variation in daylength (photoperiod) can
influence the activity of the suprachiasmatic nucleus and melatonin synthesis, which
potentially affects the organism systemically (PORCU et al. 2018). Moreover, other
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meteorological factors such as solar insolation (BAUER et al. 2019) and temperature
variation (WRIGHT 2009) could contribute to the seasonal variations observed in humans.

The first hypothesis of the photoperiod at birth as an imprinting phenomenon (during
a sensitive phase) with a possible effect on developing the nervous system was described in
one study with university students (NATALE and ADAN 1999). Another study showed that
chronotype are affected by changes in daylight hours, especially in seasons with decreased
daylight hours (FRIBORG et al. 2014).

Circadian variation is linked to human health, and the evening type was associated
with various disease conditions, including affective disorders, cardiovascular disease and
metabolic health (AU and REECE 2017; KNUTSON and von SCHANTZ 2018;
MERIKANTO et al. 2013).

In fact, evening chronotypes were associated with being born in the seasons with
longer photoperiods in Italy, Spain, Australia and Canada (SHAWA, RAE, and RODEN
2018). However, PAB was not associated with chronotype on German Adolescents
(VOLLMER, RANDLER and DI MILIA 2012) or sleep duration under different photoperiod
at birth (NATALE and ADAN 1999) and demonstrated an inverse pattern in older adults in a
recent publication in the UK (DIDIKOGLU et al. 2019), which makes this topic

controversial.

To confirm and understand this SOB effect is important for the implementation of
preventive strategies that could mitigate possible deleterious influences of environmental

factors on human development.

In this study, we investigated the association between photoperiod at birth with
circadian preference scores, mid-sleep phase (MSFsc) and sleep duration in a sample of
young adults from the Brazilian population living at the same latitude (9°S). We also explored
the mediation effect of environmental meteorological factors, sex and age (DIAZ-MORALES
and PARRA-ROBLEDO 2018) and two genotypes previously associated with circadian
preference and sleep. The PER3 VNTR alleles were previously associated with chronotype in
some studies (AN et al. 2014) and with sleep duration dependent on latitude (LEOCADIO-
MIGUEL et al. 2018). The melatonin receptor MTNR1B rs4753426 polymorphism was
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associated with circadian preference and sleep duration in Brazil (SILVA et al. 2019) and
sunshine duration (JI et al. 2010).

Materials and Methods

Study territory and subjects

This study was performed in Alagoas state, Brazil, located 9°S latitude, -55.92 west
longitude and -55.57 east longitude. Data were collected from June 2016 to December 2017.
The volunteers were born in different states from Brazil (Alagoas, Bahia, Brasilia, Cear3,
Goiania, Minas Gerais, Paraiba, Pernambuco, Rio de Janeiro, Rio Grande do Norte, Séo
Paulo, and Sergipe) ranging from -4.81 to -22.33 latitude. They were born in rural or urban
areas, but with current residency in Alagoas state for at least one year. The sample consisted
of 810 Brazilian university students, with 280 men and 530 women (mean age 21.8 + 3.16
SD). Inclusion criteria were: year of birth > 1983; complete questionnaires; no history of
psychiatric disorder (past or current); no use of sleep or psychoactive medication; wake up on
weekends without alarm clock; sleep duration between 3 h and 14 h (LEVANDOVSKI et al.
2011). Subjects were in compliance with the screening requirements for inclusion. The study
procedure was approved by the Institutional Ethics Committee at the Federal University of
Alagoas (protocol number 38930914.0.0000.5013) and all participants agree to sign a consent

form.

Determination of Chronotype scores and sleep parameters

Circadian preference was assessed using self-report Morningness-Eveningness
Questionnaire (MEQ), translated and validated to Brazilian Populations (BENEDITO-SILVA
et al. 1990). The Horne Ostberg questionnaire consists of 19 subjective questions with
multiple-choice about preferred wake-up and bedtimes and preference to perform the daily
activity (ADAN et al. 2012). The MEQ is evaluated on a score scale ranging from 16 to 86.
In our study design, we considered total scores for analyses, with the lower scores indicating
eveningness and higher scores indicating morningness. To determine the sleep parameters we
apply the Brazilian Portuguese version from Munich Chronotype Questionnaire (MCTQ)
(http://www.bioinfo.mpg.de/wepcronotipo). The MCTQ contains information about the mid-
point sleep on free days and workdays (sleep onset and wake up). By this questionnaire, we

obtained the quantitative measure of the chronotype, the MSF corrected for sleep debt during
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the workdays (MSFsc), then MSF is adjusted for individual sleep (ROENNEBERG, WIRZ-
JUSTICE and MERROW 2003). We considered the MSFsc to determinate Chronotype:
advanced or delayed MSFsc clock times indicate morningness or eveningness types,

respectively.

Genotyping

Buccal cell samples were collected from all participants using sterile cytobrushes
(Adlin, Jaragua do Sul, SC, Brazil). The amount of genomic DNA was quantified using a
spectrophotometer (Eppendorf® AG, Hamburg, Germany). The rs4753426 (1193T > C) SNP
of MTNR1B was analyzed using the StepOnePlus™ Real-Time polymerase chain reaction
(PCR) System (Applied Biosystems, Foster City, CA, USA) using a specific TagMan SNP
Genotyping Assays (Assay ID: C_289583 10, Applied Biosystems, Foster City, CA, USA),
as previously reported (SILVA et al. 2019) PER3 VNTR genotype was determined by
conventional PCR as previously reported (ARCHER et al. 2003).

Solar and Meteorological data

Daily meteorological data were assessed using the Solar Computer database and Nasa
Power database. Solar Computer provides, beyond other parameters, latitude and longitude;
sunrise and sunset time and daylength in any date and geographical location. Nasa Power
retrieves data about solar radiation and temperature from any given values of latitude and
longitude. In our study, we used temperature parameters: Temperature Range at 2 meters
(T2M_RANGE); Temperature at 2 meters (T2M); Earth Skin Temperature (TS); Maximum
Temperature at 2 meters (T2M_MAX); Minimum Temperature at 2 meters (T2M_MIN) and
solar parameters: Downward Thermal Infrared (Longwave) Radiative Flux
(ALLSKY_SFC LW _DWN) and AIll Sky Insolation Incident on a Horizontal Surface
(ALLSKY_SFC_SW_DWN ), to analyze the potential role of solar and meteorological
variables at birth as mediators. Data from solar irradiation is restricted from July 1, 1983 to
December 31, 2007 and the temperature data from January 1, 1981 to a few months within

near- real time. We downloaded all data in June 2019.

Data analyses
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Photoperiod at birth (PAB) was determined based on daylength obtained from Solar
Computer database. Samples were distributed according to PAB and then divided into short
and long photoperiod groups according to the 25th (or 5th) and 75th (or 95th) quartiles,
respectively. The sample was tested for normal distribution with the Shapiro-Wilk test. MEQ
scores, MSFsc and sleep duration were compared between groups by estimation statistics
using DABEST package for R (HO et al. 2019), considering confidence interval of 95% and
Wilcoxon rank sum test with continuity correction and a significance level of 0.05. MMA
(YU and LI 2017), processr and psych packages for R were used to estimate mediation

effects. All statistical analyses were performed using R programming environment.

Results

We evaluated the association between photoperiod at birth and Chronotype in a
sample of 810 young adults (280 men and 530 women). Chronotypes were accessed by MEQ
and MSFsc. The distribution of MEQ and MSFsc in this sample was previously reported
(SILVA et al. 2019). Lower scores in MEQ and higher MSFsc indicate eveningness.
Initially, subjects were categorized into short or long photoperiod groups according to the
distribution of PAB (25th, n= 203 and 75th, n= 203 quartiles). We identified a significant
association with PAB using MEQ scores as a quantitative measure to estimate chronotypes.
Subjects born at longer photoperiods presented lower scores on MEQ (size effect: -1.71; 95%
(Cl) -3.68; 0.308; W = 18588, p-value = 0.08804). We confirmed the same profile using
MSFsc, in which subjects born at longer photoperiods presented a phase delay in sleep (size
effect: 21.3; 95% (CI) 1.18; 41; W = 22970, p-value = 0.0454).

When we restricted the short and long groups to the most extreme photoperiods (5th
and 95th quartiles) we identified a phase delay of approximately one hour (n= 41 per group),
indicating a tendency towards eveningness in the group born in longer photoperiod (size
effect: 52.9; 95% (CI) 11.4; 99.7; W = 1061, p-value = 0.04132) (Figure 1). Although the
profile for MEQ is similar considering these subgroups, we did not identify any statistical
difference. There were no significant differences between long and short photoperiod groups

considering sleep duration as well (data not shown).
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Figure 1. MSFsc differences in minutes observed between subjects born at longer (95th quartile) and shorter
(5th quartile) photoperiods from a Brazilian sample. The long PAB group (blue) presented a delayed sleep phase
with a size effect of 52.9 minutes (95% CI 11.4; 99.7) with a significant difference in Wilcox test (W = 1061, p-
value = 0.04132). Horizontal lines indicate the mean value from each group. Vertical bar represents the 95% CI.
Dashed area represents the bootstrap analysis for sample distribution and the right side scale the size effect in
minutes (HO et al. 2019).

To explore the meteorological variables as possible mediators of the relationship
between photoperiod and MSFsc, we evaluated different environmental temperature
parameters (T2M_RANGE, T2M, TS, T2M_MAX and T2M_MIN) and solar insolation
parameters (ALLSKY_SFC LW _DWN and ALLSKY_SFC_SW_DWN). We also included
sex, age and the polymorphisms in MTNR1B and PER3 as potential mediators, since these
variables were reported to be associated with chronotype and sleep modulation. We identified
a positive direct effect of photoperiod and a negative moderating effect of T2M_Max and
T2M_Range (Table 1 and Figure 2). Sex, age and MTNR1B genotype were identified as

covariates for this interaction (data not shown).
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Figure 2. Direct effect (¢’) of PAB (in hours) and mediation effect of T2M_Max and T2M_Range on MSFsc (in
minutes). The total effect (c) was reduced considering the mediators, indicating a negative mediation of

temperature on the interaction between PAB and sleep phase. Images generated by psych package for R.

24



Table 1. Mediation effect of T2M_Range and T2M_Max on the interaction between PAB and MSFsc.

label est se z pvalue ci.lower ci.upper

T2M_RANGE a 2.988973 0.2847549 10.496649 0.0000000 2.433879 3.543491
b -3.678365 1.1077484 -3.320578 0.0008983 -5.811327 -1.499129
cp 30.494733 9.1555095 3.330752  0.0008661 12.227502 48.55075(

ind  -10.994531 NA NA NA -18.135897 -4.762264
c 19.500202  8.4806174 2.299385  0.0214831 2.495953 36.130204
T2M_MAX a 5.010998 0.344146 14.560672 0.0000000  4.285096  5.6550423
b -2.800404  1.117908 -2.505040 0.0122438  -5.082166 -0.6746138
cp 33533021  10.021681 3.346048  0.0008197  14.325471 53.9047872
ind -14.032819 NA NA NA -26.305595 -3.5083416

c 19.500202 8.223071 2.371401 0.0177208  3.493568  36.0480568

a- path from the independent variable to the mediator; b-path from the mediator to the dependent variable; ¢'-

direct effect.; c- total effect ; ind -indirect effect.

Discusssion

PAB has been associated with chronotypes (SHAWA, RAE and RODEN 2018).
However, there is no consensus on the literature regarding the PAB effect or the mechanisms
by which endogenous or environmental factors influence the organism’s development and
traits under certain seasonal conditions at gestation or birth. Studies in Italian and Australian
(NATALE and DI MILIA 2011), Italian and Spanish (NATALE and ADAN 1999) and
Canadian (MONGRAIN, PAQUET and DUMONT 2006) populations, demonstrated that
subjects born at shorter photoperiods presented a morning oriented behavior, while those
born at longer photoperiods were evening types, though with a small effect size. On the other
hand, Huang et al. (2015) identified an association between eveningness and being born in

the fall only in women but attributed this result to confounding factors (HUANG et al. 2015).

Recently, (DIDIKOGLU et al. 2019), in a large sample from the UK, demonstrated an
association between long photoperiods at birth and earlier mid-sleep phase, which is also
contradictory to the other studies (DIDIKOGLU et al. 2019). Possible explanations for these
discrepancies may involve the different instruments for chronotype determination, different

methods for data analysis, age range or other confounder variables in the tested samples.

In this study, we explored the PAB effect on chronotype and sleep in a sample from

the Brazilian population. Subjects from this sample were born at different latitudes but unlike
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the other studies, they were residents in a region close to the equator (9° S) in Brazil. This
aspect could minimize potential seasonal effects that may be affecting sleep and chronotype
during adulthood (HARADA et al. 2011; HUANG et al. 2015). We found that the group
comprising those subjects born during longer photoperiods presented lower scores in
circadian preference and a significant phase delay in sleep, consistently with the Hispanic,
Canadian and Australian studies.

Considering the most extreme samples in the photoperiod distribution, the effect size
was around one hour delay in mid-sleep phase. This is remarkable taking into account that the
longer PAB observed in the sample was only 13:34 hours (10:39h for short photoperiod) and
that other studies performed in lower or higher latitudes demonstrated smaller effects
(VOLLMER, RANDLER and DI MILIA 2012; NATALE, ADAN and FABBRI 2009).
Similar to the other studies (NATALE, ADAN and FABBRI 2009; TONETTI et al. 2011;
HUANG et al. 2015), we did not identify differences in sleep duration that could be attributed
to PAB.

Photoperiod per se can modulate circadian rhythms and potentially imprint
developmental patterns and phenotypic expression during early stages (LEWIS and ERREN
2017). However, light intensity and temperature are also candidates for causation
mechanisms related to SOB (BAUER et al. 2019).

We evaluated the mediation effect of solar and temperature variables on the
interaction between photoperiod and sleep phase (MSFsc). We detected a strong direct effect
of photoperiod and a negative mediating effect of maximum temperature and temperature
range at 2 meters. This suggests that lower temperature during the Summer or higher
temperature during the Winter may modulate the photoperiod effect on chronotype.

Some stages from early development are sensitive to temperature variations because
their thermoregulatory and sympathetic nervous systems are still immature (YOUNG 2002;
KNOBEL and HOLDITCH-DAVIS 2007). Maximum temperature was linked to birth
weight, particularly, the exposition to high temperatures in the second trimester might
directly result in low birth weight (MURRAY 2000). There is some consensus about the
possibility that climate change can be effected human development by global warming
(ISEN, ROSSIN-SLATER and WALKER 2017). Mechanistically, cold temperature could
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induce the expression of Cold Inducible RNA Binding Protein (CIRBP) that has a
modulatory effect on the molecular clock (HOEKSTRA et al. 2019).

This study has several limitations. We did not categorized the sample according the
season of birth. We do not have information regarding the specific circumstances at birth, if
the subjects were born prematurely, for how long the individual remained at the hospital, if
the gestation, deliver or post deliver stages presented clinical complications. Since it is a
cross-sectional study, we cannot infer causation and other seasonal variables could account
for the associations observed. Our sample is limited to young adults and was performed in a

region with low seasonal variation.

Notwithstanding these limitations, our results reinforce the evidence for seasonal
variables, such as photoperiod and temperature, modulating the circadian clock at the early
stages of development. The accumulated epidemiological knowledge on this matter supports
the need for further researches on the causal mechanisms and practical implications on

neonatal clinical or home settings for human health.
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6 CONCLUSOES

Conclui-se, portanto, que o cronotipo apresenta uma associacao com o fotoperiodo ao
nascimento, verificando que os individuos vespertinos tendem a nascer no fotoperiodo mais
longo em comparagdo aos matutinos. E, a temperatura ambiental parece aparesentar um efeito

negativo na associagao.

Sugere-se que outros estudos, com delineamento longitudinal, ampliem os
conhecimentos sobre o fotoperiodo ao nascimento e ritmo circadiano no periodo perinatal até

a adolescéncia.
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