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RESUMO

CEOLIN, Gilciane. Determinantes das concentracdes séricas da vitamina D e a sua
associacdo com sintomas depressivos em idosos de Florianépolis-SC. Tese (doutorado em
Nutri¢do). Programa de P6s-Graduagao em Nutri¢do, Universidade Federal de Santa Catarina,

Floriandpolis, 2022.

Introdugdo: A populacio idosa tem sido considerada de risco tanto para hipovitaminose D
(<30 ng/ml), quanto para depressdo. Pesquisadores vém discutindo o papel da vitamina D na
depressdo, no entanto, poucos estudos somente com idosos foram realizados, sendo necessario
elucidar essa relacdo. Objetivos: Identificar os determinantes das concentragdes séricas da
vitamina D e avaliar a sua associacdo com sintomas depressivos em idosos de Florianopolis-
SC. Métodos: Estudo multimétodos, que incluiu estudo de revisdo narrativa, e estudo empirico
longitudinal, observacional, de base populacional e domiciliar, com dados oriundos de 3 ondas
de pesquisa do estudo de coorte EpiFloripa Idoso (linha de base em 2009-2010, onda 2 em
2013-2014, com subamostra de exames em 2014-2015, e onda 3 em 2017-2019). O nivel sérico
de 25-hidroxicolecalciferol [25(OH)D] foi mensurado pelo método de quimioluminescéncia.
A escala de depressdo geriatrica de 15 itens (GDS-15) foi usada para mensurar sintomas
depressivos. No artigo 1, com dados da onda 2, foram verificadas as associagdes transversais
entre fatores sociodemograficos, comportamentais e de saude e 25(OH)D, através de regressao
logistica multinominal. No artigo 2, com dados da onda 2, foi investigado transversalmente os
efeitos diretos da atividade fisica e adiposidade (percentual de gordura corporal, %G) na
25(0OH)D, e o efeito indireto mediado pela adiposidade em um modelo de equacdes estruturais.
Para o artigo 3, uma revisdo narrativa da relag@o entre vitamina D e depressdo, foi feita uma
busca sistematizada nas principais bases de dados, de artigos publicados até abril de 2021. No
artigo 4, uma revisao breve, foi realizada uma busca sistematizada para discutir a possivel
relacdo entre vitamina D, sintomas depressivos e pandemia por Covid-19. No artigo 5, com
dados da onda 2, foi verificada a associacdo transversal entre 25(OH)D e sintomas depressivos
através de regressdo de Poisson. No artigo 6, com dados das ondas 2 e 3, foi analisado a
associacdo longitudinal entre 25(OH)D e mudanca na severidade de sintomas depressivos, a
partir de uma regressao logistica multinominal. Para o artigo 7, com dados das 3 ondas, foi
verificado a associacdo longitudinal entre a adiposidade (indice de massa corporal - IMC, e
circunferéncia da cintura) e a incidéncia de sintomas depressivos a partir da estimagdo de
equacdes generalizadas. Resultados: No artigo 1 (n=574), 43,7% do idosos apresentaram

insuficiéncia (21-29 ng/ml) e 23,4% deficiéncia (< 20 ng/ml) de 25(OH)D. Os fatores de risco



(p>0,05) para insuficiéncia foram o sexo feminino (RR=2,20), lipoproteina de baixa densidade
(LDL >160mg/dl, RR=3,49), obesidade pelo IMC (>30 kg/m?, RR=2,37) ¢ %G (Homens: >
31% e Mulheres: >43%, RR=2,10). Para deficiéncia, o sexo feminino (RR=2,32), dependéncia
em >4 atividades da vida diaria (AVDs, RR=2,73), LDL (100-129mg/dl: RR=2,96; 130-
159mg/dl: RR=4,56; >160mg/dl: RR=7,94), obesidade para IMC (RR=2,25) e %G (RR=3,62).
A atividade fisica no lazer (>150 min/semana) foi fator de protecdo para ambos (insuficiéncia:
RR=0,38 e deficiéncia: RR=0,29). No artigo 2 (n=574), a atividade fisica moderada e vigorosa
(AFMV) teve efeito direto e positivo na 25(OH)D (5=0,11; P<0,05) e direto e negativo no %G
(p=-0,11; P<0,05); o %G teve um efeito direto e negativo na 25(OH)D (= -0,13; P<0,05) e
de media¢do na relagdo entre AFMV e 25(OH)D. No artigo 3, evidenciou-se uma maquinaria
para transformagdo e uso da vitamina D no cérebro, e possiveis mecanismos de agdes
vinculados a depressdo, entretanto ha poucos estudos clinicos e longitudinais com idosos. No
artigo 4, discutiu-se o possivel papel da vitamina D nos sintomas depressivos e no Covid-19
durante a pandemia, entretanto os resultados ndo foram conclusivos. No artigo 5 (n=557),
15,8% dos idosos apresentaram sintomas depressivos (=6 pontos) e aqueles com deficiéncia
em 25(OH)D tiveram uma chance maior de ter sintomas depressivos (OR=2,27; p=0,038)
comparado com suficiéncia (=30 ng/ml). No artigo 6 (n=386), 12,6% dos participantes
passaram a ter gravidade dos sintomas depressivos (=6 pontos), 7,1% apresentaram deixaram
de ter e 5,0% mantiveram, na onda 3; os idosos no menor quartil de 25(OH)D (4 a 20,6 ng/ml)
apresentaram maior chance (OR=2,90; p=0,025) de apresentar sintomas depressivos na onda
3, em relag@o ao maior quartil (32,1 a 50 ng/ml). No artigo 7 (n=580), a incidéncia de sintomas
depressivos (=6 pontos) foi de 9,9%, € aqueles com obesidade (IMC >30 kg/m?) apresentaram
um risco relativo maior de ter sintoma depressivo na onda 3 (IRR=1,24, p=0,035). Conclusao:
A partir dos resultados dos estudos de revisao foi possivel identificar os mecanismos de agdo
da vitamina D na depressdo, as possiveis interrelacdes frente a pandemia por covid-19, e
evidenciar a necessidade de estudos longitudinais e clinicos, a fim de elucidar a relacdo. Entre
os principais determinantes da vitamina D, foi identificado fatores modificaveis como a
atividade fisica e a adiposidade. A adiposidade de forma longitudinal foi associada aos
sintomas depressivos ao longo de 10 anos. Tanto de forma transversal, quanto longitudinal, os
idosos que apresentavam deficiéncia de vitamina D tiveram maior risco de ter severidade nos

sintomas depressivos.

Palavras-chave:  Sintomas depressivos; Vitamina D;  25-Hidroxicolecaciferol;

Envelhecimento; Idoso; Estudos de Coortes;
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ABSTRACT

CEOLIN, Gilciane. Determinants of serum Vitamin D concentration and the association
with depressive symptoms in older adults from Florianopolis, SC. Doctoral dissertation
(PhD in Nutrition). Graduate Program in Nutrition, Federal University of Santa Catarina,

Florianopolis, 2022.

Introduction: The older adult population has been considered at risk for both hypovitaminosis
D (<30 ng/ml) and depression. Researchers have discussed the role of vitamin D in depression,
however, few studies with older adults were published, then it is necessary to disentangle its
association. Objectives: To identify the determinants of serum vitamin D concentrations and
evaluate its association with depressive symptoms in older adults from Florianopolis-SC.
Methods: Multimethod study, which included a narrative review and an empirical
longitudinal, observational, population-based, and household study, with data from 3 collection
wave from the EpiFloripa Aging cohort study (baseline in 2009-2010, wave 2 in 2013-2014
with a subsample of exams in 2014-2015, and wave 3 in 2017-2019). The serum level of 25-
hydroxycholecalciferol [25(OH)D] was measured by the chemiluminescence method. The 15-
item Geriatric Depression Scale (GDS-15) was used to measure depressive symptoms. In
article 1, with data from wave 2, a cross-sectional association between sociodemographic,
behavioral and health factors and 25(OH)D were verified through multinomial logistic
regression. In article 2, with data from wave 2, a cross-sectional direct effect of physical activity
and adiposity (measured by fat body percentage, %fat) on 25(OH)D, and the indirect effect
mediated by adiposity were verified through the structural equation modeling. For article 3, a
systematic search was carried out in the main databases to develop a narrative review of the
relationship between vitamin D and depression. In article 4, a systematic search ws carried out
for a brief review to discuss the possible relationship between vitamin D, depressive symptoms,
and Covid-19 pandemic. In article 5, with data from wave 2, the cross-sectional association
between 25(OH)D and depressive symptoms was verified through Poisson regression. In article
6, with data from waves 2 and 3, the longitudinal association between 25(OH)D and changes
in the severity of depressive symptoms was analyzed based on a multinomial logistic
regression. For article 7, with data from the 3 waves, the longitudinal association between
adiposity (measured by body mass index - BMI, and waist circumference) and the incidence of
depressive symptoms was verified from the generalized estimating equations. Results: In
article 1 (n=574), 43.7% of older adults presented insufficiency (21-29 ng/ml), and 23,5%

deficiency (< 20 ng/ml) in 25(OH)D. The risk factors for insufficiency were female sex
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(RR=2.20), low-density lipoprotein cholesterol (LDL-C >160mg/dl, RR=3.49), obesity in BMI
(>30 kg/m?, RR=2.37) and %fat (Men: > 31% and Women: >43%; RR=2.10). For deficiency,
the risk factors were female sex (RR=2.32), dependence on >4 activities of daily living (ADLs,
RR=2.73), LDL-C (100-129mg/dl: RR=2.96; 130-159mg/dl: RR=4.56; >160mg/dl: RR=7.94),
obesity in BMI (RR=2.25) e %fat (RR=3.62). Leisure-time physical activity (=150 min/week)
was a protective factor for both (insufficiency: RR=0.38 and deficiency: RR=0.29). In article
2 (n=574), moderate and vigorous physical activity (MVPA) had a direct and positive effect
on 25(OH)D (B=0.11; P<0.05), and a direct and negative effect on %fat (B = -0.11; P<0.05);
%fat had a direct and negative effect on 25(OH)D (B= -0.13; P<0.05), and a mediation effect
on the association between MVPA and 25(OH)D. In article 3, a machinery for the
transformation and use of vitamin D in the brain, and the possible mechanisms of action linked
to depression were discussed, however, there are still few clinical and longitudinal studies with
older adults. In article 4, the role of vitamin D in depressive symptoms and the Covid-19 during
the pandemic time was discussed, however, the results to date were not conclusive. In article 5
(n=557), 15.8% of older adults presented depressive symptoms (=6 points) and those with
25(0OH)D deficiency had a higher odds ratio to depressive symptoms (OR=2.27; p=0.038)
compared to sufficiency (=30 ng/ml). In article 6 (n=386), 12.6% increased the severity of
depressive symptoms (=6 points), 7.1% decreased (<5 points) and 5.0% remained with severity
(=6 points) in wave 3; those in the lowest quartile of 25(OH)D (4 to 20.6 ng/ml) were more
likely to have depressive symptoms in wave 3 (OR=2.90; p=0.025) compared to the highest
quartile (32.1 to 50 ng/ml). In article 7 (n=580), the incidence of depressive symptoms (=6
points) was 9.9%; those with obesity (BMI >30 kg /m?) had a higher relative risk of having
depressive symptoms in wave 3 (IRR=1.24, p=0.035). Conclusion: From the results of the
review studies, it was possible to identify the mechanisms of action of vitamin D in depression,
the probable interrelationships in front of the covid-19 pandemic and highlight the need for
longitudinal and clinical studies to elucidate its relationship. Among the main determinants of
vitamin D, modifiable factors such as physical activity and adiposity were identified.
Longitudinal adiposity was associated with depressive symptoms over 10 years. Both
transversely and longitudinally analysis showed that older adults with vitamin D deficiency

were at higher risk of having severe depressive symptoms.

Keywords: Depressive Symptoms; Vitamin D; Aging; Cohort Studies.
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Lipoproteina de baixa densidade (do inglés low-density

lipoprotein)
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MADRS

MAO-A
MARRS

MDI

NCX1
NF-xB
NMDA
NPCIL1
NRF2
OR
PDIA3

PGE2
PHQ

PLAA

PLA2
PLC
PMCA

PPGN
PPGSC
PTH
PXR

RIA
RXR
SACN

Escala de classifica¢do de depressdao de Montgomery-Asberg
(do inglés Montgomery-Asberg Depression Rating Scale)
Monoamina Oxidase-A (do inglés Monoamine oxidase A)
(do inglés Membrane Associated, Rapid Response Steroid
binding receptor)

Inventario de Depressao Maior (do inglés Major Depression
Inventory)

Trocador célcio-sodio (do inglés sodium-calcium exchanger)
Fator nuclear kappa B (do inglés Nuclear factor kappa B)
N-metil-d-aspartato (do inglés N-methyl-d-aspartate)

do inglés Niemann—Pick CI-Like 1

Fator nuclear eritréide-2 (do inglés nuclear factor eritroid-2)
Razao de chances (do inglés odds ratio)

Proteina dissulfeto-isomerase A3 (do inglés Protein disulfide-
isomerase A3)

prostaglandina E2

Questionario de saude do paciente (do inglé€s Patient Health
Questionnnaire)

proteina ativadora de fosfolipase A2 (do inglés phospholipase
A2 activating protein)

Fosfolipase A2 (do inglés phospholipase A2)

Fosfolipase C (do inglés phospholipase C)

Membrana plasmatica célcio-ATPase (do inglés plasma
membrane Ca’** pump)

Programa de Po6s-Graduacdo em Nutricao

Programa de Pos-Graduacdo em Saude Coletiva

Hormonio da paratireoide (do inglés Parathyroid hormone)
Receptor ativado por pregnano (do inglés Pregnane X
receptor)

Radioimunoensaio manual

Receptor retindide X (do inglés retinoid X receptor)

Comité Cientifico Consultivo em Nutri¢ao (do inglés

Scientific Advisory Committee on Nutrition)
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SBEM
SDS

SERT

SIM
SNC
SR-BI
SRMR

SXR
TCLE
TH
TNF-a
TNN

TPH2

VDBP

VDR

VDR-AP

VDRE

VDR-GP

y-GT
%G

Sociedade Brasileira de Endocrinologia e Metabologia
Escala de autoavaliacdao de depressdo de Zung (do inglés
Zung Self-Rating Depression Scale)

Transportador de recaptacdo de serotonina (do inglés
serotonin reuptake transporter ou 5-HTT)

Sistema de Informagdes sobre Mortalidade

Sistema Nervoso Central

do inglés Scavenger Receptor Class B Type 1

Residuo Quadrado Médio Padronizado (do inglés
Standardized Root Mean Square Residual)

Receptor de esteroide e xenobiodtico

Termo de Consentimento Livre e Esclarecido

Tirosina hidroxilase

Fator de necrose tumoral (do inglés Tumor necrosis fator)

Grupo de estudos em Neurociéncia Nutricional Translacional

(do inglés Translational Nutrition Neuroscience)
Enzima triptofano hidroxilase 2 (do inglés Tryptophan
hydroxylase 2)

Proteina de ligacdo a vitamina D (do inglés Vitamin D-
binding protein)

Receptor de vitamina D (do inglés vitamin D receptor)
do inglés vitamin D receptor alternative pocket
Elementos responsivos a vitamina D (do inglés vitamin D
response elements)

do inglés vitamin D receptor genomic pocket
v-Glutamil transpeptidase

Percentual de gordura corporal
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1. INTRODUCAO
1.1 ESTRUTURA GERAL DO DOCUMENTO

A presente tese de doutorado, intitulada “Determinantes das concentragdes séricas da
vitamina D e a sua associacdo com sintomas depressivos em idosos de Florianopolis-SC” esta
inserido no Programa de Pos-Graduagao em Nutri¢cdo (PPGN/UFSC), na linha de pesquisa 2,
Estudo Dietético e Bioquimico relacionado com o estado nutricional. Faz parte do grupo de
estudos em Neurociéncia Nutricional Translacional (TNN, do inglés Translational Nutrition
Neuroscience), do grupo de pesquisa EpiFloripa Idoso, e possui parceria cientifica com o grupo
de pesquisa e estudos Laboratério de Neurobiologia dos Transtornos do Humor (do inglés
Laboratory of Neurobiology of Mood Disorders-NeuroMood Lab), coordenado pela Prof. Dra.
Elisa Brietzke, a qual foi supervisora do estagio de doutorado sanduiche realizado durante o
periodo de seis meses, no Centro de Estudos de Neurociéncias (do inglés Centre for
Neuroscience Studies) da Queen’s University, de Kingston, Ontério, Canada.

Para a construcdo da tese, foram utilizados dados do estudo “Condi¢des de Saude de
Idosos de Florianopolis — Estudo EpiFloripa Idoso” vinculado ao Programa de Pos-Graduagao
em Saude Coletiva (PPGSC/UFSC). O EpiFloripa Idoso ¢ um estudo realizado com a
populacdo idosa de Floriandpolis-SC, teve sua primeira onda de coleta de dados domiciliares
em 2009-2010 (linha de base); uma segunda coleta em 2013-2015 (acompanhamento), na qual
os idosos foram entrevistados novamente e foram coletados dados clinicos/exames e testes
fisicos em uma subamostra; e a terceira onda de coleta em 2017-2019, na qual os idosos foram
entrevistados novamente, e a amostra foi composta com a inser¢ao de novos idosos no estudo,
se tornando uma coorte aberta, na qual a doutoranda participou ativamente em todas as etapas
de planejamento e execugdo da coleta de dados. Para a presente tese, foram utilizados dados
disponiveis dos idosos em acompanhamento nas trés ondas.

A presente tese estd estruturada em capitulos conforme a figura 1. No capitulo 1,
apresenta-se a Introducgdo; no capitulo 2, a Revisdo Bibliografica; no capitulo 3, a secdo de
Meétodos; no capitulo 4, ¢ apresentada a se¢do de Resultados da tese, a qual gerou a produgao
de 7 artigos, que estdo subdivididos em trés subitens; o capitulo 5, com as Consideragdes
Finais; e por fim, apresentam-se as Referéncias, Apéndices (nota de imprensa, carta com a
devolutiva para os idosos com os resultados da tese e post para midias sociais); Anexos; €

informagdes sobre a autora da tese.
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Figura 1- Estrutura dos capitulos da tese

S Resultados
Revisag blbllggraf[ca Estudos dos determinantes do
D_epre.ssao; nivel sérico da Vitamina D; Elementos finais
; Miamne I, i Estudo da relagdo entre vitamina Referéncias:
Determinanfces d.o nivel sérico da D e sintomas depressivos; Apéndicer‘
% wtamme_: D; ) Estagio de doutorado sanduiche Anexos; '
Relagdo entre vitaminaD e pisaa i i N

sintomas depressivos

O

Introdugdo Métodos
Apresentagéo do problema e Caracterizacio do estudo; Consideragdes finais
justificativa; Descrigio do local e populagdo em ConclusGes dos estudos;
Relevancia, Originalidade e estudo; Sugestdes de continuidade do
Contribuicdes para o Calculo do tamanho da amostra e estudo;
conhecimento; processo de amostragem; Conclusdes sobre o percurso
Objetivos Procedimentos éticos; de formacao

Processo da coleta de dados

Fonte: elaborado pelos autores

1.2 APRESENTACAO DO PROBLEMA E JUSTIFICATIVA

O transtorno depressivo maior (TDM), comumente chamado de depressdo, ¢ um
transtorno mental baseado principalmente na caracterizacdo de uma ampla gama de sintomas
que incluem a mudanca de humor e comportamento, classificada como leve, moderada ou
grave, dependendo do numero e da gravidade dos sintomas (AMERICAN PSYCHIATRIC
ASSOCIATION, 2014). Os sintomas depressivos causam sofrimento clinicamente
significativo ou prejuizo no funcionamento social, profissional, econdmico e em outras areas
importantes da vida do individuo, causando inimeras consequéncias, sendo o principal
contribuinte para o suicidio em casos mais graves (AMERICAN PSYCHIATRIC
ASSOCIATION, 2014; CHISHOLM et al., 2016; OLESEN et al., 2012; WORLD HEALTH
ORGANIZATION, 2020).

O aumento do niumero de pessoas acometidas pela depressao € preocupante. Foi estimado
em 2015 uma prevaléncia de 4,4% da populagdo mundial, com maior propor¢do entre mulheres
de 55 a 77 anos de 7,5% (WORLD HEALTH ORGANIZATION, 2017). Durante o ano de
2020 devido a pandemia do Coronavirus 2019 (Sars-Cov-2, COVID-19), globalmente houve
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um aumento de 27,6% no diagnostico de TDM (COVID-19 MENTAL DISORDERS
COLLABORATORS, 2021). No Brasil, a prevaléncia de TDM em 2017 para populacdo adulta
e idosa combinada, era de 3,3% baseado nos estudos do Global Burden of Disease, Injuries,
and Risk Factors (GBD), com maior propor¢do no estado de Santa Catarina de 3,8%
(BONADIMAN et al., 2020). Um estudo anterior evidenciou prevaléncia de 8,6% na faixa de
60 a 64 anos e 10,3% de 70 anos ou mais (LOPES et al., 2016). A depressdo quando rastreada
por escalas de sintomas depressivos apresenta uma prevaléncia maior, entre 13 e 39%
dependendo da regido (BARCELOS-FERREIRA et al., 2010). Durante a pandemia do Covid-
19, a frequéncia de pessoas que referiram diagndstico médico de depressdao variou de 7,2 a
17,5% (17,1% em Floriandpolis/SC) entre as capitais brasileiras, com maior propor¢ao na faixa
etaria de 55 a 64 anos e 65 anos ou mais (13,2 e 12,8%, respectivamente) (BRASIL, 2022).

Segundo uma das pesquisas do GBD, a depressdo ¢ a 2% principal causa mundial de
incapacidades (GLOBAL HEALTH METRICS, 2019). Houve um aumento expressivo na
carga global de doengas em anos vividos com incapacidades, devido aos transtornos
depressivos. Em 1990, a depressao apresentava-se na 4* posi¢cdo, passando e mantendo-se em
3* entre 2007 e 2017, com um aumento de 33,4% da carga global em 2007 e de 14,3% em 2017
(JAMES et al., 2018). No Brasil, a carga global para os anos vividos com incapacidades foi
estimada em 5%, ocupando a 4" posi¢do para ambos os sexos ¢ idades (BONADIMAN et al.,
2020). Em outro estudo brasileiro com dados do GBD, quando estratificado por sexo e idade
(50 a 69 anos), apresentou-se em 9* para homens e 3" para mulheres, como principal causa de
incapacidades (PASSOS et al., 2020).

Os transtornos mentais s3o um dos principais problemas em saude publica, sendo que
os transtornos de humor estdo entre as doencas mentais com maior custo (CHISHOLM et al.,
2016; DILUCA; OLESEN, 2014; KNAPP; WONG, 2020). Entretanto, segundo o Mental
Health Atlas da Organizacdo Mundial da Satde (OMS), a estimativa do gasto médio global
com satde mental, é de apenas USS$ 2,5 por pessoa anualmente (entre US$ 0,1 nos paises de
baixa renda, e US$ 21,7 nos paises de alta renda), correspondendo por menos de 2% dos gastos
com saude em todo o mundo (WORLD HEALTH ORGANIZATION, 2018). Esse baixo
orcamento ¢ a principal razdo para a grande lacuna entre as necessidades de satide mental e a
oferta de intervencdo (KNAPP; WONG, 2020). A cobertura de tratamento para TDM continua
baixa, em particular em paises de baixa e média renda, com 8% comparado a 33% em locais
de alta renda (MOITRA et al., 2022).

Existe uma urgente necessidade de identificacdo de fatores de riscos modificaveis

associados a etiologia da depressdo, para auxiliar estratégias de prevencdo e tratamento,
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principalmente em paises de baixa e média renda (WHITEFORD et al., 2015; WORLD
HEALTH ORGANIZATION, 2021). A depressao ¢ uma doenga complexa, desencadeada pela
interagdo entre fatores sociais, psicologicos e biologicos, sendo que pessoas que passam por
alguns eventos como luto, traumas, transi¢des de vida, sdo mais propensas a desenvolver este
transtorno (LI; D’ARCY; MENG, 2016; WORLD HEALTH ORGANIZATION, 2020). Em
relacdo aos fatores biologicos, existe descricdo de varios mecanismos que podem estar
relacionados ao desenvolvimento da depressdo como mecanismos genéticos, sistemas de
neurotransmissores, sistemas neuroendocrinos, anatomia cerebral funcional e estrutural e
cognicao (KALTENBOECK; HARMER, 2018; OTTE et al., 2016). Dentre estes, os fatores
nutricionais tém mostrado uma importante relagdo com a evolugdo, prevengao e tratamento de
transtornos de humor (LAI et al., 2014). Alguns estudos pré-clinicos tém evidenciado efeitos
da vitamina D na depressdo e possiveis meios pelos quais ela pode atuar nos mecanismos
bioldgicos relacionados a depressdo, entretanto a base cientifica atual ainda ndo é conclusiva
(CAMARGO et al., 2018; FEDOTOVA et al., 2016; LANDEL et al., 2018).

A vitamina D ¢ uma vitamina lipossoluvel obtida pela alimentacdo na forma de vitamina
D2 ou ergosterol, suplementacdo (D2 ou D3), mas ¢ principalmente produzida pela pele quando
exposta a luz solar, na forma de vitamina D3 ou colecalciferol (BIKLE, 2012; JAPELT;
JAKOBSEN, 2013). E considerada um horménio secosterdide, com atuagio bem estabelecida
no metabolismo 6sseo, atuando também na regulacdo da expressdo génica, proliferacdo e
diferenciagdo celular e regulagdo do sistema imunologico, entre outros (JOHNSON; MOHN,
2015; NORMAN, 2012).

Alguns possiveis mecanismos e interagdo com sistema nervoso central (SNC) tém sido
relacionados com a presenca de receptores nucleares e de membrana, como o receptor de
vitamina D (VDR) e proteina dissulfeto-isomerase A3 (PDIA3), e algumas enzimas do
Citocromo P450, responsaveis pela transformacgao das diferentes formas da vitamina D (HE et
al., 2020; LANDEL et al., 2018). Esses achados t€ém relacionado a vitamina D a agdes anti-
inflamatorias, regulacdo e interagdo com neurotransmissores de serotonina e dopamina e ainda
homeostase de Calcio (Ca?") via sistema glutamatérgico, ambos ligados aos caminhos
fisiopatologicos da depressao (BERRIDGE, 2017; KESBY et al., 2011; MAYNE; BURNE,
2019; SMAGA et al., 2015). Todavia, o baixo nivel sérico de vitamina D [25-hidroxivitamina
D; 25(0OH)D] tem sido relacionado a depressao (CEOLIN et al., 2022a).

A hipovitaminose D ¢ considerada um problema de satide publica, principalmente em
idosos, grupo de risco para deficiéncia de 25(OH)D (<50 nmol/L ou 20ng/ml), com

prevaléncia de 41% no Brasil, 34% nos Estados Unidos, 19% no Canadé, 36% na China, entre
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4 e 89% em paises da Europa e 91% na India (PALACIOS; GONZALEZ, 2014; PEREIRA-
SANTOS et al., 2019). Alguns fatores como a redugdo da exposi¢do solar, diminui¢do da
sintese cutdnea, obesidade, ingestdo dietética e déficit na absor¢do intestinal tem sido
relacionados a hipovitaminose D no idoso (ARABI; EL RASSI; EL-HAJJ FULEIHAN, 2010;
CESARI et al., 2011). Além disso, apresentam maiores complicagcdes decorrentes do baixo
nivel sérico, como problemas no metabolismo 6sseo (fraturas, perda 6ssea), fraqueza muscular,
sarcopenia e risco para mortalidade (AMREIN et al., 2020; DUDENKOV et al., 2018; LUO et
al., 2018).

No processo de envelhecimento, além de estar relacionado com baixo nivel sérico, o
aumento de gordura corporal (obesidade) e circunferéncia abdominal aumentada, tem sido
relacionados a depressdao no idoso (REPOUSI et al., 2018). O IMC tem sido implicado com
uma relagdo bidirecional com sintoma depressivo em idosos, e alguns estudo tem indicado risco
aumentado para aqueles que apresentam obesidade, especialmente em mulheres
(DEARBORN; ROBBINS; ELIAS, 2018; GOES et al., 2017; LUPPINO et al., 2010; PAN et
al., 2012; SACHS-ERICSSON et al., 2007). Entretanto, poucos estudos investigaram essa
relagdo em amostras representativas em paises de renda baixa e média (EVANS-LACKO et
al., 2018; KIM; VON DEM KNESEBECK, 2018; PATEL et al., 2018).

Estudos epidemiologicos tém evidenciado uma associag@o entre o baixo nivel sérico de
vitamina D e o risco de depressdao (JU; LEE; JEONG, 2013; LI et al., 2019). Todavia, ¢ uma
relacdo que ndo estd totalmente elucidada, principalmente pela necessidade de estudos
longitudinais na populacdo idosa, e devido a lacuna de estudos provenientes de paises de baixo
a média renda, nos quais apresenta importante prevaléncia para as duas condic¢des, e pela
grande variacdo de métodos de avaliagdo e classificagdo da vitamina D na base cientifica
existente (CEOLIN et al., 2022a; DE KONING et al., 2018; JORDE; KUBIAK, 2018;
SPEDDING, 2014; WONG; IMA-NIRWANA, 2018).

Buscando responder algumas lacunas e contribuir cientificamente com a literatura
nacional e internacional, foi elaborada a seguinte pergunta de pesquisa: Quais s3o os
determinantes da concentragdo sérica de vitamina D e qual é sua associagdo com sintomas

depressivos em idosos de Floriandpolis/SC, Brasil?
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1.3 RELEVANCIA, ORIGINALIDADE E CONTRIBUICAO PARA O CONHECIMENTO
1.3.1 Relevancia

A realizagdo deste estudo vai ao encontro de uma das quatro metas do Plano de A¢do em
Satde Mental 2013-2020, e da revisdo do plano de 2013-2030, da Organizagdo Mundial da
Saude, que consiste no fortalecimento de sistemas de informacao, evidéncias e pesquisas em
saude mental, envolvendo parceria com centros internacionais (WORLD HEALTH
ORGANIZATION, 2013, 2021). Segundo o plano, ha um desequilibrio entre as pesquisas em
paises de alta e baixa/média renda que precisa ser corrigido para garantir que estes tenham
estratégias economica e culturalmente apropriadas as necessidades e prioridades de saude
mental, tendo o foco em verificar a extensao do problema a partir da prevaléncia e identificagao
dos principais fatores de risco e fatores de protecdo a saude mental (WORLD HEALTH
ORGANIZATION, 2013).

Devido a magnitude do problema ja ter sido explorada na se¢do anterior, enfatiza-se nessa
secdo a gravidade e as consequéncias bioldgicas tanto da depressdo, como do baixo nivel sérico
de vitamina D. A populagdo idosa ¢ considerada um grupo de risco tanto para depressao como
para deficiéncia de vitamina D, por apresentar prevaléncias importantes e por terem maiores
consequéncias e complicagdes para as duas condigdes. Em relacdo a depressdo, ¢ uma doenca
que causa sofrimento ndo somente para o idoso, mas também para os familiares e pessoas que
auxiliam no cuidado (CHISHOLM et al., 2016). Além disso, a depressdo parece ter um maior
efeito sobre a piora de escores de saude em comparagdo com as doengas cronicas, € hd uma
piora gradual quando ocorrem concomitantemente, assim como uma piora nos escores de
qualidade de vida e associado a mortalidade (BRANDAO et al., 2019; MOUSSAVI et al.,
2007; SIVERTSEN et al., 2015). Por outro lado, os anos vividos sem depressdo podem refletir
na maior expectativa de vida, com qualidade de vida, menor incapacidade, melhor estado de
saude, e reducdo de mortes prematuras (ANDRADE et al., 2016; REYNOLDS; HALEY;
KOZLENKO, 2008).

A depressdo, além de ser uma doenca com consequéncias biolodgicas e sociais
importantes, possui um tratamento dispendioso € novas pesquisas em busca de novas
estratégias de prevengdo e tratamento tém sido incentivadas (JOHNSTON et al., 2019; OTTE
et al., 2016). H4 uma lacuna na disponibilidade de tratamento para as pessoas com depressao,
sendo que cerca de 76-85% das pessoas em paises de baixa e média renda ndo tém acesso ao
tratamento de que precisam, o que ¢ agravado pela subnotificagdo do diagnostico (LOPES et

al., 2016; WANG et al., 2007; WORLD HEALTH ORGANIZATION, 2020). Além do mais,
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uma importante parte das pessoas com depressdo ndao apresentam melhoras com tratamento
medicamentoso, cerca de 10 a 30% nao respondem a pelo menos dois antidepressivos (AL-
HARBI, 2012; JAFFE; RIVE; DENEE, 2019; JOHNSTON et al., 2019; OTTE et al., 2016).

Outro fator importante ¢ em relag@o aos efeitos adversos causados pelos medicamentos
antidepressivos e pela polifarméacia comum em idosos, devido a concomitancia de varias
patologias. As preocupagdes com a polifarmacia incluem possibilidades de toxicidade
cumulativa, maior vulnerabilidade a eventos adversos e problemas de adesdo, e
prospectivamente associado a incapacidade funcional (FALCI et al., 2019; KIM; PARISH,
2017; READ et al., 2017). Frente a esses problemas de tratamento, a prevengao tem o potencial
de reduzir ndo apenas as recorréncias, mas também os primeiros episodios e, assim, reduzir a
prevaléncia e a incidéncia de depressao (ORMEL et al., 2020).

Em relagdo a vitamina D, além dos possiveis beneficios para saude mental, ¢ importante
na manutenc¢do de varios processos biologicos, especialmente o metabolismo 6sseo (UMAR;
SASTRY; CHOUCHANE, 2018). Por outro lado, o baixo nivel sérico, pode apresentar varias
complica¢des como hiperparatireoidismo secundario, perda 6ssea e aumento do risco de fratura
por fragilidade, contribui para a fraqueza muscular relacionada a idade, além de estar associado
a sarcopenia (HOLICK, 2006; KESBY etal., 2011; LUO et al., 2018). Alteracdes no SNC tém
sido associados ao baixo nivel sérico de vitamina D, como déficit cognitivo, vulnerabilidade a
varios transtornos psiquiatricos, incluindo esquizofrenia, transtorno de déficit de atengdo, e
doengas neurodegenerativas como Alzheimer e deméncia (MAYNE; BURNE, 2019). Além
disso, valores de 25(OH)D <20ng/mL tém sido associados a um maior risco para mortalidade

por todas as causas (DUDENKOV et al., 2018).

1.3.2 Originalidade

Para a construcdo da originalidade, utilizou-se uma busca sistematizada nas bases de
dados: Pubmed, Scopus, Periddicos Capes, Scielo, Web of Science, Embase e Google
Académico em abril de 2019, revisada em dezembro de 2022. Foi utilizado os termos de busca
do quadro 1, de forma combinada com o auxilio dos operadores boleanos “AND” entre os

conjuntos de termos e “OR” entre os termos da mesma categoria.
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Quadro 1 - Unitermos para busca de artigos para construg¢do do estado da arte

Portugués Inglés
Depression (Mesh term)
Depressio (termo Decs) Depressive Symptom (sindbnimo no
Desfecho Sintomas depressivos (termo Mesh term)
p Major Depressive Disorder (Mesh
Decs)
term)
Depressive Disorder (Mesh term)
Vitamin D (Mesh term)
Vitamina D serum level Vitamin D
Exposiciao 25-hidroxivitamina D 25-hydroxivitamin D (sinbnimo no
25-hidroxicolecalciferol Mesh term)
25(0OH)D 25-hydroxycholecalciferol
25(OH)D
Aged (Mesh term)
~ Aging
Populagio Idosos (termo Decs) Elderly (sinonimo no Mesh term)
Pessoa Idosa (termo Decs)
Older People
Older adult

Fonte: elaborado pelos autores

Os estudos foram pré-selecionados pelo titulo, apds foi realizada a segunda selegao pela
leitura do resumo/abstract, e por fim a leitura na integra. Como critérios de inclusdo, o estudo
deveria ser observacional, e com participantes adultos e/ou idosos. Como critérios de exclusao,
o estudo apresentar distingdo em grupos de pessoas com alguma doenga especifica ou com
gestantes. Também foram buscados e incluidos estudos localizados nas referéncias dos artigos
encontrados nas bases, que ndo tivessem sido localizados anteriormente. Foram selecionados
44 estudos que estdo descritos no quadro 2, apresentados por ordem de ano de publicacio,

iniciando pelo mais recente.

Quadro 2 - Estado da arte sobre o tema Vitamina D e Sintomas Depressivos em idosos

(continua)
Autor/Ano Tipo de estudo Local Populagao/Faixa
Etaria

(ALBOLUSHI,
BOUHAIMED; SPENCER, Transversal Kuwait 65 anos ou mais
2022)
(MANZANOS et al., 2022) Transversal Argentina 28 a 78 anos
(DI GESSA et al., 2021) Coorte ¢ de base ,

populacional, com analise Inglaterra 50 anos ou mais

longitudinal

(VANDENBERG etal. Coorte de depressivos, com Amsterda 60 anos ou mais
2021) analise longitudinal




Introducdo

Quadro 2 - Estado da arte sobre o tema Vitamina D e Sintomas Depressivos em idosos

29

(continua)
Autor/Ano Tipo de estudo Local Populagao/Faixa
Etaria
(MULUGETA;
LUMSDEN; HYPPONEN, Coor’te. (Biobank) Reino Unido 37 a 73 anos
2021) com analise transversal
Coorte e de base
(CEOLIN et al., 2020) populacional, com anélise Brasil 60 anos ou mais
transversal
(SAHASRABUDHE et al., Coorte de porto-riquenhos,
2020) com analise transversal e Estados Unidos 45 a 75 anos
longitudinal
(KOHNKE; HERRMANN; Coorte, com anélise
BERGER, 2020) transversal Alemanha 35a65 anos
(GRANLUND etal,, 2020) | D¢ base populacional, com Suécia 24.2.65 anos
analise transversal
(RHEE; LEE; AHN, 2020 | D¢ base populacional, com | ¢y i, o gy 19.a76 anos
analise transversal
(BIGMAN, 2020) De base populacional, M | ko jog Unidos | 20a 80 anos
analise transversal
(RONALDSON et al., Coorte (Biobank)
2020 com analise transversal e Reino Unido 40 a 69 anos
) longitudinal
Coorte e de base
(BRIGGS et al., 2019) populacional, com anélise Dublin 50 anos ou mais
longitudinal
(ELSTGEEST et al., 2018) Coorte e de base Amsterda Duas coortes:
populacione.ll, c$)m analise 55-65 anos e de 65-
longitudinal 88 anos
(DE KONING et al., 2018) Coorte e de base Amsterda Duas coortes:
populacional, com anélise 55-65ano0s e de >65
transversal e Longitudinal anos
(SHERCHAND et al.,
2018) Transversal Nepal 18 anos ou mais
(VIDGREN et al., 2018) Coorte e de base
populacional, com analise Finlandia 53 a 73 anos
transversal
(YAO et al., 2018) Coorte, com analise China 100 anos ou mais
transversal
(DE OLIVEIRA; HIRANI; Coorte e de base
BIDDULPH, 2018) populacional, com anélise Inglaterra 50 anos ou mais
’ transversal
et al., oorte e de base
JOVANOVA et al., 2017 C deb
populacional, com anélise Roterda 55 anos ou mais

transversal e longitudinal
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placebo controlado, de
prevengao primaria, mas nao
incluia a vitamina D)

(continua)
Autor/Ano Tipo de estudo Local Populagao/Faixa
Etaria
(COLLIN et al., 2017) Estudo longitudinal com
amostra do estudo
SU.VLMAX (estudo
randomizado, duplo-cego, Franca 40 anos ou mais

(LEE et al., 2017)

De base populacional, com

o Coreia do Sul 20 a 88 anos
analise transversal
(SHIN et al., 2016) Dados de um centro de
exames, com analise Japao 20 a 70 anos
transversal
(RABENBERG et al., De bas? Populacwnal, com Alemanha 18 279 anos
2016) analise transversal
(VAN DEN BERG et al., Coorte, com analise N Idosos deprimidos
. Amsterda .
2016) longitudinal de 60 anos ou mais

(SONG et al., 2016)

Coorte, com analise
transversal

Coreia do Sul

65 anos ou mais

Analise transversal da linha
de base de uma coorte de

2014)

transversal e longitudinal

(BROUWER-BROLSMA idosos recrutados do B- Amsterda 65 anos ou mais
etal., 2016) PROOF (um ensaio Clinico
Randomizado duplo-cego,
placebo controlado)
(ROCHA-LIMA et al., Coorte, com analise . .
Brasil 80 anos ou mais
2016) transversal
De base populacional, com
(HUSEMOEN et al., 2016) analise transversal e Dinamarca 18 a 64 anos
longitudinal
(JAASKELAINEN et al., De bas’e populacmnal, com Finlandia 30 279 anos
2015) andlise transversal
It alise T 1 H de 71 a 88
(ALMEIDA et al., 2015) Coorte, analise Transversa Australia omens ge 714
prospectivo e retrospectivo anos
Pittsburgh,
rt ali Pensilvani
(WILLIAMS et al., 2015) Coorte, com analise chsTvenia © 70 2 79 anos
transversal e longitudinal Memphis,
Tennessee
Coorte, com analise
(IMAI et al., 2015) transversal de base Islandia 66 a 96 anos
populacional
JOZEFOWICZ etal, Transversal Polbnia 18 a 65 anos
2014)
Coorte e de b
(TOFFANELLO et al., o0Te =06 DIE . .
populacional, com analise Italia 65 anos ou mais
2014) o
transversal e longitudinal
(MILANESCHI et al., Coorte, com analise Amsterd 18 2 65 anos
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Quadro 2 - Estado da arte sobre o tema Vitamina D e Sintomas Depressivos em idosos

(conclusao)
Autor/Ano Tipo de estudo Local Populagao/Faixa
Etaria
(LAPID; CHA; Retrospectivo com dados de Rochester, 60 anos ou mais
TAKAHASHI, 2013) prontuario Minnesota
(JADDOU et al., 2012) De base populacional com Jordania 25 anos ou mais
analise transversal
(CHAN et al., 2011) Coorte, com analise transversal Hong Kong Homens de 65 anos
e longitudinal ou mais
(LEE etal., 2011) Coorte, com analise transversal Paises da Homens de 40 a 79
Europa anos
(MILANESCHTI et al., 2010) | Coorte e de base populacional, Toscana 65 anos ou mais
com analise longitudinal
(STEWART; HIRANI, Transversal de base Inglaterra 65 anos ou mais
2010) populacional
(NANRI et al., 2009) Transversal Japao 21 a 67 anos
(PAN et al., 2009) De base populacional, com Pequim e 50 a 70 anos
analise transversal Xangai

(HOOGENDIJK et al., Coorte, com analise transversal Amsterda 65 anos ou mais
2008)
(WILKINS et al., 2006) Transversal Estados Unidos 60 anos ou mais

Fonte: elaborado pelos autores

A partir da leitura dos 46 estudos, observa-se que a maioria dos estudos incluiu uma
populacao mista com adultos e idosos (28/46), provenientes de estudos de coorte (28/46) e de
paises de economias de alta renda (39/46). A maioria das anélises realizadas foi transversal
(29/46), seguida de transversal e longitudinal no mesmo estudo (10/46) e longitudinal (7/46).
Considerando os estudos que incluiram apenas idosos (>60 anos, 18/46), a maioria tem dados
a partir de uma coorte (14/18) e realizou uma andlise transversal (11/18), tanto transversal
quanto longitudinal (4/18) e apenas analise longitudinal (3/18). Destes, apenas trés estudos
foram realizados em paises de baixa ou média renda e somente uma publica¢do até o momento
foi encontrada com dados provenientes do Brasil (além de um dos produtos desta Tese),
entretanto inclui apenas idosos de >80 anos, provenientes de um servigo de geriatria.

Dos 18 artigos somente com idosos, 7 estudos sdo os que mais se aproximam dos estudos
que desenvolvemos, sendo cinco com andlise transversal (HOOGENDIJK et al., 2008; IMAI
et al., 2015; SONG et al., 2016; STEWART; HIRANI, 2010), um combinado transversal ¢
longitudinal (TOFFANELLO et al., 2014); e um com analise longitudinal (MILANESCHI et
al., 2010).

Os estudos ja realizados apresentam resultados promissores, porém a maioria dos estudos
usa amostra combinada com adultos e idosos, havendo necessidade de mais estudos a incluir

amostra apenas de idosos, uma vez que o envelhecimento ¢ uma fase distinta e ¢ uma populagao
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de risco para ambas as condi¢des, devido a complicagdes mais criticas. Além disso, os
mecanismos pelos quais a vitamina D atua na depressdo, ainda ndo estdo totalmente
esclarecidos. Segundo metanalises realizadas até o momento, héd associagdo inversa entre os
niveis séricos de 25(OH)D e o risco de depressdo, entretanto indicam a necessidade de estudos
adicionais (JU; LEE; JEONG, 2013; LI et al., 2019). A atual base de evidéncias ¢ limitada por
limitagcdes metodoldgicas e ha necessidade de mais estudos longitudinais (LI et al., 2019;
PARKER; BROTCHIE; GRAHAM, 2017).

Portanto, este estudo ¢ original por utilizar dados de um estudo de coorte de base
populacional e domiciliar somente com idosos, e ser o primeiro estudo com essas
caracteristicas no Brasil a avaliar a associagdo entre vitamina D e sintomas depressivos, por
contribuir com a lacuna de estudos provenientes de paises de baixa e média renda com idosos.
Essa tese tem o potencial de atender as necessidades da ciéncia, podendo contribuir para a
elucidagdo do tema, que pode auxiliar no preenchimento das lacunas do conhecimento dessa

area do saber.

1.3.3 Contribui¢des para o conhecimento

Com a realizagdo dos estudos desta tese, foi possivel fornecer contribui¢cdes teodricas,
pela discussdo sobre a prevaléncia de baixo nivel sérico de vitamina D e os fatores relacionados
ao nivel sérico da vitamina D em idosos, bem como a sua relagdo transversal e longitudinal
com sintomas depressivos, e da adiposidade e sintomas depressivos a partir de dados de uma
amostra representativa de Floriandpolis-SC. Também, a partir de discussdes teoricas e
construcao de artigos de revisdo, aprimoramento das técnicas de andlises de dados e parceria
com profissionais do meio académico nacional e internacional de diferentes departamentos e
instituicdes buscando um olhar multidisciplinar para os produtos gerados e agregando a
literatura nacional e internacional.

A discussao baseada em evidéncia cientifica podera auxiliar no planejamento local, bem
como nacional para planejamento de politicas publicas para a prevencdo do baixo nivel sérico
de vitamina D nessa populagdo de risco, além de uma possivel estratégia para prevengao de
sintomas depressivos. Nessa direcdo, a presente tese vai ao encontro do Plano de Ac¢do em
Satde Mental 2013-2030 da OMS, conforme mencionado na secdo “Relevancia” (WORLD
HEALTH ORGANIZATION, 2013, 2021). Tem o potencial de auxiliar no fortalecimento de
evidéncias e pesquisas em saude mental, documentando a prevaléncia de hipovitaminose D, e

prevaléncia, incidéncia e um potencial fator de prevencao para sintomas depressivos.
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Em relacdo as contribui¢es praticas, a partir dos achados e da compreensdo do tema,
espera-se embasar solugdes locais para o monitoramento mais frequente do nivel sérico de
vitamina D nessa populagdo, uma vez que ¢ a populagdo de risco, e apresentou importante
prevaléncia de hipovitaminose D, bem como embasar estratégias para essa populagdo a
manter/obter o nivel adequado, seja por meio da exposi¢do segura ao sol, alimentagdo,
suplementagao e outras praticas que possam promover a preven¢do de baixo nivel sérico, como
areducdo da obesidade e estimular a pratica de atividade fisica que apresentaram-se associados
a vitamina D.

Por fim, a partir da realizagdo de doutorado sanduiche no Centre for Neuroscience
Studies, na Queen’s University, em Kingston/ON, Canadd, almejou-se fornecer contribui¢des
tedricas e praticas, buscando o aumento da rede de pesquisa e educagdo através da parceria
cientifica firmada entre os grupos de pesquisa, bem como reverter o conhecimento adquirido a
Universidade de origem. Também, almejou-se fortalecer o vinculo para futuros intercambios
para alunos e professores, em busca de aprimoramento no desenvolvimento de trabalhos com
rigor cientifico, quanto desenvolvimento profissional.

Esperou-se poder contribuir com a internacionalizagdo da ciéncia brasileira,
proporcionando maior visibilidade internacional do estudo realizado em conjunto com o grupo
de pesquisa do exterior visando o aprimoramento e a qualificagdo dos estudos, em busca da
publicacdo em revistas que permitam uma alta veiculagdo do contetido, tendo como base a
experiéncia da Prof. Coorientadora do exterior como revisora de revistas internacionais € como
integrante do corpo editorial de periddico e a sua parceria com diversos profissionais da area

da satide mental.
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1.4 OBJETIVOS

1.4.1 Objetivo geral

Identificar os determinantes das concentracdes séricas da vitamina D e avaliar a

associacdo com sintomas depressivos em idosos de Floriandpolis-SC.

1.4.2 Objetivos especificos

e Revisar e discutir a relagdo entre a vitamina D e sintomas depressivos/depressao;

e Identificar os determinantes da concentracdo sérica de vitamina D;

e Auvaliar a associagao transversal entre o nivel sérico de vitamina D e sintomas
depressivos;

e Avaliar a associacdo longitudinal entre o nivel sérico de vitamina D e sintomas
depressivos;

e Avaliar a associagdo longitudinal entre a adiposidade e sintomas depressivos.
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2. REVISAO BIBLIOGRAFICA
2.1 DEPRESSAO

Caracterizacdo da depressio

Segundo a Classificacdo Internacional de Doengas para Estatistica de Mortalidade e
Morbidade — CID 11 (International Classification of Diseases for Mortality and Morbidity
Statistics — ICD 11), a depressdo compde os transtornos de humor, na categoria de transtornos
mentais, comportamentais e neuroldgicos. Os transtornos depressivos sdo caracterizados pelo
humor depressivo (triste, irritavel, vazio), perda de prazer acompanhada por outros sintomas
fisiologicos, comportamentais e cognitivos que afetam significativamente a capacidade de
funcionamento do individuo (WORLD HEALTH ORGANIZATION, 2019). Para definigao do
diagnostico de depressdo, sdo utilizados critérios do Manual Diagnoéstico e Estatistico de
Transtornos Mentais (Diagnostic and Satistical Manual of Mental Disorders - DSM-5) e
classificagdo do CID-11, realizado por profissional da satide mental, podendo também ser
rastreado por ferramentas de triagem de sintomas depressivos por meio de escalas especificas
(BARBOSA et al., 2013).

A depressdo possui intensidade e duragdo varidvel e incluem duas subcategorias
principais: 1) Transtorno depressivo maior (TDM), categorizado como episdédio unico ou
recorrente e classificado como leve, moderada ou grave; 2) Transtorno depressivo
persistente/Distimia, uma forma persistente ou cronica de depressdo leve (WORLD HEALTH
ORGANIZATION, 2017). Para o TDM, avalia-se a presenca de pelo menos cinco sintomas
presentes durante o mesmo periodo de duas semanas em todos ou quase todos os dias, auto-
observada ou observada por outras pessoas, sendo necessario a apresentacdo de um dos dois
sintomas: 1) humor deprimido ou 2) perda de interesse ou prazer. Os demais sintomas avaliados
sdo:

3) Perda ou ganho significativo de peso sem estar fazendo dieta;

4) Insonia ou hipersonia;

5) Agitacdo ou retardo psicomotor;

6) Fadiga ou perda de energia;

7) Sentimentos de inutilidade ou culpa excessiva ou inapropriada;

8) Capacidade diminuida para pensar ou se concentrar, ou indecisao;
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9) Pensamentos recorrentes de morte (ndo somente medo de morrer), ideacdo suicida
recorrente sem um plano especifico, uma tentativa de suicidio ou plano especifico para

cometer suicidio (AMERICAN PSYCHIATRIC ASSOCIATION, 2014);

Fisiopatologia da depressao

A depressao ¢ heterogénea e etiologicamente complexa, abrangendo um amplo espectro
de psicopatologia decorrente de mecanismos fisiopatoldgicos distintos (BUCH; LISTON,
2021). A interagdo de fatores ambientais, socioecondmicos, comportamentais ¢ de saude
isoladamente ou interdependente influenciam a fisiopatologia da depressdo (KOHLER et al.,
2018; VAN DEN BOSCH; MEYER-LINDENBERG, 2019). Alguns mecanismos
neurobiolédgicos estudados sdo a genética, os sistemas de neurotransmissores, 0s sistemas
neuroenddcrinos, a anatomia cerebral funcional e estrutural e a cogni¢do (KALTENBOECK;
HARMER, 2018; OTTE et al., 2016).

A contribui¢do genética de herdabilidade da depressdo tem sido estimado em 37 e 38%,
baseado em estudos com familias e gémeos homozigotos, e relatado que existem diferencgas
clinicas e que as pessoas com historia familiar de depressdo demostraram a doenca
clinicamente mais grave, com tendéncia para idade mais precoce e maiores taxas de recorréncia
(FLINT; KENDLER, 2014). Entretanto, diferentes abordagens metodologicas foram
utilizadas, porém ndo foram confirmadas em estudos de replicacdo e apenas um pequeno
nimero de genes demonstraram associacao, ndo sendo conclusivo (FLINT; KENDLER, 2014;
SHADRINA; BONDARENKO; SLOMINSKY, 2018). Sugere-se a existéncia de multiplas
vias de risco genéticos, ndo havendo um gene Unico que possa contribuir para o
desenvolvimento da depressdo (KANDEL et al., 2014).

Para os sistemas neurobioldgicos, as descobertas mais influentes foram relacionadas a
anormalidades nos sistemas de neurotransmissores como as monoaminas (serotonina,
noradrenalina e dopamina), sendo o sistema serotoninérgico, o mais estudado pelas fungdes
sobre o humor, emog¢ao, sono e controle das fun¢des comportamentais (FAKHOURY, 2016;
KALTENBOECK; HARMER, 2018). De todas as hipdteses, a disfun¢do da neurotransmissao
da serotonina ¢ a mais influente e a mais estudada nas estratégias de tratamento da depressao
(FAKHOURY, 2016). A disfun¢do pode ser dada tanto pelas proteinas receptoras de serotonina
(5-HT), pela proteina transportadora de membrana plasmatica neuronal (SERT) responséavel
pela recaptag@o de 5-HT pela célula pré-sindptica, como também pela baixa disponibilidade de

triptofano ou quando ha uma baixa expressao da enzima hidroxilase 2 (TPH2) que metaboliza
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o triptofano, precursor da serotonina (DOMINGUEZ-LOPEZ; HOWELL; GOBBI, 2012;
FAKHOURY, 2016; OGAWA et al., 2014).

Evidéncias convergentes sugerem que déficits na sinalizacdo do acido gama-
aminobutirico (GABA), neurotransmissor que regula a excitabilidade neuronal através de
ciclos de feedback inibitério, e do glutamato, neurotransmissor mediador da transmissao
sindptica excitatoria, estdo envolvidos na fisiopatologia da depressio (CROARKIN;
LEVINSON; DASKALAKIS, 2011; DUMAN; SANACORA; KRYSTAL, 2019). Sob
condi¢cdes normais, a transmissdo de GABA e glutamato ¢ balanceada e otimizada para
fornecer alta relacdo sinal-ruido e integridade da sinalizagdo neuronal (DUMAN;
SANACORA; KRYSTAL, 2019). O GABA também modula a atividade de outros sistemas de
neurotransmissores como a inibi¢ao de serotonina, a noradrenalina e a liberagdo de dopamina
(CROARKIN; LEVINSON; DASKALAKIS, 2011). No caso da inibigdo da serotonina, num
processo disfuncional o neurotransmissor GABA¢rgico inibitorio aumentado, pode causar um
aumento na recaptacao de 5-HT.

Na depressao, parece haver um declinio nos neurénios GABAérgicos, que pode ser
impulsionado por um aumento na atividade da via de sinalizagdo glutamatérgica (BERRIDGE,
2017). O aumento nos niveis de glutamato aumenta o nivel intracelular de célcio (Ca **) € o
impulso excitatdrio tonico responsavel por regular a atividade neuronal, reduzindo a sintese de
proteinas e neurénios GABAérgicos. No estresse cronico, hd uma reducdo nos niveis de
GABA, da enzima glutamato descarboxilase (GAD67) no cérebro, da expressdo de marcadores
de interneurdnios GABAérgicos e alteragdes no nivel de receptores (FOGACA; DUMAN,
2019). Além do disso, no sistema glutamatérgico, o estresse repetido também diminui a
expressdo das subunidades dos receptores inotrépicos acido a-amino-3-hidroxi-5-metil-4-
isoxazolpropionico (AMPA) e N-metil-d-aspartato (NMDA) e aumento ou diminui¢do dos
metabolitos glutamato + glutamina (Glx) (MORIGUCHI et al., 2019).

A depressdo, assim como o estresse cronico, pode gerar uma alteragdo bioquimica, e
consequentemente uma atividade persistente no eixo hipotdlamo-pituitaria-adrenal (HPA). O
hormonio liberador de corticotrofina (CRH) ¢ liberado pelos neuronios no hipotdlamo e se
ligam aos receptores CRH 1 e 2, e a partir disso, a secregdo do hormonio adrenocorticotréfico
(ACTH) pela hipofise ¢ induzida, e ACTH induz a liberagdo de glicocorticoides (GC, cortisol)
pelas glandulas suprarrenais. Apos a ativagao do eixo HPA, loops de feedback negativo sdo
ativados para restabelecer a homeostase pelos receptores de glicocorticoide (GC) que se ligam
ao cortisol inibindo a liberagdo posterior de CRH (MENKE, 2019; PARIANTE, 20009;
THOMPSON et al., 2015). Na depressao, algumas pessoas podem ter a sensibilidade do GR
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prejudicada, levando a um mecanismo de feedback negativo reduzido e, subsequentemente, a
uma hipersecrecao central de CRH e um aumento da producao de GCs (MENKE, 2019). Além
disso, parece haver uma entrada GABAérgica diminuida para o nucleo paraventricular
hipotalamico, o que também pode contribuir para a hiperatividade eixo HPA, com
hipersecrecao dos neurénios CRH (GAO et al., 2013). Adultos que na infancia sofreram abuso
sexual, fisico ou emocional tém risco aumentado para depressdo e demostram atividade
acentuada do eixo HPA e também a func¢do do receptor glicocorticoide ¢ reduzida (resisténcia
aos glicocorticoides) (LI; D’ARCY; MENG, 2016; OTTE et al., 2016; STETLER; MILLER,
2011).

Evidéncias de uma metandlise indicam que a ativagdo imune periférica pode estar
envolvida na fisiopatologia do transtorno depressivo maior, evidenciando em algumas pessoas,
um perfil de citocinas como o nivel aumentado de interleucinas (IL-, IL-10 e TNF-a - fator de
necrose tumoral alfa) receptor de IL-2, ligantes de IL-13, IL-18 e IL-12, antagonista de receptor
IL-1 e receptor de TNF-2 em individuos com depressdo comparado com controles (KOHLER
et al., 2017). Outros marcadores inflamatorios também foram identificados, como
prostaglandina E2 (PGE2) e proteina C reativa reagente de fase aguda (PCR) (ROSENBLAT
et al., 2014). A inflamacdo leva ao aumento da permeabilidade da barreira hematoencefalica,
permitindo a entrada mais facil de moléculas inflamatorias ou células imunes (LEE;
GIULIANI, 2019).

A nivel celular, foi observado que TNF-a pode induzir a liberagcdo de glutamato pela
microglia ativada in vitro, levando a danos excitotoxicos nos neurénios (TAKEUCHI et al.,
2006). As citocinas, IL-2 e interferon-alfa (IFN-a) mostraram aumentar diretamente a atividade
enzimatica da indolamina 2,3-dioxigenase (IDO), que aumenta a conversdo de triptofano em
quinurenina e diminuindo a produg¢do de serotonina ja a IL-6 ¢ TNF-a mostraram aumentar a
degradacdo da serotonina por meio da conversdo de 5-HT em acido 5-hidroxiindolacético (5-
HIAA) (CAPURON et al., 2001, 2003; ZHANG et al., 2001). Além disso, as citocinas (IL-1,
IL-6, TNF-a) podem ativar o eixo HPA, aumentando os niveis de CRH, ACTH e cortisol
(ROSENBLAT et al., 2014).

A depressao também tem sido associada a disfun¢des mitocondriais. Quando ocorre um
declinio na funcdo da cadeia de transporte de elétrons responsavel pela formacdo de adenosina
trifosfato (ATP), resulta em um aumento na formagao de espécies reativas de oxigénio (EROs)
que induzem estresse oxidativo (BERRIDGE, 2017). Ocorre extensa oxidag¢do de proteinas e
peroxidacdo lipidica, degeneracdo celular, como a diminui¢do da sinalizagdo sindptica e

mecanismos de plasticidade cerebral (SALIM, 2017). As EROs desencadeiam uma variedade
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de cascatas moleculares que aumentam a permeabilidade da barreira hematoencefalica,
permitindo a entrada de citocinas inflamatorias, que tém sido implicadas na diminuicao de
tetra-hidrobiopterina (BH4), um cofator enziméatico chave na sintese de todas as monoaminas
e que ¢ altamente sensivel ao estresse oxidativo (NEURAUTER et al., 2008). Além disso, o
envolvimento da sinalizagdo do receptor de glicocorticoides mediada pelo eixo HPA,
toxicidade do glutamato e sistemas de sinalizacdo do receptor NMDA também foi sugerido
(SALIM, 2017).

O estresse cronico ligado a fatores ambientais e suscetibilidade genética, podem interagir
prejudicando a sinalizagdo de neurotrofinas e isso tem sido relacionado com a depressdo. A
neurotrofina mais estudada ¢ o fator neurotréfico derivado do cérebro (BDNF), que ¢
responsavel pelo crescimento neuronal, diferenciagdo, conectividade sinaptica e reparo
neuronal (CHOURBAIJI; BRANDWEIN; GASS, 2011; KAREGE et al., 2002; THOMPSON
et al., 2015). Alguns possiveis mecanismos implicados nessa sinalizagao prejudicada tém sido
descritos, como a ligacdo do glutamato aos receptores extra-sindpticos NMDA, induzindo o
aumento da excitotoxicidade e a diminui¢do da producido BDNF (HARDINGHAM;
FUKUNAGA; BADING, 2002). Os marcadores inflamatorios IL-1 e TNF e suas vias de
sinalizagdo a jusante, incluindo o fator nuclear kappa B (NF-xB) parecem regular
negativamente a transcricdo de BDNF, em modelos animais de depressao induzida por estresse
(GOSHEN et al., 2008; KOO et al., 2010). Além disso, os glicocorticoides parecem inibir a
regulacdo positiva de proteinas sindpticas dependentes de BDNF, suprimindo a ativagdo das
proteinas cinases, diminuindo a sua expressao (NETO et al., 2011).

Em relacdo a fatores ambientais e de estilo de vida, tem sido sugerido que obesidade,
exposicdo a abuso fisico na infancia, luto, presenca de doenga cronica, menor nivel
educacional, estresse no trabalho, desemprego, menor nivel educacional, menor apoio social,
auséncia de parceiro, uso de alcool, menor atividade fisica e disturbios do sono, estdo
associados a depressdo (KOHLER et al., 2018). Além disso, pesquisas com fatores nutricionais
tém mostrado dados promissores, sendo que uma alimentagdo mais rica em gorduras saturadas
e alimentos com alto teor de aglicar tém demostrado maior risco para depressao (CEOLIN et
al., 2022b; HUANG et al., 2019). Por outro lado, uma dieta de qualidade, rica em nutrientes
como 6mega 3 encontrado em peixes, legumes frescos e frutas, e alimentos integrais, parecem

reduzir o risco de depressao (FIRTH et al., 2019; HUANG et al., 2019).
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Tratamentos para a depressdao

Em relacgdo a tratamento, trés vias principais tém sido discutidas, como tratamento por
antidepressivos, psicoterapia e terapia eletroconvulsiva (KANDEL et al., 2014). Estudos mais
recentes t€ém demostrado que a combinag¢do de antidepressivos e psicoterapia parece ser o meio
mais eficaz para tratamento quando comparado essas terapias separadas na populagdo adulta
(CUIJPERS et al., 2020).

O tratamento com antidepressivos mais amplamente usados, atuam no sistema
monoaminérgico de diferentes maneiras, sendo os principais: inibidores da monoaminoxidase,
raramente usados atualmente devido a efeitos adversos; antidepressivos triciclicos, que
promovem efeitos secundarios que limitam seu uso (boca seca, sonoléncia, reten¢ao de urina
e hipotensdo postural); e inibidores seletivos da recaptagdo de serotonina, os quais necessitam
de varias semanas de tratamento para que a redugdo dos sintomas clinicos da depressao seja
observada (KANDEL et al., 2014). Um tratamento medicamentoso mais recente ¢ o uso de
cetamina e esketamina, com atuagdo no sistema glutamatérgico, indicados para depressao
refratdria e risco de suicidio (LIPSITZ et al., 2021). J4 a terapia eletroconvulsiva (ECT, de
electroconvulsive therapy), uma terapia promissora, ¢ administrada com anestésicos modernos,
sendo clinicamente segura e perdura com o a interven¢do mais eficiente no tratamento agudo

de casos graves de depressao maior (KANDEL et al., 2014).

2.1.1 Depressao no Idoso

Na pessoa idosa, a depressao pode ser desencadeada por uma série de fatores ambientais
e comportamentais como limitagdes nas atividades diarias, cogni¢do e mobilidade, bem como
mudangas sociais (como aposentadoria, luto, isolamento social e realocacdo) que influenciam
o humor e a angustia, levando a sintomas depressivos (ANDRADE et al., 2016). Estudos
brasileiros evidenciaram maior prevaléncia de depressao no sexo feminino, nos extremos niveis
de instrugdo, presenca de dor cronica, maior dependéncia nas atividades de vida didria,
tabagismo, ndo ter um companheiro (a), risco de queda e fragilidade, pior saude bucal e
sedentarismo (BORGES et al., 2013; CUNHA; BASTOS; DUCA, 2012; INSTITUTO
BRASILEIRO DE GEOGRAFIA E ESTATISTICA, 2014; MACIEL; GUERRA, 2006;
MENDES-CHILOFF et al., 2018; RAMOS et al., 2015).

No processo de envelhecimento, tem-se identificado uma mudanga na composi¢do
corporal do idoso, com um aumento de gordura corporal (JAFARINASABIAN et al., 2017,

PONTI et al., 2020). O aumento de gordura, classificado como obesidade, tem sido relacionado
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a depressdao no idoso, além de componentes da sindrome metabolica, como a circunferéncia
abdominal aumentada (REPOUSI et al., 2018). O IMC tem sido implicado com uma relagao
bidirecional com sintoma depressivo em idosos, e alguns estudo tem indicado risco aumentado
para aqueles que apresentam obesidade, especialmente em mulheres (DEARBORN;
ROBBINS; ELIAS, 2018; GOES et al., 2017; LUPPINO et al., 2010; PAN et al., 2012;
SACHS-ERICSSON et al., 2007). Além disso, para mulheres na fase de transi¢cdo da
menopausa, além da mudanca hormonal ¢ um periodo vulneravel pela perspectiva biologica e
social que ¢ associada a um risco aumentado para desfechos diversos, incluindo a depressao
(VOEDISCH; DUNSMOOR-SU; KASIRSKY, 2021). Tem sido evidenciado que cerca de 28-
31% das mulheres na pré-menopausa e de 45-68% das mulheres na peri-menopausa relatam
sintomas depressivos clinicamente relevante podendo influenciar nas idades subsequentes
(MAKI et al., 2018).

No envelhecimento, a depressdo também ¢ chamada de transtornos de humor tardios
(do inglés late-life mood disorders), sdo descritos como produtos de interagdes complexas entre
a psicopatologia e os processos de envelhecimento que afetam a estrutura e a fungdo do cérebro
(RUTHERFORD et al., 2017). Alguns processos identificados sdo o aumento da inflamag¢ao
de baixo grau, deplecdo de dopamina, estresse oxidativo, diminuicdo da neurotransmissao
GABA¢érgica, caracterizados pelo envelhecimento cerebral (do inglés brain aging)
(LISSEMORE et al., 2018; RUTHERFORD et al., 2017; SMITH et al., 2018). A probabilidade
de episddios futuros de TDM no idoso aumenta em 50% ap0s o primeiro episédio (BURCUSA;
IACONO, 2007).

Como possiveis desfechos em idosos, a depressdo estd associada a maior risco de
suicidio, hospitaliza¢do mais frequente, maior nimero de consultas para tratamento, bem como
um sofrimento e sobrecarga familiares e pessoas proximas que auxiliam no cuidado
(AVASTHI; GROVER, 2018; CHISHOLM et al., 2016). Individuos com transtornos de humor
podem passar por um processo de envelhecimento cerebral acelerado indicando um possivel
efeito biologico cumulativo da carga de doenca, como alteragdes na cognigdo, funcionamento,
inflamacdo e neuroanatomia (BALLESTER et al., 2022). Diagnosticar as pessoas idosas com
risco de depressao ¢ muito importante, pois ¢ uma estratégia que pode ajudar na prevencao de
deficiéncias graves e outras complicagdes (KRISHNAMOORTHY; RAJAA; REHMAN,
2020).

Além do diagnéstico convencional, a depressdo pode ser rastreada por escalas
especificas para populagdo idosa, util na detec¢do de quadro depressivo (BRASIL, 2006). As

escalas avaliam um conjunto de sintomas de forma rapida e com baixo custo, pode ser tutil no
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ambiente comunitario para rastrear e encaminhar os idosos com alto risco de depressao para
um ambiente de assisténcia médica mais elevado, pois necessita a confirmagdo posterior por
um profissional da saude mental (KRISHNAMOORTHY; RAJAA; REHMAN, 2020;
MATIAS et al., 2016).

Existem varios instrumentos para avaliagdo de depressdo ou sintomas depressivos, um
deles ¢ a Escala de Depressao em Geriatria (do inglés Geriatric Depression Scale - GDS), que
tem suas versdes validadas e utilizadas no Brasil para idoso, sendo a de 15 itens recomendada
pelo Ministério da Satde (BRASIL, 2006). A GDS foi criada em 1982, originalmente composta
de 30 questdes, possui respostas objetivas (sim ou nao) a respeito de como a pessoa idosa tem
se sentido durante a ultima semana, também pode ser usada para medir as mudancas de
gravidade da depressdo ao longo do tempo (YESAVAGE et al., 1982). Possui versdes
reduzidas com 1, 4, 10, 15 e 20 questdes, para otimizar o tempo na pratica clinica, tendo como
resultado uma boa validade para as versdes de 10 e 15 itens, como uma forma confidvel de
identificar sintomas depressivos significativos (ALMEIDA; ALMEIDA, 1999). Uma recente
revisdo sistemdtica com metanalise identificou que as formas mais curtas de GDS (15 e 10
itens) apresentam maior acurdcia quando comparado ao GDS-30 (KRISHNAMOORTHY;
RAJAA; REHMAN, 2020).

Em relacdo a tratamento de depressdo em idosos, deve-se considerar todos os fatores
envolvidos no distirbio e deve envolver uma combinacdo de psicoterapia e farmacoterapia,
sendo discutido que muitas vezes essas terapias sozinhas sdo menos eficazes para remissao da
depressao (ALEXOPOULOS et al., 2001; MUKAI; TAMPI, 2009). A diretriz mais recente da
APA considera um tratamento com psicoterapeuta e se necessario um tratamento combinado

com antidepressivo (AMERICAN PSYCHIATRIC ASSOCIATION, 2019).

2.2 VITAMINA D

2.2.1 Caracterizacio e metabolismo

A historia da vitamina D tem em torno 350 anos, com as primeiras descri¢des sobre
raquitismo em criangas € osteomaldcia em adultos por volta de 1600, e em torno de 100 anos
de elucidagdo sobre o papel da luz solar e estrutura quimica das principais formas da vitamina
D por volta de 1900-1920 e sobre seu metabolismo mais recente, em 1967 (JONES, 2022).
Vitamina D ¢ um termo que engloba um grupo de moléculas secosteroides, soluveis em
gordura, derivadas do 7-deidrocolesterol (7-DHC), incorporado na bicamada lipidica da
membrana plasmatica. Se apresenta em duas formas principais, a vitamina D2 ou ergosterol de

origem dietética e a vitamina D3 ou colecalciferol de origem dietética ou enddgena, a qual ¢
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produzida na pele (BIKLE, 2012; JAPELT; JAKOBSEN, 2013). O 7-DHC ¢é um derivado do
metabolismo do colesterol, que inicia pela acetilcoenzima A (Acetil-CoA) e requer uma série
complexa de reagdes que envolve mais de 20 etapas para o produto colesterol (Figura 2),
envolvendo duas vias, a via de Bloch e a via de Kandutsch-Russell. Para essa segunda via,
quando o 7-DHC ndo € utilizado para produgdo de vitamina D, pode ser convertido em
colesterol agindo como substrato para a enzima 7-desidrocolesterol redutase (DHCR?7)
(PRABHU et al., 2016).
Figura 2 - Sintese do 7-DHC
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Fonte: adaptado de Prabhu et al. (2016)

O processo de sintese da vitamina D pelas células epiteliais da epiderme, inicia pela a
incidéncia da radiacdo ultravioleta B (UVB, 290-315nm) que promove a transformagdo ndo
enzimatica de 7-DHC ou pro-vitamina D em pré-vitamina D3, por uma quebra fotolitica da
ligagdo entre os carbonos 9 e 10 do anel B do ciclo pentanoperidrofenantreno, formando uma
molécula secosterdide, e em seguida sofre uma reagdo de isomerizagdo induzida pelo calor,
transformando em vitamina D3 (ou colecalciferol) (BIKLE; CHRISTAKOS, 2020; CASTRO,
2011; TIAN; HOLICK, 1995). E um processo que leva cerca de 8 horas para a pré-vitamina
D3 se converter em vitamina D3 (WACKER; HOLICK, 2013a). O queratindcito ¢ a principal
célula da epiderme que possui a maquinaria enzimdtica para metabolizar a vitamina D
produzida em metabdlitos ativos e expressar o receptor de vitamina D (VDR, vitamin D
receptor), envolvidos em agdes locais como diferenciagdo e proliferagdo epidérmica (BIKLE,

2012; BOUILLON et al., 2019).



Revisdo Bibliogrdfica a4

Cerca de 80 a 90% da obtencdo da vitamina D é endogenamente pela exposi¢do a
radiacdo UVB ou adquirido pela suplementagdo dietética, sendo que apenas 10 a 20% das
necessidades didrias provém da alimentacao (CASTRO, 2011; MAEDA et al., 2014). As fontes
alimentares de vitamina D sdo peixes gordurosos de agua fria e profunda como salmao,
sardinha, cavala, atum, 6leo de figado de bacalhau, e também sdo fontes em menor quantidade
cogumelos frescos ou secos ao sol, e ainda alimentos fortificados com vitamina D2 como ovos,
laticinios e carne bovina (GIUSTINA et al., 2020; HOLICK, 2007). Nas plantas, a vitamina
D3 foi identificada em flores, em folhas de tomate, pimentdo. Além disso, pode ser encontrada
em fitoplancton e microalgas, o que sugere que consequentemente os peixes que consomem
microalgas tem um maior conteudo natural (BLACK et al., 2017, JAPELT et al., 2013). Jaem
fungos e leveduras, a vitamina D2 ¢ produzida a partir da exposi¢do da provitamina D2 aos
raios UVB, e pequenas quantidades podem ser encontrados em plantas contaminadas com
fungos (JAPELT; JAKOBSEN, 2013).

A sintese da vitamina D a partir da alimentagdo/suplementacio comeca pela
incorporagdo a micelas e ¢ absorvida através da membrana dos enterdcitos, por transportadores
de membrana apical e também pode ser absorvida por difusdo passiva quando a vitamina D ¢
administrada em doses farmacoldgicas (REBOUL, 2015). Uma fracdo ¢ incorporada aos
quilomicrons, que sdo transportados para o sistema linfatico e, em seguida, para o sistema
venoso onde aproximadamente 60% da vitamina D 3 esta ligada na proteina ligadora de
vitamina D (DBP, vitamin D binding protein) (WACKER; HOLICK, 2013a). Uma fracao da
vitamina D contida no quilomicron pode ser absorvida pelo tecido adiposo e musculo
esquelético (GIL; PLAZA-DIAZ; MESA, 2018).

Ambas as vitaminas D2 e D3 sdo transportadas pelo sangue pela DBP e deve sofrer
ativagdo por meio de 2 reagdes de hidroxilagao enzimatica consecutivas que ocorrem no figado
e nos rins, apresentados na Figura 3. No figado, as vitaminas D2 e D3 sdo convertidas em 25-
hidroxivitamina D (calcidiol ou 25(OH)D), pela acdo de 25-hidroxilases que sdo conhecidas
por pertencer ao grupo citocromo P450 (CYP2R1 ou CYP27A1). A 25(0OH)D acoplada a DBP
¢ transportada a varios tecidos cujas células contém a enzima 1-a-hidroxilase (citocromo P450
27B1 ou CYP27B1), como no rim, a onde converte em 1,25-dihidroxivitamina D [calcitriol ou
1,25(0OH),D], a forma ativa de vitamina D (HOLICK, 2004; PRABHU et al., 2016; WACKER;
HOLICK, 2013b). Ainda, 25(OH)D pode ser transformado em duas formas que ndo tem
afinidade com VDR, a 1,24,25-trihidroxivitamina D [1,24,25(OH3D)] e 24(R),25-
dihidroxivitamina D [24,25(OH)2D], pela enzima 24-hidroxilase (CYP24A1, 24-OHase)
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responsavel por seu catabolismo e posterior excre¢do na bile (DIRKS et al., 2018; HOLICK,
2007).

Figura 3- Sintese e metabolismo da Vitamina D

Raios ultravioleta Colecalciferol ou

7-de-hidrocolesterol - vitamina D ou D,

Pele

. 4
Ergocalciferol ou 3

vitamina D2 “}%.

25(0H) vitamina D

25 hidroxilase

1 o hidroxilase %-

1,25(0H),D, 5
Receptor 24,25 (OH),D,

Fonte: Maeda, et al (2014).

A conversdo de 1,25(OH);D no rim ¢ regulada por varios fatores, incluindo
concentragdes circulantes de hormoénio da paratireoide (PTH) nas glandulas paratireoides,
fosforo sérico, cdlcio, fator de crescimento de fibroblasto 23 (FGF-23) no osso, pela sua auto-
regulagdo, onde 1,25(OH)2D diminui a propria sintese por feedback negativo, onde diminui a
secrecdao do hormonio da paratireoide e aumenta a expressao 24-hidroxilase (HOLICK, 2007).
Essa auto regulagdo pela expressdo de 24-hidroxilase ¢ encontrado na maioria dos tecidos,
essencial para o catabolismo de 250HD e 1,25(OH);D. No rim, a expressao de CYP27B1 ¢
estimulada pelo PTH e inibida pela acdo do FGF23 e por feedback negativo de 1,25(OH).D, e
como calcio e o fosfato regulam a secre¢do de PTH e FGF23, regulam indiretamente a atividade
do CYP27b1 (BIKLE; PATZEK; WANG, 2018).

Os efeitos bioldgicos da 1,25(OH).D sao mediados em grande parte pelo VDR, que ¢
expresso em quase todas as células humanas e parece participar de maneira direta ou indireta
da regulagdo de cerca de 3% do genoma humano (BOUILLON et al., 2008). VDR pertence a
uma subfamilia de receptores nucleares, que contém dois sitios para ligacdo ao ligante,
chamados de genomic pocket (VDR-GP) que se liga numa configuragao tipo tigela (bowl-like)
para transcri¢do de genes e o alternative pocket (VDR-AP), que se liga numa configuracgdo tipo
planar (planar-like) para respostas rapidas (HAUSSLER et al., 2011). Quando VDR-GP esta
ligado a 1,25(OH),;D, forma um heterodimero receptor retindide X (RXR), se liga a elementos

responsivos a vitamina D (VDRE) nas regides promotoras dos genes-alvo recrutando
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complexos co-ativadores ou co-depressores para regular positiva ou negativamente a
transcrigdo de genes que codificam proteinas que promulgam as fungdes gendmicas
tradicionais da vitamina D (GIL; PLAZA-DIAZ; MESA, 2018; HAUSSLER et al., 2011). Um
exemplo de acdo genOmica, ¢ a sinalizacdo intestinal de célcio e absor¢do de fosfato para
efetuar a homeostase esquelética e de calcio. Por outro lado, a¢des ndo gendmicas ocorrem
quando 1,25(OH).D ligado ao VDR-AP localizado em microdominios de caveolas lipid-raft
na membrana plasmatica, faz a regulacdo transitoria da atividade de canais i0nicos
(especialmente canais de cloreto e célcio), quinases e fosfatases (BOUILLON et al., 2019;
HAUSSLER et al., 2011).

Outro potencial receptor associado a membrana ligado as respostas rapidas de
1,25(OH):D e ndo gendmicas, pela ativagdo de cascatas de sinalizacdo, ¢ a enzima PDIA3,
proteina dissulfeto isomerase, familia A, membro 3 [Protein disulfide isomerase family
member3, também conhecido como endoplasmic reticulum protein (ERp60, ERp57, Grp58) e
Membrane Associated, Rapid Response Steroid binding receptor (1,25-MARRS)], que foi
associado a fisiologia dos condrécitos, na promog¢ao a produgdo de proteinas da matriz da
cartilagem e dos osteoblastos, na redugdo de apoptose, € ainda na células musculares, implicada
na regulacdo e proliferagdo (BOYAN; CHEN; SCHWARTZ, 2012; CHEN et al., 2010).

O PDIA3 ¢ encontrado na membrana plasmatica e em vesiculas de matriz de
condroécitos da placa de crescimento, das células musculoesqueléticas e também esta presente
nas caveolas (lipid-raft), onde interage fisicamente com mediadores a jusante (BOYAN;
CHEN; SCHWARTZ, 2012; CHEN et al., 2010). PDIA3 inicia as cascatas de sinalizacao
incluindo a ativagdo da proteina ativadora de fosfolipase A2 (PLAA), fosfolipase A2 (PLA2),
fosfolipase C (PLC) e abertura de canais de Ca’' que resulta na ativagdo de mensageiros
secundarios (ZMIJEWSKI; CARLBERG, 2020). PDIA3 e VDR formam separadamente
complexos com caveolina-1, ativando seus proprios mediadores a jusante, para obter resultados
nao gendmicos e gendomicos. Os complexos interagem de tal forma que a perda do receptor ou
da caveolina-1 reduz a resposta dindmica a 1,25(OH),D (CHEN et al., 2013).

A acdo classica da vitamina D € no metabolismo 6sseo, atuando em 3 6rgaos: intestino,
rim e 0sso. A 1,25(OH):D participa da regulagdo dos niveis plasmaticos de calcio ionizado e
fosfato, agindo sobre sua absorcdo intestinal, excrecao renal e mobilizagdo 6ssea de célcio. A
interagcdo da 1,25(OH):D com o VDR aumenta a eficiéncia da absor¢ao intestinal do célcio
para 30 a 40% e a absorc¢ao do fosforo para aproximadamente 80% (HOLICK, 2007). Quando

os niveis de cdlcio sérico diminuem, a secre¢do de PTH ¢ estimulada e ativa a sintese de
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1,25(OH);D, que também estimula a reabsorc¢do renal de célcio e a mobilizagdo dos ossos
(reabsor¢do dssea) (GIL; PLAZA-DIAZ; MESA, 2018).

A presenca do VDR em varias células tem sugerido a existéncia de fungdes
independentes da regulacdo da homeostase 6ssea. Sua presenga em tecidos ndo 6sseos sugere
sua importdncia para a regulacdo da proliferacdo celular, funcdo imune e muscular,
diferenciagdo da pele e reproducdo, além de propriedades vasculares, metabolicas e fisiologia
cerebral normal, incluindo a modulagdo da plasticidade sinaptica (BOUILLON et al., 2019;
MAYNE; BURNE, 2019). Também tem sido descrito que o tecido adiposo ¢ um importante
6rgao metabolico e parece ser o principal local de armazenamento da vitamina D, e a ja foi
relatada a expressao de VDR e CYP27BI1 nos adip6citos, que pode ter um papel de regulador
na adipogénese e apoptose de adipdcitos (ABBAS, 2017; DIX; BARCLAY; WRIGHT, 2018).

2.2.2 Metabolismo Cerebral

As primeiras evidéncias do papel da vitamina D na fung¢do cerebral comegaram com
achados autorradiograficos da presenga de VDR no cérebro de animais em estudos
experimentais (STUMPF et al., 1982). O VDR ¢ encontrado em neuronios e células da glia na
maioria das regides do encéfalo, incluindo o cortex (temporal, frontal, parietal e cingulado),
substancia cinzenta profunda (tdlamo, ganglios basais, hipotalamo, hipocampo e
amigdala), cerebelo, nicleos do tronco cerebral, substancia negra (area rica em neurdnios
dopaminérgicos), medula espinhal e sistema ventricular (DELUCA et al., 2013).

Em amostra de tecido cerebral humano post-mortem, foi evidenciado um mecanismo
alternativo onde 25(OH)D pode ser ativada localmente no cérebro por meio da expressdao da
enzima lo-hidroxilase, classicamente expressa no rim, que catalisa a conversio em
1,25(0OH);D, evidenciando que ambas as formas devem passar a barreira hematoencefélica
(EYLES et al., 2005; PARDRIDGE; SAKIYAMA; COTY, 1985). Um estudo com animais
sugeriu que ha uma maquinaria para essa conversdao, encontrando presenga de CYP27al,
CYP27bl e CYP24al expressos em neurdnios € o CYP27al foi expresso em todos os tipos de
células, com uma alta expressao nas células endoteliais (LANDEL et al., 2018).

Foi proposto que dentro da unidade neuro-vascular, a metabolizacdo de 25(OH)D3 em
1,25(OH),;D ¢ feita por neurdnios e possivelmente pela microglia, e depois ¢ transferida para
astrocitos, onde pode se ligar ao VDR e iniciar a transcrigdo génica ou ser inativado quando
em excesso. A forma ativa da vitamina D desencadeia acdes gendmicas associadas ao VDR ou

acdes ndo genomicas relacionadas ao PDIA3, que ¢ altamente expresso no cérebro, parecendo
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ser o principal receptor cerebral de vitamina D. J4 o VDR parece ser expresso em maior
quantidade em outros tecidos, como figado e rins € menos expresso no cérebro comparado ao
PDIA3 (LANDEL et al., 2018). A vitamina D tem sido chamada de neuroesteroide pelo seu
importante papel no SNC, estando ligada a processos como diferenciagao celular, produgdo e
liberacdo neurotrofica, sintese de neurotransmissores, homeostase intracelular de calcio,
prevencao de danos oxidativos, fun¢do e metabolismo da estrutura neuronal e funcionamento
cognitivo (EYLES et al., 2009; MAYNE; BURNE, 2019).

Devido a vitamina D estar envolvida em diversas fun¢des a nivel cerebral, o baixo nivel
sérico de vitamina D tem sido relacionado a algumas condi¢des, como a esquizofrenia, falhas
na plasticidade sindptica relacionada a aprendizagem e a memoria, declinio cognitivo e
transtornos de humor (BERRIDGE, 2017; CUI et al., 2017; MAYNE; BURNE, 2019).
Segundo uma revisdo, a forma ativa da vitamina D estimula a sintese do fator de crescimento
do nervo (NGF) que atua nos neurdnios colinérgicos, regula positivamente a sintese do fator
neurotrofico derivado da linha de células gliais (GDNF) que atua nos neurdnios
dopaminérgicos, e neurotrofina 3 (NT-3) que sdo chave para a promogdo, sobrevivéncia,

diferenciagdo e plasticidade neuronal (DELUCA et al., 2013).

2.2.3 Mensuracio de Niveis Séricos de vitamina D e pontos de corte

Para defini¢do do status de vitamina D, a medida do total de 25(OH)D, considerando
25(OH)D3 e 25(0OH)D2 ¢ considerado o melhor biomarcador, como medida padriao-ouro,
devido a sua meia-vida e estabilidade mais longas de cerca 15 a 25 dias (entre 2 a 3 semanas),
¢ a abundancia relativa (isto ¢, ng/mL; 1 ng/mL = 2.496 nmol/L) no soro (ALTIERI et al.,
2020; JONES et al., 2014; LIPS, 2007; SEMPOS et al., 2018). Um estudo demonstrou que a
meia vida quando calculado apds uma tnica dose de ataque de 100.000 UI de colecalciferol
no inicio do estudo, seguida por uma dose diaria de 4800 UI dos dias 7 a 20, e nenhuma dose
a partir do dia 21, a meia-vida de manutenc¢do dos niveis do soro 25(OH)D foi estimado de 82
dias (OLIVERI et al., 2015). J& a forma bioativa di-hidroxilada, 1,25(OH),D tem meia-vida de
4-6 horas, nao sendo um bom parametro de avaliacdo (ALTIERI et al., 2020).

Ainda nao foi determinado se o nivel livre de 25(OH)D ou 24,25(OH)D oferece mais
informagdes sobre o status da vitamina D e ainda ndo ¢ recomendado com base na literatura
(ALTIERI et al., 2020). A medicao de 1,25(OH).D nio reflete a real concentragdo pois estara
dentro da faixa de referéncia, mesmo quando alguém ¢ considerado deficiente em vitamina D.

Entretanto pode ser usado na suspeita de deficiéncia de la-hidroxilase, onde concentracdes
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muito baixas de 1,25(OH),D. Também pode ser util em sindromes hipofosfatémicas mediadas
por FGF23, marcando concentracdes normais a baixas de 1,25(OH).D e ja concentragdes muito
altas indicam raquitismo hereditario resistente a vitamina D ou a presenca de excesso de la-
hidroxilacdo extra renal por doengas granulomatosas ou linfoproliferativas (DIRKS et al.,
2018).

Ao longo do tempo muitos métodos de mensuragdo de vitamina D foram sendo
estudados e muitos estudos clinicos fornecem a base cientifica para as recomendacdes clinicas
atuais. Historicamente, a 25(OH)D foi mensurada por um radioimunoensaio manual (RIA) ou
um ensaio de proteina de ligagdo a vitamina D (DBP), com o passar do tempo, laboratorios
desenvolveram imunoensaios automatizados e ensaios de imunoabsor¢ao enzimatica (ELISA)
e também métodos espectrométricos de massa e cromatografia liquida de alta eficiéncia
(ALTIERI et al., 2020). Atualmente, ¢ considerado como padrio ouro o ensaio de
cromatografia liquida acoplada a espectrometria de massas em tandem (LC-MS/MS). Este
método consegue diferenciar 25(OH)D2 e 25(0OH)D3 e outros metabolitos, utilizados em uma
variedade de fatores fisioldgicos, estados/condi¢des de satide e também uteis na avaliacdo da
efetividade da suplementagdo de D2 versus D3 enddgena (ALTIERI et al., 2020; SEMPOS et
al., 2018). Por outro lado, métodos cromatograficos embora mais precisos sdo mais trabalhosos
€ mais caros, e estdo disponiveis em laboratdérios mais especializados (MAEDA et al., 2014;
MINISOLA et al., 2019).

Os estudos de imunoensaios de quimioluminescéncia (CLIAs), também utilizados na
pratica clinica e estdo prontamente disponiveis na maioria dos laboratorios comerciais e
clinicos e sdo bons o suficiente para avaliar os niveis de 25(OH)D (MINISOLA et al.,
2019). Baseiam-se na dissociagdo de 25(OH)D da VDBP, depois sdo ligados ao anticorpo de
fase especifica e depois a adicdo de particulas magnéticas revestidas com anticorpo contra
25(0OH)D, o isolumino tracador (25(OH)D-isolumino tracer). Em seguida, o material ndo
ligado ¢ removido com um ciclo de lavagem e os reagentes sdo adicionados para iniciar a reagao
quimioluminescente. O sinal de luz ¢ detectado por um fotomultiplicador como unidades de
luz relativa, sendo que essa medida ¢ inversamente proporcional a concentragdo de 25(OH)D
(ALTIERI et al., 2020; FOOD & DRUG ADMINISTRATION, 2017). O viés deste teste ¢ que
concorrentes comerciais diferem entre si de acordo com a reatividade cruzada com diferentes
metabolitos de vitamina D e quando comparados aos métodos cromatograficos (ALTIERI et
al., 2020; FULEIHAN et al., 2015). Todavia ¢ reconhecido com um ensaio realizado por
laboratoérios clinicos, quando o foco permanece no total sérico de 25(OH)D (SEMPOS et al.,

2018).
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Em relacdo as diretrizes do nivel sérico, hd uma divergéncia em relacdo definicao de
hipovitaminose D e status '6timo' que ¢ baseado na saude 6ssea. Em grande parte, isso se deve
pelo uso de dosagem por métodos que ndo sdo padrao em pesquisas que impede a capacidade
de reunir dados de diferentes locais para permitir definicdes baseadas em evidéncias
(BOUILLON, 2017; SEMPOS et al., 2018). Tem sido discutido que valores abaixo de
12ng/ml sdo considerados associados a um risco aumentado de raquitismo/osteomaldcia,
enquanto as concentragdes entre 20 ng/ml e 50 ng/ml parecem ser seguras e suficientes na
populacdo em geral para a satde esquelética (SEMPOS et al., 2018). Além disso, uma revisao
comparou as divergéncias entre as recomendacdes de diferentes agéncias e paises, que sao

apresentadas na Figura 4 (BOUILLON, 2017).

Figura 4 - Recomendagdes para a interpretagdo dos niveis séricos de 250HD
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Fonte: Bouillon (2017)

Legenda: Cddigo de cores: vermelho indica um estado de grave deficiéncia que deve ser
corrigido sem excecao; laranja denota um estado de deficiéncia leve, em que a intervengao
¢ desejavel; verde indica um estado de suprimento suficiente que ndo se beneficia da
suplementacdo adicional. AAP, Academia Americana de Pediatria; AGS, Sociedade
Americana de Geriatria; DACH, Deutschland (Germany), Austria and Confoederatio
Helvetica (Switzerland); 10F, Fundagao Internacional de Osteoporose; IOM, Instituto de
Medicina; SACN, Comité Cientifico Consultivo em Nutrigao.

Hé uma discussdo sobre o ponto de corte para os niveis, onde a IOM acredita que o
nivel de 20 ng/ml reflete um nivel que atende as necessidades de quase toda a populacdo em
geral. Porém, essas delimitagdes foram definidas com base na populacdo dos Estados Unidos
e Canada. Além disso, se mostra contraria aos pontos de corte da Endocrine Society, em que
30 ng/ml de 250HD e acima seriam suficientes e que abaixo de 20 ng/ml sdo deficientes em
vitamina D (ROSEN et al., 2012).

Segundo um consenso da 2% e a 5* Conferéncia Internacional sobre Controvérsias em

Vitamina D que discutiu os pontos de corte, recomendou que na auséncia de dados
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convincentes, os valores de 25(OH)D abaixo de 30 nmol/L (12ng/ml) devem ser evitados e
considerados associados a um risco aumentado de raquitismo/osteomalacia, enquanto as
concentragdes de 25 (OH) D entre 50 e 125 nmol/L (20 a 50 ng/ml) parecem ser seguros e
suficientes na populac@o em geral para a saude 6ssea (GIUSTINA et al., 2020). Para reduzir as
fraturas em idosos, sd3o necessarios vitamina D para atingir niveis >50 nmol/l (20 ng/ml) e
calcio suficiente (GIUSTINA et al., 2022). No Brasil, a Sociedade Brasileira de Endocrinologia
e Metabologia (SBEM), considera como valor de normalidade adequado 20 ng/mL para
populacdo saudavel até 60 anos, e entre 30 e 60 ng/ml valor recomendado para populagdo de
risco, no qual inclui os idosos (FERREIRA et al., 2017; MAEDA et al., 2014).

Da mesma forma, o nivel maximo para evitar toxicidade ainda ndo ¢ definido devido a
estudos com humanos serem limitados, entretanto sugere-se que para populagao saudavel doses
acima de 10.000 Ul/dia e niveis séricos de 25(OH)D em torno de 250 nmol/L (100 ng/ml)
podem ser tolerados em curto prazo (FERREIRA et al., 2017; GIUSTINA et al., 2020).
Superdosagens com nivel sérico de 150 ng/ml, tem sido associado com a toxicidade de vitamina
D, demostrando sintomas como confusdo, apatia, vomito, dor abdominal, politiria, polidipsia e
desidratacdo. A toxicidade que tem sido relacionada com a atividade elevada de 1a-hidroxilase
ou atividade inibida de 24-hidroxilase, levando ao aumento da concentragao de 1,25(OH)D;
aumento do numero de receptores de vitamina D; e saturacdo da capacidade da proteina de
ligacdo da vitamina D (MARCINOWSKA-SUCHOWIERSKA et al., 2018).

As recomendacdes de ingestdo didria, indicam que para aqueles que ndo tem uma
exposicao solar adequada, tenha um consumo de Spg/dia [200 UI (1 pg= 40 UI)]; até 50 anos,
gestantes e lactantes; 10 pg/dia (400 UI) de 50 a 70 anos; e 15 pg/dia (600 UI) para aqueles
com mais de 70 anos (PADOVANI et al., 2006). Para cada 100 UI de vitamina D proveniente
de alimentos, a concentracao circulante de 25(OH)D pode aumentar em aproximadamente 0,6-
1,0 ng/mL (WACKER; HOLICK, 2013a). As fontes alimentares que provem maior conteudo

de vitamina D, sdo apresentados no Quadro 3.

Quadro 3 — Fontes alimentares de vitamina D

Fonte Quantidade pg/100g Quantidade UI/100g
Oleo de figado de bacalhau e
peixes gordurosos
Salmao da aquicultura 6al0 240 a 400
Cavala selvagem 5a8 200 a 320

90 a 250 3600 a 10000
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Salmao selvagem 24 981
Anchova 10 415
Truta de aquicultura 9 371
Peixe-espada 11 447
Bacalhau 2 80
Mexilhoes 0,8 33
Atum 4 164
C(')gumelo (.portobelo exposto a 31 1275
raios ultravioleta)

Cogumelo (portobelo) 0,3 14
Cogumelo (Shitake) 0,7 28
Ovo 2 86

Fonte: adaptado de Giustina et al, (2020); Chen et al (2007); USDA (2015).

Em relacdo a suplementacdo, estudos tém indicado que a vitamina D3 ¢ mais eficaz em
aumentar as concentracdes de 25(OH)D no soro do que a vitamina D2 (MO et al., 2019;
TRIPKOVIC et al., 2012). Em relagdo a dose, para idosos acima de 65 anos ha uma grande
variagdo na recomendacdo entre 200 a 2000 UI (BOUILLON, 2017). Segundo um consenso
realizado recentemente, as recomendagdes americanas do Institute of Medicine, para adultos
com menos de 70 anos, a recomendagao diaria ¢ de 600 UI (15 pg/dia) e para aqueles com mais
de 70 anos, a recomendagao didria ¢ de 800 UI (20 pg/dia), e da mesma forma o International
Osteoporosis Foundation recomenda doses mais altas, de 800 a 1000 UI para idosos
(DAWSON-HUGHES et al., 2010, p.; GIUSTINA et al.,, 2019; ROSS et al., 2011). A
Endocrine Society recomenda 1500 a 2000 UI, com um aumento de duas a trés vezes para
individuos obesos (30006000 IU/dia) (KIMBALL; HOLICK, 2020). No Brasil, a
recomendacdo da Sociedade Brasileira de Endocrinologia vai de encontro a recomendagao
americana, do Institute of Medicine, sendo em pacientes com osteoporose € risco de fraturas
aumentado, indica-se 1.000 ¢ 2.000 UI (HOLICK et al., 2011; MAEDA et al., 2014).

Em relagdo aos protocolos de suplementacdo de vitamina D para individuos com <20
ng/ml sdo sugeridas as doses de ataque para repor estoques corporais e atingir o nivel adequado.
O esquema mais utilizado ¢ de 50.000 UIl/ semana (ou 7.000 Ul/dia) de vitamina D por 6 a 8
semanas (MAEDA et al., 2014). Na aten¢do primaria da saude do Brasil, para pessoas com
doengas Osseas como osteoporose, osteomalacia ou outras condi¢des de reducdo de massa
Ossea, os protocolos de: 50.000 UI, 1 vez por semana por 8 semanas; 6.000 UI ao dia, por 8
semanas; ou ainda 3.000 a 5.000 UI ao dia, por 6 a 12 semanas (BRASIL, 2018).

Segundo uma revisdo, para gerar vitamina D suficiente através da exposi¢do solar,
varias diretrizes recomendam uma exposicao solar diaria de 7 a 30 minutos (dependendo da

latitude, cor da pele e estagdo do ano) para méos, bragos e rosto (BOUILLON, 2017). E
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sugerido que uma exposicao diaria de 20% do corpo, contando que para cada brago 9%, para
cada perna 18% e o abdomen 18%, pode produzir cerca de 1400 a 2000 UI de vitamina D3 nos
horarios de pico de luz solar (WACKER; HOLICK, 2013a). Tem sido discutido que nos
horarios antes das 9h e ap6s 15h, que sdo os horarios mais seguros para o risco de cancer de
pele, o angulo do sol se torna mais obliquo e o 0zonio da atmosfera terrestre absorve mais a

radiacdo UVB, diminuindo a quantidade que atinge a superficie terrestre (HOLICK, 2017).

2.3 DETERMINANTES DO NiVEL SERICO DE VITAMINA D

A vitamina D tem sido bastante discutida por seus efeitos no metabolismo 6sseo, € vem
ganhando espago em relacdo a sua acdo em outros sistemas. Tem ganhado bastante destaque
por apresentar na populacdo uma importante reducdo a nivel sanguineo sendo relacionada a
desfechos importantes em saude (BOUILLON et al., 2019; HOLICK; CHEN, 2008; MARINO;
MISRA, 2019). Entretanto, a mensuragao global dos niveis sanguineos de vitamina D ¢ dificil
de realizada precisamente devido a falta de padroniza¢do nos métodos laboratoriais, o que
também limita a comparagdes entre estudos ao longo do tempo (ROTH et al., 2018). A
heterogeneidade substancial dos estudos pode impedir de tirar conclusdes sobre o status geral
da vitamina D na populagcdo mundial (HILGER et al., 2014).

Em 2013, foi realizado um levantamento mundial do baixo nivel sérico de vitamina D
e foi encontrada uma grande variagao entre os continentes, sendo para populacdo adulta, niveis
de deficiéncia estdo entre 20 a 90% e populagdo idosa de 4 a 91% (PALACIOS; GONZALEZ,
2014). No Brasil, embora a localizacdo geografica promove abundancia de luz solar, com uma
grande extensdo territorial proxima ao sol e havendo radiacdo UVB suficiente para produzir
vitamina D na pele durante todo o ano, a insuficiéncia de vitamina D se mantem prevalente
(MENDES et al., 2018). Pesquisadores evidenciaram que um pouco mais de 35% dos adultos
e 41% dos idosos apresentam o nivel mais baixo de vitamina D, sendo as regides sul e sudeste
as regides com maior prevaléncia de deficiéncia (PEREIRA-SANTOS et al., 2019).

Varios fatores tém sido relacionados com ao baixo nivel sérico de vitamina D em idosos
e foram sintetizados na figura 5 em quatro dimensdes: fatores demograficos, socioecondmicos,

comportamentais e de saude e na figura 6 em forma de nuvem de palavras.
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Figura 5 - Fatores associados ao baixo nivel sérico de vitamina D
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Figura 6 - Nuvem de palavras relacionadas ao nivel sérico de vitamina D
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Entre os fatores demograficos tem sido descrito condi¢des mais relacionadas ao
ambiente como poluicdo do ar, a latitude, estacdo do ano (inverno e outono) e incidéncia solar
(ARABI; EL RASSI; EL-HAJJ FULEIHAN, 2010; FEIZABAD et al., 2017). A incidéncia
solar parece ser mais influente em paises nordicos, que apresentam baixa incidéncia solar
durante o inverno, e as concentragdes de vitamina D podem reduzir de 20 a 30% nesses
periodos (JORDE et al., 2010).

Estudos com coortes de idosos tem identificado outros fatores demograficos como a
pigmentacdo da pele mais escura/etnia, idade mais avangada, sexo feminino (ASPELL et al.,
2019; CARRILLO-VEGA et al., 2017; LIMA-COSTA et al., 2020). Em relacdo a cor da pele,
individuos caucasianos tem um aumento de vitamina D, seis vezes maior do que individuos de
pele negra, quando expostos ao sol (em 1 dose de eritémica minima) (CLEMENS et al., 1982).
Em relagdo a fatores socioeconomicos hd uma discussdo ndo muito estabelecida em relagdo a
escolaridade e renda, mas alguns estudos com idosos tem encontrado um risco relacionado a
baixa renda e baixa escolaridade (CHENG et al., 2017; LIN et al., 2020). Por outro lado, um
estudo outro estudo encontrou prote¢do para idosos com baixa escolaridade (CARRILLO-
VEGA et al., 2017).

Entre os fatores comportamentais encontra-se o uso extensivo de filtro solar, que tem
sido usado na prevengdo de doengas de pele, em diversos ambientes como na realizagdo de
atividades diarias, trabalho, pratica de atividade fisica (PEREIRA-SANTOS et al., 2019). Ha
uma discussao sobre o bloqueio da ativagao cutanea da vitamina D com o uso do protetor solar,
sendo evidenciado que o fator de protecao solar 8 pode diminuir a capacidade de fotoprodugao
em 90% e o fator de proteg¢ao dolar 30 pode diminuir em 99%, bem como no inverno as pessoas
usam mais camadas de roupas impedindo a exposi¢do solar (HOLICK, 2007; TSIARAS;
WEINSTOCK, 2011). Por outro lado, hd dados de um estudo que demostram que mesmo
utilizando a protetor solar (FPS 15), a vitamina D pode ser produzida na pele (PETERSEN et
al., 2012). Segundo um painel de especialistas recente, protetores solares de amplo espectro
que previnem o eritema dificilmente comprometem o status da vitamina D em populacdes
saudaveis (PASSERON et al., 2019). O habito de usar roupas que cubram quase a totalidade
do corpo também podem limitar a produgdo epidérmica (ALLALI et al., 2009; ARABI; EL
RASSI; EL-HAJJ FULEIHAN, 2010).

Também tem sido discutido a influéncia de fatores comportamentais como redugdo da
exposicao a luz solar, baixa ingestao dietética de alimentos que contenham vitamina D (como
peixe e alimentos fortificados) e falta de suplementagdo (ou a protecao para no caso de quando

ha suplementacdo (BEVILACQUA et al., 2021; LAIRD et al., 2018; LIMA-COSTA et al.,
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2020; MIGLIACCIO et al., 2019; SHEA et al., 2011). A pratica de atividade fisica também ¢
um fator relacionado, considerado protetivo, entretanto por outro lado a falta pratica de
atividade fisica ¢ considerada de risco, possivelmente pela exposi¢do solar (ASPELL et al.,
2019; CARRILLO-VEGA et al., 2017; KIM et al., 2018; LAIRD et al., 2018; ROLIZOLA et
al., 2022). Ainda, o tabagismo também foi associado aos baixos niveis séricos de vitamina D,
entretanto o mecanismo ainda nao esta estabelecido (CARRILLO-VEGA et al., 2017; KIM,
2020; LAIRD et al., 2018; LIMA-COSTA et al., 2020).

Considerando fatores de saude, a obesidade tem sido relacionada com baixo nivel sérico
em idosos (ASPELL etal., 2019; CARRILLO-VEGA etal., 2017; LAIRD et al., 2018). A nivel
celular, existe uma hipdtese de que vitamina D, como ¢ lipossoluvel, ¢ mais facilmente
armazenada nas células adiposas (sequestro) antes de estar disponivel para posterior
metabolismo reduzindo a sua disponibilidade na circulagdo sanguinea (BOUILLON et al.,
2019; WORTSMAN et al., 2000). Ha evidéncias que os adipdcitos e seus precursores
expressam receptores nucleares envolvidos no metabolismo e na acdo dos esteroides. A 1,25-
di-hidroxivitamina D3 estimula a adipogénese, potencializando os efeitos dos meios
adipogénicos, contendo insulina, dexametasona, 3-isobutil-1-metilxantina e indometacina
(BOUILLON et al., 2014).

Além disso, na obesidade, o tecido adiposo ¢ hipertrofico, resultando em desequilibrio
do fluxo sanguineo, levando a hipdxia, inflama¢do e infiltragdo de macroéfagos e hd um
aumento na secre¢ao de interleucinas 6 e 8, TNF-a e a vitamina D3 parece ter uma agao anti-
inflamatoria sobre os adipocitos, reduzindo a liberagdo de quimiocinas e citocinas pelos
adipocitos (SAVASTANO et al., 2017). Também tem sido discutida a ideia de que pessoas que
apresentam marcadores inflamatdérios mais elevados, como na obesidade, por exemplo a
proteina C reativa, apresentam um menor sérico de vitamina D (DE OLIVEIRA et al., 2017,
HAYNES et al., 2013).

Algumas condic¢des de saude t€m sido relacionadas a pacientes em grupo de risco para
deficiéncia da vitamina D, como insuficiéncia renal, cardiaca e hepatica, em particular
candidatos e receptores de transplante, doengas gastrointestinais, incluindo doenga de Crohn,
doenga inflamatoria intestinal e sindromes de ma absor¢do. Além disso, o uso de alguns
medicamentos como os antirretrovirais, antifungicos, por exemplo, cetoconazol, medicamentos
anticonvulsivantes, colestiramina, rifampicina e glicocorticoides também podem reduzir a
vitamina D ou afetar a expressdo de genes regulados pela vitamina D (AMREIN et al., 2020).
O mecanismo proposto ¢ pela ligacdo ao receptor de esteroide e xenobiotico (SXR) ou receptor

ativado por pregnano (PXR), que desempenha um papel importante na desintoxicacdo de
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xenobidticos e drogas, que pode ligar-se a VDRE afetando a transcri¢io de genes (GROBER;
KISTERS, 2012). O PXR pode induzir a expressdo e 24-hidroxilase, diminuindo assim os
niveis de 25(OH)D, e em pacientes expostos ao excesso de glicocorticoides, comum para
tratamento de doencas pulmonares, reumaticas e renais cronicas, pode reduzir a expressdao do
receptor da vitamina D em vérios tecidos e células, levando a um estado de resisténcia a
vitamina D (GIUSTINA et al., 2019; SKVERSKY et al., 2011).

Por fim, tem sido discutido que polimorfismos de alguns genes que codificam
componentes-chave da via do metabolismo da vitamina D, incluindo DHCR7 (codificando 7-
DHC redutase), CYP2R1 (codificando 25-hidroxilase), CYP24A1 (codificando 24-
hidroxilase) e GC (que codifica a proteina de ligagdo da vitamina D) (BEVILACQUA et al.,
2021). A producdo de vitamina D3 na pele se deve a extensdo e qualidade da radiacio UVB
que atinge a derme, bem como a disponibilidade do 7-DHC e as caracteristicas da pele (GIL;
PLAZA-DIAZ; MESA, 2018). Além disso, outros fatores como a diminui¢do da produgao de
vitamina D na pele tem sido relacionada ao envelhecimento, pela diminui¢ao da capacidade da
pele de produzir vitamina D, a diminuicdo do 7-DHC e alteragdes na morfologia da pele

(MACLAUGHLIN; HOLICK, 1985).
2.4 RELACAO ENTRE VITAMINA D E SINTOMAS DEPRESSIVOS

Conforme descrito no capitulo 1, na descricdo do estado da arte do tema, estudos
transversais e longitudinais tém encontrado associa¢do entre o nivel sérico de vitamina D e
sintomas depressivos. Resultados de uma metanélise com populagdo mista, com adultos e
idosos, evidenciou que um aumento de 10 ng/ml em concentracdes séricas de 25(OH)D parece
ter um efeito protetor contra a depressdo, com diminui¢do de 4% no risco em estudos
transversais ¢ uma diminui¢do de 8% na incidéncia em estudos de coorte (JU; LEE; JEONG,
2013). Enquanto que, em estudos envolvendo somente idosos com amostra proveniente de
estudos de corte prospectivos, o mesmo aumento de 10 ng/ml de 25(OH)D foi associado a uma
reducdo de 12% no risco de depressao (LI et al., 2019).

Entretanto, metanalises com estudos clinicos t€ém mostrado dados divergentes em
ensaios clinicos com suplementac¢ao, onde uma evidéncia que a vitamina D suplementada (uma
dose diaria de >800 UI) pode ter um efeito na depressao, comparavel com o de antidepressivos
(SPEDDING, 2014). Devido a variabilidade metodologica dos estudos, a outra metanalise ndo
encontrou nenhuma reducao significativa nos sintomas depressivos apods a suplementacao de

vitamina D com diferentes doses (GOWDA et al., 2015).
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Apesar de ndo haver resultados conclusivos ainda, alguns possiveis mecanismos
biologicos tém sido descritos. Uma via potencial inclui um desequilibrio na homeostase do
calcio intracelular e extracelular (Ca**) é um fator importante responsavel pela condugdo do
inicio da depressdao (BERRIDGE, 2017). Quando ha uma alteracdo na atividade neural
resultante de um aumento no glutamato, que impulsiona os neuronios excitatorios e pode ser
responsavel pelo declinio na atividade e no niimero de neurénios inibidores GABAérgicos. O
Glutamato ativa canais NMDA (NMDARs), que ¢ um canal ionotropico e responde
aumentando a entrada de Ca?* externo nos neurdnios inibitdrios € também ha uma ativagio da
via de sinalizagdo de fosfoinositideo que gera trifosfato de inositol (InsP 3) que libera Ca®*
(BERRIDGE, 2017; WARSH; ANDREOPOULOS; LI, 2004; YUAN et al., 2003). A vitamina
D entra no nucleo, associa-se a0 RXR e depois se liga ao VDRE, induzindo a expressao de
proteinas relacionadas 4 manutengdo da homeostase do Ca®*, como calbindina, parvalbumina,
trocador calcio-sodio (NCX1), e membrana plasmatica bomba Ca?" ATPase (PMCA). Também
regula o Ca?", reduzindo a expresséo do canal de célcio CaV1.2. (BERRIDGE, 2017; BIVONA
et al., 2019). Além disso, GABA também ¢ responsavel por modular a atividade de outros
sistemas de neurotransmissores como a inibi¢cdo de serotonina, a noradrenalina e a liberagao de
dopamina (CROARKIN; LEVINSON; DASKALAKIS, 2011).

Em relagdo a serotonina, foi proposto que a depressao pode resultar de uma deficiéncia
desse neurotransmissor que ¢ derivado do aminoacido essencial triptofano. Para produzir 5-HT
no cérebro, triptofano precisa primeiramente ser transportado e permear a barreira
hematoencefalica e entdo ser metabolizado pela enzima TPH2. A expressao do gene de TPH2
¢ induzida pela forma hormonal ativa da vitamina D [1,25(OH),D] juntamente com VDR em
neurdnios serotonérgicos (KANEKO et al., 2015; PATRICK; AMES, 2015). Além disso,
1,25(0OH);D também pode atuar na repressdo do transportador de recaptacdo de serotonina
(serotonin reuptake transporter, SERT ou 5-HTT), e a enzima mitocondrial responsavel pelo
catabolismo das monoaminas, Monoamina Oxidase-A (MAO-A), resultando na
potencializagdo da transmissao nervosa serotoninérgica (SABIR et al., 2018).

No sistema dopaminérgico, a vitamina D tem um papel na maturacdo de neurdnios
dopaminérgicos. VDR esta presente no nucleo dos neurdnios positivos para tirosina hidroxilase
(TH), pode estimular a producgdo fator neurotréfico dos neurdnios de dopamina (GDNF), e
pode modular o metabolismo por meio da regulacdo gendmica da expressao da catecol-o-metil
transferase (COMT), uma das enzimas-chave envolvidas no metabolismo da dopamina (CUI
etal., 2013, 2015). Além disso, em estudos experimentais, parece ser semelhante ao tratamento

antidepressivo com fluoxetina, e pode melhorar os sintomas anedonicos, provavelmente
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regulando o efeito das agdes relacionadas a dopamina no nacleo accumbens (SEDAGHAT et
al., 2019).

Nos mecanismos antioxidantes, a vitamina D estimula a expressdo de muitos genes,
como o fator relacionado ao fator nuclear eritrdide-2 (NRF2), g-glutamil transpeptidase (g-
GT), glutamato-cisteina ligase (GCLC), glutationa redutase (GR), glutationa peroxidase (Gpx)
(BERRIDGE, 2017). A vitamina D ¢ responsavel por regular negativamente a expressao do
6xido nitrico sintase induzivel em células derivadas de mondcitos e por potencializar a
producdo de y-Glutamil transpeptidase (y-GT), uma enzima importante na via da glutationa,
em astrocitos expostos a um meio pré - inflamatorio (BIVONA et al., 2019; DELUCA et al.,
2013). Quando a vitamina D esta em déficit, pode causar um desequilibrio nas EROs, que
facilita a liberagdo de Ca %> aumentando o seu nivel. Por outro lado, ha um declinio de ATP
(adenosina trifosfato), o que reduz a capacidade dos neurdnios de liberar Ca ?* da célula
(BERRIDGE, 2015, 2017; WIMALAWANSA, 2019).

Foi descrito que as citocinas pro-inflamatorias interleucina-1 a e f, fator de necrose
tumoral- a (TNF- a) e interleucina-6 tém sido implicadas no inicio da depressdo (BERK et al.,
2013; SWARDFAGER et al., 2016; TICINESI et al., 2016). A vitamina D modula a resposta
imune ao interagir com as células do sistema imune inato e adaptativo, regulando a expressao
de citocinas, uma vez que macrofagos, células dendriticas e linfocitos B e T ativados expressam
la-hidroxilase ¢ VDR (CALTON et al., 2015; TICINESI et al., 2016). A atividade do NF-kB,
um fator de transcri¢do envolvido na sintese de citocinas pro-inflamatdrias € inibida por
1,25(0OH),;D,e mantem o equilibrio das células T auxiliares (T helper, Th), inibindo a produ¢ao
de citocinas Thl e Th17 (IFN-y, TNF-q, IL-1, etc) e aumenta sintese de citocinas Th2 (IL-10,
IL-4) (BIVONA et al., 2019).

Em relacdo a estrutura e funcionalidade cerebral, estudos encontraram uma associacao
entre deplecdo de vitamina D com menor volume cerebral em adultos e volume de matéria
cinzenta em idosos (ANNWEILER et al., 2014; KARAKIS et al., 2016; PLOZER et al., 2015).
O volume intracraniano mediou a relagdo entre sintomas depressivos em pessoas com TDM e
vitamina D (ZHU et al., 2019). Em um estudo recente, foi proposto que a vitamina D pode
atuar no sistema de conectividade neuronal. A partir de imagem por ressonancia magnética
funcional (fMRI, do inglés Functional Magnetic Ressonance Imaging), avaliando
conectividade de rede funcional, foi identificado que mulheres adultas apresentaram alteragao
da cognitividade relacionada a TDM, e foi correlacionada com ambos: sintomas depressivos e
com menor concentragdo sérica de vitamina D, ndo sendo evidente em homens (ZHU et al.,

2022).
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3. METODOS

Neste capitulo sdo descritas a caracterizagdo e procedimentos de coleta de dados do
estudo EpiFloripa Idoso, bem como a amostra que comp0s os estudos desta tese. O modelo de
andlise estatistica dos artigos originais e outros detalhes dos estudos de revisdo sdo
apresentados na sessdo de resultados em cada manuscrito desenvolvido, facilitando a

compreensao.

3.1 CARACTERIZACAO DO ESTUDO

Caracteriza-se como um estudo multimétodos, que incluiu estudo de revisao narrativa,
e estudo empirico longitudinal, observacional, de base populacional e domiciliar, oriundo do
estudo: “Condig¢des de saude de Idosos de Florianopolis - EpiFloripa Idoso”, o qual teve sua
primeira onda de coleta (linha de base) desenvolvido em 2009-2010, segunda onda de coleta
em 2013-2014, a qual também contemplou a coleta de exames laboratoriais e testes fisicos,
intitulada “Perfil lipidico, marcadores inflamatorios, composi¢do corporal, condi¢des de satde
e habitos de vida em idosos: estudo longitudinal de base populacional em Florianopolis, SC,
EpiFloripa 2013” entre 2014-2015, e a terceira onda de coleta realizada em 2017-2019,
caracterizada como uma coorte aberta, na qual foram entrevistados novamente os idosos do
acompanhamento (estudo longitudinal) e incluidos novos idosos para adequar o tamanho da

amostra.

3.2 DESCRICAO DO LOCAL E POPULACAO EM ESTUDO

O estudo EpiFloripa Idoso ¢ um estudo desenvolvido na regido urbana da cidade de
Floriandpolis, capital do estado de Santa Catarina. A populagdo estimada no municipio em
2021 era de 516.524 habitantes e que no momento da coleta da primeira onda do estudo do
EpiFloripa, segundo o ultimo Censo Demografico de 2010, era de 421.239 habitantes, sendo
11,4% equivalendo a populagao idosa, com 60 anos ou mais (INSTITUTO BRASILEIRO DE
GEOGRAFIA E ESTATISTICA, 2011, 2021).

A amostra da presente tese foi composta por todos os idosos de 60 anos ou mais, de
ambos os sexos, entrevistados na onda 1 (2009-2010), na onda 2 (2013-2014) ¢ na onda 3 de
seguimento (2017/2019), com dados validos para as variaveis de interesse, € sendo excluidos

aqueles que ndo faziam parte da onda 3 (novos entrevistados).
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3.3 CALCULO DO TAMANHO DE AMOSTRA E PROCESSO DE AMOSTRAGEM

O célculo da amostra da linha de base do EpiFloripa Idoso, foi realizada com o auxilio
do programa Epi Info versdo 6.04, com base no calculo de prevaléncia, referente a estimativa
populacional para o ano de 2009 para a populagdo de 60 anos ou mais (44.460 hab.), com um
nivel de significancia de 95%, prevaléncia desconhecida do fenomeno de 50%, erro amostral
de 4%, efeito do delineamento amostral 2%, sendo acrescidos 20% para perdas estimadas e
15% para estudos de associacao, resultando em um tamanho amostral de minimo 1.599 idosos
(SCHNEIDER et al., 2017). O processo de amostragem foi realizado por conglomerados, em
dois estagios: primeiro o sorteio de setores censitarios dos 420 setores censitarios urbanos de
Florianopolis, 80 foram sorteados sistematicamente, e apo6s sorteio de domicilios
(CONFORTIN et al., 2017). Em virtude da disponibilidade de recursos financeiros, a amostra
final foi estimada em 1.911 idosos elegiveis (SCHNEIDER et al., 2017).

A amostra da linha de base foi composta por 1.705 idosos efetivamente entrevistados,
de ambos o0s sexos, com 60 anos ou mais completos até o momento da entrevista, considerando
o critério de exclusdo, para idosos que estivessem institucionalizados (domiciliados em
Institui¢cdes de Longa Permanéncia de Idosos - ILPIs, hospitais, presidios) (SCHNEIDER et
al., 2017). Para a onda de seguimento 2013-2014, primeiramente foram identificados os dbitos
no Sistema de Informagdes sobre Mortalidade (SIM), do Ministério da Satide (MS) e apo6s foi
realizada busca ativa dos entrevistados em 2009/2010, utilizando o banco de dados existente
para captacdo e atualizagdo dos dados, identificando os elegiveis e realizado o contato para
realizagdo do inquérito, resultando num total de 1.197 idosos entrevistados (SCHNEIDER et
al., 2017). Todos os idosos foram convidados a participar da segunda etapa, de exames
complementares laboratoriais, de imagem, avaliagdo corporal e teste fisicos, nas dependéncias
da Centro de Ciéncias da Saude da Universidade Federal de Santa Catarina (CONFORTIN et
al., 2019).

Para a onda de seguimento de 2017-2019, da mesma forma que na segunda onda, foram
identificados os Obitos no SIM/MS e apos foi realizada busca ativa dos entrevistados,
resultando em 736 entrevistas do acompanhamento. Devido ao numero reduzido de
participantes, foram incluidos novos idosos provenientes do estudo EpiFloripa Adulto que
completaram 60 anos e foram sorteados novos domicilios para recompor a amostra
representativa, totalizando em 1348 entrevistas (CONFORTIN et al., 2022). Em relagdo as
perdas e recusas, foram consideradas perdas as pessoas nao localizadas apds quatros visitas ao

domicilio, minimo uma final de semana e uma a noite, mudancga de cidade ou hospitalizacdo e
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a recusa considerada a resposta de ndo interesse em participar (SCHNEIDER et al., 2017). Um
fluxograma da composicdo da amostra de cada onda do inquérito EpiFloripa Idoso ¢

representado na figura 7.

Figura 7 - Fluxograma da composi¢do da amostra do estudo EpiFloripa Idoso

Linha de base do EpiFloripa Idoso (2009/2010)
°

1.911 participantes elegiveis X
Epi

1.702 participantes entrevistados —— Taxa de ndo resposta

10,9%
Segunda onda do EpiFloripa Idoso (2013/2015)
217 obitos
E—— 129 recusas
159 perdas

1.197 participantes entrevistados

e 10 obitos

1.187 participantes elegiveis para Exames Clinicos
’ 531 recusas
52 perdas

Taxa de ndo

604 participantes completaram exames clinicose —
resposta 49,5%

laboratoriais
Terceira omda do EpiFloripa Idoso (2017-2019)

127 obitos Participantes do Novos

178 recusas EpiFloripa Adulto participantes

139 perdas

__, 13 obitos —» 73 recusas
75 recusas 2 perdas
109 perdas
736 participantes 105 participantes 487 participantes
entrevistados entrevistados entrevistados

1.348 idosos entrevistados

Fonte: adaptado de d'Orsi et al., (2020)

A amostra que compds a presente tese, incluiu idosos participantes das trés ondas de
pesquisa, sendo que da terceira onda (2017/2019), foram incluidos apenas os idosos do
acompanhamento (736 participantes).
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3.4 PROCEDIMENTOS ETICOS DA PESQUISA

O EpiFloripa Idoso atendeu os preceitos éticos, conforme a Resolucdo n® 466 de 2012,
do Conselho Nacional de Saude, aprovado pelo Comité de Etica em Pesquisa com Seres
Humanos (CEPSH) da UFSC, em 2009-2010 pelo protocolo nimero 352/2008 (Anexo 1); em
2013-2014 pelo CAAE 16731313.0.0000.0121 e parecer nlimero 526.126 e; e em 2017-2019
pela emenda sob o parecer niimero 1.957.977.

Em cada entrevista, o entrevistador explicou os objetivos da pesquisa, os procedimentos
a serem realizados e as dividas foram esclarecidas. O entrevistado consentiu a participagao
através da assinatura do Termo de Consentimento Livre e Esclarecido-TCLE (Anexo 2) em
todas as ondas, sendo entregue uma cdpia ao entrevistado e outra com arquivada na sede do
estudo. Em caso de vulnerabilidade, o responsavel legal assinou o termo. O TCLE garantiu a
confidencialidade das informagdes, participagdo voluntéria e a possibilidade de deixar o estudo

a qualquer momento, sem necessidade de justificativa.

3.5 PROCESSO DE COLETA DE DADOS

A coleta de dados do EpiFloripa Idoso da primeira onda foi realizada no periodo de
setembro de 2009 a junho de 2010, a segunda onda foi realizada no periodo de dezembro de
2013 a outubro de 2014, sendo a coleta de exames no periodo de marco de 2014 a margo de
2015, e ainda a coleta de dados da terceira onda foi realizada entre outubro de 2017 a dezembro
de 2019.

O questionario para coleta de dados foi elaborado em 2009-2010 e reestruturado para
as ondas de seguimento pela equipe de trabalho do EpiFloripa Idoso. E estruturado em blocos
de questdes, contemplando diversas areas do conhecimento e de acordo com o interesse dos
pesquisadores participantes e permitindo a avaliagdo e acompanhamento longitudinal dos

entrevistados  (disponiveis em: https://epifloripaidoso.paginas.ufsc.br/). Para cada

estudo/produto da tese foram descritas no método correspondente, as varidveis, a forma de

operacionalizacdo e andlise de acordo com o objetivo definido, na se¢do de resultados.

Equipe de trabalho

A equipe de trabalho do EpiFloripa Idoso foi variavel ao longo dos anos de coleta,
porém ¢ composta por estudantes de Pds-Doutorado, Doutorado, Mestrado, alunos da

Graduagdo, dos Departamentos de Saude Coletiva, Ciéncias Médicas, Educacdo Fisica,
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Nutri¢do e Fonoaudiologia da Universidade Federal de Santa Catarina, bem como uma equipe
de entrevistadores composta preferencialmente por profissionais da saude.

O Grupo de Pesquisa ¢ coordenado pela Professora Doutora Eleonora d’Orsi, do
Departamento de Satde Publica da UFSC e sub foi coordenado pelo Professor Cassiano
Ricardo Rech, do Departamento de Educagdo Fisica durante a terceira onda. Contudo, a equipe
de pesquisa também € composta por professores colaboradores dos Departamentos de Satude
Coletiva, Nutricdo ¢ Educacdo Fisica da UFSC, da Universidade do Sul de Santa Catarina, da

Universidade de Sao Paulo e da University College London.

Treinamento e realizagdo do inquérito

A etapa de treinamento para a equipe de entrevistadores para ambas as ondas de coleta
foi realizada por uma equipe de supervisores, composta por mestrandos e doutorandos,
juntamente com coordenadora de pesquisa. Para onda 3 foi construido um manual do
entrevistador, com o intuito de orientar os entrevistadores em relagao as caracteristicas gerais
da pesquisa, postura profissional, material de trabalho, bem como apoiar as atividades de coleta
de dados (D’ORSI et al., 2017). Primeiramente foram divulgadas as vagas para entrevistadores
e feita uma sele¢do por meio de entrevista, depois realizada a apresentagdo geral do projeto,
trabalho de campo, instrumento ¢ manual de instrugdes, e apds um treinamento pratico com
mensuracdo de medidas, instrugdes sobre cuidado do preenchimento do questionario e
manuseio dos equipamentos. Ao final do treinamento foi aplicado um teste para sele¢do dos
entrevistadores para realizarem a harmonizac¢do de medidas antropométricas. A harmonizagao
foi realizada pela equipe, guiada por um profissional com experiéncia em medidas, sendo
designado como padrao ouro. Os entrevistadores foram treinados e a para a harmonizagao foi
avaliado a diferenca de medidas do entrevistador em relagdo a proprias medidas repetidas e em
relagdo ao padrao ouro.

Os entrevistadores receberam uma balanga digital, com uma precisdo de 100 gramas,
calibrada antes do trabalho de campo e a cada seis meses pelo INMETRO, para mensurar o
peso, a ser posicionada em uma superficie lisa e plana. O avaliado foi posicionado em posi¢ao
ortostatica e olhando para um ponto fixo a frente, descal¢o, com roupas leves, sem adornos.
Para a medida da estatura foi utilizado um estadiometro portatil, desenvolvido especificamente
para o estudo, com graduacdo de 1mm, em duplicata, onde o avaliado foi posicionado em
posicao ortostatica (em pé, posi¢do ereta, pés afastados a largura do quadril, em equilibrio,
distribuindo igualmente a sua massa corporal sobre seus membros inferiores, posicionando a

cabeca no Plano Horizontal de Frankfurt, bragos livremente soltos ao longo do tronco, com as
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palmas das maos voltadas para as coxas). Para as medida de circunferéncia da cintura utilizou-
se uma fita flexivel e inextensivel de 160 cm de comprimento, com o participante em posi¢ao
ereta, olhar no horizonte, com os pés levemente separados na largura dos quadris e os bragos
cruzados a frente do corpo, preferencialmente no peito, mensurando o ponto médio entre a
ultima costela e a crista iliaca (LOHMANN; ROCHE; MARTORELL, 1988).

Também como parte do treinamento, os entrevistadores realizaram uma entrevista
supervisionada com idosos ndo participantes da pesquisa, a fim de testar o programa
desenvolvido para aplicagdo do instrumento, a compreensdo das questdes por parte dos
entrevistados, a qualidade das informagdes coletadas, padronizacdo da coleta de dados, e
minimiza¢do de possiveis erros e acdes que pudessem comprometer a coleta. Para a onda de
2013-2014 foi realizado um estudo piloto com idosos ndo pertencentes a amostra, a fim de
testar o inquérito e realizar possiveis modificagdes no questionario.

A pesquisa foi amplamente divulgada para a populacdo, as entrevistas foram agendadas
previamente e cada entrevistador recebeu um kit com materiais e instrumentos para afericao
das medidas e um netbook/notebook com o questionario em programacao. Cada entrevistador
foi designado a um supervisor a fim de auxiliar e coordenar o trabalho de campo, a conferéncia
e a transferéncia dos dados coletados para a central. Ao final de cada entrevistas, os
entrevistadores revisavam o processo de salvamento dos dados (netbook/notebook, pasta
compartilhada do dropbox e pendrive).

Em relagdo ao controle de qualidade, o questionario incluiu instrumentos validados,
preferencialmente entrevistadores estudantes ou formados da 4rea da satde e com experiéncia
em pesquisa. Para o recebimento de entrevistas foi criada uma equipe de recebimento de dados,
realizando a verificagdo das inconsisténcias previamente a consolida¢ao do banco de dados. Os
dados eram entregues e analisados semanalmente, sendo que dados faltantes ou respostas
incongruentes foram verificadas pelos pesquisadores juntamente com os entrevistadores
realizando as modificacdes necessdrias. Por fim, foi realizada uma aplicagdo da versdo
resumida do instrumento de coleta por telefone, em aproximadamente 10% da mostra de forma
aleatoria pelos supervisores, buscando verificar possiveis erros, respostas falsas, concordancia

nas respostas, postura do entrevistador e a reprodutibilidade das questdes.

Coleta de exames complementares

Os exames complementares foram realizados na segunda etapa da segunda onda de

pesquisa (2014-2015). Os idosos foram contatados por telefone para agendamento da coleta,
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sendo que a ordem das ligacdes obedeceu a sequéncia de realizagdo das entrevistas e ao
interesse demonstrado pelos idosos em participarem desta etapa.

Os idosos foram orientados em relagdo ao local de realizacao e horario, foi fornecido
transporte até a universidade e houve a necessidade de jejum de 8 a 10 horas e apresentagdo de
documento oficial de identificacdo com foto (CONFORTIN et al., 2019). A coleta iniciou pelo
material bioldgico devido o jejum e logo apds cada idoso recebeu um café¢ da manha para o
andamento dos proximos exames. A coleta foi realizada no Centro de Ciéncias da Saude da
Universidade Federal de Santa Catarina (CONFORTIN et al., 2019). Foram colhidas amostras
de 30 mL de sangue venoso periférico e as amostras foram imediatamente armazenadas em
tubos criogénicos (aliquotas de soro e plasma) em ultra freezer a -80 °C, sendo analisadas entre
novembro de 2016 a abril de 2017. Para analisar a vitamina D (25-hidroxivitamina D), foi
utilizado o método de Quimioluminescéncia por Microparticulas - (CMIA)/Liaison (BIANCHI
etal., 2012; CONFORTIN et al., 2019; ERSFELD et al., 2004).

Para a avaliagdo da composicao corporal, utilizou-se a densitometria por dupla emissao
de raios X (do inglés Dual Energy X-ray Absorptiometry - DXA), Modelo Lunar Prodigy
Advance da General Electric, seguindo as recomendagdes do aparelho/fabricante. A avaliagdo
da atividade fisica objetiva foi coletada pelo uso do acelerometro (GT3X e GT3X+, ActiGraph
LLC, Pensacola, FL, EUA) durante o periodo de vigilia em 7 dias consecutivos no lado direito
do quadril com uma cinta eléstica, exceto para banho e atividades aquaticas e exceto aqueles
com baixa mobilidade (cadeirantes, acamados, com problemas de mobilidade), pescadores
(pela realizagdo de atividades aquaticas) e aquele com provavel déficit cognitivo
(CONFORTIN et al., 2019). Os dados foram analisados por meio do software ActiLife
(ActiGraph).

Fontes de financiamento

Todas as ondas de coleta de dados do EpiFloripa foram financiadas por 6rgaos de
fomento, sendo para a linha de base (2009-10), pelo Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico (CNPq), sob processo nimero 69834/20082. Para a onda 2 (2013-
15), a coleta de exames recebeu financiamento do CNPq, processo nimero 475.904/2013-3. E
a onda 3 (2017-19), foi viabilizada por financiamento do Economic and Social Research

Council do Reino Unido, pelo processo numero 75/2017.
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4. RESULTADOS

Os resultados da tese sdo apresentados em forma de capitulos, subdivididos em trés itens:

1) Estudo dos determinantes do nivel sérico de vitamina D, que gerou a produgao de dois
artigos;

2) Estudo da associagdo entre o nivel sérico de vitamina D e sintomas depressivos que
gerou a producado de trés artigos;

3) Estagio de doutorado de sanduiche, no qual sdo apresentados os dois artigos
produzidos na Queen’s University, em Kingston, ON, Canad4, supervisionado pela Prof. Dra.
Elisa Brietzke.

Os artigos com dados provenientes do estudo de coorte EpiFloripa Idoso, utilizaram

dados das trés ondas de pesquisa de acordo com cada objetivo delineado, conforme apresentado

da figura 8:
Figura 8 - Estudos desenvolvidos com dados do EpiFloripa Idoso
Onda 1 (baseline 2009-10) Onda 2 (follow-up 2013-15) Onda 3 (follow-up 2017-19)
Artigo 1 - Estudo dos 8 ®
determinantes da vitamina D
Artigo 2 — Estudo dos 5 5
determinantes da vitamina D
Artigo 5 — Estudo da relagdo entre
vitamina D e sintomas depressivos
Artigo 6 — Estudo da rela¢do entre vitamina ® a
D e sintomas depressivos longitudinal i
Artigo 7 — Estudo da relagdo entre IMC e P P PY

sintomas depressivos longitudinal

Fonte: elaborado pelos autores

Para divulgacdo dos resultados e devolutiva aos participantes, foram criados a Nota de
Imprensa (Apéndice A), Carta aos participantes do EpiFloripa Idoso (Apéndice B) e Post para

midias sociais (Apéndice C).
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4.1. CAPITULO 1 - ESTUDOS DOS DETERMINANTES DO NiVEL SERICO DA
VITAMINA D

Neste capitulo sdo apresentados os artigos:
Artigo 1 - “Adiposity and physical activity are among the main determinants of serum vitamin
D concentrations in older adults: the EpiFloripa Aging cohort study” (paginas 68 a 95).
Artigo em apreciacdo: Nutrition Research (Qualis Capes A2, Fator de impacto 3.876).

Artigo 2 - “The association between physical activity and vitamin D is partially mediated by
adiposity in older adults: EpiFloripa Aging Cohort Study” (paginas 96 a 127).
Artigo publicado: CEOLIN, G. et al. The association between physical activity and vitamin D

is partially mediated by adiposity in older adults: EpiFloripa Aging Cohort Study. Nutrition
Research, p. 1-63, mar. 2022.
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4.1.1 Artigo 1

Adiposity and physical activity are among the main determinants of serum vitamin D

concentrations in older adults: the EpiFloripa Aging cohort study

Gilciane Ceolin'?, Luisa Harumi Matsuo!, Guilherme Ocker?, Mateus Grellert®, Eleonora
d’Orsi*, Débora Kurrle Rieger Venske??, Julia Dubois Moreira®®

1 Postgraduate Program in Nutrition, Federal University of Santa Catarina, Floriandpolis,
Brazil.

2 Translational Nutritional Neuroscience Working Group, Federal University of Santa
Catarina, Florianopolis, Brazil.

3 Graduate Program in Computer Science (PPGCC), Federal University of Santa Catarina,
Florianopolis, Brazil.

4 Department of Public Health, Federal University of Santa Catarina, Floriandpolis, Brazil.

5 Postgraduate Program in Nutrition, Department of Nutrition, Federal University of Santa

Catarina, Florianopolis, Brazil.

Highlights

- Hypovitaminoses D (< 30 ng/ml) was prevalent in more than half of the participants (67.2%)
- Leisure-time physical activity was protective to hypovitaminoses D

- Female had more risk to have hypovitaminoses D compared to Male

- Higher low-density lipoprotein cholesterol and obesity were risk factors for hypovitaminoses

D

Abbreviations

%fat, body fat percentage; 25(OH)D, 25-hydroxyvitamin D concentration; 95% CI, 95% confidence
interval; ADL, activities of daily living; BMI, body mass index; CRP, C-reactive protein; DXA, dual-
energy x-ray absorptiometry; F, female; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; PA, physical activity; M, male; MICe, maximum information

coefficient; N-3, omega-3; RRR, relative risk ratio; UFSC, Federal University of Santa Catarina.
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Graphical Abstract

Vitamin D deficiency
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The multinomial analysis revealed a possible intervention to prevent hypovitaminosis D in
older adults. The risk factors to Insufficiency were to be female, obesity (BMI > 30 kg/m2;
%Fat to male > 31; female > 43%), and high levels of low-density lipoprotein cholesterol
(LDL-C > 160mg/dl). To deficiency, were to be female, obesity (BMI > 30 kg/m2; %Fat to
male > 31; female > 43 %)), all categories of LDL (>100mg/dL), dependence in activities of
daily life (ADL, > 4 activities). Regarding protective factor, being active in leisure-time

physical activity (> 150 minutes /week) presented less risk to both insufficiency and deficiency.
Abstract

The identification of factors associated with low 25-hydroxycholecalciferol (25(OH)D)
concentration can help to suggest more specific interventions for older adults. In this cross-
sectional study of older adults from southern Brazil, we hypothesized that some
sociodemographic, behavioral, and health factors positively or negatively influence the
25(OH)D concentration in this population. The analysis was performed using data from the
second wave of the EpiFloripa Aging Cohort Study (2013-2015). Serum 25(OH)D were

classified according to the guidelines of the Endocrine Society. Multinomial logistic regression
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was performed to evaluate the relative risks of sociodemographic, behavioral, and health
factors in each 25(OH)D category. A total of 574 older adults participated in this study. The
prevalence of insufficiency was 43.7%, and that of deficiency was 23.5%. In the adjusted
analysis, female sex, higher levels of low-density lipoprotein cholesterol (LDL-C >160mg/dL),
obesity in body mass index (BMI), and obesity in body fat percentage (%fat) presented higher
relative risks for insufficiency than for sufficiency. For those with deficiency, the associated
factors were female sex, moderate/severe dependence on activities of daily living (ADLs), all
categories of LDL-C, obesity in BMI, and obesity in %fat. A protective factor against
insufficiency and deficiency was active leisure-time physical activity (PA). Our results
demonstrated that being female and having modifiable factors, such as high levels of LDL-C,
obesity, and a higher dependence on ADLs, were negatively associated with hypovitaminosis
D. On the other hand, leisure-time PA was positively associated with the adequate serum
vitamin D concentration.

Key Words: vitamin D; aging; cross-sectional studies; protective factors; risk factors.

1. Introduction

The importance of vitamin D has been recognized not only for its function in bone
homeostasis and skeletal health but also for its involvement in several other extra-skeletal
biological mechanisms in the human body [1]. Vitamin D receptors and their metabolic
enzymes are widely expressed, and evidence suggests that vitamin D exerts effects in the
regulation of cell proliferation, immune system and muscle function, skin differentiation and
reproduction, properties of the vascular system, and mental health [1,2].

Due to the importance of vitamin D, low concentration of 25(OH)D (<20 ng/mL) have
been implicated in several health conditions and unfavorable skeletal outcomes, especially in
older adults, including fractures and bone loss, age-related muscle weakness and sarcopenia,
and more recently, an increased risk of mortality and unfavorable respiratory outcomes related
to coronavirus 2019 (COVID-19) [3-6]. Since there is evidence of a worldwide prevalence of
low 25(OH)D, especially in the older adult population, which is considered an age group at
risk for vitamin D deficiency, it has become a critical issue in public health [7].

Previous studies have investigated factors associated with 25(OH)D, but the relative
contribution of individual differences in socioeconomic status, behavior, physiological
characteristics, and diet to vitamin D status is still not fully understood [8]. Some evidence has

indicated that low concentrations of vitamin D have been linked to sunscreen use, air pollution,
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dark skin pigmentation, obesity, age, poor socioeconomic status, and seasons leading to less
sun exposure [9—11]. Aging can decrease the capacity of the human skin to synthesize
25(0OH)D and reduce sun exposure owing to mobility issues [9,12]. In Nordic countries, a low
solar incidence during the winter may decrease the concentration of 25(OH)D [13].
Nevertheless, vitamin D insufficiency is also prevalent in Brazil, which is a country with
abundant sunlight, and this not support the common assumption that the level of solar radiation
in the country ensures an adequate level of vitamin D, suggesting that there may be other factors
associated with the level of vitamin D [8,14].

Moreover, there is a lack of data from population-based studies in low- and middle-
income countries, which are known to have a higher prevalence of deficiency, requiring the
development of further studies [15]. The present study aimed to test the hypothesis that
sociodemographic, behavioral, and health factors positively or negatively influence the serum
25(OH)D concentration in older adults. We also aimed to describe the prevalence of the serum
25(OH)D concentrations in older adults from a population-based sample living in an urban
community in southern Brazil. Identifying the determinants of 25(OH)D concentration could
add to the literature by identifying those at risk of deficiency and developing support strategies

to improve the status of vitamin D in older adults.

2. Methods and Material
2.1 Population sample and data collection

This is a cross-sectional study that was carried out with data from the second wave of
the study titled, “Conditions of the health of the older adults in Florianopolis - EpiFloripa Aging
Cohort Study”. It is a population-based, home-based cohort study that evaluates older adults of
both sexes aged 60 years and older who are living in the urban area of Florianopolis/Santa
Catarina in southern Brazil. Those living in residential aged care facilities, hospitals, and
prisons were excluded from the data collection. Further detail regarding the methodology can
be found in previous publications [16,17]. Domiciliary data collection was carried out by
trained interviewers (face-to-face) using a structured instrument, and the data were recorded
using a netbook. Consistency analysis and quality control were conducted by telephone
interview through a reduced questionnaire application in 10% of the interviews (selected
randomly) [17].

The baseline occurred in 2009/2010, resulting in a sample of 1705 interviews (Figure

1). Follow-up data were collected in 2013-2014, resulting in 1197 interviews (retention rate of
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70.2%). All older adults who participated in the second follow-up were invited to undergo
physical tests and complementary examinations, including biochemical blood analysis,
collected between 20142015, at the Universidade Federal de Santa Catarina (UFSC) [16].
This resulted in a sample size of 604 participants (retention rate of 50.5%). For the analysis of
the present study, we excluded 28 individuals who did not present complete data for the
measurement of 25-hydroxy-cholecalciferol and two who presented outlier results in a sample

of 574 individuals.

EpiFloripa Aging baseline 2009/10
Elderly enrolled n=1702

Missing data:
Deaths n=217
Refusals n=129
‘L Losses n=159

\4

EpiFloripa Aging second wave 2013/14
Elderly enrolled n=1197 (retention rate= 70.2%)

Missing data:
Deaths n=10

" Refusals n=531
Losses n=52

EpiFloripa Aging Clinical and laboratory tests 2014/15
Elderly enrolled n= 604 (retention rate=50.5%)

Missing data:
Vit D n=28
Outliers excluded n=2

[ Final sample n= 574 ]

Figure 1. Flowchart sample of EpiFloripa Aging study 2013-2015.
EpiFloripa Aging Study baseline started in 2009-2010. There was a second wave in 2013-2014. All participants

were invited to participate in the collection of clinical and laboratory tests in 2014-2015.
2.2 Measurements

Vitamin D

Blood samples were collected at the Laboratory of Metabolism and Dietetics of the
UFSC and analyzed at the Laboratory of Clinical Analysis of the University Hospital [16].
Each participant was asked to fast for 8-10 h before blood collection was performed, during

which 30 mL of peripheral venous blood was collected. The serum 25(OH)D concentrations
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were measured using a Microparticle Chemiluminescence LIAISON® (DiaSorin, Sao Paulo,
SP, Brazil) [18]. LIAISON® is a rapid, accurate, and precise assay (functional sensitivity, <2.0
ng/mL; inter-assay imprecision, <20%) [19]. Since 2014, LIAISON® has received certification
for total 25-hydroxyvitamin D assays from the Vitamin D Standardization Certification
Program by the Centers for Disease Control and Prevention (CDC/VDSCP) [20].

Blood samples were centrifuged at 3,500 rpm for 10 min. The serum samples were
immediately processed according to the manufacturer’s instructions [19]. In this method, an
antibody specific to vitamin D was coated with magnetic particles, and 25(OH)D was
conjugated to an isoluminol derivative and diluted in phosphate buffer (pH 7.4). In the first
incubation period, 25(OH)D dissociated from the binding protein and interacted with the
antibody. In the second incubation, which was performed with the tracer reagent, the
microplate was washed with the buffer, and starter reagents were added to generate the
chemiluminescent signal, which was measured by a photomultiplier [19].

25(0OH)D was categorized according to the Endocrine Society reference values as
follows [21]: sufficiency (>30 ng/mL), insufficiency (21-29 ng/mL), and deficiency (< 20
ng/mL).

Covariates

The covariates included sociodemographic, behavior-modified, and health status
variables. Sociodemographic covariates were sex (male/female), skin color (white/others),
season during blood collection (summer, spring, autumn, and winter), age range (60—69; 70—
79; >80 years), education (0-8; 9—11; > 12 years), and per capita family income in minimum
wages according to the values in 2013 and 2014 (RS 678 and RS 724, respectively) (<1 and >1;
<3 and >3; <5 and >5; <10 minimum wages).

Behavioral modified factors included smoking habit (no; yes), alcohol consumption
(no; yes) collected by the Alcohol Use Disorder Identification Test [22]; leisure-time PA
(inactive, <10; insufficiently active, <150; sufficiently active, >150 minutes) collected by the
International Physical Activity Questionnaire [23,24]; N-3 rich-fish weekly consumption
(none; once or more) was collected by a frequency questionnaire created and based on a food
composition table and studies conducted at the national and regional levels [25-27]. The list of
fish included salmon, tuna, sardines, anchovies, trout, corvina, cascudo, pintado, and traira.
Vitamin D supplement intake was collected at the conference of all boxes of medicines
prescribed and used by the participants. Anatomical Therapeutic Chemical Classification codes
from the World Health Organization Collaborating Centre for Drug Statistic Methodology were
applied for classification in the database [28].
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Information related to health status included dependence on ADLs [no disability; low
disability (any level of disability in one to three activities), and moderate/severe disability (any
level of disability in four or more activities)], which were collected by the scale of daily
personal and instrumental activities [29]. The metabolic variable include low-density
lipoprotein cholesterol (LDL-C: optimal, <100 mg/dL; near optimal/above optimal, 100/129
mg/dL; borderline high, 130/159 mg/dL; high, 160/189 mg/dL; very high, >190 mg/dL), high-
density lipoprotein cholesterol (HDL-C: low, <40 mg/dL; borderline high, 40/60 mg/dL;
desirable, >60 mg/dL), cholesterol (desirable, <200 mg/dL; borderline high, 200/239 mg/dL;
high, >240 mg/dL), triglycerides (optimal, <150 mg/dL; borderline high, 150/200 mg/dL; high,
201/499 mg/dL; very high, >500 mg/dL), and C-reactive protein (CRP: low risk, <1.0 mg/L;
average risk, 1.0/3.0 mg/L; high risk, >3.0 mg/L) [30,31].

Body mass index (BMI) was calculated using the measured body weight (kg) and height
(m), and it was classified by the World Health Organization guidelines: underweight, <18.5
kg/m?; normal weight, 18.5/24.9 kg/m?; overweight, 25/29.9 kg/m?; and obesity, >30 kg/m?
[32]. Body composition was assessed to determine relative body fat percentage (% fat) using a
dual emission densitometer with x-rays (DXA, Lunar Prodigy Advance, General Electric,
Madison, WI, USA) following the manufacturer’s instructions [33]. Body fat percentage (%
fat) was categorized based on fat mass (kg) following the classification of 60 years or over to
male (M) and female (F): underweight, M <13, F <25; normal weight, M 13-24.9, F 25-37.9;
overweight, M 25-30.9, F 38-42.9; obesity, M >31, F >43 [16,34].

2.3 Statistical analyses

A descriptive analysis of the data is presented as the absolute and relative frequencies
for the total sample. The distribution of covariates was determined using the chi-squared test
and Fisher’s exact test. To verify the mean differences in serum 25(OH)D concentrations
between sexes and depressive symptoms, we performed Student's t-test. To assess the
correlation between the independent (input) variables and the 25(OH)D outcome, three metrics
were used: Pearson, Spearman’s rank, and maximum information coefficient (MICe). The
MICe is a metric that measures the dependency between two variables and is capable of
modeling nonlinear relationships (e.g., periodic and logarithmic), even when they are not
monotonic. Therefore, MICe can detect a broader range of dependencies than Pearson and

Spearman [35].
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Logistic multinomial regression was used to evaluate the relative risks (RR) for the
25(OH)D category and the respective 95% confidence intervals (CI) in the unadjusted and
adjusted models. The covariates presenting a P-value of <0.25 in the univariate regression
following a hierarchical model (socioeconomic covariates, followed by behavioral covariates
and health covariates) were included in the adjusted analysis. Using the backward method, the
covariates that obtained a P-value of <0.20 were kept in the model. Model 1 was adjusted for
demographic and socioeconomic variables (season, sex, skin color, age range, and family
income). Model 2 included demographic, socioeconomic, and behavioral variables (leisure-
time physical activities, vitamin D supplementation, and consumption of n-3-rich fish). Model
3 included demographic, socioeconomic, behavioral, health variables, and
metabolic/inflammatory markers (dependence on ADLs, BMI, %fat, and LDL-C). We
excluded supplement intake and underweight category in BMI and %fat from the analysis
because, in the deficiency category of 25(OH)D, there were few observations (only vitamin D,
n = 3; calcium combined with vitamin D, n = 4), BMI underweight category (n = 7), and %fat
underweight category (n = 6).

The analysis was performed using the Stata 14.0 software (StataCorp, College Station,
TX, USA). We considered the effect of the sample design by conglomerates and the sample
weight using the command “svy”. A significance level of 5% was considered for all analyses.
Correlation and MICe analyses were performed using Python 3 on the Google Compute Engine
backend (Google Colab). The libraries used were scipy stats (pearsonr, spearmanr) [36] and
minepy Maximal Information-based Nonparametric Exploration (MINE) for the MICe analisys
[37]. For the MICe analysis, alpha = 0.65, ¢ = 15 were used as the parameters, and

"mic_approx" was used as an estimator [38].

2.4 Ethical approval

All procedures in the EpiFloripa Aging Cohort Study were conducted in accordance
with the Declaration of Helsinki. The human research ethics committee of the Universidade
Federal de Santa Catarina (approval protocol numbers: 329.650 and 526.126) approved the
data collection for the second wave of follow-up. The voluntary participation of the individuals
consented through the signing of the Informed Consent Term after explanation of the study

objectives and collection procedures.
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3. Results
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The characteristics of the cohort are listed in Table 1. In the total sample of 574 older

adults, the prevalence of insufficiency was 43.7%, the prevalence of deficiency was 23.5%,

and blood samples were collected during winter (48.9%). We observed a statistically

significant difference in each category of 25(OH)D for season, sex, per capita family income,

supplementation, leisure-time PA, dependence on ADLs, cholesterol, LDL-C, supplementation

use, smoking habits, BMI, and %fat (p < 0.05).

Table 1. Sample characterization according to demographic, socioeconomic, behavioral, and

health variables and metabolic/inflammatory markers stratified by 25(OH)D. EpiFloripa

Aging study, Florianopolis, Santa Catarina, Brazil, 2013-2015.

Serum 25(OH)D
Total Sufficiency Insufficiency Deficiency
n % n % n % n % P

Season <0.001
Summer 37 7.7 12 7.7 15 8.0 10 7.3
Spring 86 164 24 129 36 16.8 26 204
Winter 303 489 127 64.6 131 472 45 30.0
Autumn 148 27.0 28 148 67 28.0 53 423

Sex <0.001
Male 199 332 90 459 69 27.1 40 269
Female 375 66.8 101 542 180 729 94 731

Age range (years) 0.115
60-69 243 420 85 437 110 427 48  36.6
70-79 239 416 81 40.6 103 444 55 397
>80 92 164 25 157 36 12.9 31 237

Skin Color 0.195
White 469 834 166 873 200 80.5 103 83.5
Nowhite 90 16.6 23 12.7 44 19.5 23 16.5

Education (years) 0,057
0-8 348 61,1 107 57,0 152 59,2 89 70,5
9-11 87 149 26 12,2 38 17,0 23 14,5
>12 138 240 58 30,8 59 23,8 21 15,0

Per capita family 0,010

income (mw)

<1 44 7,6 10 44 19 7,4 15 12,8
>land<3 159 29,1 47 23,7 73 31,6 39 324
>3and<5 113 21,1 37 21,8 56 23,6 20 15,1
>5and<10 138 239 45 23,1 54 20,9 39 30,7
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>10
Vitamin D
supplement use
None
Yes (only vit D)
Yes (calcium+vit D)
Alcohol
Consumption
No
Moderate
High
Smoking
Never
Smoked and stopped
currently smokes
Leisure-time PA
Inactive
Insufficiently active
Active
Weekly
consumption of n-3
rich fish
No
Once
Twice or more
Dependence in
ADLs
None
Low (1-3)
Moderate/severe
(4+)
Cholesterol
(mg/dL)
Desirable <200
Borderline high
200-239
High >240
HDL-C (mg/dL)
Desirable >60
Low <39
Borderline high
40-60
LDL-C (mg/dL)

100

518
35
20

332
158
84

363
171
40

311
100
162

279
153
141

207
218

146

378
136
60
122
151
301

18,3

90.4
6.2
34

59.7
27.0
13.3

63.5
30.1
6.4

55.2
17.5
27.3

48.2
27.7
24.1

35.8
37.6

26.7

65.0
24.5
10.6
21.0
26.0
53.0

48

165
21

106
51
34

113
69

84
30
76

88
51
52

&3
67

40

145
31
15
38
53

100

26,9

87.9
9.8
24

56.8
27.3
16.0

59.5
35.7
4.8

43.4
16.1
40.5

44.5
26.9
28.6

44.1
33.7

22.2

75.8
16.5
7.6
20.0
27.9
52.1

38

226
11
11

142
73
34

167
66
16

145
44
60

118
66
64

96
98

55

162
58
29
60
60
129

16,5

90.0
55
4.4

58.6
27.9
13.5

66.5
27.4
6.1

58.7
18.2
232

46.6
27.8
25.5

38.3
39.1

22.7

61.7
26.2
12.1
23.3
232
535

14

127

84
34
16

&3
36
15

82
26
26

73
36
25

28
53

51

71
47
16
24
38
72

9,0

94.7
24
2.9

66.0
24.8
9.1

63.3
27.2
9.5

65.5
18.2
16.3

56.5
28.5
15.0

19.3
40.3

40.4

55.7
32.6
11.7
18.0
28.4
53.6

78

0.011*

0.485

0.042

<0.001

0.425

<0.001

<0.001

0.608

0.001
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Optimal <100 180 31.5 77 425 77 28.2 26 222

Nearoptimal “ye 37 63 316 82 339 44 320

100-129
Borderline high
130-159 133 236 36 19.7 53 22.7 44 30.6
High/very high>160 72 122 15 6.2 37 15.1 20 153
Triglycerides
(mg/dL)
Optimal <150 421 73.0 148 76.7 183 735 9 67.0 0.355
Borderline high
150-200 98 168 29 144 43 16.9 26 20.1
High>201 54 102 14 9.0 23 9.6 17 129
CRP (mg/L) 0.616

Lowrisk<l 172 332 63 378 75 343 34 249
Averagerisk 1-3 204 379 65 349 87 39.1 52 399
Highrisk>3 155 288 48 273 67 26.6 40 352
BMI by WHO 0.013*
(kg/m?)
Underweight <184 7 1.1 2 1.4 3 0.5 2 1.7
Normal 18.4-249 155 277 64 35.1 56 23.6 35 249
Overweight 25-29.9 230 412 82 439 105 42.1 43 355
Obesity >30 175 300 42 196 &84 33.7 49 378
BMI by NSI 0.001
(kg/m?)
Underweight <22 49 86 17 104 16 05,6 16 109
Normal 22-27 259 46,5 107 57,1 113 458 39 340
Overweight >27 259 449 66 32,5 119 48,6 74 55,1

Yofat 0.009
Underweight
M <13: F <25 18 28 6 39 6 0.8 6 0.5
Normal M 13-24.9;
F25.379 144 257 59 340 59 243 26 162
Overweight M 25-
30.9: F 38-42.9 163 304 65 339 68 297 30 265
Obesity
M >31: F >43 242 41.0 61 28.0 144 45.1 67 522
perum 25(OID ) T 191 329 249 437 134 235
(ng/mL)

Sufficiency (=30 ng/mL), Insufficiency (21-29 ng/mL), Deficiency (< 20 ng/mL). PA, physical activity; ADLs,
activities of daily living; BMI, Body Mass Index; CRP, C-reactive protein; LDL-C; low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; %fat, body fat percentage; M, male; F, female; CI
confidence interval; P-value, statistical significance; * P-value of Fisher’s exact test.
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In Figure 2 (also see Supplementary Table 1), we present the correlation between the
25(OH)D levels and sociodemographic, behavioral, and health factors. All variables presented
a weak correlation with the serum 25(OH)D concentration. However, the MICe method

detected a higher correlation than did the other methods.
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Figure 2. Correlation between Vitamin D and the socio-demographic, behavioral, and

health factors, using different methods.

To assess the correlation between the factors and Vitamin D [25(OH)D], the Pearson, Spearman’s correlation, and
maximum information coefficient (MICe) were used. %Fat, body fat percentage; BMI, body mass index; LDL-C,
low-density lipoprotein cholesterol; ADLs, activities of daily life; PA, physical activity; n-3, omega-3; * P > 0.05;
**P =0.001; ***P>0.001.

Table 2 presents the crude analysis for each 25(OH)D category. We observed a
statistically significant higher relative risk (p <0.005) for both insufficiency and deficiency in
25(0OH)D for females, to those with higher LDL-C levels, those with obesity by BMI, and those
with obesity by %fat. In the deficiency category, the variables that presented a higher relative
risk were the autumn season, a borderline high cholesterol, and all categories of LDL-C and
ADLs. On the other hand, the variable that presented a low relative risk (protective factor) to
vitamin deficiency, the consumption of n-3-rich fish to those that have a consumption of twice
a week or more, and for both insufficiency and deficiency of vitamin D, those that were active
in leisure-time PA and in those that had a per capita family income in the category of >3 and

<5 and >10 minimum wages (p > 0.006) and 12 or more years of education.
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Table 2. Unadjusted Multinomial Logistic Regression of determinants of 25(OH)D in older
adults of EpiFloripa Aging. Florianopolis, Southern Brazil, 2013-2015.

Serum 25(OH)D
Variables Sufficiency Insufficiency Deficiency
RR 95%CI P RR 95%CI P
Model 1
Season
Summer 1 - - - - - -
Spring - 1.24  0.39;3.93 1.67 0.50;5.52
Winter - 0.70 0.26;1.92 0,294 049 0.16;1.50  0.038
Autumn - 1.82  0.68;4.86 3.03 1.11;8.29
Sex
Male 1 - - - - - -
Female - 228 1.49;348 <0.001 230 1.42;3.72 0.001
Age range (years)
60-69 1 - - - - - -
70-79 - 1.12  0.68;1.83 1.17  0.68;2.00
>80 - 0.84 0.43;1.65 0.822 1.80  0.85;3.83 0.122
Skin Color
White 1 - - - - - -
No white - 1.67 0.82;3.37 0.152 136 0.55;3.37  0.497
Education (years)
0-8 1 - - - - - -
9-11 - 1.34  0.70;2.57 0.96 0.44;2.08
>12 - 0.74 0.46;1.19 0.281 0.39 0.19;0.80 0.010
Per capita family
income (mw)
<1 1 - - - - - -
>l and <3 - 0.80  0.32;2.00 0.47 0.17;1.33
>3 and <5 - 0.65 0.26;1.63 0.24  0.08;0.75
>5and <10 - 0.54 0.21;1.39 0.007 0.46 0.15;1.39 0.006
>10 - 0.37 0.13;1.02 0.12  0.03;0.47
Model 2
Alcohol
Consumption
None 1 - - - - - -
Moderate - 099 0.64;1.53 0.78 0.47;1.30
High - 0.82 0.46;1.49 0.569 0.49 0.21;1.17 0.096
Smoking
Never 1 - - - - - -
Smoked and stopped - 0.69 0.40;1.13 0.360 071 0.41;1.24 0.897
currently smokes - 1.14 0.46;2.78 ) 1.85 0.70;4.89 ’
Leisure-time PA
Inactive 1 - - - - - -
Insufficiently active - 0.83 0.47;1.47 0.001 0.75 0.40;1.42 <0.001

Active - 042 0.26;0.68 0.27 0.16;0.46
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Weekly
consumption of n-3
rich fish
No 1 - - ] ; ; ;
Once ] 0.99  0.581.67 0.83  0.44;1.59
Twice or more i 085 047153 %99 041 020084 092
Model 3
Dependence in
ADLs
None 1 - - - - - -
Low (1-3) ] 134 0.80;2.23 274 1.17;6.42
Moderate/ o : Lis 066211 P 416 191006 0%
Cholesterol (mg/dl)
Desirable <200 1 - - - - - -
Borderline high _ _
200230 ; 194 099380 o, 268 144499 o
High >240 - 1.95  0.86;4.44 208  0.87:4.97
HDC (mg/dL)
Desirable >60 1 - - - - - -
Low <39 ] 071 0.34;1.50 .13 0.51;2.50
Borderline high i 088 050:1.55 826 114 053047 07O
40-60
LDL-C (mg/dL)
Optimal <100 1 - - - - - -
Near optimal _ _
100120 ; 1.61  0.89;2.93 1.94  1.10;3.41
Borderline high ; 174 084362 09 599 159563 <0001
130-159
High/very high >160 ; 370 1.54;8.86 476  2.0511.06
Triglycerides
(mg/dL)
Optimal <150 1 - - - - - -
Borderline high _ _
150200 ; 122 065229 g 160 083310 o
High >201 - 112 0.49:2.54 1.65  0.86;3.18
CRP (mg/dl)
Low risk <1 1 - - - - - -
Average risk 1-3 - 1.24  0.72;2.13 1.74  0.95;3.12
High risk >3 i 108 057202 %79 196 096402 0063
BMI by WHO
(kg/m?)
Normal 18.4-24.9 1 - - - - - -
Overweight 25-29.9 ] 143 0.87;2.34 .14 0.59;2.17
Obesity >30 i 257 138480 0% o9y a5z 0004
% fat

Normal M 13 to
24.9; F 25t037.9
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Overweight (M 25 to
30.9; F 38 t0 42.9)
Obesity (M 31>; F

43>)

1.22

2.25

0.76;1.97

1.32;3.83

0.002

1.63

3.90

0.92;2.89

2.07;7.33

83

<0.001

Sufficiency (> 30 ng/mL), Insufficiency (21-29 ng/mL), Deficiency (< 20 ng/mL). MW,
minimum wage; PA, physical activity; ADLs, activities of daily living; BMI, Body Mass

Index; LDL-C; low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein

cholesterol; %fat, body fat percentage; M, male; F, female; 96%CI confidence interval; P-

value, statistical significance.

The results of the adjusted analysis are presented in Table 3. The association was

maintained in both insufficiency and deficiency categories, presenting a higher relative risk for

females for the higher level of LDL-C (>160) and obesity in %fat compared with the reference

category; for those in the deficiency category, a moderate/severe dependence for ADLs, all

categories for LDL-C, and obesity in BMI. The variables that maintained a protective factor

for all 25(OH)D categories were active leisure-time PA. Although the consumption of n-3-rich

fish twice a week or more presented a low risk to those in the deficiency category according to

the significant 95% confidence interval, the P-value was not statistically significant (95% CI:

0.19, 0.87; p = 0.086).

Table 3. Adjusted Multinomial Logistic Regression of determinants of 25(OH)D in older

adults of EpiFloripa Aging. Florianopolis, Southern Brazil, 2013-2015.

Serum 25(OH)D
Variables Sufficiency Insufficiency Deficiency
RR 1C95% p RR 95%CI p
Model 1
Season
Summer - - - - - -
Spring 1.74  0.58;5.23 1.94  0.52;7.23
Winter 0.87 0.32;2.33 0330 0.57 0.17;1.89  0.052
Autumn 2.13  0.84;5.36 3.41 1.16;10.04
Sex
Male - - - - - -
Female 220 142343 0.001 232 131;4.09 0.004
Age range (years)
60-69 - - - - - -
70-79 1.30  0.76;2.20 1.40  0.73;2.66
>80 0.82 0.38;1.75 0.928 1.29  0.56;2.96 0.386
Per capita family
income (mw)
<1 - - - - - -
>land <3 095 039229 0.162 0.65 0.19;2.15 0.210
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>3 and <5 - 0.79 0.33;1.85 0.32  0.09;1.15
>5and <10 - 0.63 0.25;1.62 0.66 0.20;2.24
>10 - 0.62 0.22;1.74 0.25 0.05;1.21
Skin Color
White 1 - - - - - -
No white - 1.81 0.87;3.77 0.112 129 0.53;3.14  0.573
Model 2
Leisure-time PA
Inative 1 - - - - - -
Insufficiently active - 0.76  0.44;1.48 0.73 0.34;1.54
Active - 0.38  0.22;0.65 0.001 029 0.17;0.54 <0.001
Weekly
consumption of n-3
rich fish
No 1 - - - - - -
Once - 1.33  0.76;2.33 1.31  0.59;2.49
Twice or more - 1.21  0.42;1.37 0.670 041 0.19;0.87 0.086
Model 3
Dependence in
ADLs
None 1 - - - - - -
Low (1-3) - 0.82 0.44;1.53 2.73  0.85;5.70
Moderate/severe(>4) - 0.80 0.41;1.47 0.445 2.73  1.09;6.82 0.033
LDL-C (mg/dL)
Optimal <100 1 - - - - - -
Near optimal _ _
100-129 - 1.70  0.86;3.36 296 148591
Borderline high _ 0.025 _ <0.001
130-159 - 1.61 0.73;3.52 4.56 2.18;9.52
High/very high >160 - 349 1.25;9.74 7.94 3.18;19.82
BMI by WHO
(kg/m?)
Normal (18.4 - 24.9) 1 - - - - - -
Overweight (25 - ) )
29.9) - 1.62 0.97;2.71 0.013 1.19  0.53;2.63 0.027
Obesity (>30) - 237 1.21;4.64 225 1.08:4.71
%fat
Normal (M 13 to )
24.9; F 25 t0 37.9) i i i i i i
Overweight (M 25 to i 110 0.62:1.96 148 0.71:3.06
30.9; F 38 t0 42.9) 0.020 0.002
by =0 210 115:3.82 362 1.79:7.33

Sufficiency (> 30 ng/mL), Insufficiency (21-29 ng/mL), Deficiency (< 20 ng/mL). MW,
minimum wage; PA, physical activity; ADLs, activities of daily living; BMI, Body Mass Index;
LDL-C; low-density lipoprotein cholesterol; %fat, body fat percentage; M, male; F, female;
96%CI confidence interval; P-value, statistical significance.
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4. Discussion

This study demonstrated that hypovitaminosis D (deficiency + insufficiency) was
prevalent in more than half of the participants (67.2%). Although we observed a weak
correlation between 25(OH)D and the continuous variables, the MICe produced a higher
correlation than did the other methods. The adjusted analysis demonstrated that females, those
with higher levels of LDL-C (=160 mg/dL), and obesity in %fat were more likely to be at risk
for both 25(OH)D deficiency and insufficiency. A moderate/severe dependence for ADLs, all
categories for LDL-C, and obesity in BMI demonstrated an association with the risk of
deficiency. Being active in leisure-time PA demonstrated a lower risk for both 25(OH)D
insufficiency and deficiency.

Data from a meta-analysis of studies with older Brazilian adults also observed a high
prevalence of hypovitaminosis that is similar to insufficiency (45.8%) and lower than our study
for deficiency (41.5%) [14]. Other studies with representative samples have found variation in
the prevalence of deficiency, which is 19.0% in Canada, 34.0% in the United States, 86.0% in
Spain, and 52.0% in England [7]. Nevertheless, according to a recent review, trends in
25(OH)D status have improved in the older population in the United States due to dairy
fortification and declined in the Inuit population in Canada due to changes in traditional fish
intake to a Western diet [11]. Vitamin D food fortification is widely used as a strategy to
achieve homeostasis levels; however, in Brazil, this kind of product is expensive, which limits
the acquisition of these foods [39].

In addition to the low serum vitamin D level, we observed low use of vitamin D
supplements in the sample (6.2%). This is an important fact because there is a high prevalence
of hypovitaminosis, and older adults are considered one of the risk groups for low vitamin D
levels and its consequences. Indeed, it can lead to low screening, diagnosis, and treatment
supplementation. Unfortunately, we were unable to perform a regression analysis of
supplement use because of the low number of observations in the sample.

The consumption of n-3-rich fish (twice a week or more) showed a lower risk of
deficiency. However, this was not maintained in the adjusted model (p =0.05). The positive
association between fish consumption and vitamin D is supported by previous findings in the
literature [40,41]. A possible explanation is that n-3-rich fish also have vitamin D content. The
fish listed in our questionnaire, such as salmon, tuna, sardines, anchovies, and trout, also have
a vitamin D content [42,43]. However, this type of food may be more expensive to purchase

on a supermarket shelf and has a high cost in Brazil. Although it was not statistically significant,
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we observed a decreasing tendency for the risk of insufficiency and risk of deficiency with an
increasing family income.

Another factor that demonstrated a lower risk of hypovitaminosis was leisure-time PA
(>150 min/week). This finding is supported by a previous study of our research group that
analyzed the same sample; PA was measured by an accelerometer, and moderate and vigorous
PA demonstrated a direct and total positive effect on 25(OH)D (B = 0.12; p < 0.05) and was
partially mediated by %fat [44]. In addition, other studies have demonstrated either a protective
factor from the practice of PA [45,46] or a risk factor from sedentary lifestyle and insufficient
PA to 25(OH)D [47,48]. Although we did not investigate whether PA was practiced indoors or
outdoors, a possible explanation is that sun exposure in outdoor PA can facilitate 25(OH)D
synthesis in the skin. In addition, a decrease in PA or reduction in mobility is usually associated
with less time spent outdoors [11], which can be related to a higher risk of deficiency in those
with moderate/severe dependence in ADLs in our data. It was postulated that daily exposure to
20% of the body surface is considered sufficient to increase 25(OH)D levels [49].

It is important to note that obesity, measured by both BMI and % fat, demonstrated an
increased risk of both insufficiency and deficiency. We also observed this finding in a previous
study with a different statistical approach [44], and this also was supported by previous studies
in which obesity is associated with lower 25(OH)D in older adults [11,46,48,50]. Some
possible explanations have been discussed as a common hypothesis in that adipose tissue
storage 25(OH)D decreases the bioavailability in the blood circulation [51] and can also be
used for local metabolism [52,53]. The dilution of 25(OH)D according to body size, in that a
large fat mass could explain the low concentrations [54]; people with obesity can spend less
time outdoors and reduce the skin synthesis of 25(OH)D [11]; and that obesity could reduce
the capacity of hepatic conversion of vitamin D due to a decrease in the expression of the main
hepatic vitamin D hydroxylase [55].

It was observed that females presented higher prevalence of insufficiency and
deficiency, and it was confirmed in the regression that they had a higher risk, by slightly more
than two times, than that of insufficiency (RR = 2.28, 95% CI: 1.49, 3.48) and deficiency (RR
=2.30, 95% CI: 1.42, 3.72) compared to males. These findings are consistent with previously
reported results [40,45,46]. One hypothesis is that females have a higher prevalence of obesity,
which is associated with a lower 25(OH)D [56]. In our sample, females had a higher prevalence
(data not shown) of overweight and obesity than the males (61.5% and 77.8%, respectively, p
>0.001).
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Some studies have investigated the relationship between 25(OH)D and LDL-C;
however, the mechanisms underlying this relationship have not yet been established [60].
Cross-sectional studies have demonstrated an inverse association between 25(OH)D and serum
lipid levels [61,62], while in a meta-analysis of clinical trials with vitamin D supplementation,
it remains controversial because some studies demonstrated an increase in LDL-C [63],
whereas others demonstrated a decrease in LDL-C [64]. Interestingly, it was identified an
interaction between two key genes in the vitamin D pathway (retinoid X receptor gamma gene
[RXRG] and vitamin D-binding protein gene [GC]) and LDL-C levels, linking vitamin D
circulating levels to the lipid profile [67]. RXRG is located in a chromosomal region closely
related to familial combined hyperlipidemia (FCHL) and is characterized by several
hyperlipidemic phenotypes [68]. Also, some authors have been discussing that vitamin D
metabolites could regulate positively statin activity due to inducing the enzyme CYP3A4 and
CYP2C9, and it could be one of the keys [60].

It is important to mention that our study has some limitations. A possible limitation is
the logistics of data collection of blood samples, which were not collected at the same time as
the interviews were conducted at the participant's home and were carried out mostly in winter
and autumn, which can limit the comparability between the seasons. Blood tests were
performed with a part of the total EpiFloripa study sample, and this may have limited some of
the analyses, such as the inclusion of supplement use in the regression. Clinical and
biochemical examinations were conducted at the university to select individuals with relatively
better health conditions than those from the general population. Although we used a technique
certified by the CDC/VDSCP for total 25-hydroxyvitamin D assays to measure 25(OH)D, it is
wise to consider that it differs from the gold standard [69]. Finally, cross-sectional analyses
should be considered with caution because of the methodological limitations inherent to data
collection.

Similarly, we need to highlight the strengths of our study. We consider that the sample
includes only the elderly since it is a population at risk for low levels of vitamin D and is quite
different considering metabolic changes and aspects of the life cycle. The study followed a
highly accurate method of data quality, including trained and supervised interviewers,
conducting a pilot study, face-to-face interviews, and quality control of the interviews. The
method of assessing body fat composition is considered to be the gold standard.

In summary, our study highlights potential risk factors for vitamin D deficiency. We
observed that being female and having modifiable factors such as higher levels of LDL-C and

obesity to have dependence in more ADLs were positively associated with hypovitaminosis D.
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On the other hand, modifiable factors, such as leisure-time PA, were positively associated with
adequate concentrations of vitamin D. Despite being an important topic, few studies have
investigated the older population and need to be better understood for planning proper
protective interventions that help maintain an adequate vitamin D status. Further studies should

be encouraged, especially in low- and middle-income countries.
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Table S1. Correlation between continuous socio-demographic, behavioral and health

variables, and vitamin D.

Vitamin D

Pearson Spearman MICe
Age 0.00 0.00 0.20
Education 0.10 0.07 0.21
Income 0.16* 0.10 0.25*
n-3 rich fish 0.11 0.09 0.18
Leisure-time PA 0.14%* 0.14* 0.23*
ADLs 0.18%** 0.17* 0.19*
Cholesterol 0.19%** 0.21%** 0.21%**
HDL-C 0.20 0.00 0.21
LDL-C 0.17* 0.17* 0.20*
Triglicerydes 0.14* 0.13* 0.23
CRP 0.08 0.07 0.21%*
BMI 0.18%* 0.18%* 0.23*
%Fat 0.26%** 0.27** 0.27**

PA, physical activity; ADLs, activities of daily life; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; CRP C-reactive protein; BMI, body
mass index; %Fat, body fat percentage; MICe, Maximum Information Coefficient; * P>0.05;
**¥P=0.001; ***P>0.001.
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Highlights

- Moderate-to-vigorous physical activity (MVPA) could elevate 25-hydroxyvitamin D
(25(OH)D)

- MVPA could decrease the body fat percentage (%fat)

- The reduction in %fat contributes to the elevation in 25(OH)D

- The impact of MVPA on 25(OH)D is partially explained by a decrease in %fat

Abbreviations

%fat, body fat percentage; 25(OH)D, 25-hydroxyvitamin D concentration; 95% CIL,;
Confidence interval of 95%; ADLs, activities of daily living; BMI, Body Mass Index; CFI,
Comparative Fit Index; DAG, directed acyclic graph; DXA, Dual Energy X-ray
Absorptiometry; FMI, Fat Mass Index; LPA, light physical activity ; MVPA, moderate and
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vigorous physical activity; PA, physical activity; RMSEA, Root Mean Square Error of
Approximation; SD, standard deviation; SEM, Structural Equation Modeling; TLI, Tucker
Lewis Index; TPA, total physical activity; UFSC, Federal University of Santa Catarina; VDR,
Vitamin D Receptor; WLSMYV, Weighted Least Squares Mean and Variance Adjusted.
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Graphical Abstract

The Structural Equation Modeling analysis revealed a possible intervention to prevent hypovitaminosis
D in older adults. The increase in the practice of moderate and vigorous physical activity (MVPA) had
a direct effect on both the decrease of body fat percentage (%fat) and increase of 25-
hydroxycholecalciferol (25(OH)D) concentration. The increase in %fat had a direct effect on the
decrease of 25(OH)D. Therefore, strategies to increase MVPA and decrease %fat could help prevent
low 25(OH)

Abstract

Studies have found that physical activity (PA) could be a protective factor and adiposity a risk
factor, for low serum 25-hydroxycholecalciferol (25(OH)D) concentration. This cross-
sectional study hypothesized that PA could have a direct effect on 25(OH)D, and adiposity
could be a mediating factor. Data from the second wave of the EpiFloripa Aging longitudinal

study, collected during 2013-2014 (n=1,197) in Florianopolis, Santa Catarina, Brazil, was
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used. PA was measured using an accelerometer and classified as light PA (LPA), moderate and
vigorous PA (MVPA), and total PA (TPA); 25(OH)D levels were measured using the
microparticle chemiluminescence method. Body fat composition (%fat) was assessed using
dual-energy X-ray absorptiometry (DXA). Structural equation modeling was performed to
analyze the total, direct, and indirect effects of PA on %fat and 25(OH)D levels, presented
using the standardized coefficient (f). Participants with complete data were included in the
analysis (n=574, 66.7% female). MVPA showed a direct (6=0.11; P<0.05) and total positive
effect on 25(OH)D (=0.12; P<0.05). All models of PA had a direct negative effect on %fat.
Additionally, a direct negative effect of %fat on 25(OH)D was observed in all models. A
marginal and partial effect of %fat as a mediator of the relationship between MVPA and
25(0OH)D was noted ($=0.01, P=0.09). Our results show that PA presents a direct effect on
serum 25(OH)D. %fat has a small contribution as a mediator of this relationship. These data
suggest that an increase in MVPA and a decrease in %fat could be strategies to increase
25(0OH)D levels in older adults.

Keywords: Vitamin D; Aging; Physical activity; Adipose tissue; Structural equation modeling.

1. Introduction

Evidence suggests a high prevalence of 25-hydroxycholecalciferol [25(OH)D]
deficiency worldwide [1,2]. Older adults are at risk of 25(OH)D deficiency. Considering
deficiency of 25(OH)D (<50 nmol/L or <20 ng/mL, cutoff point based on bone health), the
prevalence has been estimated to be 34% in the United States, 19% in Canada, 36% in China,
and 4-89% in European countries [1]. Furthermore, the prevalence can be higher in low- and
middle-income countries; for example, 41% in Brazil [3], 91% in India, and 46% in Guatemala
[1].

Several conditions can lead to complications related to 25(OH)D deficiency (<20
ng/mL), such as the risk of fractures due to fragility and bone loss, age-related muscle
weakness, and sarcopenia [4,5]. The serum 25(OH)D concentration depends on synthesis by
the skin and intestinal absorption, and it is influenced by various factors such as skin
pigmentation, latitude, season, age, obesity, and inflammatory bowel diseases [6,7]. In addition
to aging, other factors such as reduced exposure to the sun; decreased synthesis by the skin and
dietary intake; intestinal malabsorption; certain diseases such as kidney, heart, and liver failure;
and the use of some medications can influence 25(OH)D concentrations [5,6].

Observational studies have revealed that individuals with obesity could present lower

circulating 25(OH)D concentrations [8]. In addition, due to its fat-soluble characteristic,
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vitamin D appears to be more easily stored in fat cells before becoming available for further
metabolism, reducing its availability in the bloodstream [9]. Therefore, adipose tissue,
especially in individuals who have overweight and obesity, in which fatty mass is increased,
can accumulate a substantial amount of vitamin D [10]. The vitamin D-metabolizing enzymes,
such as 25-hydroxylase and 1a-hydroxylase, are responsible for converting both the inactive
to the active form of vitamin D (1,25-dihydroxyvitamin D3) and the catabolic 24-hydroxylase,
found in adipose tissue [11,12]. In addition, adipose tissue can express vitamin D receptors
(VDR) involved in steroid metabolism and activities [12]. Moreover, vitamin D has been
shown to affect adipocyte development and metabolic and endocrine functions [12,13].
People with obesity have hypertrophic adipose tissues, resulting in blood flow imbalance,
which in turn leads to hypoxia, inflammation, and macrophage infiltration. Increased secretion
of interleukins 6 and 8 and tumor necrosis factor-alpha is observed. These inflammatory
markers induce the expression of VDR in adipose tissue, and vitamin D appears to exhibit an
anti-inflammatory action on adipocytes [12,14]. Older adults with higher inflammatory
markers have been found to have lower 25(OH)D concentrations [15].

Researchers have identified that, compared with normal weight, obesity and overweight
can decrease the effect of vitamin D supplementation, and higher doses of vitamin D are
required to increase 25(OH)D concentrations [16]. Conversely, weight loss seems to be a
potential factor for elevation in 25(OH)D concentrations [17]. Moreover, a recent review
discussed the possible role of physical activity (PA) in mobilizing vitamin D from adipose
tissue [10]. PA is a potent stimulus for lipid mobilization from adipose tissue and for weight
loss [18]. Additionally, outdoor PA has been associated with an increase in 25(OH)D
concentrations resulting from exposure to the sun [19-22].

Few studies have investigated the relationship of PA and adiposity or body mass index
(BMI) with serum 25(OH)D [20,23]. Furthermore, data from population-based studies in low-
and middle-income countries are lacking, and further studies are needed [2]. This study aimed
to test the hypothesis that PA could have a positive and direct effect on 25(OH)D, helping to
elevate the blood concentration, and a positive indirect effect mediated by adiposity, in which
the PA could reduce the body fat percentage (%fat) and indirectly help elevate 25(OH)D
concentration in older adults. It can be postulated that 25(OH)D, a fat-soluble vitamin, could be
stored (sequestered) in the adipose tissue when the individual has an increased %fat. When
performing PA, the process of fat mobilization from the adipose tissue could release the
25(OH)D into the bloodstream. Thus, PA and %fat could have direct or indirect effects on the

serum 25(OH)D concentration, and %fat could act as a mediator of this relationship. This
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analysis could add to the literature and suggest a possible strategy to prevent low 25(OH)D

concentrations in older adults.

2. Methods and Materials

2.1 Population sample and data collection

This cross-sectional analysis was carried out with data from the second wave of the
cohort of the “Conditions of the health of the older adults in the Florianopolis - EpiFloripa
Aging Cohort study,” a population-based, home-based, longitudinal cohort study. The
inclusion criteria at baseline (2009-2010) were as follows: men and women aged >60 years
and living in an urban area in southern Brazil (Florianopolis/Santa Catarina). The exclusion
criteria were: living in long-term care institutions, hospitals, and prisons [24,25].

Previous publications present the details of the study sample and methodology [24,25].
Briefly, the face-to-face home interview for data collection was carried out by trained
interviewers using a structured questionnaire, and data were recorded using a netbook. In
addition, consistency analysis and quality control were carried out by telephone through a
reduced questionnaire version application in 10% of the interviews (selected randomly) [25].

All older adults who initially participated in the study were invited to participate in the
second wave of the study, which enrolled 1,197 individuals (Figure 1). Participants at the
second follow-up were invited to undergo tests and complementary examinations, which
included biochemical blood sample analysis (n=574), body composition assessment (n=564),
and objective assessment of PA (n=405) [24]. This resulted in a sample of 574 participants.
The power of the sample size (1 — B error probability) was calculated a posteriori (post hoc)
using G*Power (version 3.1.9.7, Diisseldorf, Germany) [26], establishing as parameters the
quadratic regression coefficient of 0.17 and the number of predictor variables of 13

(power=0.99).



Capitulo 1 - Estudos dos determinantes do nivel sérico da vitamina D 102

EpiFloripa Aging baseline 2009/10
Older adults enrolled n = 1,702
Missing data:
Deaths n =217
> Refusals n= 129
,L Losses n=159

EpiFloripa Aging second wave 2013/2014
Older adults enrolled n = 1,197 (retention rate = 70.2%)

Missing data:
Deaths n =10
Refusals n =531
v Lossesn=52

EpiFloripa Aging clinical and laboratorail tests 2014/2015
Older adults enrolled n = 604 (retention rate = 50.5%)

Missing data:

VitD n= 28

Outliers excluded n=2
PAn=199

v DXA n =37

[ Final sample n =574 ]

Figure 1. Flowchart of the EpiFloripa Aging study sample

EpiFloripa Aging Study baseline started in 2009-2010. There was a second wave in 2013-2014. All participants

were invited to participate in the collection of clinical and laboratory tests in 2014-2015.

2.2 Measurements

Vitamin D

Participant were asked to fast for 8-10 h before blood collection, and 30 mL of
peripheral venous blood was collected from each participant. Blood samples were collected at
the Laboratory for Metabolism and Dietetics of the Federal University of Santa Catarina
(UFSC) and analyzed at the laboratory of clinical analysis of the Polydoro Ernani de Sdo
Thiago University Hospital [24].

Serum 25(OH)D concentrations (ng/mL) were measured using the microparticle

chemiluminescence method [27]. The blood samples were centrifuged at 3,500 rpm for 10 min
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to collect serum. Serum samples used to detect 25(OH)D were immediately processed
according to the manufacturer’s instructions using LIAISON® (DiaSorin, Sdo Paulo, SP,
Brazil)[28]. In this method, an antibody specific to vitamin D was coated with magnetic
particles, and 25(OH)D was conjugated to an isoluminol derivative and diluted in phosphate
buffer (pH 7.4). In the first incubation period, 25(OH)D was dissociated from the binding
protein and interacted with the antibody. During the second incubation period with the tracer
reagent, the microplate was washed with the buffer, and starter reagents were added to generate
the chemiluminescent signal, measured using a photomultiplier [28].

The LIAISON® is a rapid, accurate, and precise assay (functional sensitivity, < 2.0
ng/mL; inter-assay imprecision, < 20%) [28]. Since 2014, the LIAISON® has received
certification for total 25-hydroxyvitamin D assays from the Vitamin D Standardization
Certification Program by the Center for Disease Control and Prevention [29].

Body composition

Assessment of body composition to determine relative body fat (%fat) and fat mass (kg)
was performed using Dual Energy X-ray Absorptiometry (DXA, Lunar Prodigy Advance,
General Electric, Madison, WI, USA) following the manufacturer’s instructions [30]. The %fat
was calculated based on fat mass (kg). The fat mass index (FMI) was also calculated based on
the ratio of fat mass (kg) to height squared (m?). The indices were chosen to correct the fat
mass distribution in the body by height [31]. BMI was also calculated to classify nutritional
status based on the ratio of weight (kg) to height squared (m?) [32].

Physical activity

All participants who underwent complementary examinations were invited to complete
the PA measurements using an accelerometer for 7 consecutive days, except those with
decreased mobility (in wheelchairs, bedridden, and mobility problems), fishermen (engaging
in water activities), and those with probable cognitive deficits. The participants were instructed
to use the accelerometer only during the waking period and not use it during bathing and water
activities [24]. In addition, the participants were asked to attach the accelerometer to the right
side of the hip with an elastic belt. Using the accelerometer for a minimum number of records
over 4 days during the week (10 h/day), including 1 day on the weekend (8 h/day), was
considered valid.

The objectively measured PA was obtained using GT3X and GT3X+accelerometers
(ActiGraph LLC, Pensacola, FL, USA), and data were analyzed using ActiLife software

(ActiGraph). It is a valid and reliable instrument that provides information on the volume and
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intensity of activities performed, expressed in counts [33-35]. Light PA (LPA) (<1,041
counts/min), moderate and vigorous PA (MVPA) ( >1,041 counts/min), and total PA (TPA),
using a combination of LPA and MVPA, were assessed in min per day to adjust for the number
of days the device was used [36]. In addition, for the best fit of the analyses, PA in h/week was

evaluated.

Covariates

A directed acyclic graph (DAG, or causal Bayesian networks) was constructed to
represent the theoretical model and elucidate the involvement of covariates in the association
between PA and 25(OH)D (Supplementary Figure 1). The DAG was built using DAGitty
software (version 3.0; Nijmegen, GE, The Netherlands) [37]. The graphical criteria for
selecting the adjusted covariates were used to define the minimum set of covariates and reduce
variable selection bias [38,39].

The covariates selected using DAG were sociodemographic variables, such as sex
(men/women), skin color (white/others), the season of blood sample collection (summer,
spring, autumn, winter), age (years), education (years), and per capita family income in
minimal wages (categories: <1; >1 and <3; >3 and <5; >5 and <10; >10 minimal wages)
according to the values in 2013 (R$ 678.00) and 2014 (R$ 724.00). In addition, education
(years of study) and family income were used to create a latent variable to represent
socioeconomic status.

Behavioral modified factors, such as smoking habit (no/ex-smoker/yes) and alcohol
consumption (no/moderate/severe) collected using the Alcohol Use Disorder Identification
Test [40], were included in the analysis. Information on health status included dependence in
activities of daily living (ADLSs) collected using the Scale of Daily Personal and Instrumental
Activities [41] and the number of morbidities (sum of diagnosed diseases: spine or back
disorders, arthritis, cancer, diabetes, bronchitis, cardiovascular disease, renal disease,

tuberculosis, cirrhosis, stroke, osteoporosis, hypertension, and depression).

2.3 Statistical analysis

Descriptive analysis of the data are presented as absolute and relative frequencies and
the mean and standard deviation (SD). The minimum set of adjusted covariates indicated by
applying the back-door criterion to the DAG was composed of season, sex, age, education,
family income, skin color, alcohol intake, smoking habit, ADLs, and morbidities. Structural

equation modeling (SEM) was performed to analyze the total, direct, and indirect effects of PA
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(LPA, MVPA, and TPA) on 25(OH)D and the mediation by adiposity (%fat, FMI, and BMI)
using standardized coefficients.

The robust weighted least squares mean and variance adjusted (WLSMV) and THETA
parameterization were used to control for differences in residual variances. The “mod indices”
command was used to indicate new paths in the initial theoretical model that would better fit
the model. When the proposed modification suggestions were considered plausible from a
theoretical point of view, a new model was developed and analyzed if the modification index
value was >10 [42]. To determine whether the model presented a good fit, the following fit
indices were considered: P >0.05 for the chi-square test (¥2) [43], P <0.05 and an upper limit
of the 90% confidence interval <0.08 for the root mean square error of approximation
(RMSEA) [42], values >0.90 for the comparative fit index (CFI), and the Tucker—Lewis Index
(TLI) [44], values <0.05 for the standardized root mean square residual (SRMR), and P <0.05
for factor loading >0.5, as a good indicator of convergent validity, indicative of a correlation
of moderately high magnitude between the observed variables and construct [43].

The analysis was performed using Stata 14.0 software (StataCorp, College Station, TX,
USA), considering the sample weights. To perform SEM, the MPlus 8.4 software (Muthen &
Muthen, Los Angeles, CA, USA) was used for all analyses, and a P-value <0.05 was considered
statistically significant. To facilitate clinical interpretation, the effect of MVPA and %fat on
the 25(OH)D, the original metric, was obtained by multiplying the value of the standardized
coefficient of the total effect by the SD of the variable.

2.4 Ethical Approval

The EpiFloripa Aging cohort study was conducted in accordance with the Declaration
of Helsinki. The second wave of follow-up was approved by the Human Research Ethics
Committee of the UFSC (approval numbers 329.650 and 526.126). After explaining the study
objectives and collection procedures, all participants voluntarily agreed to participate in the

study and signed the informed consent form.

3. Results

Of the total number of participants included in the analysis (n=574), 66.7% were
women. The mean 25(OH)D concentration was approximately 26.2 SD + 8.5 ng/mL (48.9%
of the blood samples were collected in the winter). The mean LPA was 29.4 SD + 9.8 h/week,
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and MVPA was 5.6 SD £+ 4.1 h/week. The mean fat body percentage was 36.8 SD + 9.4 (Table
1).
Table 1. Sample characterization according to demographic, socioeconomic, and health

characteristics. EpiFloripa Aging study, Florianopolis, Santa Catarina, Brazil, 2013-2015

Participants’ characteristics n % 95% CI1

Season of the year in which

blood sample was collected

(n=574)

Summer 37 7.7 53;11.2
Spring 86 16.4 12.4;21.3
Autumn 148 27.0 20.4; 34.7
Winter 303 48.9 40.5;57.3
Sex (n=574)

Men 199 33.2 29.0;37.7
Women 375 66.7 62.3;71.0
Skin color (n=574)

White 469 83.4 77.5; 88.1
Others 90 16.6 11.9;22.5
Family income (n=554)

<I minimum wage 44 7.6 5.4;10.6
>1 and <3 minimum wages 159 29.1 24.6; 34.1
>3 and <5 minimum wages 113 21.1 17.1; 34.1
>5 and <10 minimum wages 138 239 19.9; 28.4
>10 minimum wages 100 18.3 12.9;25.3
Smoking habit (n=574)

No 363 63.4 58.9; 67.7
Ex-smoker 171 30.1 25.8;34.7
Yes 40 6.4 4.1;10.1
Alcohol consumption (n=574)

No 332 59.7 53.4; 65.7
Moderate 158 27.0 21.9;32.7
Severe 84 13.3 10.3; 17.0

Mean SD
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Age (years; n=574) 72.3 6.4 -
Education (years; n=573) 7.9 5.7 -
ADLs (n=571) 24 3.1 -
Number of morbidities (n=574) 3.1 1.8 -
LPA (h/week; n=405) 29.4 9.8 -
MVPA (h/week; n=405) 5.6 4.1 -
TPA (h/week; n=405) 35.0 12.2 -
BMI (kg/m?; n=567) 28.2 5.1 -
FMI (kg/m?*; n=564) 10.6 4.1 -
% fat (n=567) 36.8 9.4 -
25(OH)D (ng/mL; n=574) 26.2 8.5 -

N, number of participants; 95% CI, 95% confidence interval; SD, standard deviation; ADLs, activities of daily
living; LPA, light physical activity; MVPA, moderate and vigorous physical activity; TPA, total physical activity;
BMI, body mass index; FMI, fat mass index; 25(OH)D, and concentration of 25-hydroxycholecalciferol.

The simplified theoretical model is presented in Figure 2, and the standardized
coefficients of the total, direct, and indirect effects of PA and %fat on 25(OH)D are listed in
Table 2. The three models of PA were presented: LPA, MVPA, and TPA. Only MVPA
presented a direct (4=0.11; P<0.05) and total positive effect on 25(OH)D ($=0.12; P<0.05)
(also see Supplementary Figure 2). The increase of 1 SD in the MVPA model resulted in an
increase of 0.11 SD in 25(OH)D [in the original metric, for each 4.1 h/week (SD) increase in
MVPA, there was a 1.02 ng/mL increase in 25(OH)D].
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%Fat
Model 1 Model 2
) Adjustment |_— )
Adjustment | - A < MVPA -0.13*
variables [~ » LPA variables ~_
*25(0H)D

7 / %Fat
Model 3 e
_— o

Adjustment |_—— - ) .
variables ~—_ »  TPA DN -0.14

Figure 2. Simplified theoretical model of the direct effects of physical activity on %fat
and 25(OH)D

The structural modeling equation (SEM) analysis was applied and presented using standardized coefficients. All
models are adjusted by season, socioeconomic status, sex, age, skin color, smoking habit, alcohol intake, activities
of daily living, and the number of morbidities. In all models, the increase of all intensities of physical activity
showed a direct effect on body fat percentage (%ofat). In all models, the increase %fat presented a direct effect on
the decrease of 25-hydroxycholecalciferol [25(OH)D] concentration. Only in model 2, the increase of moderate
and vigorous physical activity (MVPA) presented a direct effect on 25(OH)D. *P < 0.05. LPA: light physical
activity; TPA: total physical activity.

Table 2. Direct, indirect, and total effects of PA on %fat and 25(OH)D (n=559). EpiFloripa
Aging cohort study, Florianopolis, Santa Catarina, Brazil, 2013-2015.

Standardized Standard

Pathways and estimates coefficient error P-value
Direct effects

Model 1

LPA — %fat -0.07 0.03 <0.05
LPA — 25(OH)D 0.001 0.04 0.97
%fat — 25(OH)D -0.15 0.05 <0.05
Model 2

MVPA — %fat -0.11 0.04 <0.05
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MVPA — 25(OH)D 0.11 0.05 <0.05
%fat — 25(OH)D -0.13 0.05 <0.05
Model 3

TPA — %fat -0.10 0.04 <0.05
TPA — 25(OH)D 0.04 0.05 0.48

%fat — 25(OH)D -0.14 0.05 <0.05
Indirect effects

LPA — %fat — 25(OH)D 0.01 0.01 0.08

MVPA — %fat — 25(OH)D 0.01 0.01 0.09

TPA — %fat — 25(OH)D 0.01 0.01 0.06

Total effects

LPA (Model 1) 0.01 0.05 0.79

MVPA (Model 2) 0.12 0.05 <0.05
TPA (Model 3) 0.05 0.05 0.33

SEM analysis results of the direct, indirect, and total effect of Physical Activity (PA) on body fat percentage
(%fat), and on concentration of 25-hydroxycholecalciferol [25(OH)D]. Model 1: Light Physical Activity (LPA),
%fat, and 25(OH)D. Model 2: Moderate and Vigorous Physical Activity (MVPA), %fat, and 25(OH)D. Model 3:
Total Physical Activity (TPA), %fat, and 25(OH)D. The arrows represent the direct effect. Models are adjusted
by season, socioeconomic status, sex, age, skin color, smoking habit, alcohol intake, activities of daily living, and
the number of morbidities. Adjustment parameters that validated the models: Model 1: X?>=0.10, RMSEA=0.02,
90% CI superior=0.04, probability=0.99, CFI=0.99, TLI=0.98, and SRMR=0.04. Model 2: X?=0.10,
RMSEA=0.02, 90% CI superior=0.04, probability=0.99, CFI=0.99, TLI=0.98, and SRMR=0.04. Model 3:
X?=0.10, RMSEA=0.02, 90% CI superior=0.04, probability=0.99, CFI=0.99, TLI=0.98, and SRMR=0.04.

All the models of PA had a direct negative effect on %fat. In addition, in all the models,
%fat had a direct negative effect on the 25(OH)D. The increase of 1 SD in %fat in the MVPA
model resulted in a decrease of 0.13 SD in 25(OH)D (in the original metric, for each 9.4% [SD]
increase in %fat, there was a 1.10 ng/mL decrease in 25(OH)D). There was a marginal and
partial effect of %fat as a mediator of the relationship between MVPA and 25(OH)D (£=0.01,
P=0.09).

The effects in the models using BMI and FMI were also analyzed (Supplementary
Table 1). In the models using BMI, the LPA (£=0.02; P<0.05) and MVPA (£=0.12; P<0.05)
had a direct positive effect on the 25(OH)D, but only the MVPA model presented a total effect
(=0.12; P<0.05). None of the PA models had a significant effect on BMI. In contrast, all the
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models using BMI had a direct negative effect on 25(OH)D. In the models using FMI,
only MVPA presented a direct (£ =0.11; P<0.05) and total (£=0.12; P<0.05) positive
effect on 25(OH)D. None of the PA models had a significant effect on FMI. All the
models using FMI had a direct negative effect on 25(OH)D. Details of the direct effect of

the adjustment variables in each model can be found in supplementary tables 2, 3, and

4.

4. Discussion

Using SEM analysis, our findings showed that the practice of MVPA had a direct
positive effect on 25(OH)D (4=0.11; P<0.05) and a direct negative effect on %fat (f=-
0.11; P<0.05). In addition, %fat had a direct negative effect on 25(OH)D (f=-0.13;
P<0.05) after adjusting for confounding variables. Moreover, in the models using BMI or
FMI, MVPA showed a direct positive effect on 25(OH)D. %fat, BMI, and FMI had a
direct negative effect on 25(OH)D in all the models. Overall, the results indicated that an
increase in MVPA practice could increase 25(OH)D and decrease %fat, and an increase
in %fat can decrease 25(OH)D. A marginal effect of MVPA on 25(OH)D mediated by
%fat was detected (P=0.09), which was partially in line with our initial hypothesis.

To the best of our knowledge, this is the first study to investigate the total, direct,

and indirect effects of PA on 25(OH)D, mediated by adiposity using SEM. Few studies
have investigated the association between PA and adiposity with 25(OH)D [20,23]. A
previous study using longitudinal data in adults and older adults from the United Kingdom
(n=1,853) investigated adiposity as an outcome using SEM. However, similar results
were observed: PA affects visceral adiposity (5=-0.23; P<0.001) and 25(OH)D (#=0.15;
P<0.001) [20]. A study in Iceland (n=229) showed that PA is associated with a higher
concentration of 25(OH)D only in normal/overweight participants (f=1.27; P=0.001) and
not with obesity, using linear regression [23].
Studies investigating the determinants of 25(OH)D in adults and older adults have found
an association with PA as a protective factor for low 25(OH)D and BMI as a risk factor
for low 25(OH)D [45,46]. In contrast, a sedentary lifestyle or insufficient PA is associated
with an increased risk of low 25(OH)D [19,47].

Our data showed that for a 4.1 h/week increase in MVPA, there was a 1.02 ng/mL
increase in 25(OH)D. Despite causing only a marginal increase, MVPA may affect

25(OH)D, contributing to maintenance of adequate serum status in the older adult
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population. In addition, PA 4.1 h/week would be equivalent to a pattern of 35 min/day,
which is the recommended PA for older adults according to the Physical Activity
Guidelines for Americans [48]. Accordingly, for substantial health benefits, older adults
should achieve at least 150 min (2 h and 30 min) to 300 min (5 h) a week of moderate
PA, or 75 min (1 h and 15 min) to 150 min (2 h 30 min) a week of vigorous PA, and a
combination of both (MVPA) [48].

Although indoor or outdoor PA practice has not been investigated, some studies
have found a difference between outdoor PA and 25(OH)D [21,22], whereas no
significant difference was found in another study [19]. For instance, in adults (=20 years
old) from the United States (n=15,148), the practice of outdoor PA presented a higher
mean 25(OH)D concentration (11.5 nmol/L or 4.6 ng/mL, P<0.001) than that in inactive
individuals [22]. In addition, in a population of older adults from Italy (n=2,349), those
who practice outdoor activities (cycling or gardening) presented a significantly higher
25(OH)D than those who did not [68 vs. 51 nmol/L (27.2 vs. 20.4 ng/mL in women and
101 vs. 73 nmol/L in men); P<0.001] and are less likely to be 25(OH)D deficient [<50
nmol/L; cycling odds ratio (OR)=0.51; 95% confidence interval (CI), 0.37, 0.69 in
women; OR=0.50; 95% CI, 0.29, 0.87 in men; and gardeners OR=0.62; 95% CI, 0.47,
0.83 in women; OR=0.46; 95% CI, 0.26, 0.80 in men] but not for brisk walkers [21].

A possible explanation for the different results with outdoor activities is that sun
exposure can enhance the synthesis of vitamin D by the skin [49]. Daily exposure to 20%
of the body surface is considered sufficient to increase 25(OH)D levels [50]. In contrast,
other factors can also influence the production of vitamin D in the skin, such as incidence
of the sun according to the season of the year [6], the availability of 7-dehydrocholesterol
(7-DHC, the precursor of vitamin D3) [51], aging-related skin characteristics such as
decreased skin capacity to synthesize vitamin D [52], dark skin pigmentation [53], and
the habit of wearing clothes that cover almost the entire body [6].

Our results showed that MVPA had a direct negative effect on %fat, in line with
a recent meta-analysis of studies on exercise interventions, moderate-to-vigorous
intensity four times per week, 50 min per session (2 h and 20 min/week), reduced weight
(d=-0.58; 95% (I, -0.84, -0.31), BMI (d=-0.50; 95% CI, -0.78, -0.21), and accumulated
visceral fat (d=-1.08, 95% CI, -1.60, -0.57) [18]. Previous studies have shown that an
increase in PA can promote loss of adiposity and a rise in 25(OH)D [54,55]. Furthermore,
PA has a possible role in mobilizing vitamin D stored in adipose tissue [10]. However, a

meta-analysis indicated a minor increase in 25(OH)D than expected from the direct
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mobilization of stores into the circulation, indicating possible local use of its metabolites
[55].

Independent of the method used to evaluate adiposity, %fat, BMI, and FMI
presented a direct negative effect on 25(OH)D concentrations in all the models. This
supports previous findings in the literature in which obesity is associated with lower
25(OH)D in adults and older adults [8,46,47]. Although this association’s underlying
mechanisms and direction are not fully understood, some hypotheses have been proposed.
The most common hypothesis is that adipose tissue decreases the bioavailability of
25(0OH)D owing to storage [56]. In addition, there is a discussion regarding the dilution
of vitamin D according to body size, and a large fat mass could explain the low 25(OH)D
concentrations [57]. Finally, an alternative proposed mechanism suggests that obesity
could reduce the capacity of hepatic conversion of vitamin D owing to a decrease in the
expression of the principal hepatic vitamin D 25-hydroxylase [58].

Some studies have shown that vitamin D is not only stored in adipose tissue but
can also play a role in the expression of vitamin D-metabolizing enzymes in the adipose
tissue [12,59]. Furthermore, vitamin D has been demonstrated to act through VDR and
decrease adipose tissue inflammation by inhibiting inflammatory pathways such as
adipokine expression (leptin, interleukin 6, and nuclear factor-xB) in human adipocytes
[12]. In addition, vitamin D regulates human adipose tissue growth and remodeling [13].

Our study had some limitations. First, the sample size was reduced from the
original sample of the EpiFloripa Aging study because only a few participants accepted
and could complete the additional evaluations of objective PA, body composition, and
blood sample collection, which may have limited some of the analyses; however, a higher
power of the sample was achieved to support the results. Second, the clinical and
biochemical examinations were conducted at the university (except for the PA, which
was explained at the university and completed at home), selecting individuals with
relatively better health conditions than those from the general population. Third, we did
not investigate whether older adults practiced the activities outdoors or indoors. Fourth,
cross-sectional analyses should be considered with caution because of the methodological
limitations inherent in obtaining data. Finally, although we use a technique certified by
the Vitamin D Standardization Certification Program for total 25-hydroxyvitamin D
assays to measure the 25(OH)D, it is important to mention that it has differences from the

gold standard [60].
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Our study has the following strengths. First, the measures of adiposity were
examined using DXA, which is accurate. An objective PA measurement was used, which
is a precise method. Second, a DAG was created to represent the theoretical model and
to elucidate the involvement of covariates in the association between PA, %fat, and
25(0OH)D and the back-door criterion for the selection of the minimum set of adjusted
covariates, which was essential to reduce confounding and selection bias. Third, this study
followed a highly accurate method for the data quality as the trained and supervised
interviewers, pilot study, face-to-face interviews, and interview quality control. Finally,
to the best of our knowledge, this is the first study to use SEM analysis to investigate the
direct and indirect effects of PA on 25(OH)D, mediated by adiposity.

5. Conclusion

Our findings show that MVPA had a direct positive effect on 25(OH)D and an
immediate negative effect on %fat, and %fat had a direct negative effect on 25(OH)D in
older adults living in southern Brazil. Given the high prevalence of hypovitaminosis D,
these findings were relevant in this population. Therefore, strategies to increase the serum
concentration of 25(OH)D are needed for the prevention of well-known conditions such
as compromised bone health, and strategies to improve the practice of MVPA and reduce
adiposity may be an option to increase 25(OH)D and prevent other health issues in this
population. However, further studies with larger sample sizes and different populations
are needed to corroborate these findings.
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Figure S1: Theoretical model of the minimum set of adjustment covariates indicated by the DAG of the association between physical activity

and 25(OH)D.

N

k = \ _"'__.
S,e:asc'tl Food intake

b
Education

«7

&«

Skin Color

; | zﬁcomg
i
@

- — |
Sex smoking habit
e
Work Alcohol intake

The directed acyclic graph (DAG), used to determine to minimum set of adjustments covariates, was constructed based on literature associations
between variables to test the directed effect of the exposure variable @ Physical Activity on the outcome variable @ concentration of 25-
hydroxycholecalciferol [25(OH)D]. The mediators are adiposity and sun exposure. The variables identified by the bottom red * are the

ancestors of exposure and outcome; the bottom blue @ are the ancestors of outcome; and the bottom gray - are the unobserved or latent (that
was not collected in the research). The lines in pink ™= are the biasing path, and in green === are the causal path. ADLs, Activity of Daily

Life.
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Figure S2 - Theoretical model of the direct effects of MVPA, %fat and 25(OH)D with covariates. EpiFloripa Aging Cohort Study. Florianopolis,
Santa Catarina, Brazil, 2013-2015.
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The theoretical model (diagram) of the direct effect of variables was constructed by structural modeling equation analysis (SEM). The variables identified with a square are
the observed variables and with a circle is the latent variable. Moderate and Vigorous Physical Activity (MVPA) is the exposure; 25-hydroxycholecalciferol [25(OH)D] is the
outcome; and the mediator is body fat percentage (%fat). The other variables (covariates) were used as adjustments. Lines represent the direct effect and those in red are
statistically significant (p<<0.05). The numbers are the standard coefficient and should be interpreted as the example: -.21 =-0.21. Skin, Skin Color; Educat, Education;
Income, Family Income; SES, Socioeconomic status; Morb, Morbidities; Smoking, Smoking Habit; Alcohol, Alcohol Consumption; ADLs, Activities of Daily Life;
Adjustment parameters that validated the model: Chi-square (X?) = 0.10; Root Mean Square Error of Approximation (RMSEA) = 0.02, 90%C.I. superior= 0.04, probability
=0.99; comparative fit index (CFI) = 0.99; Tucker-Lewis Index (TLI) = 0.98; standardized root mean square residual (SRMR) = 0.04.
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Table S1: The direct, indirect, and total effect of PA on BMI, FMI, and 25(OH)D
(n=559). EpiFloripa Aging cohort study. Florianopolis, Santa Catarina, Brazil, 2013-
2015.

] Standardized Standard

Pathways and estimates . p-value
coefficient error

Direct effects (With BMI)
Model 1
LPA — BMI 0.06 0.05 0.20
LPA — 25(OH)D 0.02 0.05 <0.05
BMI — 25(OH)D -0.12 0.04 <0.05
Model 2
MVPA — BMI -0.04 0.06 0.51
MVPA — 25(OH)D 0.12 0.05 <0.05
BMI — 25(OH)D -0.11 0.04 <0.05
Model 3
TPA — BMI 0.04 0.05 0.45
TPA — 25(OH)D 0.05 0.05 0.28
BMI — 25(OH)D -0.12 0.04 <0.05
Indirect effects
LPA — BMI — 25(0OH)D -0.01 0.01 0.24
MVPA — BMI — 25(OH)D 0.004 0.01 0.51
TPA — BMI — 25(OH)D - 0.004 0.01 0.46
Total effects
LPA (Model 1) 0.01 0.05 0.78
MVPA (Model 2) 0.12 0.05 <0.05
TPA (Model 3) 0.05 0.05 0.32
Direct effects (With FMI)
Model 4
LPA — FMI -0.03 0.04 0.46
LPA — 25(OH)D 0.01 0.05 0.85
FMI — 25(OH)D -0.16 0.05 <0.001
Model 5
MVPA — FMI -0.08 0.05 0.13
MVPA — 25(OH)D 0.11 0.05 <0.05
FMI — 25(OH)D -0.15 0.05 <0.05
Model 6
TPA — FMI -0.05 0.04 0.25
TPA — 25(OH)D 0.04 0.05 0.41
FMI — 25(OH)D -0.16 0.04 <0.001
Indirect effects
LPA — FMI — 25(OH)D 0.01 0.01 0.47
MVPA — FMI — 25(OH)D 0.01 0.01 0.16
TPA — FMI — 25(OH)D 0.01 0.01 0.27
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Total effects

LPA (Model 4) 0.01 0.05 0.77
MVPA (Model 5) 0.12 0.05 <0.05
TPA (Model 6) 0.05 0.05 0.33

SEM analysis results of the direct, indirect, and total effect of Physical Activity (PA; LPA: Light Physical
Activity; MVPA, Moderate and Vigorous Physical Activity; TPA, Total Physical Activity) on adiposity
(BMI, Body Mass Index; FMI, Fat Mass Index), and on concentration of 25-hydroxycholecalciferol [
25(OH)D]. The arrows represent the direct effect. Models are adjusted by Season, Socioeconomic status,
Sex, Age, Skin Color, Smoking Habit, Alcohol Intake, Activities of Daily Life, Number of morbidities.
Adjustment parameters that validated the Model 1: X?>= 0.10; RMSEA=0.02, 90%C.I. superior= 0.04,
probability= 0.99; CFI=0.99; TLI=0.97; SRMR= 0.04. Model 2: X?>= 0.12; RMSEA=0.02, 90%C.1.
superior= 0.04, probability= 1.00; CFI=0.99; TLI= 0.97; SRMR= 0.04. Model 3: X>= 0.12; RMSEA=
0.02, 90%C.1. superior= 0.04, probability= 1.00; CFI=0.99; TLI= 0.97; SRMR= 0.04. Model 4: X°=
0.10; RMSEA=0.02, 90%C.I. superior= 0.04, probability= 0.99; CFI=0.99; TLI= 0.97; SRMR= 0.04.
Model 5: X?=0.12; RMSEA=0.02; 90%C.I. superior= 0.04, probability= 1.00; CFI=0.99; TLI= 0.97;
SRMR= 0.04. Model 6: X>= 0.12; RMSEA=0.02, 90%C.I. superior= 0.04, probability= 1.00; CFI=0.99;
TLI= 0.97; SRMR= 0.04.

Table S2: The direct effect of covariates on the model of LPA, %fat and 25(OH)D.
EpiFloripa Aging cohort study. Florianopolis, Santa Catarina, Brazil, 2013-2015.

Standardized Standard

Pathways and estimates coefficient error p-value
Latent variables

SES

Education 0.92 0.04 <0.001
Family income 0.64 0.04 <0.001
Direct effects

LPA

Season - Summer - 0.06 0.05 0.24
Season - Spring 0.01 0.05 0.85
Season - Autumn 0.11 0.05 <0.05
SES -0.23 0.06 <0.001
Sex 0.01 0.06 0.84
Age -0.12 0.06 <0.05
Skin Color -0.04 0.05 0.46
Smoking Habit -0.15 0.07 <0.05
Alcohol Intake 0.06 0.08 0.44
ADLs -0.20 0.07 <0.05
Number of morbidities - 0.06 0.06 0.26
Y%fat

LPA -0.07 0.03 <0.05

Season - Summer 0.004 0.04 0.91
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Season - Spring 0.03 0.03 0.31
Season - Autumn 0.06 0.03 0.09
SES 0.09 0.04 <0.05
Sex 0.66 0.03 <0.001
Age -0.12 0.03 <0.001
Skin Color -0.01 0.03 0.85
Smoking Habit -0.06 0.04 0.16
Alcohol Intake 0.10 0.04 <0.05
ADLs 0.15 0.03 <0.001
Number of morbidities 0.12 0.03 <0.001
25(OH)D

LPA 0.002 0.05 0.97
%fat -0.15 0.05 <0.05
Season - Summer -0.04 0.04 0.36
Season - Spring -0.15 0.04 <0.001
Season - Autumn -0.28 0.04 <0.001
SES -0.02 0.06 0.69
Sex -0.12 0.06 0.03
Age -0.08 0.04 0.06
Skin Color 0.09 0.04 0.04
Smoking Habit -0.11 0.05 0.03
Alcohol Intake -0.05 0.06 0.38
ADLs -0.14 0.04 <0.05
Number of morbidities 0.03 0.05 0.48

Structural Equation Modeling (SEM) analysis results of the direct effect of each covariate on Light
Physical Activity (LPA), body fat percentage (%fat), and concentration of 25-hydroxycholecalciferol
[25(OH)D]. The latent variable, socioeconomic status (SES), was constructed by education (years of
study) and family income. ADLs, Activities of Daily Life; Adjustment parameters that validated the
model: X?>=0.10; RMSEA= 0.02, 90%C.I. superior= 0.04, probability= 1.00; CFI=0.99; TLI= 0.98;
SRMR= 0.04.

Table S3: The direct effects of covariates on the model of MVPA on %fat and
25(0OH)D. EpiFloripa Aging cohort study. Florianopolis, Santa Catarina, Brazil, 2013-
2015.

Standardized Standard

Pathways and estimates coefficient error p-value
Latent variables

SES

Education 0.93 0.04 <0.001
Family income 0.63 0.04 <0.001
Direct effects

MVPA
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Season - Summer -0.07 0.05 0.18
Season - Spring -0.03 0.05 0.57
Season - Autumn 0.08 0.05 0.10
SES -0.14 0.06 <0.05
Sex -0.33 0.06 <0.001
Age -0.20 0.06 <0.001
Skin Color -0.05 0.06 0.35
Smoking Habit -0.26 0.06 <0.001
Alcohol Intake 0.04 0.07 0.57
ADLs -0.24 0.06 <0.001
Number of morbidities -0.06 0.05

%fat

MVPA -0.11 0.04 <0.05
Season - Summer 0.001 0.04 0.97
Season - Spring 0.03 0.03 0.37
Season - Autumn 0.06 0.03 0.09
SES 0.09 0.04 <0.05
Sex 0.63 0.04 <0.001
Age -0.13 0.03 <0.001
Skin Color -0.01 0.03 0.77
Smoking Habit - 0.08 0.05 0.09
Alcohol Intake 0.10 0.05 <0.05
ADLs 0.14 0.03 <0.001
Number of morbidities 0.12 0.03 <0.001
25(OH)D

MVPA 0.11 0.05 0.05
%fat -0.13 0.05 <0.05
Season - Summer -0.03 0.04 0.47
Season - Spring -0.15 0.04 <0.001
Season - Autumn -0.29 0.04 <0.001
SES -0.01 0.05 0.86
Sex -0.10 0.06 0.08
Age -0.05 0.04 0.22
Skin Color -0.08 0.04 <0.05
Smoking Habit - 0.08 0.05 0.12
Alcohol Intake -0.06 0.06 0.32
ADLs -0.12 0.04 <0.05
Number of morbidities 0.04 0.04 0.43

Structural Equation Modeling (SEM )analysis results of the direct effect of each covariate on Moderate
and Vigorous Physical Activity (MVPA), body fat percentage (%fat), and concentration of 25-
hydroxycholecalciferol [25(OH)D]. The latent variable, socioeconomic status (SES), was constructed by
education (years of study) and family income. ADLs, Activities of Daily Life. Adjustment parameters that
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validated the model: X?>= 0.10; RMSEA= (.02, 90%C.1. superior= 0.04, probability= 1.00; CFI=0.99;
TLI= 0.98; SRMR= 0.04.

Table S4: The direct effects of covariates on the model of TPA, %fat, and 25(OH)D.
EpiFloripa Aging cohort study. Florianopolis, Santa Catarina, Brazil, 2013-2015.

Standardized Standard

Pathways and estimates coefficient error p-value
Latent variables

SES

Education 0.92 0.04 <0.001
Family income 0.64 0.04 <0.001
Direct effects

TPA

Season - Summer -0.07 0.05 0.14
Season - Spring -0.003 0.05 0.96
Season - Autumn 0.12 0.06 <0.05
SES -0.23 0.06 <0.001
Sex -0.10 0.06 0.12
Age -0.17 0.06 <0.05
Skin Color -0.05 0.06 0.37
Smoking Habit -0.20 0.06 <0.05
Alcohol Intake 0.07 0.08 0.43
ADLs -0.25 0.07 <0.001
Number of morbidities -0.07 0.06 0.21
%fat

TPA -0.10 0.04 <0.05
Season - Summer 0.002 0.04 0.96
Season - Spring 0.03 0.03 0.33
Season - Autumn 0.06 0.03 0.07
SES 0.09 0.04 <0.05
Sex 0.65 0.03 <0.001
Age -0.12 0.03 <0.001
Skin Color -0.01 0.03 0.80
Smoking Habit - 0.07 0.04 0.11
Alcohol Intake 0.10 0.05 0.04
ADLs 0.14 0.03 <0.001
Number of morbidities 0.12 0.03 <0.05
25(OH)D

TPA 0.04 0.05 0.48
%fat -0.14 0.05 <0.05
Season - Summer -0.03 0.04 0.40
Season - Spring -0.15 0.04 <0.001
Season - Autumn -0.28 0.04 <0.001

SES -0.02 0.06 0.79
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Sex -0.12
Age - 0.07
Skin Color -0.09
Smoking Habit -0.10
Alcohol Intake -0.05
ADLs -0.13
Number of morbidities 0.03

0.06
0.04
0.04
0.05
0.06
0.04
0.05

<0.05
0.09
<0.05
<0.05
0.35
<0.05
0.46

Structural Equation Modeling (SEM) analysis results of the direct effect of each covariate on Total

Physical Activity (TPA), body fat percentage (%fat), and concentration of 25-hydroxycholecalciferol

[25(OH)D]. The latent variable, socioeconomic status (SES), was constructed by education (years of

study) and family income. ADLs, Activities of Daily Life. Adjustment parameters that validated the
model: X?>=0.10; RMSEA= 0.02, 90%C.I. superior= 0.04, probability= 1.00; CFI=0.99; TLI= 0.98;

SRMR= 0.0
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4.2 CAPITULO 2 - ESTUDOS DA RELACAO ENTRE VITAMINA D E SINTOMAS
DEPRESSIVOS

Neste capitulo sdo apresentados os artigos:
Artigo 3 - “Vitamin D and depression in older adults: lessons learned from observational
and clinical studies” (paginas 129 a 175).
Artigo publicado: CEOLIN, G. et al. VITAMIN D AND DEPRESSION IN OLDER
ADULTS: LESSONS LEARNED FROM OBSERVATIONAL AND CLINICAL
STUDIES. Nutrition Research Reviews, p. 1-63, 13 jan. 2022.

Artigo 4 - “Vitamin D, depressive symptoms and COVID-19 pandemic: mind the gap”
(paginas 176 a 189).
Artigo publicado: CEOLIN, G. et al. Vitamin D, Depressive Symptoms, and Covid-19

Pandemic. Frontiers in Neuroscience, v. 15, 2021.

Artigo 5 - “Lower serum 25-hydroxycholecalciferol is associated with depressive
symptoms in older adults in Southern Brazil” (paginas 190 a 216).
Artigo publicado: CEOLIN, G. et al. Lower serum 25-hydroxycholecalciferol is

associated with depressive symptoms in older adults in Southern Brazil. Nutrition

Journal, v. 19, n. 1, p. 123, 14 nov. 2020.
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4.2.1 Artigo 3

VITAMIN D AND DEPRESSION IN OLDER ADULTS: LESSONS LEARNED
FROM OBSERVATIONAL AND CLINICAL STUDIES

Vitamin D and Depression in Older Adults

Gilciane Ceolin®Y, Luciana da Concei¢do Antunes™, Morgana Moretti¢, Débora Kurrle
Rieger®d, Julia Dubois Moreira®%.

2 Postgraduate Program in Nutrition. Universidade Federal de Santa Catarina.

b Department of Nutrition. Universidade Federal de Santa Catarina.

¢ Postgraduate Program in Biochemistry. Universidade Federal de Santa Catarina.

d Translational Nutritional Neuroscience working group. Universidade Federal de Santa

Catarina.

ABSTRACT
Depression is a mental disorder triggered by the interaction of social, psychological, and

biological factors that have an important impact on an individual’s life. Despite being a
well-studied disease with several established forms of treatment, its prevalence is
increasing, especially among older adults. New forms of treatment and prevention are
encouraged, and some researchers have been discussing the effects of vitamin D (VitD)
on depression; however, the exact mechanism by which VitD exerts its effects is not yet
conclusive. In this study, we aimed to discuss the possible mechanisms underlying the
association between VitD and depression in older adults. Therefore, we conducted a
systematic search of databases for indexed articles published until April 30, 2021. The
primary focus was on both observational studies documenting the association between
VitD and depression/depressive symptoms, and clinical trials documenting the effects of
VitD supplementation on depression/depressive symptoms, especially in older adults.
Based on pre-clinical, clinical, and observational studies, it is suggested that the
maintenance of adequate VitD concentrations is an important issue, especially in older
adults, which are a risk population for both VitD deficiency and depression. Nevertheless,
it is necessary to carry out more studies using longitudinal approaches in low- and middle-
income countries to develop a strong source of evidence to formulate guidelines and

interventions.
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Keywords: Depression. 25-hydroxycholecalciferol. Vitamin D. Review. Observational

Studies. Clinical Trials. Older Adults. Aging.

INTRODUCTION

Depression is a mental disorder that causes clinically significant suffering and/or
impairment in the social, professional, economic, and other important areas of an
individual's life, and is the main cause of suicide in more severe cases (. The prevalence
of depression in 2015 was estimated to be 4.4% globally, with a higher prevalence among
those between 55 and 77 years of age. Women appear to be more affected (7.5%) than
men (5.5%) ®. Among those over 60 years old, depression occurs in 7.0% of the general
older population . According to the Global Burden of Disease, Injuries, and Risk Factors
— GBD survey, depression is among the top three causes of disability (7. There has been
a significant increase in the global burden of disease in years lived with disabilities
(YLDs) in the past 20 years due to depressive disorders. In 1990, depression occupied the
fourth position, moving to the third in 2007 with an increase of 33.4%, and remained in
the third position between 2007 and 2017; however, it has increased by 14.3% ®.
Moreover, people with depressive symptoms are undiagnosed, otherwise, their prevalence
could be higher @,

Mental disorders are among the main problems in public health, and mood
disorders are diseases with higher costs to health systems worldwide ?319, According
to the Mental Health Atlas of the World Health Organization (WHO), low- and middle-
income countries spend less than $ 1 per year per capita in the treatment and prevention
of mental disorders, compared to an average of > $ 80 in high-income countries due to
socioeconomic issues 'V, Therefore, there is an urgent need to identify the modifiable
risk factors associated with the etiology of depression, helping with the treatment and
prevention of this disorder, especially in low- and middle-income countries (%13,

Depression is a complex disease triggered by the interaction between social,
psychological, and biological factors *!¥. In older adults, depression can be triggered by
a series of factors such as limitations in daily activities, cognition, mobility, and social
changes such as retirement, social isolation, and relocation to long-term institutions (1),
Among the biological factors, genetic predisposition, neurotransmitter and
neuroendocrine system imbalance, functional and structural brain anatomy, and cognition
are the most studied mechanisms (%17, Recently, nutritional factors have shown an

important relationship with the evolution, prevention, and treatment of mental disorders
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(8, The association between VitD and depression has emerged in scientific scenarios,
and this nutrient seems to be relevant in the prevention of depressive symptom
development. However, the mechanism by which VitD exerts its effects remains unclear
(19.20).

Many clinical trials have been conducted to investigate the potential therapeutic
effect of vitD on patients with depression, but the results remain inconclusive due to
methodological issues @Y. VitD is a fat-soluble vitamin that is present in two forms:
VitD2 (ergosterol) and VitD3 (cholecalciferol). It is obtained from diet, supplementation,
and sun exposure ?>23_ VitD has a well-established role in mineral bone metabolism, but
its effects are not restricted to bone health and are also important in maintaining many
biological processes, such as the regulation of gene expression, cell proliferation and
differentiation, and immune system regulation ?42%. In the central nervous system
(CNS), the presence of nuclear (Vitamin D Receptor, VDR) and membrane (Protein
disulfide isomerase family A member 3, PDIA3) receptors for VitD and some enzymes
(cytochrome P450 family enzymes CYP27al, CYP27bl, and CYP24al) responsible for
converting its active form has raised the hypothesis that VitD may be involved in the
pathophysiology of depression ¢7-3D.

Low serum VitD concentrations [25-hydroxycholecalciferol, 25(OH)D] have
been considered a public health problem worldwide, especially in the elderly ¢?. For
older adults, the prevalence of 25(OH)D deficiency (<50 nmol/L or <20 ng/mL) was 36%
in the United States ©%, 19% in Canada ®¥, 36% in China ), and 4-89% in European
countries 2. In low- and middle-income countries, the prevalence was approximately
41% for older adults in Brazil %, 91% in India @7, and 46% in Guatemala ®®. However,
different cutoff points have been suggested, and a single value to define VitD deficiency
or insufficiency has been debated ®%. Moreover, the establishment of desirable serum
VitD concentrations is based on bone health to maintain mineral and skeletal homeostasis
(39.40)

It is important to mention that VitD levels via skin synthesis and intestinal
absorption are influenced by various factors such as skin pigmentation, latitude, season,
age, obesity, and inflammatory bowel diseases, Famong others #!=*3). Due to reduced sun
exposure, decreased skin synthesis and dietary intake, and intestinal malabsorption, the
elderly are among the top risk groups for VitD deficiency “*Y. They also present
significant complications related to low VitD concentrations (<20 ng/mL), such as the

risk of fractures due to fragility and bone loss, which contribute to age-related muscle
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weakness and sarcopenia 28434346 In addition, VitD concentrations <20 ng/mL have
been associated with an increased risk of all-cause mortality “7).

In this review, we aimed to update the role of VitD in depression, discussing the
metabolism of VitD, its mechanism of action in the brain, and the main evidence of pre-
clinical, clinical, and observational studies, especially those involving older adults, a
population risk for both conditions, in an attempt to highlight the potential preventive and
therapeutic effects of this nutrient. Also, we aimed to suggest future directions for new
studies. To this end, we conducted a systematic search for articles published until April
30, 2021. The databases used were PubMed, Scopus, Embase, Science Direct, and Web

of Science (details are presented in the supplementary material).

VITAMIN D: SYNTHESIS AND METABOLISM

The synthesis of VitD (Figure 1) by epidermal epithelial cells begins when the
exposure to ultraviolet B radiation (UVB, 290-315 nm) promotes the non-enzymatic
transformation of 7-dehydrocholesterol (7-DHC or pro-VitD) in pre-VitD3 @349 A
photolytic break forms a secosteroid molecule, which then undergoes an isomerization
reaction induced by heat to transform it into VitD3 (or cholecalciferol), a process that
takes about 8 h 459 Keratinocytes are the main cells of the epidermis that have the
enzymatic machinery to metabolize VitD in its active form and express the vitamin D
receptor (VDR) @23D_ In contrast, the synthesis of the active form of VitD from either
food or supplementation begins with incorporation into micelles and absorption through
the enterocyte membrane by apical membrane transporters or by passive diffusion ©2. A
fraction of VitD is incorporated into the chylomicrons, which are transported to the
lymphatic system and then to the venous system by vitamin D binding protein (DBP) 0,

The other fraction is incorporated into adipose tissue and skeletal muscles %),
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Figure 1. Vitamin D synthesis, metabolism, and target tissue actions

1. The synthesis of VitD from sunlight initiates in the skin when 7-DHC is converted in pre-vitD3 and then
vitD3 [25(OH)D3 or cholecalciferol] and is carried by DBP through blood circulation. 2. The VitD from
dietary intake (VitD2/ergocalciferol and D3/cholecalciferol) is absorbed in the small intestine and packed
into chylomicrons to reach the systemic circulation. Both VitD3 and VitD2 are also transported through
blood circulation by DBP to the liver, when are converted to 25-hydroxyvitamin D [calcidiol or 25(OH)D],
by the action of 25-hydroxylases. 3. 25(OH)D coupled to DBP is transported to the target organs such as
kidney, bones, adipose tissue, muscle, and brain, and cells such as in the immune system containing the
enzyme 1-a-hydroxylase, which convert 25(OH)D to 1,25-dihydroxyvitamin D [calcitriol or 1,25(OH).D],
the active form of VitD. VitD act through both genomic and non-genomic pathways. In the genomic
pathway, VitD active form enters the nucleus linked to the VDR where it binds to the RXR and then binds
to the VDRE, resulting in modulation of target gene expression. In the non-genomic pathway, the VitD
active form binds to the PDIA3 and starts signaling cascades including the activation of phospholipase A2
activating protein (PLAA), phospholipase A2 (PLA2), phospholipase C (PLC), and opening Ca** channels
that results in the activation of secondary messengers. This figure was made using Bio Render (License:

YN235V4QZA)

Both VitD2 and VitD3 are transported in the blood by DBP and must undergo
activation through two consecutive enzymatic hydroxylation reactions in the liver and
kidneys. In the liver, VitD2 and VitD3 are converted into 25-hydroxyvitamin D (calcidiol
or 25(OH)D) by the action of 25-hydroxylases (cytochrome P450 enzymes group,
CYP2R1, or CYP27A1) 6439 The 25(OH)D coupled with DBP is transported to various
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tissues with cells containing the enzyme 1-a-hydroxylase (CYP27B1), as in the kidney,
where it converts 25(OH)D to 1,25-dihydroxyvitamin D (calcitriol or 1,25(OH).D), the
active form of VitD 456),

The conversion of 1,25(OH):D in the kidney is regulated by several factors,
including circulating concentrations of parathyroid hormone (PTH) in the parathyroid
glands, serum phosphorus, calcium, fibroblast growth factor 23 (FGF-23) in the bone,
and its self-regulation. 1,25(OH).D decreases its own synthesis by negative feedback; it
decreases the secretion of parathyroid hormone and increases the expression of 24-
hydroxylase 7). This self-regulation by the expression of 24-hydroxylase is found in most
tissues and is essential for the catabolism of 25(OH)D and 1,25(OH).D ©¥,

The biological effects of 1,25(OH);D are largely mediated by VDR, which is

expressed in almost all human cells %0,

The VDR belongs to a subfamily of nuclear
receptors, which contains two sites for ligand binding, called the genomic pocket (VDR-
GP) that binds in a bowl-like configuration for gene transcription and the alternative
pocket (VDR-AP), which connects in a planar-like configuration for quick responses 0.
When VDR-GP binds to 1,25(OH).D, it enters the cell nucleus and binds to the retinoid
X receptor (RXR). This complex then binds to the vitamin D responsive element (VDRE)
in the promoter regions of the target genes by recruiting co-activator or co-repressor
complexes that regulate either positively or negatively the transcription of genes®3-9),
The other suggested VitD receptor is the PDIA3, also known as endoplasmic reticulum
protein (ERp60, ERp57, and Grp58), or VitD membrane-associated rapid-response
steroid-binding protein (1,25-MARRS)®D. PDIA3 is present in caveolae (lipid rafts) and
is linked to the rapid responses of 1,25(OH).D by activating signaling cascades, where it
physically interacts with downstream mediators %2 including the activation of
phospholipase A2 activating protein (PLAA), phospholipase A2 (PLA2), phospholipase
C (PLC), and opening Ca?* channels that result in the activation of secondary messengers
(63), PDIA3 is involved in the function of immune and musculoskeletal systems as well as
mammary gland growth and development, and participates in the intestinal uptake of

calcium and phosphate®®. PDIA3 also mediates the effect of 1,25(OH),D on the

regulation of osteoblasts and chondrocytes 4.
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VITAMIN D: MECHANISM OF ACTION IN THE BRAIN

The first evidence of the role of VitD in brain function began with
autoradiographic findings of the presence of VDR in the brain tissue of laboratory animals
65, VDR is found in neurons and glial cells in most regions of the brain, including the
cortex (temporal, frontal, parietal, and cingulate); deep gray matter (thalamus, basal
ganglia, hypothalamus, hippocampus, and amygdala); cerebellum, nuclei of the brain
stem, substantia nigra (an area abundant in dopaminergic neurons); spinal cord; and
ventricular system . In addition, an alternative mechanism was observed in post-
mortem human brain tissue samples. It was demonstrated that 1,25(OH);D can be
activated locally through the expression of the enzyme la-hydroxylase, which is
classically expressed in the kidney and is responsible for catalyzing the conversion of
25(OH)D into 1,25(0OH):D, showing that both forms (VitD and 25(OH)D) can pass
through the blood-brain barrier ¢7:6%),

It has been proposed that within the neurovascular unit, the machinery for
conversion of both VitD forms involves the cytochrome P450 family enzymes CYP27al,
CYP27bl, and CYP24al, which are expressed in neurons, and CYP27al, which are
expressed in all neural cell types and are highly expressed in endothelial cells V. The
active form of VitD triggers genomic actions associated with VDR or non-genomic
actions related to PDIA3, which is expressed in small amounts in extra-cerebral tissues
such as the liver and kidney. On the other hand, PDIA3 is highly expressed in the brain

and appears to be the main brain receptor for VitD in neural tissue (Figure 2).
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Figure 2. The role of Vitamin D in depression

1. In the brain, both active and inactive VitD is carried through blood circulation binding to DBP and can
permeate the blood-brain barrier. All brain cells [endothelial cells (a), astrocytes (b), neurons (c),
oligodendrocytes (d), and microglia (e¢)] have the machinery to transform VitD. VitD is turned into
25(0OH)D by CYP27al in endothelial cells and neurons, and it is metabolized to 1,25(OH)2D by CYP27b1
in neurons or microglia. All brain cells can express VDR, but it is highly expressed by astrocytes. When it
enters the cell, 1,25(OH):D can bind to VDR, and then to the RXR in the nucleus. The complex VDR-RXR
binds to the VDRE and initiate gene transcription or can be inactivated when in excess by CYP24al. All
brain cells can express PDIA3 but is highly expressed in endothelial cells when 1,25(OH).D can bind and
PDIA3 physically interacts with downstream mediators to initiate rapid responses and induce signaling
cascades. 2. VitD regulates the expression of many processes related to depression. It maintains Ca*"
homeostasis, activates the expression of many antioxidant genes, regulates the formation of serotonin and
dopamine, and reduces inflammation by reducing the expression of inflammatory cytokines. TPH2:
tryptophan hydroxylase 2. SERT: serotonin reuptake transporter. GDNF: Glial cell-derived neurotrophic
factor. COMT: catechol-o-methyltransferase. NRF2: nuclear factor-erythroid-2-related factor 2. y-GT: y-
glutamyl transpeptidase. GCLC: glutamate-cysteine ligase. GR: glutathione reductase. GPx: glutathione
peroxidase. NF-«kB: Nuclear factor-kappa B. This figure was made using Bio Render (License:

FB235V4MBD)

VitD is known as a neurosteroid because of its important role in the CNS in
processes related to cell differentiation, production and release of neurotrophic factors,

synthesis of neurotransmitters, intracellular calcium homeostasis, influence on the redox
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state, function, and metabolism of neuronal cells and cognition (Figure 2) %, The
active form of VitD stimulates the synthesis of nerve growth factor (NGF), which acts on
cholinergic neurons, and positively regulates the synthesis of neurotrophic factors derived
from the glial cell line (GDNF), which acts on dopaminergic neurons, and neurotrophin
3 (NT-3), which are key to neuronal promotion, survival, differentiation, and plasticity(®.
Due to its involvement in several brain functions, in humans, observational studies have
linked low serum VitD concentrations with some brain disorders, such as schizophrenia,
failure in synaptic plasticity related to learning and memory, cognitive decline, and mood

disorders (27:29:70),

VITAMIN D AND DEPRESSIVE SYMPTOMS: EVIDENCE FROM PRE-CLINICAL
AND CLINICAL STUDIES

Pre-clinical Studies

Depression is a multifactorial disease, which makes it challenging to identify the
precise biological mechanisms that link VitD to depression. However, some hypotheses
have been proposed based on the experimental research data. Calcium homeostasis,
glutamatergic/GABAergic and monoaminergic system modulation, influence on
circadian rhythm, anti-inflammatory properties, and redox balance modulation are among
the most investigated mechanisms.

The homeostasis of intracellular and extracellular calcium (Ca") is an important
factor responsible for driving the onset of depression, which links VitD with the
development of depressive symptoms because of its interaction with excitatory synapses
27, The imbalance in intracellular Ca>" is caused by an elevation in glutamate and by
activation of the phosphoinositide signaling pathway that generates inositol triphosphate
(IP3), which releases Ca?" from internal stores 77172, The elevation of Ca’" can affect
both ionotropic (NMDA) and metabotropic (mGluR) receptors ’3). This change in neural
activity drives excitatory neurons and is responsible for the decline in the activity and the
number of GABAergic inhibitory neurons and modulation of the activity of other
neurotransmitter systems, including the inhibition of the serotonergic system and the
release of norepinephrine and dopamine . However, 1,25(OH),D can act in this
pathway by inducing the expression of proteins related to the maintenance of Ca**

homeostases, such as calbindin, parvalbumin, Na*/Ca** exchanger (NCX1), and pump
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Ca®" -ATPase (PMCA). It also regulates Ca>* concentrations by reducing the expression
of the CaV1.2 calcium channel @779,

Concerning other neurotransmitter systems, it has been proposed that depression
could result from a deficiency of serotonin (5-HT) in the synaptic cleft 77, 5-HT is
derived from the essential amino acid tryptophan. To produce 5-HT in the brain,
tryptophan must first be transported across the blood-brain barrier and then metabolized
by the enzyme tryptophan hydroxylase 2 (TPH2). VDR activation by 1,25(OH),D can
induce the expression of the TPH2 gene in serotonergic neurons 789, In addition,
1,25(OH)2D could act in the repression of the serotonin reuptake transporter (SERT or 5-
HTT), and the mitochondrial enzyme responsible for 5-HT catabolism, monoamine
oxidase-A (MAO-A), resulting in potentiated serotonergic transmission ¢,

In the dopaminergic system, VitD is involved in the maturation of dopaminergic
neurons. VDR is present in the nucleus of positive neurons for tyrosine hydroxylase (TH)
and can stimulate glial cell line-derived neurotrophic factor (GDNF) in dopaminergic
neurons ¢, VDR also modulates metabolism through the genomic regulation of catechol-
o-methyl transferase (COMT) expression, a key enzyme involved in dopamine turnover
(8283) In addition, in a rat model of depression, VitD appears to produce therapeutic
effects comparable to antidepressant drugs such as fluoxetine, improving anhedonia-like
symptoms, probably by regulating the effect of dopamine-related actions on the nucleus
accumbens &4,

From a chronobiological perspective, a growing body of evidence suggests that
VitD participates in the mechanisms orchestrating the circadian rhythm, suggesting that
hypovitaminosis D might play a role in sleep disorders ®%. VitD has been associated with
the regulation and maintenance of optimal sleep ®®. The mediating role of VitD in the
circadian rhythm is supported by studies demonstrating the association between lower
concentrations of VitD and sleep ®7#%), In addition, a circadian oscillation pattern can be
equally observed in plasma 1,25(OH),D concentration and DBP, which corroborates the
association between VitD and the circadian system ®7),

Because sunlight partially regulates the synthesis of VitD and is the main zeitgeber
in the regulation of the circadian rhythm, it is conceivable that VitD might contribute to

the transduction of signs regulating it %%

The suprachiasmatic nucleus (SCN) is a
hypothalamic structure found directly above the optic chiasm, and its strategic anatomical
position allows prompt central response to sunlight stimuli through the retina. SCN is the

main oscillator, which accounts for the control of circadian rhythms by regulating several
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body functions during a 24-h cycle, sending peripheral signals through neurohumoral
mechanisms . For this reason, the authors postulated that VitD is likely involved in the
regulation of the sleep/wake rhythm ©0).

Melatonin is a neurohormone involved in the regulation of mammalian circadian
rhythms and sleep. It is released in response to darkness and is synthesized by the pineal
gland %), Its synthesis occurs from the metabolism of serotonin 3, which, in turn, is also
regulated by VitD. Along with VDR, 1,25(OH):D triggers the central expression of
TPH2, the gene responsible for encoding the enzyme catalyzing the conversion of
tryptophan into 5-hydroxytryptophan, which is then metabolized into serotonin and
subsequently as melatonin 7). Therefore, it is thought that the combination of deficits
in serum VitD levels and circadian rhythm impairments could induce a robust increase in
depressive symptoms and/or act as an interplay variable in the pathophysiology of major
depressive disorder.

Regarding anti-inflammatory pathways, it is also relevant to point out that both
melatonin and VitD mediate the mitochondrial function in homeostasis, such as
downregulating mechanistic target of rapamycin (mTOR), inducible nitric oxide synthase
(iNOS), and nuclear factor kappa B (NF-kB) pathways, and upregulating Sirtuin-1 (SIRT-
1) and adenosine monophosphate-activated protein kinase (AMPK) pathways, which are
critical mechanisms to avoid anomalous inflammatory responses related to oxidative
stress and apoptosis ©Y.

Pro-inflammatory cytokines, interleukins, and other inflammatory markers such
as prostaglandins and acute-phase C-reactive protein (CRP) have been implicated to play
role in the pathophysiology of depression ©3=7. Inflammation leads to increased blood-
brain barrier permeability, allowing easier entry of inflammatory molecules into the CNS
©8 At a cellular level, it has been observed that TNF-a can induce glutamate release by
activated microglia in vitro, leading to excitotoxic damage to neurons ©?. Some cytokines
can directly increase enzymatic activity for converting tryptophan to kynurenine and
decreasing the production of serotonin %2, Considering that macrophages, dendritic
cells, and activated B and T lymphocytes express la-hydroxylase and VDR, VitD could
act by modulating the immune response and regulating cytokine expression ©7-109),
Moreover, it was demonstrated that the activity of NF-xB, a transcription factor involved
in the synthesis of pro-inflammatory cytokines, was inhibited by 1,25(OH),D, which
helps to maintain the balance of T helper cells (T helper, Th), inhibiting the production
of Thl and Th17 cytokines and increasing Th2 cytokine synthesis 7.
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Interestingly, Boontanrart et al. (2016) reported that activated microglia were
associated with an increased expression of VitD receptor and Cyp27bl, which encodes
the la-hydroxylase enzyme for converting 25(OH)D into its active form, thereby
enhancing their responsiveness to 25(OH)D. Moreover, activated microglia exposed to
25(OH)D had reduced expression of pro-inflammatory cytokines, IL-6, IL-12, and TNFa,
and increased expression of IL-10. The decrease in pro-inflammatory cytokines was
dependent on IL-10 induction of suppressor of cytokine signaling-3 (SOCS3). Therefore,
25(OH)D increases the expression of IL-10, creating a feedback loop via SOCS3, which
reduces the pro-inflammatory immune response by activated microglia and probably
protects the CNS from damage %9, In agreement with these findings, Lee et al. (2020)
showed that VitD signaling in neurons elicits an anti-inflammatory state in microglia.
Moreover, the partial deletion of VDR in neurons during early life exacerbates CNS
autoimmunity in adult mice. Therefore, by changing the immune response of microglia,
VitD may be an interesting mechanism for avoiding a prolonged inflammatory state in
the CNS (109,

In addition, VDR activation stimulates the expression of many antioxidant genes,
such as the nuclear factor erythroid-2 (NRF2), y-glutamyl transpeptidase (y-GT),
glutamate-cysteine ligase (GCLC), glutathione reductase (GR), and glutathione
peroxidase (GPx) 7. VitD negatively regulates the expression of iNOS in monocyte-
derived cells and increases the activity of y-GT, an important enzyme in the glutathione
pathway (06100 Reinforcing the modulation of oxidative stress as a mechanism
associated with the antidepressant-like effect of VitD, repeated administration of this
compound (2.5, 7.5, and 25 pg/kg, for 7 days) prevented depressive-like behavior and
brain oxidative stress induced by chronic administration of corticosterone (21 days) in
male and female mice!!%1%9), It has been demonstrated that ROS triggers a variety of
molecular cascades that increase the permeability of the blood-brain barrier, allowing
inflammatory cytokines to enter the CNS (19, Moreover, it has been well established that
inflammation and oxidative stress, which mutually amplify each other, play an important
role in the pathophysiology of depression and can be a target for therapeutic strategies
(1),

Clinical Studies

Nineteen randomized clinical trials using VitD supplementation for depressive
symptoms in adults were published until 2020 (Table 1). Nine studies were double-
blinded, and 12/19 included individuals aged >65 years. Most of the studies were
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conducted in high-income countries (13/19). Seven studies were conducted with
community-dwelling, healthy volunteers or individuals with no specification, three
studies only with VitD-deficient individuals ('>"'1%_ Six included only individuals with
the diagnosis of depression, and two with individuals with VitD deficiency and diagnosed
depression (1'3119)_ Considering only the studies that included individuals with a diagnosis
of depression (with or without VitD deficiency), the majority (4/8) presented
improvement in depressive symptoms after VitD supplementation.

[Table 1].

Eight (7/19) studies reported an improvement in depressive symptoms after VitD
supplementation, 11/19 reported no improvement, and one study lacked the power to
assess due to sampling size (1?¥. Considering the studies that observed depressive
symptom improvement, 5/7 were conducted with individuals with depression, and one of
these (1/7) reported individuals with concomitant depression and VitD deficiency. VitD
doses ranged from 600-300,000 IU, and the majority (6/7) used VitD doses above the
DRI ul(> 4,000 Ul/day). VitD doses of 600—4,000 UI were used on a daily basis; 20,000—
50,000 UI were used weekly; and the effect of a single doses of 150,000-300,000 UI was
evaluated.

Compared to the seven studies with positive results, the 11 studies that did not
report improvements tended to use lower VitD doses (<4,000 UI) and longer periods
(from 6 months to 5 years of supplementation). Of the 11 negative studies, only 4/11 used
higher doses: Sanders et al. (2011) used a single dose of 500,000 IU in the winter for 3—
5 years; Dean et al. (2011) used 5,000 Ul/day for 6 weeks; Kjaegaard et al. (2012) used
20,000 Ul/week for 6 months; and Gugger et al. (2019) used 24,000 UI or 60,000 UI for
12 months (113:120.128,129) The age range was higher in the studies that did not observe any
improvement in depressive symptoms (individuals > 70 years).

Two meta-analyses have shown controversial results in clinical trials with vitamin
D supplementation. Spedding et al. (2014) showed that VitD supplementation (a daily
doses of >800 IU) could have an effect comparable to that of antidepressants in depressive
symptoms @Y. Due to the methodological variability of the studies, the other meta-
analysis conducted by Gowda et al. (2015) showed results that did not support this
hypothesis (3. In addition, a 5-year follow-up study found no potential effect of VitD
on the incidence of depression ('?. Comparing the findings of the published meta-
analysis with the studies searched in the present review, we observed that studies that did

not observe improvements in depressive symptoms were conducted with older people
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with no diagnosis of depression, with lower VitD doses, and for longer periods of follow-
up. On the contrary, studies with positive results were conducted with younger
populations with a diagnosis of depression and higher VitD doses for short periods of
follow-up.

Key-points of pre-clinical and clinical studies

Preclinical studies have pointed to the potential and possible effect of vitD on
depression. However, despite a considerable number of clinical studies, it has not yet been
possible to prove whether VitD can prevent or be used as an adjuvant treatment in
depression. The data remain controversial. In addition, it is not possible yet to define

which doses/amount of vitamin D would be most appropriate for depression.

VITAMIN D AND DEPRESSIVE SYMPTOMS: EVIDENCE FROM
OBSERVATIONAL STUDIES

Table 2 summarizes the information from 44 observational studies that
investigated the relationship between VitD and depression/depressive symptoms in both
adults and older adults since 2006.

Over 15 years of research published we observed that most studies included a
mixed population with adults and older adults (27/44), were composed of people from
cohort studies (27/44), and high-income economies countries (38/44), and used screening
scales of depressive symptoms (37/44). The majority of studies performed a cross-
sectional (27/44), followed by both a cross-sectional and longitudinal (10/44), and finally,
a longitudinal analysis (7/44). Considering the studies that included only older adults (=60
years, 17/44), most were composed of people from a cohort (14/17) and performed a
cross-sectional (10/17), followed by both a cross-sectional and longitudinal (4/17), and
finally, a longitudinal analysis (3/17). Moreover, only three studies were performed in
low- or middle-income countries. This is an important issue because, according to the
Mental Health Action Plan 2013-2030, there is an imbalance between research in high-
and-low/middle-income countries that needs to be corrected to ensure that they have
appropriate cultural and economic strategies to respond to mental health needs and
priorities!'®). One of their main goals is to strengthen information systems, evidence, and
research on mental health, and it suggests the development of more studies from

low/middle-income countries.
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It is difficult to compare the main differences between the studies because each
study used a different method to analyze data, the cutoff point for the classification of
serum VitD concentrations, and the screening for depressive symptoms or diagnosis for
depression. However, an increasing number of studies have found an association between
VitD and both depressive symptoms (32/44) and depression (7/44), specifically in those
with cross-sectional analyses (24/44 and 7/44 respectively). Considering the studies in
which researchers stratified the analysis by sex (7/44), the association was divergent
because some authors 147199 found an association in both sexes, while other studies found
an association for women (63175 or men (39154161 I studies that included both adults
and older adults, only five (5/27) reported no association(!36:138:157.171,172)

Among the studies that exclusively analyzed data of older adults, those that
performed a cross-sectional analysis (10/17) found an association between VitD and
either depression!¢1'73) or depressive symptoms (133:146,154-156,163.170.174) "yt two studies
that stratified the analysis by sex and found an association only for men (3416 In studies
that performed either longitudinal or cross-sectional and longitudinal analyses combined,
the results are controversial. In the longitudinal analysis, one (>3 did not find any effect
of VitD on the course of depression or remission, while another found a decrease in the
score of depression with an increase in VitD 3%, and another (1* found an increase in
score of depression in a low level of VitD in 3- and 6-years follow-up in women and 3
years follow-up for men. In the cross-sectional and longitudinal combined analysis, some
found a cross-sectional but not longitudinal association!3%!67; another study'®® did not
find an association at baseline and 1-year follow-up, just found in a 4-years follow-up,
and another found a cross-sectional association only for women and not in the follow-
up%?, Nevertheless, most of these studies found a higher risk for depression when
considering VitD concentrations below 20 ng/mL or 50 nmol/L (135:146,154.159,160,163,169,174),
Other studies found higher risk when concentrations were below 10 ng/mL or 30
nmol/L(136:161.165.170) “and two studies found a lower risk to depression in concentrations >
36.7 nmol/L 7% and 92 nmol/L(1*”, Moreover, a meta-analysis with a mixed population
showed that an increase of 10 ng/ml in individuals with low serum concentrations of
25(0OH)D had a protective effect against depression, with a decrease of 4% in the risk of
depression in cross-sectional studies, and a decrease of 8% in the incidence of depression
in cohort studies 177, In studies involving only the elderly population, the same 10 ng/mL
increase in serum 25(OH)D level was associated with a 12% reduction in the risk of

depression (17,
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Key-points of observational studies

Despite the controversial results from observational studies, the major part has
pointed to a higher risk of depression in low levels of VitD (20 ng/mL or 50 nmol/L).
However, the variability between the study’s methodology is important to place. At this
moment is not possible to suggest a possible VitD cutoff point specifically to depression.
Few studies were carried out with only older adults and those in low- and middle-income
countries. Few longitudinal studies were carried out to point the causality of depression

due to low levels.

FUTURE PERSPECTIVE

Older adults are considered a risk group for both depression and vitamin D
deficiency, which justifies further studies to focus on this population. The aging process
is associated with a reduced ability to sustain homeostasis, which could make elderly
people more susceptible to pathological alterations, including neuropsychiatric
disorders! 7189 Also, women in menopausal transition are at risk of depression due to a
lot of changes (i.e. hormone-related context, stressful events in life)'®). Moreover, older
adults with depression present a higher risk of mortality!!8?, especially in low- and
middle-income countries, and have difficulties accessing treatment 4183 Another
important factor is related to the adverse effects caused by antidepressant medications
and the polypharmacy common in the elderly due to the concomitance of several
pathologies, which can facilitate the discontinuation of treatment (134-186),

Facing the urgency to identify the modifiable risk factors associated with the
etiology of depression, helping with the treatment and prevention of this disorder, it is
important to carry out more studies following a proper methodology since we have an
important background related to preclinical studies. As highlighted by WHO, these
studies need to be developed especially in low- and middle-income countries, since these
places have more prevalence of depression (!>!13). Further, observational studies have
pointed to the preventive effect of adequate serum vitamin D concentrations on the
development of depressive symptoms. More longitudinal studies have been suggested
(78187) to better elucidate the preventive effects of VitD on depression/depressive
symptoms.

Besides, the variability in the diagnosis of depression, differences in VitD cut-off

reference values, and methods for serum VitD analysis could influence these findings that
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are still controversial 1188189 Recently, the use of the standardized measurement of
VitD proposed by the VitD Standardization Program (VDSP) has been recommended to
improve clinical and public health practice and it is important to future studies apply in
their methodology 1°*!°D. Considering the RCT that included the elderly population (>65
years), most of them did not present any improvements in depressive symptoms after
VitD supplementation. This could be due to the lower VitD doses used in those studies
and because they were not performed in older individuals diagnosed with depression. This

is an important aspect to be addressed in future RCTs.

CONCLUSION

Overall, this updated review suggests that the monitoring and maintenance of
adequate VitD concentrations are crucial, especially in older adults, a risk population for
both VitD deficiency and depression. Several preclinical, clinical, and observational
studies have suggested that VitD could have a beneficial effect on depression/depressive
symptoms due to its genomic and non-genomic actions in many pathways involved in the
pathophysiology of depression.

Although studies presented controversial results, clinical studies have shown that
older adults with depression/depressive symptoms could benefit from higher doses of
VitD supplementation for short periods. However, more RCTs are needed to confirm
which doses and for how long the treatment is needed to achieve the greatest benefit.
From the observational studies, the results are still controversial, but the major part has
reported an association between low serum concentrations of VitD and high risk for
depression/depressive symptoms in older adults, pointing to a possible preventive effect
of VitD. Additional studies with prospective designs, especially in low- and middle-
income countries, possibly will help to elucidate better the impact of deficient VitD status

for mental health in adulthood and, consequently, for the elderly.
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Table 1 - Vitamin D supplementation and depression/depressive symptoms: clinical trials with older adults

159

2000 1U/d of
Okereke et al., RCT cholecalciferol for 5.3
2020 117 N=09,181 vitD; n= >50 years (interquartile PHQ-8 NA No improvement.
(USA) 9,172 placebo. range, 5.0-5.7 years)
MINI

Zhu et al., 2020 RCT 1,600 mg VD HAMD-17
a1z N= 62 vitD; daily supplementation RSAS Radioimmunoassay No improvement.
(China) n= 44 placebo . 1$_§ 0 years. for 6 months RPAS

[individuals with HAMA.14

serum 25(OH) D

levels <75
nmol/L]
18-65 One single 300,000
years(diagnose L.U. of cholecalciferol Improvement in supplemented group.

Vellekkatt et al., Double-blind RCT =~ with depression (Arachitol) injection DSM-5 Automated Depression score at baseline 3,0 (2,0—
2020 119 N=23 vitD; n=23 and individuals (intervention) MINI chemiluminescent 4,0); 12 weeks 5,0 (3,2-8,0); p=0.001
(India) placebo. with serum intramuscularly. HDRS-17 immunoassay for vit D group. No effects on placebo

25(0OH) D levels | Follow-up in 12 weeks. group.

<20 mg/mL)

Alghamdi et al., RCT 1865 years 50,000 IU of vitamin D DSM-5 Automated Mildly depressed Men = no significant
2020 119 N=49 SOC+vitD; = (diagnose with (Calciferol) for 3 BDI chemiluminescent changes in BDI scores after Vit
(Saudi Arabia) N=13 SOC. MDD) months, immunoassay supplementation. Moderate, severe, and

extreme depression showed significant
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Zajac et al., 2020
(119)

(Australia)

De Koning et al.,
2019 (10

(The
Netherlands)

Double-blinded, 4-
armed parallel-
group RCT
N=91 vitD;
N=94 standard
mushroom; 60-90 years
N=147 vitD2-
enriched
mushroom;
N= 92 placebo.

60—-80 years
[clinically
RCT relevar}t
N=77 vitD: depressive
N=78 placebo. symptoms, 21
functional
limitation, and
serum 25(OH)D
concentrations of

Daily 600 IU of either
D2 or D3 for 24 weeks

1200 IU/d vitamin D3
for 12 months

PANAS
DASS-21
General Happiness
Scale

CES-D

160

decreases in BDI scores after vitamin D
supplementation (p < 0.05).

Women — moderate, severe, and
extreme depression had lower BDI
scores after VitD supplementation (p <
0.05). Moderate depression changed
from 28 + 1.2 to 23 = 1.4 (p < 0.05);
Severe depression improved from 36 +
0.9 to 27 + 3.6 (p < 0.05); Extreme
depression improved from 44 + 1.5 to
34+£2.5(p<0.05)

High
throughput liquid
chromatography No improvement.
tandem mass
spectroscopy (LC-
MSMS)

Liquid chromatography
followed by tandem .
No improvement.
mass spectrometry

method.
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Gugger et al.,
2019 (120
(Switzerland)

Alavi et al., 2019
121y

(Iran)

Hansen et al.,
2019 (22
(Denmark)

Aucoin et al.,
2018 429
(Canada)

RCT
N= 67 24,000 IU
vit D3; n=67
60,000 IU vitD3;
n= 66 24,000 IU
vitD3plus 300pg
calcifediol

RCT N= 39 vit D,
n=39 placebo.

RCT N=26 vitD;
n=19 placebo.

Double-blinded
RCT. N=125

15-50/70 nmol/L
(depending on the
season)]

>70 (commu-
nity-dwelling
adult with a prior
fall event)

>60 years
(outpatients with
depression)

18—65 years
(individuals
diagnosed with
mild to severe
depression)
18-75 years
(patients with
non-remitted
depression)

Monthly 24,000 IU
vitamin D as the
conventional treatment;
monthly 60,000 U
vitamin D3 as the high
doses; monthly 24,000
IU vitamin D3plus 300
pg calcifediol during
12 months.

50,000 UI of vitD3
weekly for 8 week

2800 IU/d vitD3 for 12
weeks

weekly (bolus) doses of
28,000 IU of Vitamin
D3 or placebo for 8
weeks

GDS-15

GDS-15

HAMD-17

MDI

BDI-II
FCPS

161

N.A. No improvement.

The depression score decreased from

9.25 (DP 2.4) to 7.48 (DP 1.66) in

vitamin D group (p=0.0001), while
Chemiluminescent there was a non-significant increase in
immunoassay the depression score in the placebo
group. Vitamin D could explain the
81.8% of the depression score after

intervention.

High performance
liquid chromatography
followed by tandem
mass spectrometry

No improvement.

The sample size of enrolled participants
N.A. (7/125, 5.6%) lacks power to conduct a
full assessment of findings.



Capitulo 2 - Estudos da relag¢do entre vitamina D e sintomas depressivos

Yalamanchili &
Gallagher, 2018

(124)

(USA)

Mozaffari-
Khosravi et al.,
2013 (129

(Iran)

Khoraminya et
al., 2013 (129
(Iran)

Kjegaard et al.,
2012 419

(Norway)

Bertone-Johnson
etal., 2012 (27
(USA)

Double-blind,
multi-doses RCT
N= 273 (VIDOS

study)

RCT. N= 39 G300,
N=36 G150, N=34
no injection

Double-blind,
placebo-controlled
RCT. N=20
fluoxetine, N=20
fluoxetine+vit3

RCT. N=120
vitD3. N=110
placebo (Tromse
study)

Double-blinded,
placebo-controlled
RCT. N= 18,176
vitD3+Ca;
N=18,106 placebo

57-90 (older
Caucasian and
African American
women)

20-60 years
(depression
symptoms for at
least 2 weeks)

18—65 years
(outpatients’
diagnosis of
major depressive
disorder)

30-75 years
[participants with
low serum
25(0OH)D]

50-79 years
(postmenopausal
women)

Low (400-800 IU),
medium (1600-3200
IU) and high
(4000-4800 TU) doses
of vitD3 for one year.

A single doses of
300,000 or 150,000 ITU
of vitamin D
intramuscularly, and
the NTG (non-test
group) received no
injection for 3 months.

1500 IU of vitD3 + one
capsule (20 mg)
fluoxetine or vitD3
placebo plus 20 mg
fluoxetine for 8 weeks.

20 000 IU vitD3 per
week or placebo for 6
months.

400 IU daily
supplementation with
of vitD3 + 1,000 mg of
elemental calcium for
01 and 03 years.

GDS-LF30

BDI-II

HDRS-24
BDI-21

BDI-II
HADS-14
The Seasonal Pattern

Assessment Scale
MADRS

Burnam scale

Radioimmunoassay

ELISA

ELISA

Liquid chromatography
followed by tandem
mass spectrometry
method.

Not described.

162

No improvement.

Significant difference in mean of Beck
Depression Inventory II test score
between G300 and NTG after treatment
(17.449.8 vs 24.3+6.2 BDI score,
respectively; P =0.001).

Analysis of covariance for depression
severity adjusted for baseline values at
weeks 2, 4, 6 and 8 showed that the
vitamin D—fluoxetine combination was
significantly better than fluoxetine
alone from the fourth week of
treatment.

No improvement.

No improvement.
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Dean et al., 2011
(128)

(Australia)

Sanders et al.,
2011 422
(Australia)

Jorde et al., 2008

(130)

(Norway)

Vieth et al., 2004

(114)

(Canada)

(Women’s Health
Initiative study)
Parallel-arm,
double-blind,
placebo-controlled
RCT.N=63
vitD3; N=65
placebo.

Double-blind,
placebo-controlled
RCT. N=1001
vitD3, N=1011
placebo.

Double-blinded,
placebo-controlled
RCT. N=116
40.000 UI (DD);
N=106 20.000 UI
(DP); N=112
placebo (PP).

Single-blinded RT
Study I. N=64.
Study II. N=66

>18 years
(healthy
volunteers)

>70 years
(community-
dwelling women)

21-70 years
(BMI 28.047.0
kg/ m?)

Study I: 39-67
years (if summer
2001 25(OH)D
<61nmol/L).
Study II: 39-67 y
(if summer 2001

5,000 IU/day vitD3 or
placebo for 6 weeks.

500.000 IU vitD3
orally or placebo every
autumn/winter for 3—5

consecutive years.

20.000 (DP) or 40.000
IU (DD) vitD3 per
week versus placebo
(PP) for 1 year.

Study I: 4000 IU/day or
600 IU/day December
2001 and February
2002. Study II: 4000
[U/day or 600 IU/day
December 2002 and
February 2003

BDI

General Health
Questionnaire, the
12-item Short Form
Health Survey, the

Patient Global

Impression—
Improvement scale
and the WHO Well-

Being Index500

BDI

Brief questionnaire,
based on
conventional
depression-screening
tools, and
incorporating

163

High performance
liquid chromatography .
N t.
followed by tandem 0 Improvemen

mass spectrometry

Radioimmunoassay No improvement.
There was a significant reduction
(improvement) in the total BDI and the
Immunometry

BDI subscale scores in the DD group, a

lectrochemilumi . L
(electrochemiluminesc significant reduction in the BDI 14-21

ence) subscale score in the DP group, but no
significant change in the PP group.
Study I: Wellbeing score improved
more for the 100-mcg/day group than
Radioimmunoassay for the lower-dosed group (1-tail

Mann-Whitney p = 0.036). Study II:
Wellbeing scores improved with both
doses of vitamin D (two-tail p < 0.001)
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25(OH)D was questions relating to
<51nmol/L) energy and mood
NA: Not assessed. RCT: Randomized Controlled Trial. VitD: Vitamin D. PHQ-8: Patient Health Questionnaire depression scale. MINI: Mini-International Neuropsychiatric
Interview. HAMD-17: Hamilton Depression Rating Scale-17. RSAS: Revised Social Anhedonia Scale. RPAS: Revised Physical Anhedonia scale. HAMA-14: Hamilton Anxiety
Rating Scale-14. HDRS-17: Hamilton Depression Rating scale-17. BDI: Beck depression inventory. PANAS: Positive and Negative Affect Schedule. DASS-21: 21-item
Depression. CES-D: Center for Epidemiological Studies Depression. GDS-15: 15-item Geriatric Depression Scale. MDI: Major Depression Inventory. BDI-II: Beck Depression
Inventory-II. FCPS: Fawcett-Clark Pleasure Capacity Scale. GDS-LF30: Long Form 30-item GDS. HDRS-24: Hamilton Depression rating scale-24. BDI-21: Beck Depression
Inventory-21. HADS-14: Hospital Anxiety and Depression Scale. MADRS: Montgomery—Asberg Depression Rating Scale.
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Table 2 - Vitamin D supplementation and depression/depressive symptoms: observational studies with older adults

. hort A . .

Di Gessa et al, CO. © . Those with insufficient levels were more likely to

(132) Population-based Sufficient >50 nmol/L .
2021 >50 Loneitudinal analvsis CES-D-8 Insufficient <50 nmol/L report elevated depressive symptoms at follow-up
(England) £ (n=3.365) Y (OR=1.39; 95%CI: 1.00-1.93)

Hospital rtiles:
Cohort (Biobank) . ospria Quartiles In observational analysis, the odds of depression

Mulugeta et al, . . diagnosed >75 nmol/L 11 .

(133) Cross-sectional analysis . decreased with higher 25(OH)D concentrations
2021 3713 (n=307,618) depression and =50 and <75 nmol/L (adjusted OR per 50% increase 0.95, 95%CI 0.94—
(United Kingdom) ’ self-reported >25 and <50 nmol/L Ju p ° T T

. 0.96)
depression <25 nmol/L
Van Den Berg et al, Cohort (;Edf: ressed DSM-IV An increase in vitamin D of 0.22 nmol/L was
2021 134 >60 _ peop . CIDI Mean nmol/L associated with a decrease with each point of the IDS
Longitudinal analysis

(Netherlands) (n=232) IDS-SR score (SE=0.11; p = 0.049; ES=0.12).

) Cohort . . .
Ceolin et al, 2020 =60 Population-based Sufficiency >30 ng/mL Found a significant association between 25(OH)D and
39 - pura” . GDS-15 Insufficiency 21-29 ng/mL depressive symptoms with OR=2.27; 95%CI: 1.05—

. Cross-sectional analysis . . . .
(Brazil) (n=557) Deficiency <20 ng/mL 4.94 for deficient compared with sufficient.

Cohort of Puerto Rican
Sahasrabudhe et al people Sufficient >20 ng/mL .
t 2
2020 (139 45-75 Cross-sectional and CES-D Insufficient 12 to >20 ng/mL No assoc(;ael lf;:iizeerg S;rg;oli(OH)D and
(United States) longitudinal analysis Deficient <12 ng/mL P Yimp gy
(n=1,434)

Kohnke et al, 2020 Cohort IDS Adequate >20 ng/mL Compared to non-depressed, patients with MDD had
137) 35-65 Cross-sectional analysis DSM-IV Insufficient 12 to <20 ng/mL OR=1.91 (95%CI:1.39-2.62) to insufficiency and
(Germany) (n=1,169) HAM-D-17 Deficient <12 ng/mL OR=2.10 (95%CI:1.46-3.02) to deficiency in 25(OH)D

1 t al Population-
Granlund et al, 25-64 opulation-based HAD <25 nmol/L (<10 ng/mL) No association between depression and 25(OH)D

2020 (139 Cross-sectional analysis
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(Sweden) (n=195) <50 nmol/L (<20 ng/mL) >
50 nmol/L (=20 ng/mL)
Rhee et al, 2020 Nationally repr.esentative The. association between serum 25(OH)D .
(139) 19-76 population PHQ-9 Mean ng/mL coTlce.ntratlons and total PHQ-9 scores was StatlSthE.lHy
Cross-sectional analysis significant (IRR= 0.74; 95%CI = 0.59-0.93) only in
(South Korea)
(n=1,736) men.
25(0OH)D3:
Sufficiency <30 ng/mL Participants with deficiency in 25(OH)D3 presented
Nationally representative Inadequacy 20-30 ng/mL OR=1,19 (95% CI: 1.03-1.37) to report symptoms of
Bigman, 2020 (49 20-80 population PHQ-9 Deficiency <20 ng/mL depression compared with sufficient.
(United States) Cross-sectional analysis 25(0OH)D2: Participants with presence of 25(OH)D2 presented
(n=11,471) Presence >0.6 ng/mL OR=1.35 (95% CI: 1.18-1.55) to report symptoms of
Nearly no presence <0.6 depression compared with nearly no presence.
ng/mL
Participants with no depression at baseline with
insufficiency (OR= 1.14, 95%CI:1.07-1.22) and with
Ronaldson et al Cohort (Biobank) Sufficient >50 nmol/L deficiency (OR= 1.24, 95% CI: 1.13—1.36) were more
’ Cross-sectional and PHQ-2 Insufficient 20-50 nmol/L likely to develop new-onset depression at follow-up.
2020 44D 40-69 o . . . . -
(United Kingdom) longitudinal analysis PHQ-9 Deficient <20 nmol/L Slmllar. prospectlYe as5001at19ns W.ere.reporte'd for
(n=139,128) those with depression at baseline with insufficiency
(OR=1.11, 95% CI 1.00-1.23) and deficiency (OR=
1.30, 95% CI 1.13-1.50).
. Cohort . . e .
Briggs et al., 2019 . Sufficiency >50 nmol/L Only participants with vitamin D deficiency
(142 >50 Population-based CESD20 - sufficiency 30-50 nmol/L had a significantly higher likelihood of incident
- Longitudinal analysis CES-D-8 . Y £ . e
(Ireland) (n=3.965) Deficiency <30 nmol/L depression (OR=1.56, 95%CI:1.07-2.26).
Cohort The older cohort — change in 25(OH)D was not
Elstgeest et al., Two cohorts: Population-based associated with the change in CES-D score (follow-up,
2018 (143 55-65 Longitudinal analysis CES-D-20 Mean nmol/L 13 years)
(Netherlands) 65-88 Tertiles The younger cohort — increase in 25(OH)D was

(n=173; 0=450) associated with a decrease in CES-D score [adjusted B
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De koning et al.,
2018 149
(Netherlands)

Sherchand et al.,
2018 (144

(Nepal)

Vidgren et al.,
2018) 149
(Finland)

Yao et al., 2018
(146)

(China)

De Oliveira;
Hirani; Biddulph,
2018 (147
(England)

Two cohorts:
55-65
>65

>18

53-73

>100

=50

Cohort
Population-based
Cross-sectional and
longitudinal analysis
(n=1,282; n=737)

Cross-sectional analysis
(n=300)

Cohort
Population-based
Cross-sectional analysis
(n=1,602)

Cohort of centenarian
people
Cross-sectional analysis
(n=940)

Cohort
Population-based
Cross-sectional analysis
(n=5,607)

CES-D-20

BDI

DSM-III

GDS-15

CES-D

Sufficiency 50-75 nmol/L
and >75 nmol/L
Insufficiency 30-50
nmol/L
Deficiency <30 nmol/L

Sufficient 30—100 ng/mL
Insufficient 20-29 ng/mL
Deficient <20 ng/mL
Tertiles:

T1 8.5-34.4 nmol/L
T2 34.4-50.7 nmol/L
T3 50.8-112.8 nmol/L

Deficiency <20 ng/mL or 50
nmol/L

Mean nmol/L
Quartiles (<30; 30.01-46.00;
46.01-64.00; >64.01
nmol/L)

>50 nmol/L

167

per 10 nmol/L 25(OH)D increase: —0.62 (95% CI:
—1.17,-0.07) (follow-up, 6 years)].
In the cross-sectional analysis, no associations were
significant.
In the longitudinal analysis, women in the older cohort
with baseline 25(OH)D concentrations up to 75 nmol/L
presented 17-24% more depressive symptoms (follow-
up 6 years) compared to those with >75 nmol/L.
In men and in the younger-old cohort, no significant
associations were observed.

The association presented OR=3.5 (95% CI: 1.1-11.9)
for clinically significant depression in the vitamin D
deficient category when compared to sufficient.
Lower serum 25(OH)D concentrations (<34.4 nmol/L)
were associated with depression (OR=1.64; 95%CI:
1.03, 2.59) compared to those with higher serum
25(OH)D concentrations.

Vitamin D deficiency was an independent risk factor
for depression (OR=1.47, 95%CI:1.08-2.00). The
multivariate analysis showed OR=1.73 (95%CI: 1.10-
2.72) of depressive symptoms for the lowest versus
highest quartiles of vitamin D levels and the adjusted
OR=1.10 (95%CI: 1.01-1.19) for 5 ng/mL decrement
of serum 25(OH)D levels.

Low 250HD presented an association with elevated
depressive symptoms (OR= 1.58; 95%CI:1.20-2.07)
for the lowest quartile; for <30 nmol/L (OR=1.45;
95%CI:1.15-1.83); and for <50 nmol/L (OR=1.34;
95%CI:1.10-1.62).

Women— the lowest (OR=1.67;95%CI:1.20-2.34)
and second lowest (OR=1.68; 95%CI:1.20-2.35)
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Jovanova et al.,
2017 (148)
(Netherlands)

Collin et al., 2017

(149)

(France)

Lee et al., 2017 (50
(South Korea)

Shin et al., 2016

(151)

(Japan)

>55

>40

20-88

20-70

Cohort
Population-based
Cross-sectional and
longitudinal analysis
(n=3,251)

Cohort
Case—control study from
a randomized double-
blind, placebo-controlled
(Vitamin D was not part
of the supplementation)
Longitudinal analysis
(n=1,196)
Population-based
Cross-sectional analysis
(n=7,198)
Cross-sectional analysis
Medical record data
(n=52,228)

CES-D
DSM-1V

CES-D

Self-reporting

CES-D

30-50 nmol/L
<30 nmol/L

<50 nmol/L
>50 nmol/L

Mean nmol/L

Cutoff: <37.5 vs. >37.5; <50
vs. >50; <75 vs. >75 nmol/l

Quartiles <28.57; 28.58—

43.81; 43.82-63.21; >63.21

nmol/L

sufficiency (>50 nmol/l)
deficiency (<50 nmol/l)

Cutoff: <30 vs. > 30; <20 vs.

>20; <10 vs. 210 ng/mL
Based on:
Suboptimal status 20-29
ng/mL

Insufficiency 10-19 ng/mL

Deficiency <10 ng/mL

No deficiency >20 ng/mL

Deficiency <20 ng/mL

Sufficiency > 20 ng/mL
Insufficiency 10-19.99
ng/mL

168

quartiles as well as those with levels <30 nmol/L
(OR=1.40; 95%CI:1.06—-1.86) and <50 nmol/L
(OR=1.35; 95%CI:1.07-1.72) were more likely to
report elevated depressive symptoms.
Men — the association only remained significant for
those with <30 nmol/LL (OR=1.60; 95%CI:1.06-2.42).

Cross-sectionally — Low 25(OH)D were associated
with more depressive symptoms (B=—0.27;
95%C:—0.51;—0.04).

A serum <37.5 nmol/L was associated with depressive
symptoms (B= 0.48, 95%CI =0.01; 0.95) compared
with >37.5 nmol/L.

Longitudinally — Low 25(OH)D were not associated
with change of depressive symptoms or incident MDD.

25(OH)D above 10 ng/mL was related to a lower
probability of recurrent depressive symptoms (PR=
0.48; 95%CI:0.33-0.69).
When comparing individuals with concentrations <
versus >20 or < versus >30 ng/mL, no significant
results were obtained.

Positive association between vitamin D deficiency and
depressive symptoms (OR=1.54; 95%CI:1.20-1.98)
was found.

The presence of depressive symptoms was significantly
increased in participants with vitamin D deficiency
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Rabenberg et al.,
2016 (152
(Germany)

Van Den Berg et
al., 2016 (59
(Netherlands)

Song et al., 2016

(154)

(South Korea)

Brouwer-Brolsma
etal., 2016 (5
(Netherlands)

Rocha-Lima et al,
2016 (159

18-79

=60

=65

=65

>80

Nationwide
representative
Population-based
Cross-sectional analysis
(n=6,331)

Cohort of depressed
people
Longitudinal analysis
(n=367)

Cohort
Cross-sectional analysis
(n=2,853)

Cohort
Randomized, double-
blind, placebo-controlled
Cross-sectional analysis

(baseline)
(n=2,839)

Cobhort of free-living
independent elderly

PHQ-9

CIDI
IDS-SR

GDS-15

GDS-15

GDS-15

Deficiency < 10 ng/mL

Quartiles: 9-27; 28-42; 43—
59; and 60—-347nmol/L

Sufficient > 75 nmol/L
Hypovitaminosis D 50-75
nmol/L
Insufficient 25-50 nmol/L
Deficient 10-25 nmol/L
Severely deficient < 10
nmol/L

>30.0 ng/mL
20.0-29.9 ng/mL
10.0-19.9 ng/mL

<10.0 ng/mL

Quartiles: <36.7; 36.7-53.4;
53.4-71.7; >71.7 nmol/L

Sufficiency >30ng/mL
Insufficiency 10-30ng/mL
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after adjusting for potentially confounding factors
(OR=1.158; 95%CI:1.003-1.336)

A significant association with severity of depressive
symptoms remained in summer, with 0.73
(95%CI:—1.31;-0.14; P=0.02) point lower in PHQ-9
scores in the highest versus lowest quartile.

In the logistic regression the association no remained
significant in fully adjusted models.

Vitamin D had no effect on the course of depression or
remission.

Men — Compared with those with >30.0 ng/mL
People with 10.0-19.9ng/mL presented OR=2.50
(95%CI: 1.20-5.18) and those with <10.0 ng/mL
presented OR=2.81 (95%CI:1.15-6.83) to depressive
symptoms.
Women — the associations between 25(OH)D and
depressive symptoms were not significant.

Fully adjusted models indicated a 22 % (RR=0.78,
95%CI: 0.68-0.89), 21 % (RR=0.79, 95%CI: 0.68—
0.90), and 18 % (RR=0.82, 95%CI: 0.71-0.95) lower
score of depressive symptoms in people in the second
(36.7-53.4 nmol/L), third (53.4-71.7 nmol/L), and
fourth (>71.7 nmol/L) quartiles, when compared to
people in the first quartile (<36.7nmo/L).
Found a difference between GDS score comparing the
groups: deficiency (U=144,50; z=—3,126; p=0,002) and
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(Brazil)

Husemoen, et al,
2016 157
(Denmark)

Jaaskeldinen, et al,
2015 158
(Finland)

Almeida et al.,
2015 159
(Australia)

Williams et al.,
2015 (160)
(United States)

Imai et al., 2015
(161)

(Iceland)

18-64

30-79

71-88

70-79

66-96

Cross-sectional analysis
(n=182)
Nationwide
representative
Cross-sectional and
longitudinal analysis
(n=5,308)

Nationwide
representative
Population-based
Cross-sectional analysis
(n=5,371)

Cohort of men
Cross-sectional and
longitudinal analysis

(n=3,105)

Cohort
Cross-sectional and
longitudinal analysis

(n=2,598)

Cohort
Population-based

Cross-sectional analysis
(n=5,006)

SCL

BDI
Munich-
Composite
International
Diagnostic
Interview

GDS-15
PHQ-9

CES-D-10

GDS-15
DSM-IV

Deficiency <10ng/mL

Mean nmol/L

Deficiency <50 nmol/L
Quartiles:7-33; 34-43; 44—
55; and 56—134 nmol/L

Sufficient >50 nmol/L
Mild deficiency 3049
nmol/L
Moderate to severe
deficiency <30 nmol/L

Sufficiency >30 ng/mL
Insufficiency 20—<30 ng/mL
Deficiency <20 ng/mL

Adequate >50 nmol/L
Inadequate 30—49-9 nmol/L
Deficient <30 nmol/L
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insufficiency groups (U=975,50; z=—2,793; p=0.005)
are different than sufficiency group

Low serum 25(OH)D is not associated with self-
reported symptoms/diagnosis of depression

Inverse association between serum 25(OH)D
concentration and depressive disorder comparing the
highest and lowest quartiles (OR=0.65; 95%CI: 046—

0.93)

Vitamin D concentration <50 nmol/L was associated
with current depression (OR=1.65, 95%CI:1.13-2.42)
but not past or future depression.

Serum 25(OH)D was not associated with CES-D scores
at baseline and 1-year follow-up.

Participants with <20ng/mL were at greater risk of
developing depression (HR= 1.65; 95%CI:1.23-2.22)
over 4 years of follow-up compared with those with
>30ng/mL.

Men — deficient status were more likely to have
current major depressive disorder (OR=2.51; 95%ClI:
1.03-6.13) compared with adequate
Women — Associations were not significant.
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Jozefowicz et al.,
2014 (162
(Poland)

Toffanello et al.,
2014 (163

(Italy)

Milaneschi et al.,
2014 (169
(Netherlands)

Lapid et al, 2013

(165)

(United States)

Jaddou et al, 2012

(166)

(Jordan)

Cross-sectional analysis

18—
865 (n=180)

Cohort
Population-based
=65 Cross-sectional and
longitudinal analysis
(n=1,675)

Cohort
18-65 Cross-se.ctlonal anq
longitudinal analysis

(n=2,386)

Cross-sectional analysis

>
=60 (n=1,618)

Nationwide
representative
>25 Population-based
Cross-sectional analysis
(n=4,002)

HDRS

GDS

DSM-1V
CIDI
IDS

HICDA

DASS21

Recommended 30-80 ng/mL
Insufficiency 21-29 ng/mL
Deficiency <20 ng/mL

Sufficiency >75 nmol/L
Insufficiency >50 to <75
nmol/L
Deficiency <50 nmol/L

Mean nmol/L

Optimal range >25 ng/mL
Mild to moderate deficiency
10-24 ng/mL
Severe deficiency <10
ng/mL

Cutoff: <30 and >30 ng/mL
Quartiles: >63.22; 42.31—
63.22;27.61-42.30; <27.60
ng/mL
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HDRS scores were negatively correlated with levels of
vitamin D (p < 0.02), however, did not differ
significantly between the groups of classification.
Women — deficiency had higher GDS scores than
those with sufficiency in mean [SE] GDS scores: 9.57
[0.37] vs. 8.31 [0.31], respectively, p =.02.

Men — no significance.
250HD deficiency and insufficiency were not
associated with a higher probability of developing
depressed mood during the follow-up.

Lower 25(OH)D levels were found in participants with
current depression (P=0.001, Cohen’s d=0.21),
particularly in those with the most severe symptoms
(P=0.001, Cohen’s d=0.44).

In currently depressed persons, 25(OH)D was inversely
associated with symptom severity (f=—0.19, s.e.=0.07,
P=0.003) suggesting a dose-response and risk
(RR=0.90, 95%CI:0.82—0.99) of having a depressive
disorder at 2-year follow-up.

25(OH)D was correlated with depression (OR= 0.990;
95%CI:0.983-0.998). Those with severe vitamin D
deficiency were twice as likely to have depression
(OR=2.093; 95%CI: 1.092-4.011).

Depression was significantly higher in the level <30
ng/ml compared to those with >30 ng/ml (OR= 1.38,
P=0.00).

In the quartiles, the lowest (OR=1.48, P=0.00) and the
second lowest (OR=1.24, P=0.03) showed higher
depression compared to the highest quartile.
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An inverse association was observed, with the highest

Chan et al., 2011 Cohort of men Mean nmol/L (=292 nmol/L) compared with lowest (< 63 nmol/L)

asn Cross-sectional and . quartile of serum 250HD had an OR=0.46 (95% CI:
Z DS-1 rtiles: <63; 64-76; 77— .

(Hong =65 longitudinal analysis GDS-15 Quartiles: <63; 6476, 77 0.22—-0.98) for depression.

91;>92 I/L -
Kong/China) (n=939) s =7 Iimo No association was observed between serum 250HD

and incident depression at 4 years.

A 10 nmol/L decrease in 25(OH)D was associated with
an average increase of 3.2% (95%CI:1.1-5.5; p=0.05)
in the BDI-II score.

In the quartiles, the association between depression and

Mean nmol/L
Quartiles: >78.4; 57.0-78.4;

Lee et al., 2011 (168)
eeetal., 20 39.0-56.9; <39.0

(ltaly, Belgium, Cohort of men

40-79 Cross-sectional analysis BDI-II Sufficient >75 nmol/L
(n=3,369) Sub-optimum 50—
74.9 nmol/L
Insufficient 25—49.9 nmol/L
Deficient <25 nmol/L

Poland, Sweden,
United Kingdom,
Spain, Hungary,

Estonia)

25(OH)D quartiles only just remained significant for
the lowest vs. highest quartile (OR = 1.74;
95%CI = 1.00; 3.00).

In the categories, the deficiency (OR =1.73;
95%CI =1.03; 2.93) and insufficiency remained
significant (OR = 1.80; 95%CI = 1.09; 2.98).
Women — the 3- and 6-year average increases in CES-
D scores were, respectively 2.1 (se = 0.9; P = 0.02) and
2.2 (se = 1.1; P = 0.04) points higher in <50 nmol/L
compared to >50 nmol/L.

o . . <k of
Milaneschi et al., Cohort Low vitamin D had significantly higher risk o

2010 169 =65 PoPula'fion—based . CES-D Optimal .levels >50 nmol/L developing depressive mood over the follow-up (HR=
(Italy) - Longitudinal analysis Insufficiency <50 nmol/L 2.0; 95% CI: 1.2-3.2).
(n=954) Men — only in the 3-yr average increases 1.9 (se = 0.8;
P =0.01) points higher in <50 nmol/L compared to >50
nmol/L.
The risk of developing a depressed mood was not
significant by HR.
Stewart; Hirani, Population-based Mean ng/mL Only the most severe deficiency (<10 ng/mL) remained
2010 179 >65 Cross-sectional analysis GDS-10 Severe deficiency <10 associated with depression (OR=1.46; 95%CI:1.02-

(England) (n=2,070) ng/mL 2.04)
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Nanri et al., 2009
71

(Japan)

Pan et al., 2009 (72
(China)

Hoogendijk et al.,
2008 17
(Netherlands)

Wilkins et al, 2006

(174)

(United States)

21-67

50-70

=65

=60

Cross-sectional analysis
(n=527)

Population-based
Cross-sectional analysis
(n=3,262)

Cohort
Cross-sectional analysis
(n=1,282)

Cross-sectional analysis
(n=80)

CES-D

CES-D

CES-D
Diagnostic
Interview
Schedule

Depressive
Symptoms
Inventory

Deficiency <20 ng/mL

Optimal >30 ng/mL

Mean ng/mL
Quartiles (median)

Tertiles (mean/sd)

Mean ng/mL

Quartiles: <14.7; 14.7-20.4,
20.4-27.4;>27.4 ng/mL

Sufficient >20 ng/mL

Insufficient 10-19.9 ng/mL

Deficient <10 ng/mL

173

Dose-response association between 25(OH)D and
depressive symptoms was shown strongly significance
(B=—1.94; 95%CI: —2.67, —1.20).

Depressive symptoms were not associated with serum
25-hydroxyvitamin D concentrations.

Depressive symptoms were not associated with serum
25-hydroxyvitamin D concentrations after adjustments.

Depression severity was significantly associated with
decreased serum 25(OH)D levels (B=8.0; 95%CI:
15.2-0.8; P =0.03).

Vitamin D deficiency (OR= 11.69; 95%CI:2.04 —

66.86) and insufficient (OR: 2.54; 95% CI: 0.63—
10.51) were more likely to have a mood disorder
compared with those with sufficient vitamin D.

95%CI: 95% confidence interval, OR: Odds ratio, SE: standard error, ES: effect size, IRR: incidence rate ratio, B: unstandardized beta, RR: relative risk, 25(OH)D: 25-
hydroxycholecalciferol; 25-hydroxyvitamin D; 25(OH)D2: 25-hydroxyvitamin D2. 25(OH)D2: 25-hydroxyvitamin D3. DSM-IV: Diagnostic and Statistical Manual of Mental
Disorders. CIDI: Composite International Diagnostic Interview; IDS-SR: self-report version of the Inventory of Depressive Symptoms. GDS-15: Geriatric Depression Scale
with 15 items. CES-D: Center for Epidemiologic Studies Depression Scale. HAM-D-17: Hamilton Depression Rating Scale-17items HAD: Hospital Anxiety and Depression
Scale PHQ-9: Patient Health Questionnaire-9. BDI: Beck Depression Inventory CIDI: Composite International Diagnostic Interview. IDS-SR: Inventory of Depressive
Symptoms — Self-Report SCL: Symptom checklist. HDRS: Hamilton Depression Rating Scale. HICDA: Hospital International Classification of Disease Adaptation. DASS21:
Depression Anxiety Stress Scale
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Supporting Information

Box S1. Search strategy and results in observational studies
Box S2. Search strategy and results in clinical trials
Box S3. PICOS criteria for inclusion of studies

Box S1. Database search strategy and results of observational studies

Database Search strategy Items Items
found selected
PubMed : (((depression) OR (depressive 610 22
) | symptoms) OR (Major Depressive
http://www.ncbi.nlm.nih Disorder)) AND ((vitamin D) OR
-gov/pubmed (25-hydroxyvitamin D) OR (25-
hydroxycholecalciferol) OR
((25(0OH)D)) AND ((aged) OR
(aging) OR (“older adults””) OR
(“older people”) OR (elderly)))
Web of science- ("vitamin d" OR 25- 651 7
hydroxycholecalciferol OR
http://apps- 25(0H)D OR 25-hydroxyvitamin
w§boﬂ<nowledge.e210.p D) AND (depression OR
eriodicos.cap es.gov.br/‘ "depressive symptoms" OR "Major
WOS_GeneralSearch_in Depressive Disorder") AND (aged
put.do?product=WOS&s OR aging OR “older adults” OR
earch_mode=GeneralSe “older people” OR elderly)
arch&SID=3DP;TQtalLe
ODIEzPIty&preferences
Saved=
Science Direct: (depression OR "depressive 6,173 0
http://www.sciencedirect | symptoms") AND ("25-
.com/ hydroxyvitamin D" OR "vitamin
D" OR "25-
hydroxycholecalciferol") AND
(“older adults” OR “older people”
OR elderly)
Scopus: ( TITLE-ABS-KEY ( "depressive 1,074 5

http://www.scopus.com/

symptoms" OR depression )
AND TITLE-ABS-KEY (
"vitamin D" OR "25-
Hydroxyvitamin D" OR 25-
hydroxycholecalciferol ) AND
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TITLE-ABS-KEY ( elderly OR
aged OR "older adults" OR
"older people" )

Embase - (‘'major depression':ti,ab,kw OR 301 0
https://www.embase.co | depression:ti,ab,kw) AND
m/#search ('vitamin d':ti,ab,kw OR

calcifediol:ti,ab,kw OR '25

hydroxyvitamin d":ti,ab,kw OR

'vitamin d deficiency':ti,ab,kw)

AND (‘older adults':ti,ab,kw OR

aged:ti,ab,kw OR 'older

people':ti,ab,kw)
From article references | - - 9

Box S2. Database search strategy and results of clinical trial studies
Database Search strategy Items Items
found selected
PubMed : ((depression OR "depressive 569 13
) | symptoms" OR "major depressive

http://www.ncbi.nlm.nih disorder") AND ("vitamin D" OR
-gov/pubmed Cholecalciferol OR Ergocalciferol

OR "vitamin D3" OR "vitamin

D2")) AND ("older adults" OR

elderly OR "older people")
Web of science- depress*) AND TOPICO: 253 2

http://apps-
webofknowledge.ez10.p
eriodicos.capes.gov.br/
WOS_GeneralSearch _in
put.do?product=WOS&s
earch_mode=GeneralSe
arch&SID=3DP;TQtalLe
ODIEzPIty&preferences
Saved=

("vitamin D" OR Cholecalciferol
OR Ergocalciferol OR "vitamin
D3" OR "vitamin D2") AND
TOPICO: ("older adults" OR
elderly OR "older people")
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Scopus:

http://www.scopus.com/ | symptoms" OR depression OR
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( TITLE-ABS-KEY ( "depressive 159 4

“major AND depressive AND
disorder” ) AND TITLE-ABS-
KEY ("vitamin D" OR
cholecalciferol OR ergocalciferol
OR "vitamin D3" OR "vitamin
D2") AND TITLE-ABS-KEY (
elderly OR aged OR "older
adults" OR "older people" ))

Science Direct:

http://www.sciencedirect | symptoms") AND (Cholecalciferol

(depression OR "depressive 1132 0

.com/ OR "vitamin D3" OR "vitamin
D2") AND (“older adults” OR
“older people” OR elderly)
Embase (depression:ti,ab,kw OR 'major 281 3

https://www.embase.co ('vitamin d':ti,ab,kw OR

depression':ti,ab,kw) AND

m/isearch colecalciferol:ti,ab,kw OR
ergocalciferol:ti,ab,kw) AND
(‘older adults':ti,ab,kw OR
aged:ti,ab,kw OR 'older
people':ti,ab,kw)
From article reference - - 1

Box S2. PICOS criteria for inclusion of studies

Parameter Inclusion criteria

Population Older adults

Intervention Vitamin D (for clinical studies)

Comparator No comparators were identified for this study

Outcome Depression, depressive symptoms

Study design | Observational studies (cohort, cross-sectional and case-

control studies) and Clinical trials published before April 30,
2021
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Role of vitamin D in the development of depressive symptoms. The synthesis of
vitamin D from sunlight is impaired by lockdown and social distance measures imposed
by the governments around the world during COVID-10 pandemic. Endogenous vitamin
D synthesis initiates in the skin when 7-DHC is converted in pre-vitamin D3 and then
vitamin D3 [25(OH)D3s]. It is transported through blood circulation by the vitamin D
binding protein (VDBP) to the liver, the kidney, and the brain, where can be converted in
its the active form [1,25(OH),D]. In the brain, the biological effects of 1,25(OH),D are
largely mediated by vitamin D receptor (VDR) through genomic mechanisms, which
influence several aspects of serotonin metabolism, such as increasing serotonin synthesis
by induction of the tryptophan hydroxylase 2 (TPH2) gene expression; influencing the
expression of serotonin reuptake transporter (SERT) and the levels of monoamine
oxidase-A (MAO-A), responsible to serotonin catabolism; and indirectly may regulate
the synthesis of melatonin that improve the circadian rhythm. This mechanism can be
impaired during social isolation and consequent reduction of vitamin D due to low sun
exposure during the pandemic, which could contribute to the development of depressive

symptoms.
Abstract

Since the COVID-19 outbreak, studies across diverse countries have strongly pointed
towards the emergence of a mental health crisis, with a dramatic increase in the
prevalence of depressive psychopathology and suicidal tendencies. Vitamin D deficiency
has been associated with an increased risk of mental health problems as well as individual
responses to stress. Studies have discussed the relationship between low serum vitamin
D concentrations and depressive symptoms, suggesting that maintaining adequate
concentrations of serum vitamin D seems to have a protective effect against it. Vitamin
D was found to contribute to improved serotonergic neurotransmission in the
experimental model of depression by regulating serotonin metabolism. The signaling of
1,25-dihydroxyvitamin D3, the active form of vitamin D, through vitamin D receptor
(VDR) induces the expression of the gene of tryptophan hydroxylase 2 (TPH2),
influences the expression of serotonin reuptake transporter (SERT) as well as the levels
of monoamine oxidase-A (MAO-A), the enzyme responsible for serotonin catabolism.
Vitamin D also presents a relevant link with chronobiological interplay, which could
influence the development of depressive symptoms when unbalance between light-dark

cycles occurs. In this Perspective, we discussed the significant role of vitamin D in the
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elevation of stress-related depressive symptoms during the COVID-19 pandemic. It is
suggested that vitamin D monitoring and, when deficiency is detected, supplementation
could be considered as an important healthcare measure while lockdown and social

isolation procedures last during the COVID19 pandemic.

Keywords: Vitamin D, Cholecalciferol, Depressive Symptoms, Social Isolation,

Pandemics, COVID-19.
Depression and Covid-19 pandemic

The current pandemic of coronavirus (COVID-19) has imposed social isolation
measures, forcing many people to stay confined at home, canceling routine outdoor
activities (working routine, sidewalks, exercises in fitness centers, and park visits), and
limiting social interaction among friends, coworkers, and family. A study concentrated
on a general population from China within the first two weeks of the COVID-19 outbreak
indicated that the lifestyle changes prompted individuals to stay indoors for over 20-24 h
per day (Wang et al., 2020).

Since the COVID-19 outbreak, studies across diverse countries have strongly
pointed towards the emergence of a mental health crisis, with a dramatic increase in the
prevalence of depressive psychopathology and suicidal tendencies. A systematic review
of the instances of mental health conditions during the period of the COVID-19 pandemic
showed that the prevalence of depressive symptoms ranged from 14.6% to 48.3% across
all populations (China, Spain, Italy, Iran, the US, Turkey, Nepal, and Denmark) (Xiong
et al., 2020). In the USA, the prevalence of symptoms associated with depression
increased more than threefold during the COVID-19 pandemic compared to the times
before the viral outbreak (8.5% before to 27.8% during COVID-19) (Ettman et al., 2020)
In London, after lockdown the prevalence of feeling worse on the depression was 12,8%
and to anxiety was 12.3% in people with 50 years or over(Robb et al., 2020). Restriction
of public circulation and %isocial isolation, despite those being essential measures to
contain the pandemic, has been postulated to be responsible for increased stress,

loneliness, and unhealthy lifestyle habits (Luo et al., 2020; Smith and Lim, 2020).

Recently, a longitudinal study involving older adults (Santini et al., 2020)
demonstrated that social disconnectedness could contribute to a greater risk of

diosiepression and anxiety, which has also been reported in adolescent and adult



Capitulo 2 - Estudos de associagdo entre vitamina D, sintomas depressivos e mortalidade 180

populations (Smith and Lim, 2020). In a survey conducted by UNICEF, Australia on 1000
young people (aged 13—17 years), almost half of the respondents asserted that COVID-
19 had negatively affected their levels of stress and anxiety. An elevated level of stress,
fear, irritability, frustration, and boredom was reported by individuals who were in social
isolation and had experienced a major deflection from their usual routine and interaction
with other people (Smith and Lim, 2020). In addition to the increase in the risk of mental
health problems, the pandemic has also exacerbated preexisting psychiatric conditions.
Vulnerability to psychological stress might depend on social support, isolation time,
COVID-19 infection-related factors, the amount of mass media exposure, physical

activity, and eating patterns (Kontoangelos et al., 2020).

Vitamin D and sunlight exposure: breakdown by social isolation measures during

COVID19 pandemic

Vitamin D deficiency has been associated with an increased risk of mental health
problems as well as individual responses to stress (Amrein et al., 2020). There are several
risk factors related to vitamin D deficiency such as obesity, dark skin, living in countries
with low sunlight incidence, gastrointestinal malabsorption, renal insufficiency, liver
disease, and the use of covered clothing and sunscreen (Kennel et al., 2010; Holick et al.,
2011). Furthermore, reduced exposure to sunlight, thereby reducing the biosynthesis of
vitamin D in the skin, is a strong factor in the pathophysiology of vitamin D deficiency
and studies have been demonstrated that sun exposure can enhance vitamin D synthesis

(Jorde et al., 2010; Chel et al., 2011; Macdonald et al., 2011; Chalcraft et al., 2020).

After adequate exposure to sunlight, the conversion of 7-dehydrocholesterol (7-
DHC) to 25-hydroxycholecalciferol [25(OH)D] takes approximately 8 h and an additional
time to enter the dermal capillary bed. The daily exposure of 20% of the body surface is
sufficient to increase 25(OH)D, which points towards the importance of sunlight in the
maintenance of vitamin D levels at the appropriate concentration (Wacker and Holick,
2013). The half-life of 25(OH)D was estimated to 15 to 25 days, approximately (Lips,
2007; Jones et al., 2014). The half-life of serum 25(OH)D was estimated to be ~82 days
when calculated after one single loading dose of 100000 IU of cholecalciferol was
administered at the beginning of the study, followed by a daily dose of 4800 IU from days
7 to 20, and none from day 21 (Oliveri et al., 2015). In Nordic countries, which experience

low amounts of sunlight, vitamin D concentrations were found to be reduced by 20% to
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40% during the winter (Jorde et al., 2010). These data suggest that vitamin D
supplementation is crucial in individuals who experience long periods of indoor activities

and/or low sunshine exposure.

Social isolation and lockdown measures caused a reduction in the time spent
outdoors and possibly less exposure to sunlight necessary to maintain vitamin D
concentrations. When associated with a change in eating habits, with a predominance of
meals ordered through food delivery joints, which have a reduced nutritional and vitamin
D content, it could also reduce the daily amount of vitamin D for organism maintenance.
One study conducted in Verona (Italy) during the COVID19 pandemic, which intends to
investigate whether social isolation could impact the vitamin D status of the general
population, conclude that this was not an issue in Verona (the region in which data was
collected) (Lippi et al., 2021). Despite scarce publications address this issue, research
groups, and professionals already start to concern about vitamin D deficiency during the
COVID19 pandemic. Some postulate that home reclusion could lead to a surge of vitamin
D deficiency around the world, which has been associated with developing type 2
diabetes, cognitive decline, malignant neoplasms, autoimmune diseases, cardiovascular
diseases, osteoporosis, risk of fall in the elderly, and overall mortality (Alpalhdo and
Filipe, 2020). In fact, the diminished vitamin D intake and sun exposure might result in
severe manifestations since the worldwide prevalence of vitamin D deficiency had been
documented as a health concern even before the pandemic (Luo et al., 2018; Zhou et al.,

2019; Amrein et al., 2020).
Vitamin D and depressive symptoms

Vitamin D low levels have been previously associated with the risk of depressive
symptoms and depression worldwide (Song et al., 2016; Vidgren et al., 2018; Yao et al.,
2018; Ceolin et al., 2020; Kohnke et al., 2020). However, few publications have been
discussing this relationship during the covid-19 pandemic (Di Nicola et al., 2020; Mehta
et al., 2021). Mehta et al. (2021) discussed that vitamin D can be hypothesized to trigger
as well as sustain the psychiatric symptoms and can also be expected to alleviate the
psychiatric manifestations in COVID-19. An observational study in Rome showed that
low 25-hydroxyvitamin D serum levels were significantly associated with higher
psychological distress in patients with mood disorders during the COVID-19 outbreak
(Di Nicola et al., 2020).
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The mechanisms associated with vitamin D antidepressant effects at the cellular
level are under investigation in experimental studies, and some hypotheses have been
presented in different reports in the literature. The VDR and some cytochrome P450
enzymes, which are responsible for the transformation of vitamin D into its active form,
were found in cerebral cells and in brain areas that have been implicated in the
pathophysiology of depression (He et al., 2020). The optimal vitamin D status was found
to contribute to improved serotonergic neurotransmission deficits in an experimental
model of depression by regulating serotonin synthesis (Sabir et al., 2018). To increase
serotonin concentrations, tryptophan must first be transported across the blood-brain
barrier and metabolized by TPH2. The signaling of 1,25-dihydroxycholecalciferol
[1,25(OH).D], the active form of vitamin D, through VDR induces the expression of the
gene TPH2 (Kaneko et al., 2015; Patrick and Ames, 2015). Moreover, 1,25(OH).D
influences the expression of SERT as well as the levels of MAO-A, the enzyme

responsible for serotonin catabolism (Sabir et al., 2018).

Another important aspect related to vitamin D and brain function is its link with
chronobiological interplay. Indeed, the interface between vitamin D and the circadian
system has been revealed as both plasma concentrations of 1,25(0OH);D and vitamin D
binding protein (DBP) display circadian oscillation patterns (Jones et al., 2017).
However, available evidence suggests a mediatory role of vitamin D in the sleep-wake
cycle, since the lower concentrations of vitamin D were correlated with impaired sleep
quality and abbreviated sleep duration (Jones et al., 2017; Muscogiuri et al., 2019).
Melatonin, a hormone involved in the regulation of circadian rhythm, is synthesized from
the metabolism of serotonin. The widespread presence of VDR has been documented in
postmortem human brain samples, in areas involved in sleep regulation, which are also
brain regions that showed the strongest expression of the enzyme 1-alpha-hydroxylase,
enzymes responsible for the formation of 1,25(OH).D (Eyles et al., 2005). In this way, it
is possible to hypothesize that the chronic combined deficits of vitamin D and sleep-wake
cycle impairment due to social isolation measures and lockdown might play an essential
role as a modulator of amplified depressive symptomatology and/or the pathophysiology

of major depressive disorder (MDD).

Depression has also been associated with mitochondrial dysfunctions and an
increase in the formation of reactive oxygen species (ROS) inducing redox to unbalance

and reduction in the energy production (adenosine triphosphate-ATP) (Caruso et al.,
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2019). Oxidative stress activates several transcription factors, such as nuclear factor
kappa B (NF-kB) leading to the production of pro-inflammatory cytokines and other
inflammatory molecules acting as potent inducers of inducible nitric oxide synthase
(INOS) (Morris and Berk, 2015). Inflammation may induce depression through many
mechanisms such as an alteration in the formation of key transmitters such as serotonin
and an increase in Ca2+ signaling (Leonard and Maes, 2012; Berridge, 2017). Also,
dysfunction in mTOR signaling can lead to ROS production and the mTOR inhibition
enhance sirtuin signaling contributing to mitochondrial integrity (Mocayar Maron et al.,
2020). Vitamin D and melatonin share common signaling pathways that mediate
homeostatic mitochondrial function, which includes the downregulation of mTOR, iNOS,
and NF-kB pathways that are involved in increasing oxidative stress and cell damage.
Also, Vitamin D and melatonin decrease oxidative stress by upregulation of sirtuin 1
(SIRT-1) and adenosine monophosphate-activated protein kinase (AMPK) pathways and
activating antioxidant defense pathways by expression of antioxidant proteins. These
pathways are crucial to avoid abnormal inflammatory responses related to oxidative stress

and apoptosis (Mocayar Marén et al., 2020).

The studies aiming to investigate the antidepressant effect of vitamin D
supplementation when depression was already diagnosed observed conflicting results
(Alavi et al., 2019; Alghamdi et al., 2020; Okereke et al., 2020; Vellekkatt et al., 2020;
Zhu et al., 2020). To mention some of them, in randomized clinical trials (RCT),
Vellekkatt et al. (2020), Alghamdi et al. (2020), and Alavi et al. (2019) observed a
reduction of depressive symptoms after vitamin D supplementation in patients with
different stages of depression. Nevertheless, Okereke et al. (2020) and Zhu et al. (2020)
did not observe improvements in depressive symptoms after vitamin D supplementation.
Data from a previous meta-analysis with RCT showed that supplementation with vitamin
D (=800 I.U. daily dose) had a positive effect when compared to the effect of
antidepressants (Spedding, 2014). But, a separate meta-analysis did not support this
evidence in adults and pointed out that the variability in methodological attributes of the
studies included in the meta-analysis (differences in vitamin D doses, time of intervention
duration, and assessment of depression) could influence the conclusions (Gowda et al.,
2015). Despite all this uncertainty about the effects of vitamin D supplementation to treat
depression, when the preventive effect of adequate concentrations of vitamin D was

investigated in observational studies, the results are promising. Two systematic reviews
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and metanalysis with population-based epidemiological studies (Ju et al., 2013; Li et al.,
2019) showed an inverse association between serum 25(OH)D and the risk of depression
and, in the pooled estimation analysis, an increase of 10 ng/mL in serum concentrations
of vitamin D might have a protective effect against depression. The data from these two
meta-analyses leads us to postulate that the monitoring of vitamin D during long periods
of indoor activities associated with reduced time to sunlight exposure is a reasonable
health measure, as well as the supplementation to maintain adequate vitamin D

concentrations.
Vitamin D and COVID-19

A growing body of literature has been discussing a possible relationship between
25(0OH)D and COVID-19, in which vitamin D may contribute to reducing the severity of
illness caused by COVID-19 (Bergman, 2020; Jakovac, 2020; Marik et al., 2020;
Mitchell, 2020; Panarese and Shahini, 2020). The main discussion is that Vitamin D could
exert protective effects against respiratory infections, due to its immunomodulatory and
anti-inflammatory roles, which have been highlighted in patients with community-
acquired infections and acute respiratory failure (Zhou et al., 2019; Bergman, 2020;
Mitchell, 2020; Panarese and Shahini, 2020). COVID-19 has been shown to affect the
neuroendocrine-immune system wherein it suppresses its activity. The neuroendocrine-
immune system has been implicated in stress response and coping strategies (Nami et al.,

2020).

One study performed in vitro showed that the active form of Vitamin D, calcitriol,
exhibits significant potent activity against SARS-CoV-2 in African green monkey kidney
cells, human hepatoma cells, and human nasal epithelial cells (Mok et al., 2020). In fact,
the interest in the field has been growing and some systematic reviews and meta-analysis
were performed to measure the risk of infection and severity of covid-19 due to low levels
of 25(OH)D in observational studies (Pereira et al., 2020; Kazemi et al., 2021; Liu et al.,
2021; Petrelli et al., 2021; Teshome et al., 2021). Pereira et al (2020) reported that severe
cases of COVID-19 present 64% (OR=1.64; 95% CI=1.30-2.09) of vitamin D deficiency
and that insufficiency increased hospitalization (OR=1.81;95% CI=1.41-2.21) and
mortality (OR=1.82; 95% CI=1.06-2.58). Kazemi et al., (2021) found that vitamin D
deficiency was a higher risk of SARS-CoV-2 infection (OR=1.77; 95% CI=1.24-2.53)
and presented a higher severity (OR=2.57; 95% CI=1.65-4.01). Liu et al (2021) showed
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that vitamin D deficiency or insufficiency also was associated with an increased risk of
COVID-19 (OR=1.43; 95% CI=1.00-2.05). Petrelli et al., (2021) revealed that deficient
vitamin D values showed a higher risk of COVID-19 infection (OR=1.26; 95% CI=1.19-
1.34) and worse severity (OR=2.6; 95% CI=1.84-3.67) and higher mortality (OR = 1.22;
95% CI, 1.04-1.43). Teshome et al., (2021) found that vitamin D deficiency was 80%
more likely to acquire COVID-19 infection (OR=1.80; 95%CI=1.72-1.88).

Concerning clinical trials, only one systematic review and metanalysis were
performed to identify the effect of vitamin D on Covid-19, and 32 clinical protocol was
identified but only 3 studies have published results to-date and the results are
controversial (Bassatne et al., 2021). In fact, there are some challenges in vitamin D
research and some authors have provided recommendations for the design of randomized
clinical trials of vitamin D supplementation to prevent COVID-19 and to provide
evidence-based guidance for clinicians and public health leaders (Camargo and

Martineau, 2020).
Conclusion

In the light of these evidence, it is possible to postulate that vitamin D deficiency
could play a significant role in the elevation of stress-related depressive symptoms during
the COVID-19 pandemic. It has been postulated that vitamin D is involved in the
serotoninergic system, influencing serotonin metabolism and contributing to circadian
rhythm maintenance, which are important aspects of the development of depressive
symptoms. In order to reduce physical and mental health risks associated with vitamin D
deficiency, it is suggested that vitamin D monitoring and, when deficiency is detected,
supplementation could be considered as an important healthcare measure while lockdown

and restrictive social isolation procedures last during the COVID19 pandemic.
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Abstract

Background: Older adults are one of the most susceptible populations to depression,
especially those living in low- and middle-income countries. As well, they are also
considering a risk group for vitamin D deficiency. Low serum vitamin D has been
associated with an increased risk of brain neuropsychiatry disorders. We aimed to
investigate the association between serum 25-hydroxycholecalciferol concentrations and
depressive symptoms in adults aged 60 years and over from southern Brazil. Methods:
A cross-sectional analysis was performed using data collected during 2013-2014 from the
populational-based longitudinal EpiFloripa Aging Study (n=1197). Serum 25-
hydroxycholecalciferol concentrations were analyzed and classified according to the
Endocrine Society reference values [sufficiency (> 30 ng/mL), insufficiency (21-29
ng/mL), and deficiency (< 20 ng/mL)]. Depressive symptoms were evaluated using the
Geriatric Depression Scale (15-item GDS). Logistic regression was performed to assess
depressive symptoms in each vitamin D category. The analysis was adjusted for sex, age,
skin color, family income, leisure-time physical activities, social or religious groups
attendance, morbidities, cognitive impairment, and dependence in activities of daily
living. Results: A total of 557 participants with complete data for exposure and outcome

were enrolled in the analysis. Most of the sample participants were female (63.1%), age-
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range 60-69 years (42.2%), white skin color (85.1%), and vitamin D serum level samples
were collected in autumn (50.7%). Depressive symptoms were present in 15.8% of the
participants, and the prevalence was higher in individuals classified as deficient in vitamin
D (23.2%, 95% confidence interval [CI]=15.6;32.9) and insufficiency (17.2%,
95%CI=11.0;25.9). The crude analysis showed that vitamin D deficient participants had
3.08 (CI=1.53;6.20) times higher odds to present depressive symptoms compared to
vitamin D sufficiency. After adjusting, the association was maintained [OR 2.27
(95%CI=1.05;4.94). Conclusions: Serum 25-hydroxycholecalciferol deficiency was
positively associated with depressive symptoms in older adults from southern Brazil.

Key Words: Vitamin D; aging; depressive symptoms; cohort study; mental health.
Introduction

Despite efforts to reduce the number of people with depressive disorders, their
prevalence has increased, particularly in lower-income countries, and depression holds
the third position globally in terms of years lived with disability (1,2). Besides being a
debilitating disease for older adults, presenting a variety of emotional and physical
problems, its treatment approach involves mainly implementation of preventive health
habits and high-cost rehabilitation programs (3,4).

Depression in older adults living in low- and middle-income countries is
associated with a higher risk of suicide and excess mortality, more frequent medical
consultations and hospitalization, and a significant family burden, even though the
number of depressive older adults is similar to that of adults (3,5,6). Additionally,
depression is associated with significant adverse consequences ranging from poor quality
of life, difficulties with daily living activities (DLA), physical comorbidities, and
cognitive impairment (5). Environmental causes and lifestyle factors, such as obesity,
exposure to physical and substance abuse, widowhood, the presence of chronic illnesses
and sleep disorders, lack of education and social support, intimate partner, and physical
activity have been related to depression (7). Several mechanisms have been studied in the
neurobiology of depression, such as genetic factors, neurotransmitter systems,
neuroendocrine systems, inflammation, functional and structural brain anatomy, and
cognition (8,9). Some promising studies suggest the involvement of nutritional factors,
such as vitamin D, in the development of depressive symptoms (10,11).

Vitamin  D-related  effects on  homeostasis,  neurotrophic, and

neuroimmunomodulatory actions appear to be associated to depressive symptoms
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prevention. However, the exact molecular mechanisms underlying this relationship are
not well stablished (12). Vitamin D is considered a neurosteroid hormone because of its
essential role in the central nervous system and connection to processes associated with
cell differentiation, neurotrophic factor synthesis and release, neurotransmitter synthesis,
intracellular calcium homeostasis, redox balance, neuronal metabolism, and cognitive
function (13,14). Vitamin D signaling through the nuclear receptors vitamin D receptors
(VDR) and the membrane receptor protein disulfide isomerase family member3 (PDIA3),
and the presence of some key enzymes of Cytochrome P450, such as CYP27al, CYP27bl
and CYP24al, responsible to convert the inactive form of vitamin D to its active form in
the brain cells, as well as its requirements for neuron cell cycle, initiated the investigation
of vitamin D relevance for brain metabolism in health and disease (15-18).

One underlying mechanism proposed is that the vitamin D could regulate
serotonin synthesis (19,20). Calcitriol (1,25-dihydroxyvitamin D3) is a key regulator of
serotonin, inducing the TPH2 (tryptophan hydroxylase 2) gene expression, which is the
enzyme involved on tryptophan metabolism in the brain to produce serotonin (19,21).
Calcitriol also reduce serotonin reuptake transporter (SERT) expression., which is
responsible to remove serotonin from synaptic cleft, and monoamine oxidase-A (MAO-
A), which is responsible for serotonin catabolism (22). Calcium homeostasis is another
possible mechanism associated to vitamin D neuroprotection. Its relevance in redox
balance and inflammation could also be involved in the relationship between vitamin D
and depression (23,24). Vitamin D stimulates the expression of many antioxidant genes,
such as factor 2 related to the nuclear factor eritroid-2 (NRF2), g-glutamyl transpeptidase
(g-GT), glutamate-cysteine ligase (GCLC), glutathione reductase (GR), glutathione
peroxidase (Gpx)(23).

Aging process is associated to the reduced ability to sustain homeostasis and more
susceptibility to pathological alterations, such as neuropsychiatric disorders ((25,26).
Understanding the link between vitamin D concentration and depression in aging is
required due to be a possible way to minimize the effects of depression. Given the
complexity of the condition, more risk to mortality, difficulty in access to treatment, and
including those older adults that are undiagnosed (6,27,28). Besides of being considered
a risk group for depression, older adults are also one of the risk groups for vitamin D
deficiency due to their reduced skin capacity to synthesize vitamin D, reduced sun
exposure, and more significant complications related to low serum vitamin D

concentrations (29,30). Some observational studies have investigated the relationship
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between low serum vitamin D concentrations and depressive symptoms in adulthood or
in adults and elderly population combined, and few included only older adults in the
sample, as observed by a recently published meta-analyses (31-33).

Therefore, the present study aimed to investigate the association between low
serum vitamin D concentrations and depressive symptoms in older adults living in
Southern Brazil, as well as elucidate the prevalence of depressive symptoms in this
population and the magnitude of the prevalence of vitamin D deficiency as well. We
hypothesized that the low serum of 25(OH)D (<20ng/ml) could be associated with
depressive symptoms and we intend to discuss the factors related this association in
elderly.

Methods
Study population and design

We performed a cross-sectional analysis with data collected in the second wave
(2013-2014) of the populational-based EpiFloripa Aging Study. Details about the sample
and methodology have been previously published (34,35). Briefly, EpiFloripa Aging is a
cohort study aiming to investigate health determinants and aspects of the older adult
population living in Southern Brazil. Older adults of both sexes, aged 60 years or over at
the time of the first interview, living in the sectors determined by the survey, were
considered eligible at baseline, in 2009 (Figure 1). Older adults who were institutionalized
(residing in long-term care institutions, hospitals, prisons) were excluded.

All the older adults in the follow-up (1197 interviews; retention rate of 70.2%)
were invited to participate in the second wave of the study (2013-2015), which included
biochemical blood analysis (retention rate of 50.5%; n = 604) (35). For this cross-
sectional analysis, we enrolled 577 individuals, and the inclusion criteria were to present
complete data for depressive symptoms and to be the evaluation of 25-

hydroxycholecalciferol (Figure 1).
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EpiFloripa Aging baseline 2009/10
Elderly enrolled n=1702

Missing data:

Deaths n=217
> Refusals n=129

Losses n=159

v

EpiFloripa Aging second wave 2013/14
Elderly enrolled n=1197 (retention rate= 70.2%)

Missing data:
Deaths n=10
Refusals n=531
Losses n=52

EpiFloripa Aging Clinical and laboratory tests 2014/15
Elderly enrolled n= 604 (retention rate=50.5%)

Missing data:

> Vit D n=28
v GDS n=19
[ Final sample n=557 ]

Fig. 1 EpiFloripa Aging Study Flowchart. (GDS: Geriatric Depression Scale).

The EpiFloripa Aging Study's second wave of follow-up was approved by the
Human Research Ethics Committee of the Federal University of Santa Catarina (approval
protocols numbers: 329.650 and 526.126). Voluntary participation of the individuals was
obtained through the signing of the Informed Consent Form, after explaining the study
objectives and collection procedures. The EpiFloripa Aging Study was conducted in

accordance with the Declaration of Helsinki.

Data collection and Covariates

Trained interviewers conducted data collection at the participant’s home. The
face-to-face interviews were scheduled with the participants by phone. EpiFloripa Aging
Study data were collected using a 15-block questionnaire with socioeconomic,
demographic, and health aspects related to aging and prioritizing validated instruments
translated and validated in Brazil for the composition of the questionnaire to guarantee
the data quality control. The selected interviewers were health science graduates with

research experience. Data were recorded in a netbook and transmitted directly to the
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EpiFloripa database. Quality control was carried out by telephone, using a short version

of the questionnaire in 10% of the samples.

Depressive symptoms

To evaluate the presence of depressive symptoms, we applied the 15-item
Geriatric Depression Scale (15-item GDS). We used the cut-off points suggested by
Almeida and Almeida, we classified participants into two groups: those with the presence
of depressive symptoms (> 6 points) and those with the absence of depressive symptoms
(< 5 points) (36,37).

The GDS-15 is recommended by the Brazilian Ministry of Health, and is a useful
alternative for the rapid assessment of the presence of depressive symptoms in the elderly
(38). The GDS-15 was translated and validated in Brazil according to ICD-10 criteria for
research and DSM-IV with outpatients aged 60 or over who met criteria for depressive
disorder (current or in remission) (36,39). The cutoff point 5/6 (not case/case) produced
sensitivity indexes of 85.4% and specificity of 73.9% according to ICD-10 and 90.9% of
sensitivity and 64.5% of specificity according to the DSM-IV and the internal consistency
using Cronbach's alpha coefficient revealed reliability indexes of 0.81 (39). Moreover, in
the test-retest reliability when the outpatient was evaluated twice in 48 to 72 hours, and
GDS-15 scores were reasonably stable, as assessed by paired Wilcoxon (z=1.60, p=0.109)
and Spearman’s correlation coefficient (rho=0.86, p<0,001) and weighted Kappa (Kappa
=0.64) (36).

Serum vitamin D (25-hydroxycholecalciferol) concentrations

For the measurement of 25-hydroxycholecalciferol [25(OH)D] blood samples
were collected at the University Laboratory for Metabolism and Dietetics, between 7-10
a.m., with the required minimum of 8 hour fasting period before the procedure (35). Blood
samples were centrifuge (3.500 rpm) for 10 min. Serum samples used to detect 25(OH)D
were immediately processed using LIASON® 25 OH vitamin D assay (Diasorin, Sao
Paulo, Brazil) accordingly to manufacture (Functional Sensitivity: < 2.0 ng/mL; (inter-
assay imprecision <20%), which is considered s a rapid, accurate, and precise assay (40).
Briefly, an antibody specific to vitamin D was coated on magnetic particles, and 25-OHD
conjugated to an isoluminol derivative and diluted in phosphate buffer (pH 7.4). In the
first incubation period, 25-OHD dissociated from the binding protein, and it interacts with
the antibody. After the second incubation with the tracer reagent, microplate is washed

with the buffer and starter reagents are added to generate the chemiluminescent signal,
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which is measured by a photomultiplier. Serum 25(OH)D concentrations were measured
using the Microparticle Chemiluminescence method/LIAISON (41). Subsequently, we
categorized serum 25(OH)D concentrations according to the Endocrine Society
Reference values (42) into: sufficiency (>30 ng/mL), insufficiency (21-29 ng/mL), and
deficiency (<20 ng/mL).

Covariates

For characterization of the samples, we analyzed sociodemographic variables, such as sex
(male/female), skin color (white/not white), the season during blood collection
(summer/autumn/winter/spring), age range (aged 60-69/70-79/>80 years), education (no
formal education/1-4/5-8/9-11/>12 years), per capita family income in minimal wages
according to the values in 2013 (R$ 678.00) and 2014 (R$ 724.00) (<1/>1 to <3/>3 to <
5/>5 to <10/>10), retired (no/yes), living arrangements (live with another/alone) and
marital status (married/single/divorced/widowed). Behavioral modified factors were
included in the analysis, such as belonging to a social or religious group (no/yes), smoking
(no/yes), alcohol consumption (no/yes) collected by Alcohol Use Disorder Identification
Test (43). Leisure-time physical activity (insufficiently active <150 minutes or
sufficiently active >150 minutes) collected by the International Physical Activity
Questionnaire (44,45).

Health status-related information included dependence in the activities of daily
living (ADLSs) [no disability, low disability (any level of disability in 1 to 3 activities),
and moderate/severe disability (any level of disability in >4 activities)] collected by the
scale of daily basic and instrumental activities (46). Screening for cognitive impairment
was evaluated using the Mini-Mental State Examination (absence/presence—considering
schooling, using the cut-off points 19/20 for illiterate and 23/24 for any level of education)
(47,48). The number of comorbidities were assessed [zero/1/>2 (sum of diagnosed
diseases: spine or back pain, arthritis, cancer, diabetes, bronchitis, cardiovascular or renal
conditions, tuberculosis, cirrhosis, stroke, osteoporosis, hypertension, and depression)].
Nutritional status was assessed by body mass index (underweight <22 kg/m?; healthy
weight 22-27 kg/m?; overweight >27 kg/m?), according to the Nutrition Screening
Initiative (49). Information about antidepressant drug use and vitamin D supplement use
was collected by consulting all boxes of medicines prescribed for and used by the

participant. The Anatomical Therapeutic Chemical Classification codes from the World
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Health Organization Collaborating Centre for Drug Statistic Methodology were applied
for codification in the database (50).

Statistical analysis

Descriptive analysis of the data was presented as absolute and relative frequency,
prevalence, and respective 95% confidence intervals (CI) for the total sample based on
the presence of depressive symptoms. The distribution of the covariates was determined
using the chi-square test. We performed Student's t-test to verify the mean differences
between sex and depressive symptoms in serum 25(HO)D concentrations.

Logistic regression was used to evaluate the odds ratio (OR) for depressive
symptoms in each 25(HO)D category and the respective CI in the crude and adjusted
association models. The covariates were included following a hierarchical model (first
socioeconomic covariates, followed by behavioral covariates, and finally, health
covariates). Model 1 was adjusted for demographic and socioeconomic variables (sex,
skin color, age range, and family income). Model 2 included demographic,
socioeconomic, and behavioral variables (leisure-time physical activities and social or
religious groups attendance). Model 3 included demographic, socioeconomic, behavioral,
and health variables (morbidities, cognitive impairment, dependence in activities of daily
living).

The analysis was performed using Stata 14.0 software (StataCorp, College
Station, TX, USA). Due to the sampling design (two-stage cluster) of the EpiFloripa
Aging Study, sample weights were used in all the analyses, using the "svy" command. P-

value <0.05 was used to define statistical significance for all reports.

Results

Of the 604 older adults who participated in clinical and laboratory tests in 2014-
2015, 577 individuals met the criteria and presented complete data to be included in the
analysis (Figure 1). Sample characteristics are summarized according to the prevalence
of depressive symptoms in Table 1. For the total sample, the prevalence of depressive
symptoms was 15.8%, and the prevalence of 25(OH)D was 39.4% and 25.5% in
insufficiency and deficiency cases, respectively.

Individuals with presence of depressive symptoms were mostly women (18.2%
P=0.006), aged >80 years (22.2%; P=0.009), with <4 years of formal education
(19.5;17.5%; P=0.016), lower per capita family income <l minimum wage (22.4%;
P=0.002), insufficient leisure-time physical activity (19.3%; P<0.001), more dependency
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in ADLs (30.8%; P<0.001), presence of cognitive impairment (34.0%; P<0.001); and
reported 2 or more comorbidities (19.5% P<0.001). Considering the Endocrinology
Society reference values for 25(OH)D, a higher prevalence of depressive symptoms was

observed in those with vitamin D deficiency than in those with sufficiency (23.8% vs.

8.9% respectively; P= 0.0006).

Table 1 Prevalence of depressive symptoms according to demographic, socioeconomic,

behavioral, and health characteristics.

Presence of depressive

.. Total
Characteristics (n=557) symptoms
n % % 95%CIl  P-value
Sex 0.006
Men 194  36.9 11.7 6.4;20.6
Women 363 63.1 18.2 13.5;24.0
Skin Color 0.077
White 468  85.1 14.1 9.9;19.7
Not white 89 149 255 16.6;37.0
Season (Vit. D collection) 0.791
Summer 55 9.1 14.4 6.7;28.0
Autumn 276  50.7 18.1 11.4;27.5
Winter 145 236 14.8 10.2;21.0
Spring 81 16.6 11.1 5.1;22.5
Age range (years) 0.009*
60-69 236 422 12.4 7.2;20.5
70-79 235 41.8 16.8 11.6;23.8
>80 86 16,0 222 14.3;32.9
Education (years) 0.016
No formal education 35 5.5 17.5 8.4;32.9
1-4 199 337 19.5 13.3;27.5
5-8 100 19.2 14.9 8.4;25.2
9-11 86 17.8 18.5 7.8;38.0
>12 137 238 8.9 4.3;17.7
Per capita family income
(n=539) 0.002*
<1mw 40 6.4 22.4 11.8;38.6
>1 and <3 mw 156 303  20.6 13.7;29.7
>3 and <5 mw 108 17.5 19.3 11.1;31.3
>5 and < 10 mw 136 264 10.9 5.6;20.1
>10 mw 99 19.4 9.9 4.8;19.2
Retirement (n=521) 0.152
No 102 199 218 11.5;37.1

Yes 419  80.1 144  10.8;19.0
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Living arrangements 0.547
Live with another/others 445 78.7 16.0 12.0;21.0

Live alone 112 21.3 15.2 8.3;26.1

Marital Status 0.095
Married 317 56.5 11.6 7.7;17.2

Single 33 6.1 20.9 7.0;48.3

Divorced 45 9.3 27.1 14.5;44.8

Widowed 162 28.1 19.4 13.4;17.3

Social and religious groups

attendance 0.114
No 298 563 18.2 13.1;24.8

Yes 259 437 12.7 8.6;18.4

Alcohol Consumption <0.001
No 319 56.0 19.0 13.8;25.7

Yes 238  44.0 11.7 6.7;19.6

Smoking 0.307
No 351  58.6 17.0 12.2;23.3

Yes 206 414 14.1 10.1;19.3
Leisure-time physical activity

(n=556) <0.001
Insufficiently active 395 70.7 19.3 14.7;24.8
Sufficiently active 161 293 7.4 3.5;14.8
Dependence in ADLs (n=554) <0.001*
None 202 38.1 6.4 3.2;12.4

Low 217 375 15.1 9.7;22.7
Moderate/severe 135 24.4 30.8 21.4;42.1
Cognitive impairment (n=554) <0.001
Absent 442 79.6 10.9 7.3;15.9

Present 112 204 34.0 23.6;46.1

Number of comorbidities <0.001
Zero 34 6,0 13.5 2.8;46.2

1 96 18.6 1.4 0.3;5.7

>2 427 754 19.5 15.1;24.9
Nutritional status (n=554) 0.061
Underweight 45 8.2 233 12.3;39.7

Healthy Weight 256 443 11.8 7.7;17.8
Overweight 253 475 18.0 12.6;25.1
Antidepressant use (n=529) 0.048
No 449 854 15.4 11.2;20.7

Yes 80 14.6 214 12.4;34.4

Vitamin D supplement use
(n=521) 0.232
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No 464  90.6 166  12.1;22.2

Yes 57 9.4 11.5 4.8;25.1

Serum 25(OH)D 0.006*
Sufficiency 188  35.1 8.9 4.8;15.9
Insufficiency 226 394 172 11.0;25.9
Deficiency 143 255 232 15.6;32.9
Depressive Symptoms

Absent 467  84.2 -

Present 90 15.8 -

mw, minimum wage; ADLs, activities of daily living; BMI, Body Mass Index; CI confidence interval; P-

value, statistical significance; * P-value of chi-square test for trend.

On average, women presented lower serum 25(OH)D concentrations than men
(P=0.001), and individuals with depressive symptoms also showed lower concentrations

(P=0.005) (Table 2).

Table 2. Serum 25(OH)D concentrations according to sex and depressive symptoms.

Serum 25(OH)D (ng/mL)

Mean 95%ClI P-value
Sex <0.001
Men 28.7 27.3;30.2
Women 254 24.5;26.2
Depressive Symptom 0.005
Absent 27.0 26.2;27.8
Present 24.1 22.2;26.0

CI, Confidence interval; P-value, statistical significance using Student’s T-Test.

In Table 3, we present the crude and adjusted association analysis between serum
25(0OH)D concentrations and depressive symptoms. In the crude analysis, we found that
vitamin D-deficient individuals presented 3.08 times higher OR (CI 95% = 1.53; 6.20) of
depressive symptoms than those with sufficient concentrations. After adjusting for
demographic, socioeconomic, behavioral, and health covariates (model 3), vitamin D-
deficient individuals presented 2.27 times higher OR (CI 95%= 1.05; 4.94) of depressive

symptoms than those considered sufficient.

Table 3. Crude and adjusted measures of association between serum 25(OH)D

concentrations and depressive symptoms.

Serum Crude Analysis Model 12 Model 2} Model 3 (final)*

25(0OH)D'  OR  95%CI p  OR  95%CI p OR 95%CI p OR 95%Cl p
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Sufficiency 1 1 1
Insufficiency 2.12 095:4.74 0.067 186 0.77:4.52 0.166 1.78 0.71;4.50 0217 2.08 0.78;5.50 0.138

Deﬁciency 3.08 1.53;6.20 0.002 282 137581 0.005 261 1.22;560 0.014 2.27 1.054.94 0.038

'References by the Endocrine Society; 2Model 1 was adjusted by demographic and socioeconomic factors (sex, skin
color, age range, family income); *Model 2 was adjusted by demographic, socioeconomic, and behavioral factors
(leisure-time physical activities and social or religious groups attendance); *Model 3 was adjusted by demographic,
socioeconomic, behavioral, and health factors (morbidities, cognitive impairment, dependence in activities of daily

living). OR, odds ratio; CI, confidence interval.

Discussion

In the present study, we observed a statistically significant association between
serum 25(OH)D deficiency and depressive symptoms in the older adult population living
in one capital of southern Brazil, even after adjustments for potential confounding factors
related to demographic, socioeconomic, behavioral, and health variables. Vitamin D
deficient individuals had 2.7 times higher odds of depressive symptoms. We also found
that 15.8% of the population enrolled in the analysis presented depressive symptoms,
using the 15-item GDS; thus, showing the importance of screening for depression
symptoms in this population.

There is little evidence published in the literature about vitamin D deficiency in
older adults and its relationship with neuropsychiatric disorders, especially studies that
used a population-based sample, as presented here. Until May 2020, we found 10 other
studies with cross-sectional analysis performed with older adults (51-60), one of these
with longevous individuals (aged >100 years) [42], and two were conducted only with
men (57,58). We identified 13 cross-sectional studies conducted with a mixed population
of adults and older adults (61-73). Only two studies were performed in low- and middle-
income countries (61,72), which are the most affected by depression accordingly to World
Health Organization (1). We concluded that there is a gap in the literature about
investigations involving depressive symptoms in low- and middle-income countries. This
was a relevant aspect because socioeconomic covariates, such as low per capita family
income and fewer years of formal education, were related to a higher prevalence of
depressive symptoms in our sample, and were a universal life situation for the populations
living in low- and middle-income countries (74,75).

Older adults are considered a risk group for hypovitaminosis D due to the
reduction in vitamin D absorption and synthesis, modification in food intake that could

reduce vitamin D ingestion, and reduced outdoor activity that favors sunlight-derived
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vitamin D synthesis (29,76-78). A study comparing two cohorts from the Longitudinal
Aging Study Amsterdam (LASA), one with adults aged 55-65 years (n=737) and other
with older adults aged 65 years or older (n=1,282), found a higher 25(OH)D
concentrations in the younger group, better physical functioning, fewer chronic diseases,
and they were more physically active compared with the older ones (73).

In our sample, 70.7% of the participants who reported reduced leisure physical
activity and 19% of those who presented with depressive symptoms were classified as
vitamin D insufficient (data not shown). These data were consistent with the literature
review. A recent meta-analysis showed that people with depression were less physically
active than the corresponding controls, and about 80% of people with depression were
unable to achieve the recommended weekly physical activity (79). A previous study
found that less physical activity was associated with reduced vitamin D concentrations
and modestly attenuated the OR for depression in the adjusted analysis (52). Another
study provided evidence for the potential mediating role of physical functioning in the
relationship between low 25(OH)D levels and increasing of depressive symptoms (73).

We found a relationship between sex and the mean 25(OH)D concentration.
Women presented lower levels than men, but we could not perform a stratified analysis
by sex due to the small number of observations in the variable categories for men.
However, we included sex as an adjustment variable in the investigation. Previous studies
described sex differences showing generally lower 25(OH)D concentrations in women
than in men (51-53,55,73,80). The sex difference is not yet clearly understood, but is
considered to be related to sunscreen use and body fat mass (78,81,82). In our study (data
not shown), overweight was found to have a higher prevalence in women (68.8% vs.
31.2% women and men, respectively; P=0.012) and those with hypovitaminosis D
(43.9%, 29.6% and 26.5% in insufficiency, deficiency, and sufficiency, respectively,
P=0.001).

In our study, we observed a prevalence of ~15% for depressive symptoms, which
was considered a high prevalence (1). Other studies that evaluated depressive symptoms
using the GDS screening tool, also showed higher prevalence: 27.9% in South Korea
(sample included individuals aged >65 years; n=2853) (53); 25.2% in England (sample
included those aged >65 years; n=2070) (54), and 32.2% in China ( n=940) (56). One
study performed in the Netherlands found 7% prevalence (sample included individuals
aged >65 years; n=2839) (59). In our study, women presented a higher prevalence (18%)

of depressive symptoms, which could indicate this group’s greater vulnerability for
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depression. The studies mentioned above also showed a higher prevalence 30.9 % vs.
21,9% (53), 35.6% vs. 17.7% (56), and 40,6% vs. 23.8% in women vs. men, respectively,
the last one being an Italian sample (individuals aged >65 years; n= 1.675) (40).

The prevalence of depressive symptoms presented an inverse trend in 25(OH)D
concentrations with 8.9% of individuals with levels >30 ng/mL, 17.2% with 21-29 ng/mL,
and 23.2% with <20 ng/mL. Our findings were lower than those of a previous study. We
determined 22.6% with levels <30 ng/mL, 25.8% with <20 ng/mL, and 35.0% with <10
ng/mL levels of serum concentration (54); however, they followed the same trend. In
general, studies demonstrated that a lower serum vitamin D level was associated with a
higher prevalence of depressive symptoms, even when other reference values were used
[6% with >71.7 nmol/L; 4.6% with 53.4-71.7 nmol/L; 5% with 36.7-53 nmol/L; and 11%
with <36.7 nmol/L (59); as well as 7.8% with >30.0 ng/mL; 27.4% with 20.0-29.9 ng/mL;
50.1% with 10.0-19.9 ng/mL; and 14.7% with <10.0 ng/mL (53).

The higher chance of depressive symptoms in older adults with low 25(OH)D
concentrations was consistent with previous cross-sectional studies’ results
(51,54,56,59,60). In Amsterdam, the Netherlands, in a population-based sample
(=65 years; n=1282), the severity of depressive symptoms evaluated using the Center for
Epidemiologic Studies Depression Scale (CES-D) was associated with decreased serum
25(0OH)D concentrations (B=9.6; 95%CI=16.9;2.4; p=0.01) (51). In England, in a Health
Survey with older adults (>65 years; n=2070), depressive symptoms evaluated by 10-item
GDS were associated with clinical vitamin D deficiency (25(OH)D levels <10 ng/mL
(OR=1.46; 95%CI=1.02;2.08; p=0.04) (54). Data from the English Longitudinal Study of
Aging (=50 years; n=5870) showed a significant association between low 25(OH)D
concentrations and depressive symptoms (CES-D) [OR=1.58; 95% CI=1.20-2.07 for the
lowest quartile; OR=1.45, 95%CI=1.15.1.83 for < 30- nmol/L cut-off and OR=1.34,
95%CI=1.10-1.62 for the <50 nmol/L cut-off)] (63).

Although depression has well-studied pathophysiology, the biochemical
mechanisms involved in the relationship between vitamin D and depression are still not
well elucidated. Some mechanisms of vitamin D have been suggested, such as changes
in glutamatergic neurotransmitter and monoaminergic systems, interactions with
inflammatory processes, and control of the expression of those genes that are responsible
for maintaining both Ca2+ and reactive oxygen species homeostasis (23). Additionally,
VDR was found in the prefrontal cortex and parts of the limbic system, and these brain

areas had been implicated in the pathophysiology of depression (17).



Capitulo 2 - Estudos de associagdo entre vitamina D, sintomas depressivos e mortalidade 205

Another interesting finding in our study was that 21.4% (P=0.048) of older
individuals who used antidepressant drugs were classified as having depressive
symptoms. Some studies discussed that around 10%-30% of individuals with depression
presented resistance in drug therapy, not responding to treatment with at least two
antidepressants (9,83—85). Alternatively, the available antidepressants are commonly
accompanied by unpleasant side effects and may cause treatment to be discontinued (33).
Additionally, sometimes unintentional non-adherence, such as forgetting and inability to
follow treatment instructions because of poor understanding or physical problems (poor
eyesight or impaired manual dexterity), was found to be responsible for treatment
discontinuation (86).

In our study we did not perform an evaluation about the influence of
antidepressant in 25(OH)D concentration, but some findings point to a relationship in
antidepressant use and low level of vitamin D (87,88). The mechanism is not well
explained, but there are a hypothesis that tricyclic antidepressant may dampen 1-a-
hydroxylase activity and induce the activity of 1,25-(OH)2 vitamin D3 24-hydroxylase
(87). If this hypothesis is verified, perhaps this influence of the antidepressant on the level
of vitamin D could lead to a risk of depression.

Furthermore, only 9.4% of older adults diagnosed with vitamin D insufficiency or
deficiency (39.4% and 25.5%, for insufficiency and deficiency, respectively) were using
vitamin D supplements. At the same time, the prevalence of hypovitaminosis (<30
ng/mL) was present in >50% of the total sample. These results offer crucial evidence for
the lack of vitamin D supplementation in this population.

A growing body of literature has investigated the potential effect of vitamin D on
depression and its promising results, such as its prospective role as an adjuvant in drug
therapy (89-92). This issue is still controversial and may be explained by several
methodological differences, such as self-reported diagnosis for depression, different
vitamin D reference values used, and various methods for serum vitamin D analysis
(33,93-95). Further studies are needed to confirm these findings, and vitamin D
supplementation may become a convenient and low-cost treatment (33,91). Moreover,
depression is a disease requiring high treatment costs; therefore, there is a substantial gap
in the necessity and availability of therapy; consequently, a significant population of
depressed individuals are left untreated in low- and middle-income countries (28,96).
Prevention has the potential to reduce not only recurrences, but also initial episodes, thus

reducing the prevalence of period and in a lifetime (97).
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Our study presented some limitations. It is essential to mention that the blood tests were
performed with a part of the total EpiFloripa Study sample, and this may have limited
some of the analyses, such as sex stratification. Clinical and biochemical examinations
were conducted at the university, which could select individuals with relatively better
health conditions than those from the general population. Although important, the cross-
sectional analyzes should be considered with caution due to their methodological
limitations inherent in obtaining data. In addition, longitudinal analysis of this data is in
progress for a future study.

As for the strengths of this study, we consider that selecting a sample that includes
only older adults is one of them because the population is distinct, considering metabolic
alterations and life cycle aspects. Aging is a particular physiological phase of the life
cycle, in which people reduce their metabolic ability to sustain homeostasis, which
renders them highly susceptible to pathological alterations, especially concerning
neuropsychiatric disorders (25,26). Additionally, we analyzed covariates, such as skin
color, ethnicity, and the season in which the blood was collected. The 15-item GDS,
which evaluates depressive symptoms, is one of the most widely used screening tools in
similar studies and has been validated for application in the Brazilian population. Our
study followed a highly accurate method for the quality of the data (trained and supervised

interviewers, pilot study, face-to-face interviews, and interview quality control).

Conclusion

In summary, our findings showed that lower serum 25(OH)D concentrations were
independently associated with depressive symptoms in older adults living in Southern
Brazil, even after adjusting for demographic, socioeconomic, behavioral, and health
variables. These findings are relevant, given the high prevalence of hypovitaminosis D
established among this population. We observed that few older adults classified as
vitamin D insufficient/deficient were using supplements, pointing to the necessity of
serum vitamin D monitoring and prescription, when necessary, for prevention of not only
depressive symptoms, but also other well-known conditions, such as compromised bone
health. To better elucidate this relationship, a future longitudinal analysis would also be

important and should be validated in more detail animal and cell experiments.
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4.3 CAPITULO 3 - ESTAGIO DE DOUTORADO SANDUICHE NO EXTERIOR

Com o intuito de fortalecer o vinculo com institui¢des internacionais, promover a
visibilidade da ciéncia brasileira, bem como aprimorar as técnicas e estudo para realizag@o
dos artigos da tese, realizou-se o estagio de doutorado sanduiche no exterior, com bolsa
do programa de Doutorado Sanduiche no Exterior (PDSE) da CAPES no periodo de
fevereiro a julho de 2022. O estagio foi realizado no departamento de psiquiatria do
Kingston General Hospital (KGH), associado ao Centre for Neuroscience Studies (CNS),
da Queen’s University, Kingston, Ontario, Canada, sob supervisdo da Profa. Dra. Elisa
Brietzke.

Neste capitulo sdo apresentados os artigos:

Artigo 6 - “Lower vitamin D concentration is associated with depressive symptoms over
2 to 5-year follow-up: the EpiFloripa Aging Cohort Study” (paginas 218 a 234).

Artigo a ser submetido: formatado de acordo com as normas da revista Brazilian Journal

of Psychiatry (Qualis Capes B1, fator de impacto 6.328).

Artigo 7 - “Association between adiposity and emergent depressive symptoms in a 10-
years cohort of older adults: the EpiFloripa Aging Study” (paginas 235 a 255).

Artigo em apreciacdo: Journal of Affective Disorders (Qualis Capes Al, Fator de impacto
6.533).




Capitulo 3 — Estagio de doutorado sanduiche no exterior 219

4.3.1 Artigo 6

Lower vitamin D concentration is associated with depressive symptoms over 2 to 5-

year follow-up: the EpiFloripa Aging Cohort Study

Gilciane Ceolin'*3, Anna Quialheiro*, Anténio Augusto Moura Silva®, Eleonora

d’Orsi®, Débora Kurrle Rieger®’, Julia Dubois Moreira®’, Elisa Brietzke?®

1. Postgraduate Program in Nutrition, Federal University of Santa Catarina,
Florianopolis, SC, Brazil.

2. Centre for Neuroscience Studies (CNS), Queen’s University, Kingston, ON, Canada.
3. Translational Nutritional Neuroscience working group. Federal University of Santa
Catarina, Florianopolis, Brazil.

4. Life and Health Sciences Research Institute, Medical School, University of Minho,
Portugal

5. Postgraduation Program of Collective Health. Department of Public Health. Federal
University of Maranhdo, Sao Luis, Brazil.

6. Department of Public Health, Federal University of Santa Catarina, Florianopolis,
SC, Brazil.

7. Department of Nutrition, Federal University of Santa Catarina, Brazil.

8. Department of Psychiatry, Queen’s University School of Medicine, Kingston, ON,

Canada.

Abstract

Objective: To evaluate the longitudinal association between Vitamin D and depressive

symptoms in older adults.

Methods: Data from the second (2013-2015) and third (2017-2019) waves of the
EpiFloripa Aging Cohort Study were used. Depressive symptoms were assessed by the
15-item Geriatric Depression Scale (GDS-15) and the severity was classified as >6
points. Vitamin D serum concentration [25(OH)D, 25-hydroxycolecalciferol] was
measured using the microparticle chemiluminescence method. Logistic regression was
used to assess the association between 25(OH)D and the change in GDS-15 over a 3 to

5-year follow-up. The analysis was adjusted by sex, age, income, alcohol use,
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multimorbidity, body fat percentage, leisure-time physical activity, and use of the

antidepressants.

Results: We analyze data from 574 older adults. From wave 2 to wave 3, 12.6%
showed an increase in the severity of depressive symptoms, 7.1% presented a decrease,
and 5.0% kept the severity of depressive symptoms over two years. In the adjusted
analysis, those in the lowest quartile of 25(OH)D (4 to 20.6 ng/ml) presented high risk
to have severity of depressive symptoms in wave 3 (OR=2.90; C195%: 1.14-7.34,p =
0.025), compared to those in the highest quartile (32.1 a 50 ng/ml).

Conclusions: Lower 25(OH)D concentration was prospectively associated with the

severity of depressive symptoms in older adults.
Keywords: Vitamin D; Aging; Depressive Symptoms; Longitudinal Studies.

1. Introduction

A growing body of literature has investigated the association between lower (<20
ng/ml) vitamin D concentration and depression in older adults in different scenarios as
in cross-sectional, longitudinal, and clinical studies since both conditions are highly
prevalent in this population!. The combined worldwide prevalence of depression in
older adults was estimated at 28.4%?2, while the deficiency of vitamin D (<20 ng/ml) is
estimated between 17-87%?. Also, both are implicated in an increased risk of frailty,
disabilities, and mortality in the older population *3.

Depression is a multifactorial disorder, also linked with the impact of many aging
processes in brain structures and functions of the neurotransmitter levels and
neuroendocrine systems that have been implicated as a target to vitamin D metabolites
%10 Due to the presence of nuclear and membrane receptors of vitamin D and some
enzymes responsible for converting the metabolites of vitamin D in the central nervous
system, many other studies have investigated the possible role of 25(OH)D on the
pathophysiology of depression!!"!*. Some of the mechanisms proposed that link
25(OH)D to depression are the maintenance of Ca®>" homeostasis, activation of the
expression of many antioxidant genes regulating the formation of serotonin and
dopamine, and reducing inflammation by reducing the expression of inflammatory
cytokines!'!'=15,

Although with published promising preclinical studies, the relationship is not fully

understood from a clinical and observational studies. In the literature, at this point, only
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six longitudinal studies were carried out, including only older adults (>60 years). The
results vary due to methodological differences, in that studies have not found an effect

16-19 "and some have found 2%?!. Further, there is a lack of longitudinal

on depression
studies evaluating the observational association between vitamin D and depressive
symptoms in older adults from low and middle-income countries!, which are known to
be both lower levels of 25(OH)D and high prevalence of depression??23, This study
aimed to analyze the prospective association between vitamin D and depressive

symptoms in a 2 to 5-year follow-up cohort study with older adults from southern

Brazil.

2. Methods

Design, sample, and data collection

To this analysis we used data from the second (2013-2015) and third (2017—-
2019) waves of the “Conditions of the health of the older adults in the Florianopolis -
EpiFloripa Aging Cohort Study,” a population-based study. The design, methods, and
sample details were described in previous publications 22°, Briefly, the inclusion
criteria at baseline were males and females aged >60 years and living in an urban area in
Florianopolis, Santa Catarina, Brazil; those living in long-term care institutions,
hospitals, and prisons were excluded. All older adults who initially participated in the
study's first wave (2009-2010) were invited to participate in the second and third
waves. A face-to-face interview was conducted through a structured questionnaire on a
laptop by trained interviewers at participants’ homes. In the second wave, the older
adults of the follow-up were invited to do a complementary examinations collection
including blood sample collection 2 (Figure 1). The complementary examinations
were carried out at the Federal University of Santa Catarina (UFSC), and the mean
time between blood sample collection and the interview in the third wave was 3.7 year
(standard deviation of 0.5; minimum of 2.7 and maximum of 5.7). The study's
consistency analysis and quality control were conducted by telephone through a reduced

questionnaire version applied to 10% of randomly selected participants .
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Baseline of the EpiFloripa Aging Study (2009-2010)

1,911 eligible participants

Epi
1,702 interviewed participants

Second wave of the EpiFloripa Aging Study (2013-2015)

227 deaths

129 refuses

211 losses
30 missing data to vitamin D
531 refuses to collect exams

574 interviewed participants

Third wave of the EpiFloripa Aging Study (2017-2019)

13 deaths
45 refuses
61 losses
69 missing data to GDS

386 interviewed participants

Figure 1. Flowchart of EpiFloripa Aging Study.

Measurements

Vitamin D

Blood samples were collected at the Laboratory for Metabolism and Dietetics of
the UFSC and analyzed at the laboratory of clinical analysis of the Polydoro Ernani de
Sdo Thiago University Hospital 2°. Participants were asked to fast for 8-10 h before
blood collection, and 30 mL of peripheral venous blood was collected from each

participant.

Serum 25(OH)D concentrations (ng/mL) were measured using the microparticle
chemiluminescence method. The blood samples were centrifuged at 3,500 rpm for 10
min to collect serum. Serum samples used to detect 25(OH)D were immediately
processed according to the manufacturer’s instructions using LIAISON® (DiaSorin,
Sdo Paulo, SP, Brazil)?. In this method, an antibody specific to vitamin D was coated
with magnetic particles, and 25(OH)D was conjugated to an isoluminol derivative and
diluted in phosphate buffer (pH 7.4). In the first incubation period, 25(OH)D was
dissociated from the binding protein and interacted with the antibody. During the

second incubation period with the tracer reagent, the microplate was washed with the
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buffer, and starter reagents were added to generate the chemiluminescent signal,

measured using a photomultiplier?®.

LIAISON® is a rapid, accurate, and precise assay (functional sensitivity, < 2.0
ng/mL; inter-assay imprecision, < 20%) 26, Since 2014, the LIAISON® has received
certification for a total of 25-hydroxyvitamin D assays from the Vitamin D
Standardization Certification Program by the Center for Disease Control and Prevention
27 The 25(OH)D was categorized into quartiles (Quartile 1: 4 to 20.6 ng/ml; Quartile 2:
20.7 to 26.5 ng/ml; Quartile 3: 26.6 to 32 ng/ml; Quartile 4: 32.1 a 50 ng/ml).

Severity of depressive symptoms

The GDS-15 was used to evaluate depressive symptoms. In Brazil, the GDS-15
is reccommended by the Brazilian Ministry of Health?® as useful due to a rapid screening
of depressive symptoms in the older adult in primary health care centers. The GDS-15
was translated to Portuguese and validated in a Brazilian sample according to the
International Classification of Diseases (ICD-10)?° criteria for research and the
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV), with outpatients aged
60 or over who met the criteria for depressive disorder (current or in remission)®!-32,

In this study, it was followed the cut-off points suggested by Almeida and
Almeida (1980), of > 6 points for individuals with severity in depressive symptoms>!-33,
For the change between waves, it was categorized as: Low severity (Kept low severity
with < 5 points in both waves + decreased severity from < 6 points in wave 2 to <5
points in wave 3); Severity (Kept > 6 points in both waves + increased severity from <5
points in wave 2 to > 6 points in wave 3).

The Almeida and Almeida’s cut-off points presented a sensitivity of 85.4% and a
specificity of 73.9% according to ICD-10, and 90.9% of sensitivity and 64.5% of
specificity according to the DSM-IV. The internal consistency as assessed by
Cronbach's alpha revealed a reliability coefficient of 0.81%2, In the test-retest reliability,
when the outpatient was evaluated for the second time 48 to 72 hours after the first
assessment, the GDS-15 scores were reasonably stable, as assessed by paired Wilcoxon

(z=1.60, p=0.109) and Spearman’s correlation coefficients (rho=0.86, p<0.001), and
Cohen’s weighted kappa (kappa=0.64).

Covariates
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A directed acyclic graph (DAG, or causal Bayesian networks) was constructed
to represent the theoretical model and elucidate the involvement of covariates in the
longitudinal association between 25(OH)D and depressive symptoms (Figure 2). The
DAG was built using DAGitty software (version 3.0; Nijmegen, GE, The
Netherlands)**. The graphical criteria for selecting the adjusted covariates were used to

define the minimum set of covariates and reduce variable selection bias3>-3°,

S S—®

Age ; “’-'3—-——-__._______

Physical Activity

N

Multimaorbidities Antidepressant

Figure 2. DAG of the minimum set of covariates to adjust for confounding in the

association between Vitamin D concentration and severity of depressive symptoms. The
arrows in pink represent the biasing path and in green the causal path. The variable with play bottom
is the exposure, and the stop bottom is the outcome. GDS-15, 15-items Geriatric Depressive Scale.

25(0OH)D, concentration of 25-hydroxycholecalciferol.

The minimum set of covariates selected to adjust for confounding using the
backdoor criteria in the DAG were sociodemographic variables, such as sex
(male/female), age (years), and per capita family income in minimal wages (categories:
<I;>1 and <3; >3 and <5; >5 and <10; >10 minimal wages) according to the values in
second wave, 2013 (R$ 678.00) and 2014 (R$ 724.00). Behavioral modified factors,
such as alcohol consumption (no/yes) collected using the Alcohol Use Disorder
Identification Test?’; leisure-time physical activity (LTPA, assessed by the International
Physical Activity Questionnaire, classified as insufficiently active <150 min; and active

>150 min)3%3°,
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As health variables included the number of medical comorbidities (sum of
diagnosed medical conditions: spine or back disorders, arthritis, cancer, diabetes,
bronchitis, cardiovascular disease, renal disease, tuberculosis, cirrhosis, stroke,
osteoporosis, hypertension, and depression); the adiposity, measured by the body fat
percentage (%Fat), was performed using Dual Energy X-ray Absorptiometry (DXA,
Lunar Prodigy Advance, General Electric, Madison, WI, USA) following the
manufacturer’s instructions*’, and was classified into terciles (Tercile 1: 5 to 33.2%;
Tercile 2: 33.6 to 41.7%; Tercile 3: 41.9 to 57.8%. The use of antidepressants was not
suggested by the backdoor criteria, but we choose to include them in the model.
Information about antidepressant use was collected by consulting prescription sheets
and vials/bottles of medications prescribed by a physician in the participant’s house.
The medication was codified in the database using the Anatomical Therapeutic
Chemical Classification codes from the World Health Organization Collaborating

Centre for Drug Statistic Methodology *'.
Statistical analysis

Descriptive analysis of the data is presented as absolute and relative frequencies.
To analyze the longitudinal association between 25(OH)D and the change of GDS
categories between waves two and three, logistic regression was used to evaluate the
odds ratio (OR) and the respective confidence intervals of 95% (CI) in the crude and
adjusted models. As the reference, we choose those who had low severity of depressive
symptoms (< 5 points). The covariates suggested by DAG were used in the adjusted

model.

All analysis were performed using Stata 14.0 software (StataCorp, College Station, TX,
USA). We considered the effect of the sample design by conglomerates and the sample
weight using the command “svy”. For all analyses, we considered the level of statistical
significance of 5%. The power of the sample size (1 — 3 error probability) was
calculated a posteriori (post hoc) using G*Power (version 3.1.9.7, Diisseldorf,
Germany) *2, establishing as parameters the logistic regression with an odds ratio of 3.5,

and the number of the sample size of 386 (power=0.99).
Ethical Approval

The EpiFloripa Aging cohort study was conducted following the Declaration of

Helsinki . The second and third waves were approved by the Human Research Ethics
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Committee of the UFSC (approval numbers second wave: 329.650 and 526.126, and
third wave: 1.957.977). All participants voluntarily agreed to participate in the study

and signed the informed consent form.

3. Results

A total of 574 participants were enrolled in this analysis, with a final sample from
third wave of 386 participants (Table 1). The most of participants were female (63.1%),
aged between 60—69 (42.4%), inactive in the LTPA (53.2%), and have 2 or more
medical comorbidities (75.6%), 25.1% presented lower levels of vitamin D (< 20
ng/ml). Regarding the GDS classification between waves, 75.4% did not have changes,
which means, kept low severity depressive symptoms over two years (< 5 points);
12.6% presented an increase (from < 5 waves 2 to > 6 wave 3); 7.1% presented a
decrease (from >6 wave 2 to > 5 wave 3); and 5.0% kept the severity of depressive

symptoms (= 6 points) over two years.

Table 1. Sample characterization according to demographic, socioeconomic, and health

characteristics of the older adults from EpiFloripa Aging Cohort Study (2013-2019).

Participants’ characteristic (n=574) N % 95% CI
Sex

Male 199 36.9 32.042.0
Female 375 63.1 58.0-68.0
Age

60-69 years 243 42.4 36.648.4
70-79 years 239 41.3 36.2-46.6
>80 years 92 16.3 12.9-20.5
Education (n=573)

<4 years 244 39.7 33.047.0
5to 11 years 104 19.3 15.2-24.2
> 12 years 225 40.9 34.3-47.9
Family income (n=554)

<3 minimum wage 203 37.1 32.0-42.6
>3 and <5 minimum wages 113 17.6 13.4-22.7
>5 minimum wages 238 453 38.9-51.9

Alcohol consumption




Capitulo 3 — Estagio de doutorado sanduiche no exterior

227

No

Yes

Leisure-time PA (n=573)
Inactive

Insufficiently active <150 min/week
Active >150 min/week

Number of medical comorbidities
None

1 comorbidity

2 or more comorbidities

%Fat (n=571)

Tercile 1 (5 to 33.2%)

Tercile 2 (33.6 to 41.7%)

Tercile 3 (41.9 to 57.8%)
Antidepressant use

No

Yes

25(OH)D in quartiles

Quartile 1 (4 to 20.6 ng/ml)
Quartile 2 (20.7 to 26.5 ng/ml)
Quartile 3 (26.6 to 32 ng/ml)
Quartile 4 (32.1 a 50 ng/ml)
Change in GDS (n=386)

Low severity in wave 3 (< 5 points)

Severity in wave 3 (= 6 points)

332
242

311
100
162

35
98
441

191
190
190

494
80

144
144
147
139

322
64

56.4
43.6

53.2
18.2
28.7

6.0
18.4
75.6

33.4
333
333

86.3
13.7

25.1
25.1
25.6
24.2

82.4
17.6

50.0-62.6
37.4-50.0

47.8-58.4
14.9-22.0
23.6-34.3

4.0-8.7
14.7-22.8
71.2-79.6

29.7-37.4
29.5-37.3
29.5-37.3

83.1-89.1
10.9-16.9

21.7-28.8
21.7-28.8
22.2-294
20.1-27.9

76.2-87.3
12.7-23.8

N, number of participants; 95%CI, 95% of confidence interval; PA, physical activity; %Fat, fat body

percentage; 25(OH)D, 25-hydroxycholecalciferol concentration; GDS, Geriatric Depression Scale.

In the crude analysis (Table 2), those in the lowest quartile of 25(OH)D (4 to 20.6
ng/ml) presented higher risk (OR = 3.40, 95%CI: 1.34-8.62) to have severity of

depressive symptoms (> 6 points) in wave 3 compared to those in the highest quartile

(32.1 a 50 ng/ml). The same was observed in the adjusted analysis (OR = 2.90, 95%CI:

1.14-7.34).
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Table 2. Associations between 25(OH)D and change in depressive symptoms over 3 to

5-years follow-up in the older adults from EpiFloripa Aging Cohort Study (2013-2019).

25(0OH)D in quartiles Crude Adjusted®

OR 95%CI p OR 95%CI p
Q4 (32.1 a 50 ng/ml) 1 - - 1 - -
Q3 (26.6 to 32 ng/ml) 0.87 032233 0.788 0.84 0.31-2.37 0.727
Q2 (20.7 to 26.5 ng/ml) 1.76 ~ 0.63-4.90 0.276 1.77 0.51-6.10 0.361
Q1 (4 to 20.6 ng/ml) 340 1.34-8.62 0.011 2.90 1.14-7.34 0.025

Adjusted by sex, age, income, alcohol use, multimorbidity, body fat percentage, leisure-time physical
activity, and antidepressant. GDS, Geriatric Depressive Scale; Q, quartile; OR, odds ratio;
4. Discussion
In this study, our results showed that 17.6% of the older adults presented severity in

depressive symptoms in wave 3. The analysis revealed that those with lower levels of
vitamin D (Quartile 1: 4 to 20.6 ng/ml) were more likely to present severity in
depressive symptoms evaluated by GDS-15 over 3 to 5-year follow-up, even after
controlling for covariates.

Few studies carried out with only older adults (>60 years) have been developed
16-21 The results of this study are in line with two previous studies. One study from the
United States, in that the cut-off points are similar and the participants with <20ng/mL
were at greater risk of developing depression (HR= 1.65; 95%CI:1.23-2.22) over 4
years of follow-up compared with those with >30ng/mL?°. And another study from
Italy, using the same cut-off point of <50 nmol/L (<20 ng/mL), however comparing to
those >50 nmol/L (>20 ng/mL), only women presented a high risk to develop a
depressive mood in follow-up (women: HR= 2.0; 95% CI: 1.2-3.2)*!. The studies that
did not find a longitudinal association were carried out only with depressed older
adults!'S; or have stratified the analysis by sex!®; or carried out the analysis with men
only and just found a cross-sectional association!”!°. We also found in our sample a
cross-sectional association between low levels of vitamin D and depressive symptoms*.

Previous studies have mixed older adults and adults in the analyses in both
cross-sectional and longitudinal studies on the association between vitamin D and
depressive/symptoms depression!. However, it is known that older adults are in a
distinct life cycle due to the aging process being associated with a reduced ability to
sustain homeostasis, which could make them more susceptible to pathological
alterations, including low circulating levels of vitamin D and neuropsychiatric

disorders*+*, Women in menopausal transition present a higher risk of experiencing
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depressive symptoms due to a lot of changes (i.e. stressful events in life, hormone
fluctuations)*’. Moreover, older adults with depression present a higher risk of
mortality*, especially in low- and middle-income countries, where that are low
treatment access and more undiagnosed cases*®.

An interesting point is that from the second wave, the prevalence of low levels in
the smallest quartile (Q1, < 20.6 ng/ml) was 25.1%, however only 6.0% of this sample
reported the use of vitamin D supplements, from the third wave only 8.5% reported the
use of vitamin D supplements (data not shown). Although we did not measure the
25(OH)D in the third wave and the half-life stability in the blood is short (15 ~ 25
days)*, the vitamin D deficiency (< 20ng/ml) is common a highly prevalent in this
population®>!, and we could assume that it can reflect inadequate levels in this sample
and just a small part was treated.

Vitamin D adequate levels is not only important to bone health in older adults,
but also have been related to a lot of functions due to the spread presence of its
receptors and enzymes responsible to its conversion in a lot of other tissues, organs and
systems 39234 Tt is known that depression is a complex disease, that could be triggered
to a lot of mechanisms, and since preclinical studies have been demonstrating some
ways that vitamin D could be linked to depression’!!, it’s important to keep adequate
levels.

A possible limitation can be due to the clinical and biochemical examinations
conducted at the university, which could select individuals with relatively better health
conditions than those from the general population. Due to the logistics of data collection
of blood samples were not collected at the same time as the interview and were not able
to be repeated in wave 3 which can limit the options of analysis. Although we use a
technique certified by the CDC/VDSCP for a total of 25-hydroxyvitamin D assays to
measure the 25(OH)D, it is wise to consider that it has differences from the gold
standard >3,

As for the strengths of this study, we considered that the sample includes only
the older adults since it is a population at risk for low levels of vitamin D and is quite
different considering metabolic changes and aspects of the life cycle. The study
followed a highly accurate method for quality of the data including trained and
supervised interviewers, conducting a face-to-face interview, and quality control of the
interviews, and a recommended way to define the minimum set of variables and reduce

bias using DAG.
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In conclusion, this study supports the hypothesis of a prospective association
between lower vitamin D and the severity of depressive symptoms in older adults.
Those with lower 25(OH)D are likely to have higher severity of depressive symptoms
over 3 to 5-year follow-up. It is known that depression is a complex and multifactorial
disorder, and the vitamin D can be involved in some psychopathological ways
according to the background at this point. Also is important to plan actions to prevent
and treat lower levels of 25(OH)D in the older adult population that still prevalent and is

also important to prevent bone issues.
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Highlights

e Older adults present a stability in the probability to change their BMI over 10 years

e Obesity had a high incident rate ratio to increase depressive symptoms over 10 years

e Association between body mass index and depressive symptoms followed a U-shaped
curve

e Association between waist circumference and depressive symptoms followed a J-

shaped curve

Abstract

Background: The association between obesity and depressive symptoms has been
described in the literature, but there is a scarcity of longitudinal data. This study aimed to
verify the association between body mass index (BMI) and waist circumference and the

incidence of depressive symptoms over a 10-years follow-up in a cohort of older adults.
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Methods: Data from the first (2009-2010), second (2013-2014), and third (2017-2019)
waves of the EpiFloripa Aging Cohort Study were used. Depressive symptoms were
assessed by the 15-items Geriatric Depression Scale (GDS-15). The Generalized
Estimating Equations model was used to estimate the longitudinal association between
BMI and waist circumference and depressive symptoms across a 10-years follow-up.
Results: The incidence of depressive symptoms (N= 580) was 9.9%. The relationship
between BMI and incidence of depressive symptoms in older adults followed a U-shaped
curve. Older adults with obesity had an incidence relative ratio of 76% (IRR=1.24,
p=0.035) for increasing the score of depressive symptoms after 10 years, compared to
those with overweight. The higher category of waist circumference (Male: >102; Female:
>88 cm) was associated with depressive symptoms (IRR=1.09, p=0.033), only in a non-
adjusted analysis.

Limitations: Relatively high follow-up dropout rate; Few individuals in the underweight
BMI category; BMI must be considered with caution, because it does not measure only
adiposity.

Conclusions: Obesity was associated with the incidence of depressive symptoms when
compared with overweight in older adults.

Keywords: Depressive Symptoms; Longitudinal Studies; Aging; Adiposity.

1. Introduction

Major Depressive Disorder (MDD) in older adults is a common condition, with a
recent meta-analysis estimating a worldwide prevalence of 31.7% and even higher rates
in developing countries (40.8% vs 17.1% in developed countries)'. In this age group,
MDD is associated with an increased risk of frailty, cognitive decline, disabilities, and
mortality?. From a biological perspective, aging has been defined as a result of the
impact of the accumulation of a wide variety of molecular and cellular damage over time®.
This accumulated damage can lead to a gradual decrease in physical and mental capacity,
and an increase in fat mass’?,

Depression is a multifactorial disorder, but the pathophysiology of MDD in the
elderly has been linked to the impact of aging processes in brain structures and functions
through mechanisms such as neurotransmitter levels and neuroendocrine systems®!?. A
reduction in dopaminergic transmission, the presence of a persistent low-grade
inflammation, oxidative stress imbalances, and reduced mitochondrial functioning are

some age-related factors that have been associated with depression'!.
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Aging has also been associated with changes in body composition, especially a
decrease in lean mass and bone density, and an increase in fat mass’®. Interestingly, the
medical literature indicates that obesity and MDD are intrinsically linked and share some
clinical, neurobiological, genetic, and environmental factors'2. Most studies support a

bidirectional association between body mass index (BMI) and depressive symptoms in

13,14 15,16

adults and in the elderly’”-'*, especially for the melancholic and atypical subtypes
However, most evidence on this topic comes from cross-sectional observations, which do
not inform about the temporal sequence of factors. Only a few longitudinal studies
investigated both the effect of BMI and/or waist circumference on the incidence of
depressive symptoms/MDD in older adults. Preliminary findings have indicated an
increased risk of developing depression in those with both obesity and underweight, and
lower risk in those with overweight, especially women!’-2*, Furthermore, there is a lack
of data on low-income populations, which are known to have a higher risk for both obesity
and depression®27,

This study aimed to investigate the longitudinal association between BMI and

waist circumference, with the incidence of depressive symptoms over 10 years of follow-

up in a population and home-based cohort of older adults.

2. Materials & Methods

Design, sample, and data collection

This longitudinal post-hoc analysis was carried out with data from the 10-year
follow-up of the “Conditions of the Health of the Older Adults in the Florianopolis -
EpiFloripa Aging Cohort Study”, which is a population-based, home-based, longitudinal
cohort study with a representative sample of Florianopolis. The details of the design,
methods, and sample were described elsewhere?®. Briefly, the inclusion criteria at
baseline were males and females aged >60 years and living in an urban area in the city of
Florianopolis/SC, in southern Brazil; those living in long-term care institutions, hospitals,
and prisons were excluded?®. Data collection was carried out by trained interviewers
through face-to-face interviews at participants’ homes using a structured questionnaire on
a laptop. The consistency analysis and quality control of the study was carried out by
telephone through a reduced questionnaire version applied to 10% of randomly selected
participants.

For this specific analysis to estimate the incidence of depressive symptoms,

individuals who already had significant depressive symptoms at baseline, operationalized
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by a GDS-15 score > 6, were excluded (N=401). Individuals taking antidepressants for
other indications (e.g.: pain, sleep, appetite) were included in the sample if their GDS-15
score was below 6. All older adults who participated in the baseline study (2009-2010,
N=1,234) and collected data in the second wave (2013-2014, N=877) were invited to
participate in the third wave of the study (2017-2019, N=583). We used repeated

measures from the three periods (Figure 1).

Measurements
Body Mass Index

The BMI was calculated to assess nutritional status®® according to the World
Health Organization (WHO): Underweight <18.5 kg/m?, Normal weight 18.5-24.9 kg/m?,
Overweight 25-29.9 kg/m?, and Obesity >30 kg/m?*°. Anthropometric data were

measured by a portable stadiometer and a digital scale with a resolution of 100 grams?®.

Waist circumference

Waist circumference was measured using a flexible and inelastic measuring tape
with a resolution of 1 mm (total of 160 cm). The measurement was undertaken at the
narrowest part of the trunk. For those with a non-apparent waist, the measurement was
made at the midpoint between the iliac crest and the lowest rib?°. Waist circumference
was categorized according to the WHO cut-off points to the risk of metabolic
complications and according to sex (M: male, F: female): normal M: <94, F: <80;

increased M: 94-101, F: 80-87; substantially increased M: >102 F: >883°,

Presence and Severity of depressive symptoms

The GDS-15 was used to evaluate the presence and severity of depressive
symptoms. The GDS-15 is recommended by the Brazilian Ministry of Health®! as a useful
alternative for the rapid assessment of depressive symptoms in the elderly in primary
health care centers. The GDS-15 was translated to Portuguese and validated in Brazil
according to the International Classification of Diseases (ICD-10)? criteria for research
and the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV)* with
outpatients aged 60 or over who met criteria for depressive disorder (current or in
remission)3*3.

We used cut-off points as suggested by Almeida and Almeida, to categorize the

sample into two groups: individuals with significant depressive symptoms severity (> 6
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points) and those without significant depressive symptoms severity (< 5 points)**3¢, This
cut-off points produced a sensitivity of 85.4% and a specificity of 73.9% according to
ICD-10, and 90.9% of sensitivity and 64.5% of specificity according to the DSM-IV. The
internal consistency as assessed by Cronbach's alpha revealed a reliability coefficient of
0.8133. In the test-retest reliability, when the outpatient was evaluated for the second time
48 to 72 hours after the first assessment, the GDS-15 scores were reasonably stable, as
assessed by paired Wilcoxon (z=1.60, p=0.109) and Spearman’s correlation coefficients

(tho=0.86, p<0.001), and Cohen’s weighted kappa (kappa=0.64)>>.

Statistics
Selection of Covariates

A directed acyclic graph (DAG, or causal Bayesian networks) was constructed to
represent the theoretical model and elucidate the involvement of covariates in the
longitudinal association between BMI and depressive symptoms (Figure SI,
supplementary material), and between waist circumference and depressive symptoms
(Figure S2, supplementary material). The DAG was built using DAGitty software
(version 3.0; Nijmegen, GE, The Netherlands)*’. The graphical criteria for selecting the
adjusted covariates were used to define the minimum set of covariates and reduce variable
selection bias®®.

The covariates suggested by the DAG were sex (observed by the interviewer:
male/female); age (in years, 60-69, 70-79, >80); family income (in minimum wages
classified as < 3, 4 and 5, and > 6, based on one minimum wage at the interview time as
wave 1: R$465 in 2009, R$510 in 2010; wave 2: R$678,00 in 2013, R$724,00 in 2014;
wave 3: R$937,00 in 2017, R$954,00 in 2018, and R$998,00 in 2019); alcohol
consumption (no/yes, assessed through the Alcohol Use Disorder Identification Test)*’;
leisure-time physical activity (assessed by the International Physical Activity
Questionnaire, classified as insufficiently active <150 min; and active >150 min)*"**2; and
the number of medical comorbidities (sum of diagnosed medical conditions: spine or back
disorders, arthritis, cancer, diabetes, bronchitis, cardiovascular disease, renal disease,
tuberculosis, cirrhosis, stroke, osteoporosis, hypertension, and depression).

Information about antidepressant use was collected by consulting prescription
sheets and vials/bottles of medications prescribed for the participant. The Anatomical

Therapeutic Chemical Classification codes from the World Health Organization
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Collaborating Centre for Drug Statistic Methodology were applied for codification in the

database®.

Analysis

The analysis was performed using Stata 14.0 software (StataCorp, College
Station, TX, USA), considering the sample weights. Descriptive analysis of the data was
presented as absolute and relative frequency, prevalence, and respective 95% confidence
intervals (CI) for the total sample based on the incidence of depressive symptoms. The
distribution of the covariates was determined by Pearson's chi-squared and Fisher's exact
tests with a level of significance of 5%. We estimated the transition probabilities in BMI
over time using the “x#trans” Stata command.

A longitudinal analysis model with Generalized Estimating Equations was used
to estimate the effect of BMI on depressive symptoms across the ten-year follow-up using
repeated measures from the three periods. The time was considered as a variable, and the
database was changed from “wide” to “long” to permit analysis of within-subject missing
data. The command “reshape” was used to change the dataset to the “long” format
indicating the identification variable as a key variable and “wave” as a time variable. The
command “xzgee” was used to analyze the data using the Poisson family since our
outcome has a Poisson distribution and is a countable variable. Two models were
analyzed: raw or adjusted to covariates. The incident rate ratios (IRR) were obtained by
the command “eform” with the respective 95% confidence intervals (95%CI) considering
a level of significance of < 0.05. The category of BMI of 25 to 29.9 kg/m? was used as

the reference category.

Ethical procedures

The EpiFloripa Aging cohort study protocol complied with the principles from the
National Health Council and the Declaration of Helsinki*. The EpiFloripa Aging Cohort
Study was approved by the Human Research Ethics Committee of the Universidade
Federal de Santa Catarina (approval numbers 352/2008 and 1.957.977). After the
explanation of study objectives and collection procedures, all participants voluntarily
agreed to participate and to be interviewed at home, and all participants provided written

informed consent.

3. Results
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Table 1 shows participants' characteristics in waves 1 and 3, and the incidence of
depressive symptoms. The incidence of significant depressive symptoms was 9.9%. We
observed a higher proportion of female in the baseline (62.5%) and follow-up (65.7%).
In wave 3, the incidence of GDS score >6 (n=54) was higher in female (11.3%). Most
participants in both baseline and follow-up were overweight or had obesity and
substantially increased waist circumference. In wave 3, those with incident depressive
symptoms presented higher proportion in the age range of > 80 years (13.9%); had 2 or
more medical comorbidities (12.0%); were not taking antidepressants (24.0%) (all
P<0.05).

Table 2 presents the transitions in the BMI categories over time. The probability
of remaining in the same BMI category, over a ten-year follow-up was 77.0% for those
with obesity, 82.1% for overweight, and 76.2% for normal weight. Those with obesity
had probabilities of 10.5% and 12.2% to become overweight and normal weight over
time, respectively. Those with overweight had probability of 17.4% to become obesity.
Those with normal weight had a probability of 20.2 % of becoming obesity.

Analysis by sex showed that male with overweight had a higher probability to turn
obesity when compared to female. Female with obesity had a higher probability to
becoming overweight and normal weight when compared to male. Both male and female
in the normal weight category had a similar probability of becoming obesity. Regarding
waist circumference (Table S1, supplementary material), the only category stable was the
higher waist circumference with a probability of 86.2% of remaining in the same
category. Of those in the intermediate category, 18% decreased and 40.2% increased their
waist circumference.

The crude and adjusted analysis of the association between BMI and incidence of
depressive symptoms over ten years of follow-up are shown in Table 3 and Figure 2. The
crude analysis showed that compared with those in the 25-29.9 kg/m? category, those with
BMI in all categories presented a risk to present a higher score of depressive symptoms,
following a discrete U-shaped curve (Figure 2). However, the statistically difference was
observed only in those with obesity (=30 kg/m?). The finding remained the same when
adjusted for covariates, representing an incidence relative ratio of 76% for an increased

score of depressive symptoms after 10 years.

4. Discussion
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Taken together the results of this study expand the knowledge on the relationship
between BMI and geriatric depression using longitudinal data from a home-based sample.
In our study, the incidence of significant depressive symptoms was 9.9%. Most
individuals had overweight or obesity at baseline, and the probability of changes in BMI
categories in older adults was low over the ten-year follow-up. Our results suggest that
the association between BMI and incident depressive symptoms in older adults follows a
U-shaped curve with obesity representing the higher relative risk compared to those
overweight (Figure 2). After controlling for socio-demographic, behavioral and health
variables, the relative risk of 76% for an increased score of depressive symptoms in 10
years to those with obesity. Regarding waist circumference, those with >102cm for male
and >88cm for female, had a higher relative risk when compared with those with 94-
10lcm for male and 80-87 cm for female, which, however, was not significant after
controlling for socio-demographic, behavioral and health variables.

Our results are partially in line with evidence from other geographic regions
supporting a complex association between higher BMI and risk for geriatric depression
18-21.23.24 However the studies used the regular cut-off point as the reference to analysis,
and did find that those with obesity was likely to have depression in follow-up!®-**, and

also some find that those with obesity were likely to have depression!”-*

. Interestingly,
a study conducted with waist circumference, over 5 years observed that middle- and
older-aged men with waist circumference >85 cm were less likely to develop depressive
symptoms than those classified as having <85 c¢m (HR = 0.775; 95%CI = 0.64-0.93)*%. A
meta-analysis showed in a subgroup analysis with longitudinal studies (n=3), a protective
effect of overweight/obesity on depression compared with normal weight, however was
not significantly different, just in the pooled analysis (cross-sectional + longitudinal) odds
ratio of 0.85 (95%CI=0.79-0.91, P <0.001) for overweight, and of 0.80 (95%CI=0.66-
0.96, P=0.017) for obesity*®, what happened with our data to those with overweight,
when we changed the cut-off point to normal as reference, however without statistically
significance (data not shown).

A possible reason for this apparent protective effect of overweight could be the
underestimation of adiposity by BMI measures in older adults, which suggests that a
possible change in the cut-off point for the ideal BMI in this population (i.e.: 23—
29 kg/m?) might be appropriate**. Furthermore, this was the motivation to use a BMI cut-
off point of overweight as a reference in our analysis. It is known that fat body

composition is not fully captured by BMI and changes in their parameters are expected
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to change with aging, such as a decrease in lean and an increase in fat mass, and muscle
fat infiltration*’. Regarding the increased risk for depression in those with low BMI, other
studies have also found an association between being underweight and the presence of
depression or depressive symptoms severity in the elderly?!#%. A possible explanation is
that changes in appetite, lifestyle, and other health factors (e.g.: alcohol consumption,
presence of chronic diseases) are related to both low weight and depression®.

Our data suggest the existence of a U-shaped curve for the relationship between
BMI categories and depressive symptoms and a J-shaped curve for the relationship
between waist circumference and depression. These findings are in line with previous
studies that pointed towards a higher BMI cut-off point to be healthier in older adults,
showing both a U-shaped curve to BMI, and a J-shaped curve to waist circumference,
where the extreme categories were associated with increased risk of frailty and

mortality?->?

. Our results also indicate that age range, alcohol use, number of
comorbidities, and antidepressant use were associated with incident depressive symptoms
in the follow-up. These findings are consistent with a growing body of evidence
describing advanced age, number of comorbidities, and alcohol consumption, especially
in men, as risk factors for depression in older adults'->.

The results of this study should be considered in light of some limitations. First,
the dropout rate due to losses over the ten years of follow-up may have affected the
association between the low BMI category and depressive symptoms, due to a lower final
number of individuals in this category compared to the other categories. Second, BMI is
limited in assessing obesity, as shown above, because it represents a combined measure
of fat with other tissues, like bone and muscles, but is easily obtainable, especially for
clinical practice. Finally, in this study we included the current antidepressant use in the
baseline as a covariate instead of excluding those individuals. Regarding use of
antidepressants, we made the decision to adopt an agnostic approach, not focusing on the
reason why the individual was taking them, because these medications are often used in
pain control in this population. As for the strengths of this study, we should cite our
representative sample of older adults, a distinct population considering metabolic
alterations and life cycle aspects; the implementation of adequate methods to guarantee
the high quality of the data (trained and supervised interviewers, pilot study, face-to-face
interviews, and interview quality control); and finally, the longitudinal design and

statistical methods used that allows establishing the temporal relationship with the

exposure preceding the outcome.
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5. Conclusion

Using overweight BMI as reference category in the analysis revealed that obesity
had a higher incidence rate of depressive symptoms in older adults over ten years of
follow-up even after adjustments, showing a U-shaped curve of this association. Although
not significant after adjustments, we observed a similar pattern of association between
waist circumference and depressive symptoms. Future studies should adopt longitudinal
designs and include more accurate adiposity measures, such as the dual-energy X-ray
absorptiometry, as well as behavioral and biological variables to disentangle the
relationship between weight, fitness, metabolic profile, and depressive symptoms across

the lifespan.
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Table 1. Sociodemographic characteristics and health variables of participants
according to waves and depressive symptoms incidence in the EpiFloripa Aging Cohort

Study.
Baseline Follow-up Depressive symptoms incidence

Characteristics (Wave 1) (Wave 3) (Wave 3)

2009-2010 2017-2019 (N=54)

(N=1,234) (N=529)

N % N % N % 95%CI P
Sex
Male 474 39.6 203 39.0 17 74 4.5-12.0 0.550
Female 760 60.4 380 61.0 37 113 7.7-16.3
Age
60-69 years 652 537 83 13.3 7 7.9 3.6-16.3 0.012*
70-79 years 448  36.2 305 542 20 8.1 5.1-12.7
> 80 years 133 10.1 195 325 27 139 8.8-21.4
Family income
<3 MW 417 335 223 372 25 114 7.2-17.6 0.215%
4 and 5 MW 217 169 103 16.9 9 12.6 6.2-11.9
>6 MW 561  49.6 246 459 17 6.7 3.7-11.9
Alcohol use
Yes 487  40.1 246 429 10 44 2.2-8-6 <0.001*
No 747 599 337 57.1 44 141 10.2-19.2
Leisure-time physical
activity
Active 631  53.0 150 25.8 9 54 2.7-10.5 0.124*
Insufficiently active 603  47.0 427 742 45 115 8.2-15.9
Number of medical
comorbidities
None 107 9.4 51 11.0 1 1.8 0.2-12.5 0.027*
1 238 19.4 95 17.6 5 6.4 2.3-16.7
>2 889  7l1.1 437 714 48 12.0 8.7-16.4
Current 0.023
Antidepressant use
Yes 118 8.8 73 128 11 8.2 5.8-11.5
No 1116  91.2 510 872 43 240 12.7-40.8
BMI (kg/m?) 0.037*
Underweight <18.5 18 1.6 10 1.8 3 359 10.2-73.5
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Normal Weight 18.5- 327
24.9

Overweight 25-29.9 558
Obesity >30 315
Waist Circumference

(cm)

M: <94 F: <80 331
M: 94-101 F: 80-87 336
M: >102 F: >88 548

Incidence of

Depressive symptoms

<5 points/
=6 points

25.1

46.7
26.6

26.7
27.3
46.1

143

251
153

104
124
324

475
54

234

46.4
28.4

18.1
22.8
59.1

90.1
9.9

17

18
16

15
11
27

12.8 6.9-22.4
7.1 3.8-12.8
11.0 5.4-20.9
16.5 9.0-28.4
10.9 5.4-20.8
7.7 4.4-13.0

252

0.121*

*Fisher's exact test. MW, minimum wages. BMI, body mass index. F, female. M, male. NSI, Nutrition

Screening Initiative.

Table 2. Transitions of BMI categories over time from the EpiFloripa Aging Cohort

Study.
Probability
of . Probabi‘lity Probabi.lity Probabi‘lity Probability
remaining of turning of turning  of turning .
. . . of turning
in the same  underweight normal overweight obesity (%)
condition (%) weight (%) (%) At
(%)
BMI (kg/m?; n=
1,432)
Underweight <18.5 50.0 - 50.0 0.0 0.0
Normal Weight 18.5- 76.2 23 ; 1.3 202
249
Overweight
. . . - 17.4
5.29.0 82.1 0.3 0.3 7
Obesity >30 77.0 0.3 12.2 10.5 -
Male (n=522)
Underweight <18.5 50.0 - 50.0 0.0 0.0
Normal Weight 18.5- 79.6 0.6 ; 0.6 19.2
249
Overweight
42 . . - 25.8
25-29.9 ’ 0.0 00
Obesity >30 81.5 0.4 9.8 8.3 -
Female (n=899)
Underweight <18.5 50.0 - 50.0 0.0 0.0
Normal Weight 18.5- 73.6 3.7 ; 1.9 20.8
249
Overweight 85.4 0.4 0.4 ; 13.8

25-29.9
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Obesity >30 74.0

0.3

13.8

11.9

Analysis using generalization of tabulate. BMI, body mass index.

Table 3. Unadjusted and adjusted analysis of the association between BMI and incidence

of depressive symptoms in the EpiFloripa Aging Cohort Study.

Unadjusted analysis Adjusted analysis

BMI (kg/m?) IRR 95%CI P IRR 95%CI P
Overweight 25-29.9 1 - - 1 - -
Underweight <18.5 1.86 0.87-3.94 0.106 1.16 0.60-2.23 0.651
Normal Weight 18.5-24.9 1.21  0.98-1.49 0.077 1.03 0.86-1.26 0.711
Obesity >30 1.38  1.11-1.70  0.003 1.24 1.01-1.51 0.035
Waist Circumference (cm)

M: 94-101 F: 80-87 1 - - 1 - -
M: <94 F: <80 1.03  093-1.13 0.592 1.03 094-1.13 0.536
M: 2102 F: 288 1.09 1.01-1.17 0.033 1.07 0.99-1.15 0.085

Adjusted by sex, age, familiar income, alcohol use, physical activity, number of medical comorbidities,

antidepressant use, and time. BMI, body mass index. IRR, incidence rate ratio estimated using a
generalized estimating equation model. F, female. M, men. 95%CI, 95% confidence interval.
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Baseline of the EpiFloripa Aging Study (2009-2010)

1,911 eligible participants

Epi
1,702 interviewed participants

401 GDS =6 points
67 missing data

—_—

1,234 interviewed participants

Second wave of the EpiFloripa Aging Study (2013-2014)

103 deaths
—_— 95 refuses
127 losses

32 missing data

877 interviewed participants

Third wave of the EpiFloripa Aging Study (2017-2019)

29 deaths

144 refuses

102 losses
19 missing data

583 interviewed participants

Figure 1. EpiFloripa Aging Study Flowchart.
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Figure 2. The curve of Incidence Rate Ratio of association between body mass index/

waist circumference and depressive symptoms.

Adjusted by sex, age, familiar income, alcohol use, physical activity, number of medical

comorbidities, antidepressant use, and time. F, female. M, male. *P>0.05
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Supplementary material

Table of contents

Figure S1. Theoretical model of the minimum set of adjustment covariates indicated by
the DAG of the association between body mass index and depressive symptoms.
Figure S2. Theoretical model of the minimum set of adjustment covariates indicated by
the DAG of the association between waist circumference and depressive symptoms.
Table S1. Transitions of waist circumference categories in the waves among older

adults from the EpiFloripa Aging Cohort Study, 2009-2019.
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Figure S1. Theoretical model of the minimum set of adjustment covariates indicated by

the DAG of the association between body mass index and depressive symptoms.

The directed acyclic graph (DAG) used to determine the minimum set of adjustments covariates was
constructed based on literature associations between variables to test the directed effect of the exposure
variable body mass index (BMI) on the outcome variable Depressive Symptoms. The variables identified
by the red color are the ancestors of exposure and outcome; the blue color are the ancestors of outcome.

The lines in pink are the biasing path, and in green are the causal path between exposure and outcome.



Capitulo 3 — Estagio de doutorado sanduiche no exterior 256

Family income

1

s f
P Antidepressant

Skin Color

Figure S2. Theoretical model of the minimum set of adjustment covariates indicated by

the DAG of the association between waist circumference and depressive symptoms.

The directed acyclic graph (DAG), used to determine to minimum set of adjustments covariates, was
constructed based on literature associations between variables to test the directed effect of the exposure
variable Waist Circumference (WC) on the outcome variable Depressive Symptoms. The variables
identified by red color are the ancestors of exposure and outcome; the blue color are the ancestors of
outcome. The lines in pink are the biasing path, and in green are the causal path between exposure and

outcome.

Table S1. Transitions of waist circumference categories over time among older adults
from the EpiFloripa Aging Cohort Study.

Probability of 1 bility of  Probability of  Probability of
l;ilgla;gigg turn to 1* turn to 2" turn to 3"
() () ()
category (%) category (%) category (%) category (%)
Waist
Circumference (cm,
n=1,438)
M:<94 F:<80cm 67.3 - 26.7 6.0
1:;11;94/102 F:80/88 418 18.0 ) 402
M:>102 F:>88 cm 86.2 1.7 12.1 -

Analysis using generalization of tabulate. M, male. F, female.
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5. CONSIDERACOES FINAIS

Conclusées dos estudos

A presente tese de doutorado utilizou diferentes abordagens metodologicas e
estatisticas com o objetivo de identificar os determinantes das concentragdes séricas da
vitamina D e avaliar a sua associacdo com sintomas depressivos, ¢ da adiposidade e
sintomas depressivos em idosos de Floriandpolis-SC utilizando dados das trés ondas de
pesquisa do estudo EpiFloripa Idoso. Os estudos de revisdo embasaram a perspectiva
teorica do tema e a partir dos estudos empiricos desta tese, foi possivel delinear uma linha
entrelacando os resultados evidenciados, iniciando pela exploratoria dos determinantes
da vitamina D, evidenciando que a adiposidade se associou tanto com o baixo nivel sérico
da vitamina D, quando com os sintomas depressivos clinicamente significativos, e que o
baixo nivel sérico da vitamina D se associou tanto com sintomas depressivos de maneira
transversal quanto longitudinal, levando em consideragdo fatores demograficos,
socioecondmicos, comportamentais e de satde, em idosos de Floriandpolis-SC (Figura

9).

Figura 9 - Diagrama de relacdo entre os estudos da tese

Fatores demogrificos

1

2 Fatores socioecon6micos sintom as
Vitamina D .
\L/’\ i Depressivos
Nivel sérico de 25(0H)D
/ Escala GDS-15
3 Fatores comportamentais

4 Fatores de satide

Adiposidade

Fonte: elaborado pelos autores

Para a identificacdo dos determinantes das concentragdes séricas da vitamina D,
foi possivel desenvolver dois produtos, um de carater exploratério, encontrando
resultados de vao de encontro a estudos prévios, identificando uma prevaléncia

importante de hipovitaminose D em idosos e os principais fatores relacionados, como
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sexo, colesterol LDL, obesidade, dependéncia em atividades da vida diaria, e atividade
fisica. A partir desses achados, o outro estudo com andlise estatistica mais robusta
evidenciou que atividade fisica moderada a vigorosa teve efeito positivo, € que a
obesidade teve efeito negativo no nivel sérico da vitamina D, além da relagdo entre
atividade fisica e vitamina D ser parcialmente mediado pela adiposidade. Tanto a
atividade fisica quanto a adiposidade sdo fatores importantes durante o processo de
envelhecimento. Tendo em vista o cendrio de elevada prevaléncia de hipovitaminose D,
também evidenciada na amostra de idosos de Floriandpolis, tais achados sd@o importantes
para o planejamento de estratégias para prevencdo de hipovitaminose D e as
consequéncias comuns possiveis como risco de quedas e fraturas ocasionados pelos
efeitos da do baixo nivel sérico da vitamina D na saude esquelética.

Considerando os resultados obtidos da relagdo entre vitamina D e sintomas
depressivos em idosos, os resultados dos estudos de revisdo evidenciaram uma falta de
estudos longitudinais com amostra de estudos de base populacional e apenas com idosos,
uma vez que essa fase da vida tem caracteristicas distintas das demais. H4 um potencial
de efeito da vitamina D nos sintomas depressivos/depressdao, mas ainda ndo ¢ possivel
dizer se pode atuar como prevencdo ou tratamento coadjuvante. Foi evidenciado uma
magquinaria robusta para transformagdo e uso da vitamina D a nivel cerebral, entretanto
devido a divergéncia metodologica dos estudos em relagdo a métodos de mensuragdo no
nivel sérico de vitamina D, classificagdo e mensuracdo de sintomas depressivos,
divergéncia no tipo de amostra, ainda ndo foi possivel chegar a resultados conclusivos.

Em relacdo os estudos com dados dos idosos de Floriandpolis, foi possivel
observar uma associacdo entre o baixo nivel sérico de vitamina D e sintomas depressivos
em idosos de maneira transversal e longitudinal, sendo que aqueles com o nivel sérico
menor, apresentam maior chance de ter sintomas depressivos clinicamente significativos.
E um achado que vai de encontro a maioria dos estudos realizados internacionalmente.
Sabe-se que a depressio ¢ uma condicdo complexa, desencadeada por diversos
mecanismos, e de acordo com os estudos pré-clinicos, ha a possibilidade de a vitamina D
atuar em algumas dessas vias que desencadeiam a depressao.

Ademais, foi possivel verificar a relagdo longitudinal de medidas de IMC e
Circunferéncia da cintura nos sintomas depressivos em idosos, contribuindo para a
hipotese do efeito negativo da obesidade na depressdo, além da associagdo da curva em
U para o IMC, como ocorre em demais condigdes em idosos. Apesar de ndo se manter

significativo apds ajustes a circunferéncia da cintura apresentou uma curva em J.
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Evidenciando que possivelmente a redu¢do da obesidade seria benéfico ndo somente para
a vitamina D conforme o estudo dos determinantes, mas também para a presenca de
sintomas depressivos clinicamente relevantes.

A partir dos resultados produzidos nessa tese, pode-se elencar implicacdes
tedricas e praticas. No ponto de vista tedrico, foi possivel contribuir com dados de uma
amostra de estudo brasileiro, que sdo escassos, tanto para a literatura nacional quando a
internacional. Priorizou-se publica¢des em periddicos internacionais para dar visibilidade
ampla a estudos nacionais, contribuindo tanto para achados que ja estdo mais
consolidados como os dos fatores associados ao nivel sérico de vitamina D, quanto para
temas que ainda ndo estdo estabelecidos, como a associagdo da vitamina D e adiposidade
com sintomas depressivos.

Do ponto de vista pratico, devido a elevada prevaléncia de hipovitaminose D, pode
sugerir o monitoramento mais frequente dessa populagdo de risco, quando o incentivo a
pratica de atividade fisica de lazer para aqueles que ainda nao praticam, como incentivo
de programas acessiveis na rede basica de satide para redugdo da adiposidade, que
consequentemente beneficia outras condi¢des de satde, como os sintomas depressivos.
Além disso, um monitoramento mais frequente da vitamina D nessa populagdo pode
contribuir para a adequacao do nivel sérico em casos que necessite suplementagdo, e da
reducdo do risco de apresentar sintomas depressivos, bem como outras condigdes comuns
em idosos relacionados ao baixo nivel sérico. A partir da busca de artigos para a revisao
narrativa, identificou-se uma lacuna nos estudos de suplementa¢do em relacdo a dose e
tempo de suplementacdo, com metodologias diversas, ndo sendo possivel ainda afirmar
se a suplementac¢do poderia ser benéfica como coadjuvante no tratamento da depressao.

Por fim, acrescentam-se as parcerias formalizadas ao longo da producao destes
resultados, que envolveu a multidisciplinariedade, contanto com profissionais locais,
nacionais e internacionais, e contribuiu para a discussdo ampliada de cada resultado
encontrado, além de cada produto desenvolvido ter incluido abordagens metodologicas
de andlise de dados adequadas para cada objetivo. Fortaleceu-se o vinculo internacional
para desenvolvimento de estudos bilaterais e disseminacdo do conhecimento adquirido
ao longo da producao dos estudos.

As possiveis limitagdes a serem consideradas, envolvem a amostra reduzida para
os estudos que utilizaram o nivel sérico da vitamina D realizado na subamostra do
EpiFloripa Idoso, entretanto para os estudos em que foi calculado o poder de amostra a

posteriori, apresentaram um bom poder de amostra. Entretanto, esses idosos que
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realizaram a coleta de exames podem ter melhores condicdes fisica e de satide do que os
ndo compareceram, pois houve a necessidade de deslocamento até a universidade, mesmo
tendo sido fornecido transporte, mas que pode ter influenciado os resultados. Também
pode ser considerada como limitacdo ndo ter a medida de vitamina D sérica na onda 3
para o estudo longitudinal, o que limitou a op¢des de modelagem estatistica, € o nlimero
de participantes do acompanhamento ter reduzido na onda 3.

Todavia, o presente projeto possui pontos fortes que precisam ser elencados, como
o rigor metodologico da coleta de dados, com entrevistadores treinados e
supervisionados, estudo piloto, entrevistas face a face, e controle de qualidade da
entrevista, e a aplicacdo de testes estatisticos robustos para a andlise de dados. Além disso,
¢ uma amostra somente com idosos, o que fortalece a literatura cientifica da area para
essa populacdo especifica, pois a populagdo ¢ distinta, considerando as alteragdes
metabolicas e aspectos do ciclo de vida. Outro ponto, € o uso da GDS-15 que ¢ um dos
instrumentos de rastreamento para sintomas depressivos mais utilizados em estudos
semelhantes e foi validado para aplica¢do na populagdo brasileira. Finalmente, o rigor
estatistico e as parcerias com outras areas do conhecimento nacionais € internacionais,
com a realizacdo do doutorado sanduiche, contribuindo para uma visdo ampliada para a

realizacdo das andlises estatisticas, apresentacdo dos resultados e discussao.

Sugestoes de continuidade do estudo

Sugere-se para a continuidade da elucidacdo do tema, futuros estudos que possam
investigar se a relagdo entre a adiposidade e os sintomas depressivos ¢ mediada pela
vitamina D, uma vez que a adiposidade se apresentou associada com ambos e possa haver
plausibilidade nessa relagdo. Além disso, nos estudos desenvolvidos ndo foi possivel
realizar analises com medidas repetidas da vitamina D pela auséncia do dado, o que ¢
importante ser incluido em proximos estudos. A investigacdo da exposicdo solar, da
dosagem da suplementacdo de vitamina D e da investigagdo através do consumo de
alimentos por meio de questionario de frequéncia alimentar poderia ajudar no
entendimento da alta prevaléncia de hipovitaminose D nessa populagao.

Estudos relacionado a vitamina D e sintomas depressivos com mortalidade
também sdo importantes para mensurar o impacto de ambos no envelhecimento. A relagdo

entre a atividade fisica, vitamina D, adiposidade e sintoma depressivo também ¢ uma
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sugestdo futura, uma vez que apresentam relacdes individuais, entretanto ainda ndo foi
explorado as interrelagdes em conjunto.

Por fim, ¢ importante que os estudos com vitamina D utilizem medidas que sejam
padronizadas, conforme o Programa de Certificagdo de Padronizacdo de Vitamina D do
Centro de Controle e Prevencdo de Doengas, a fim de reduzir a variabilidade
metodologica da medida da vitamina D entre os estudos, contribuindo para o

desenvolvimento de metanalise com baixo risco de viés nesse sentido.
Conclusoes sobre o percurso de formagdo

Ao longo de quatro anos e meio de realizagdo de doutorado, foram adquiridas
habilidades importantes para o amadurecimento e para a formacdo de um perfil de
doutora. Pode-se citar a desenvoltura para tomada de decisdes, autonomia no
desenvolvimento e discussdes das andlises estatisticas, conhecimentos necessarios para
realizacdo de andlises estatisticas robustas, postura critica e dinamica académica nas
discussdes tematicas, trabalho em equipe, realizacdo de treinamentos e orientagdo de
trabalhos, entre outros.

O treinamento teve inicio com a realizagdo de disciplinas necessarias para a
construcdo do projeto, de conhecimento e de pensamento critico para o desenvolvimento
da pesquisa, cursando disciplinas no PPGN e em outros programas de pos-graduacgao da
UFSC e da UFMA. E importante também destacar a participagdo no grupo de pesquisa
EpiFloripa Idoso, o engajamento em todas as etapas de planejamento, discussoes,
treinamentos e coleta de dados que propiciou amadurecimento, dindmica de trabalho em
grupo multiprofissional e tomadas de decisdes. Ao longo de dois anos de pandemia,
apesar de ser um periodo desafiador, foi um periodo importante de desenvolvimento de
parcerias, desenvolvimento dos estudos e participa¢do na construcao e divulgacdo dos
resultados do estudo EpiFloripa Idoso e dos estudos desta tese. Também se destaca a
participag@o no grupo de estudos e pesquisa Nutricdo e Neurociéncia Translacional que
contribuiu para o desenvolvimento dos estudos da tese, postura dinamica nas discussoes
de estudos e resultados dos estudos dos participantes.

Ao longo do periodo também foi possivel formar uma parceria importante com o
grupo de pesquisa NeuroMood Lab, de forma remota ao longo da pandemia e presencial
em 2022, por meio do doutorado sanduiche na Queen’s University. A experiéncia do

estagio de doutorado sanduiche no exterior foi importante e impactou positivamente o
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desenvolvimento da tese, formagao pessoal, profissional, como propiciou uma parceria
bilateral, contribuindo para o avango cientifico do programa de pds-graduagado e do pais.
A oportunidade de desenvolver pesquisa com profissionais de outros locais e
nacionalidades em uma das mais conceituadas universidades do Canada foi realizadora.
Por meio das parcerias formadas, participou-se da produgao dos artigos para além
da tese de doutorado, fortalecendo vinculo com pesquisadores de outros setores da UFSC,
como da Saude Coletiva, Educacao Fisica ¢ da Informatica e Estatistica e demais locais

como Canada, Portugal e Reino Unido (Figura 10).

Figura 10 - Parcerias académicas realizadas ao longo do doutorado.
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Fonte: elaborado pelos autores

Finalmente, ¢ importante enaltecer a atuagdo de mulheres na ciéncia, que foram
importantes para constru¢do realizagdo dessa tese, bem como auxiliaram no percurso do
doutorado, a orientadora Prof. Dra. Julia Dubois Moreira, Coorientadora Prof. Dra.
Débora Kurrle Rieger Venske, Colaboradora Prof. Dra. Luciana Antunes, Coordenadora
do EpiFloripa Idoso Prof. Dra. Eleonora d’Orsi, e supervisora do doutorado sanduiche
Prof. Dra. Elisa Brietzke, dentre outros profissionais e pesquisadores pelo auxilio durante
todo esse processo de construcdo de tese, bem como construgao profissional e pessoal da

formagdo de doutora.
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APENDICE A - NOTA DE IMPRENSA

Pesquisa realizada na Universidade Federal de Santa Catarina mostra que ter
maior adiposidade e a falta da pratica de atividade fisica estido entre os fatores de
risco para o baixo nivel sérico de vitamina D e que isso esta associado ao risco de

ter sintomas depressivos em idosos.

A vitamina D € conhecida por suas a¢des na saude 6ssea, mas também tem agdes
na saude muscular, mental, imunidade, entre outras. E produzida principalmente na pele,
através da luz solar, mas também obtida através de alimentos como peixes gordurosos
(salmao, peixes gordurosos (salmdo, sardinha, cavala, atum), cogumelos, alimentos
fortificados com vitamina D, e por suplementacao.

Durante o envelhecimento, os idosos frequentemente tem sua dosagem de
vitamina D sanguinea indicando insuficiéncia (21-29 ng/ml) ou em casos mais graves,
deficiéncia (< 20 ng/ml). Isso tem sido implicado em vérias condi¢des, como risco de
fratura dssea, fraqueza muscular e queda, e nos ultimos anos tem despertado interesse em
estudos com depressdo, por apresentar alguns caminhos de atuagdo nas mesmas vias que
desencadeiam a depressao.

Os dados desses estudo sdo provenientes do estudo EpiFloripa Idoso, coordenado
pela Prof. Eleonora d’Orsi, que no ano de 2009-2010 entrevistou a primeira onda de
idosos de Floriandpolis-SC, e entrevistou novamente nos anos de 2013-2014 e 2017-
2019. O objetivo da tese de doutorado foi investigar os determinantes do nivel sérico de
vitamina D e sua associacdo com sintomas depressivos. 574 idosos que participaram da
pesquisa, também tiveram amostra de sangue coletada para andlise da vitamina D em
2014-2015.

Como resultados, foi encontrado que 67,2% dos idosos tinham hipovitaminose D:
43,7% de insuficiéncia (21-29 ng/ml) e 23,5% com deficiéncia (< 20 ng/ml); os fatores
de risco para o baixo nivel sérico foram ser do sexo feminino, ter uma maior adiposidade
(obesidade pelo percentual de gordura corporal: homens > 31% e mulheres >43%; e
indice de massa corporal, IMC >30 kg/m?), ter maior dependéncia para atividades da vida
diaria (>4 atividades), maior nivel de colesterol LDL; como fator protetor foi a pratica de
atividade fisica de lazer (>150 minutos/semana). E importante verificar com frequéncia

o nivel sérico de vitamina D no sangue e suplementar sempre que estiver baixo (sob
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supervisao do médico ou nutricionista). Assim como a baixa vitamina D, a suplementac¢ao
sem supervisao pode chegar a niveis muito altos, com consequéncias graves.

Foi identificado que 15.8% dos idosos em 2013/14, e 17,6% em 2017/19 tiveram
rastreamento positivo para sintomas depressivos. Existem escalas especificas que sdo
ferramentas praticas para identificacdo de sintomas depressivos, mas que que precisam
de confirmagdo por meio de entrevista diagndstica de depressdo. Os idosos com niveis
mais baixos de vitamina D (< 20 ng/ml) tiveram maior risco de 2,27 vezes maior de
apresentar sintomas depressivos em 2013/14 e 2,90 vezes maior de manter ou desenvolver
sintomas depressivos ao longo de 2 a 5 anos. Além disso, feito um levantamento
bibliografico sobre essa relagdo entre a vitamina D e depressdo e a vitamina D adequada
parece ter um papel preventivo, entretanto, mais estudos com apenas idosos precisam ser
desenvolvidos.

Também, foi verificado que 28,4% dos idosos em 2017/19, acompanhados ao
longo de 10 anos, tinham obesidade pelo indice IMC (>30 kg/m?) e que 59,1% tinham a
circunferéncia da cintura elevada (homens: >102 mulheres: >88 cm), e que os idosos com
obesidade tiveram um risco relativo de 76% de aumentar o score de sintomas depressivos
ao longo de 10 anos.

Os estudos foram desenvolvidos no Programa de Po6s-Graduagdo em Nutri¢ao
(PPGN/UFSC) que gerou a tese de doutorado “Determinantes das concentragdes séricas
da vitamina D e a sua associa¢do com sintomas depressivos em idosos de Floriandpolis-
SC", de Gilciane Ceolin, PhD, defendida em dezembro de 2022, sob orientacdo da Prof.
Julia Dubois Moreira, PhD, e coorientagdo da Prof. Débora Kurrle Rieger Venske, PhD.
Teve uma parte desenvolvida em estadgio de doutorado sanduiche sob supervisao da Prof.
Elisa Brietzke, PhD, no Centre for Neuroscience Studies da Queen’s University (Canadad).
O estudo recebeu o apoio financeiro da Coordenagdo de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES), por meio de concessdo de bolsa de estudo de doutorado e de

doutorado sanduiche no exterior.

Para mais informacdes, entrar em contato com:
Gilciane Ceolin, nutrigil@live.com
Julia Dubois Moreira, juliamoreira@gmail.com

Site do estudo EpiFloripa Idoso: https://epifloripaidoso.paginas.ufsc.br/
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APENDICE B — CARTA AOS PARTICIPANTES DO EPIFLORIPA IDOSO

——y

Prezado participante do
8 Estudo EpiFloripa Idoso,

)‘ Queremos agradecer a sua participacdo na pesquisa, bem como
compartilhar alguns resultados de estudos que sé foram possiveis de

serem realizados através da sua participacgao!

O estudo EpiFloripa Idoso, desenvolvido na cidade de Florianépolis-SC pela Universidade
Federal de Santa Catarina (UFSC), tem acompanhado as condi¢des de salde e habitos de vida

de 1702 idosos por meio de entrevistas realizadas nos anos de 2009/10, 2013/14, exames
clinicos em 2014/15, e 2017/2019.

A sua participacdo tornou possivel a realizacdo da tese de doutorado: "Determinantes das
concentracdes séricas da vitamina D e a sua associacdo com sintomas depressivos em idosos
de Florianépolis-SC"! Assim, os principais resultados encontrados foram:

67.2% dos idosos Tinham em 2014/15 o nivel de vitamina D no
sangue, abaixo do recomendado (<30 ng/ml)

Os idosos sdo um dos grupos de risco para nivel baixo de vitamina D. Ela é importante
principalmente para a salde éssea, mas também para saude muscular, mental, imunidade,
entre outras.

ﬁ fl- i :
Idosos que praticavam atividade fisica de Mulheres, pessoas com obesidade, com
lazer de 150 minutos ou mais por maior dependéncia em atividades da vida

semana, tiveram menor risco de ter nivel diaria e maior nivel de colesterol LDL, tiveram
baixo de vitamina D maior risco para ter nivel baixo de vitamina D

A principal fonte de vitamina D é o sol, que produz a vitamina D na pele. Mas também
pode ser obtida por alimentos como peixes gordurosos (salmdo, sardinha, cavala,
atum), cogumelos, alimentos fortificados com vitamina D, e por suplementacao.

E importante verificar o nivel sérico de  Mas, assim como a baixa vitamina D, a
vitamina D no sangue e suplementar suplementacdo sem supervisao pode
sempre que estiver baixo (sob supervisdo chegar a niveis muito altos, com
do médico ou nutricionista) consequéncias graves
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Também identificamos que:

15.8% dos idosos em 2013/14, e Tiveram rastreamento positivo #
17,6% em 2017/19 para sintomas depressivos %

A depressao pode ser rastreada através de uma lista de sintomas depressivos, mas precisa
ser confirmada por um médico. A depressao causa sofrimento ndao somente ao idoso, mas
também aos seus familiares e cuidadores.

28,4% dos idosos em . 59,1% dos idosos em
2017/19 tinham 2017/19 tinham a
obesidade (IMC =30 circunferéncia da cintura
kg/m?2) elevada (H: 2102 M: =88 cm)

A obesidade e a circunferéncia da cintura elevada sao risco para varias doencas crénicas,
incluindo doencas cardiovasculares, diabetes mellitus, hipertensao arterial, etc.

] ) os idosos com niveis mais baixos de vitamina D
” (< 20 ng/ml) tiveram maior risco de apresentar
sintomas depressivos em 2013/14 e ao longo de

Tanto a baixa vitamina D, quanto a 2 a5 anos

obesidade se associaram aos
) os idosos com obesidade (IMC> 30 kg/m2)

sintomas depressivos, ou seja: ) )
tiveram maior risco de apresentar sintomas
depressivos ao longo de 10 anos

Resumindo..

:— * A reducdo da obesidade e a pratica de atividade fisica podem auxiliar na
manutenc¢do do nivel sérico da vitamina D no sangue, e também sdo importantes
para a manutencdo da salde em geral e mental;

* é importante verificar a vitamina D no sangue com frequéncia para prevenir e
tratar o baixo nivel sérico.

Este estudo foi desenvolvido no Programa de P6s-Graduagdo em Nutricdo (UFSC), que gerou a tese de
doutorado de Gilciane Ceolin, PhD, sob orientacdo da Prof. Julia Dubois Moreira, PhD, e coorienta¢do da
Prof. Débora Kurrle Rieger Venske, PhD. Teve uma parte desenvolvida em estagio de doutorado
sanduiche sob supervisdo da Prof. Elisa Brietzke, PhD, no Centre for Neuroscience Studies, na Queen’s
University (Canada). O estudo recebeu o apoio financeiro da Coordenag¢do de Aperfeicoamento de Pessoal
de Nivel Superior (CAPES).

Para mais informacgdes, entrar em contato com:

Gilciane Ceolin, nutrigil@live.com

Julia Dubois Moreira, juliamoreira@gmail.com

Site do estudo EpiFloripa Idoso: https://epifloripaidoso.paginas.ufsc.br/
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APENDICE C — POST PARA MIDIAS SOCIAIS

Boletim informativo
EpiFloripa Idoso

O estudo EpiFloripa Idoso, desenvolvido na cidade de

Florianépolis-SC pela Universidade Federal de Santa Catarina

UFSC), tem acompanhado as condi¢des de satide e habitos de

vida de 1702 idosos por meio de entrevistas realizadas nos anos de
2009/10, 2013/14, exames clinicos em 2014/15, e 2017/2019

Isso tornou possivel a realizagdo da tese de doutorado: "Determinantes das
concentragbes séricas da vitamina D e a sua associagdo com sintomas
depressivos idosos de Floriandpolis-SC"!
resultados encontrados foram:

em Assim, os principais

Tinham em 2014/15 o nivel de
67,2%

dos idosos

vitamina D no sangue, abaixo do

recomendado (<30 ng/ml)

Os idosos s&o um dos grupos de risco para nivel baixo de vitamina
D. Ela é importante principalmente para a saude 6ssea, mas
também para satide muscular, mental, imunidade, entre outras

Idosos que praticavam

atividade fisica de lazer de 150
min ou mais por semana,

] §:

Mulheres, pessoas com obesidade,
com maior dependéncia em
atividades da vida diaria e maior
tiveram menor risco de ter nivel nivel de colesterol LDL, tiveram
baixo de vitamina D maior risco para ter nivel baixo de

vitamina D

A principal fonte de vitamina D é o sol, que produz a vitamina D
na pele. Mas também pode ser obtida por alimentos como peixes
gordurosos (salmao, sardinha, cavala, atum), cogumelos,
alimentos fortificados com vitamina D, e por suplementagao

E impartante verificar o nivel Mas, assim como a baixa
sérico de vitamina D no sangue
e suplementar sempre que
estiver baixo (sob supervisdo do

médico ou nutricionista)

vitamina D, a suplementagao

sem supervisao pode chegar a
niveis muito altos, com
consequeéncias graves

@ L

X‘«

Também identificamos que: os idosos com niveis mais baixos de

X O

Tanto a baixa vitamina D,

vitamina D (< 20 ng/ml) tiveram maior
risco de apresentar sintomas depressivos
em 2013/14 e ao longo de 2 a 5 anos

15.8% dos idosos em
201314, e
17,6% em 2017/19

Tiveram rastreamento
positivo para sintomas
depressivos

>
”a quanto a obesidade se
associaram aos sintomas os idosos com obesidade (IMC= 30

depressivos, ou seja: kg/m?) tiveram maior risco de

A depressao pode ser rastreada através de uma lista de sintomas
depressivos, mas precisa ser confirmada por um médico. A depressao
causa sofrimento ndo somente ao idoso, mas também aos seus
familiares e cuidadores

apresentar sintomas depressivos ao
longo de 10 anos

Resumindo..

59,1% dos idosos
em 2017/19 tinham a
circunferéncia da
cintura elevada (H: 2102
M: 288 cm)

28,4% dos idosos
em 2017/19 tinham
obesidade (IMC =30

kg/m?)

* A redugdo da obesidade e a pratica de atividade fisica
podem auxiliar na manutencdo do nivel sérico da
vitamina D no sangue, e também sdo importantes para
a manutencdo da satide em geral e mental;

* & importante verificar a vitamina D no sangue com
frequéncia para prevenir e tratar o baixo nivel sérico.

A obesidade e a circunferéncia da cintura elevada sdo risco para
varias doencas cronicas, incluindo doencas cardiovasculares,
diabetes mellitus, hipertensao arterial, etc

@ o

Este estudo foi desenvolvido no Programa de P6s-Graduagao em
Nutrigdo (UFSC), que gerou a tese de doutorado de Gilciane
Ceolin, PhD, sob crientagao da Prof. Jilia Dubois Moreira, PhD, e
coorientacdo da Prof. Débora Kurrle Rieger Venske, PhD.
Teve uma parte desenvolvida em estagio de doutorado sanduiche
sob supervisao da Prof. Elisa Brietzke, PhD, no Centre for
Neuroscience Studies da Queen’s University (Canada)

O estudo recebeu o apoio financeiro da Coordenagao de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES)

Para mais informagdes, entrar em contato com:

Gilciane Ceolin, nutrigil@live.com

Jalia Dubois Moreira, juliamoreira@gmail.com

Site do estudo EpiFleripa Idoso: https://epifloripaidoso.paginas.ufsc.br/
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ANEXO 1 - APROVACAO DO COMITE DE ETICA EM PESQUISA DO
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ANEXO 2 - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO-TCLE
DO ESTUDO EPIFLORIPA IDOSO

Termo de Consentimento Livre e Esclarecido

UNIVERSIDADE FEDERAL DE SANTA CATARINA
CENTRO DE CIENCIAS DA SAUDE
DEPARTAMENTO DE SAUDE PUBLICA
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - TCLE

O Sr(a) esta sendo convidado a participar da pesquisa “Condicdes gerais de satide e habitos de
vida em idosos: estudo longitudinal de base populacional em Florianépolis, SC, EpiFloripa
2013”. Sua colaboragdo neste estudo ¢ MUITO IMPORTANTE, mas a decisdo de participar ¢
VOLUNTARIA, o que significa que o(a) Senhor(a) terd o direito de decidir se quer ou ndo
participar, bem como de desistir de fazé-lo a qualquer momento.

Esta pesquisa tem como objetivo acompanhar a situacdo de saude dos participantes do Estudo
Epifloripa entrevistados em 2009/2010 e estabelecer sua relagdo com condigdes
socioecondmicas, demograficas e de saude.

Garantimos que serd mantida a CONFIDENCIALIDADE das informagdes € 0 ANONIMATO.
Ou seja, 0 seu nome ndo serd mencionado em qualquer hipotese ou circunstdncia, mesmo em
publicagdes cientificas. NAO HA RISCOS quanto a sua participagdo e o BENEFICIO sera
conhecer a realidade da satde dos moradores de Floriandpolis, a qual podera melhorar os servigos
de saude em sua comunidade.

Sera realizada uma entrevista e também serdo verificadas as seguintes medidas: pressdo arterial
(duas vezes), peso, altura e cintura que ndo causardo problemas a sua saude. Para isso serd
necessario aproximadamente uma hora. Os seus dados coletados anteriormente na entrevista
realizada em 2009/2010 serdo novamente utilizados para fins comparativos.

Em caso de davida o(a) senhor(a) podera entrar em contato com Professora Eleonora d’Orsi,
coordenadora deste projeto de pesquisa, no enderego abaixo:

DADOS DO PESQUISADOR RESPONSAVEL PELO PROJETO DE PESQUISA:

Nome completo: Professora Eleonora d’Orsi,

Doc. de Identificagdo: 6271033 SSP/SC

Endereco completo: Universidade Federal de Santa Catarina - UFSC
Departamento de Satde Publica - Trindade / Floriandpolis/SC - 88040-900

Fone: (+55 48) 3721-9388 ramal 206

Endereco de email: eleonora@ccs.ufsc.br
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IDENTIFICACAO E CONSENTIMENTO DO VOLUNTARIO:

Nome completo

Doc. de Identificagdo

IDENTIF I’CACAO E ASSENTIMENTO/ANUENCIA DE PARTICIPANTE
VULNERAVEL: (Quando se tratar de populacao vulneravel)

Nome completo

Doc. de Identificagdo

IDENTIFICACAO E AUTORIZACAO DO RESPONSAVEL LEGAL:
(Quando se tratar de populag@o vulneravel)

Nome completo

Doc. de Identificagdo

Tipo de representagdo:

CONSENTIMENTO POS-INFORMADO:

“Declaro que, em / / , concordei em participar, na qualidade de participante do
projeto de pesquisa intitulado“Condicdes gerais de saude e habitos de vida em idosos: estudo
longitudinal de base populacional em Florianépolis, SC, EpiFloripa 2013”, assim como
autorizo o acesso aos meus dados previamente coletados, apos estar devidamente informado sobre
os objetivos, as finalidades do estudo e os termos de minha participagdo. Assino o presente Termo
de Consentimento Livre e Esclarecido em duas vias, que serdo assinadas também pelo
pesquisador responsavel pelo projeto, sendo que uma cdpia se destina a mim (participante) e a
outra ao pesquisador.”

“As informagdes fornecidas aos pesquisadores serdo utilizadas na exata medida dos objetivos e
finalidades do projeto de pesquisa, sendo que minha identificagdo serd mantida em sigilo e sobre
a responsabilidade dos proponentes do projeto.”

“Nao receberei nenhuma remuneragao e ndo terei qualquer 6nus financeiro (despesas) em fungio
do meu consentimento espontaneo em participar do presente projeto de pesquisa.
Independentemente deste consentimento, fica assegurado meu direito a retirar-me da pesquisa em
qualquer momento e por qualquer motivo, sendo que para isso comunicarei minha decisdo a um
dos proponentes do projeto acima citados.”

(local e data)

(Assinatura do voluntario ou representante legal acima identificado)
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ANEXO 3 - APROVACAO DE BOLSA DE DOUTORADO SANDUICHE —
CAPES PDSE

Ministry of Education - MEC
Brazilian Federal Foundation for Support and Evaluation of Graduate Education - CAPES
Setor Bancirio Norte, Quadra 2, Bloco L, Lote 06
CEP 70.040-031 - Brasilia, BRAZIL

CAPES

Dear Mr.(s),
GILCIANE CEOLIN

Enderego pessoal omitido por
confidencialidade

12/01/2022
Processo: PDSE - 88881.622860/2021-01
TO WHOM IT MAY CONCERN

We hereby certify that Mr./Mrs. GILCIANE CEOLIN has been awarded a scholarship from the CAPES Foundation, an agency under
the Ministry of Education of Brazil, in order to conduct part of his doctoral research as a Visiting Student at QUEEN'S UNIVERSITY.

The scholarship includes:

Grant Unit Value Parcels (up to) Total
Health insurance allowance CAN 100.00 6 CAN 600.00
High cost city stipend CAN 452.00 6 CAN 2,712.00
Monthly stipends CAN 1470.00 6 CAN 8,820.00
Settling-in allowance CAN 1470.00 1 CAN 1470.00
Travel allowance - Single installment CAN 1,680.00 1 CAN 1,680.00

*The parcels depend on the period of the scholarship stated below.

. The scholarship is valid from02/2022 to 07/2022.

. Travel allowance towards the cost of travel for the itinerary:Brasil/Canada/Brasil

. The benefits granted are linked to the period spent abroad, within the approved period.
. Capes will not be responsible for costs related to academic and research fees.

Sincerely,

Emerson Antonio Maccari
General Coordinator for International Scholarships and Projects
This document is public and does not need signature recognition
- Article 19, interpolated proposition II, Federal Constitution of Brazil.

n order to validate the authentication of this document, please visit the website http://vali capes.gov.brl and enter the following code:2FjjtvTGdReA=

1/1
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SOBRE A AUTORA

Apresentacio da Autora

Gilciane Ceolin ¢ graduada em nutri¢ao pela Universidade de Passo Fundo (UPF),
em parte por bolsa de complementagdo de estudos da propria universidade e em parte
com bolsa Prouni (Passo Fundo-RS, 2012). Realizou especializacdo em Saude do Idoso
na modalidade Residéncia Multiprofissional Integrada pela UPF (Passo Fundo-RS,
2016). Obteve o titulo de mestre em Nutricdo pelo Programa de Pos-Graduagdao em
Nutrigdo, Universidade Federal de Santa Catarina, com bolsa Capes-DS (PPGN/UFSC,
Florianopolis-SC), com a dissertagdo intitulada “Associagdo entre o consumo de peixes
ricos em 0mega 3 e sintomas depressivos em idosos de Floriandpolis-SC (Florianopolis-
SC, 2018)”. Em 2018 iniciou doutorado em Nutricdo no PPGN/UFSC com bolsa Capes-
DS, em 2021 recebeu bolsa de doutorado sanduiche Capes-PDSE para um periodo de seis
meses (fevereiro a julho de 2022) no Centre for Neuroscience Studies da Queen’s
University (Kingston, ON, Canada), sob supervisdo da Prof. Dra. Elisa Brietzke. Durante
o periodo de 4 anos e meio conduziu os estudos da presente tese.

Durante uma parte do mestrado e uma parte do doutorado participou de todas as
etapas, desde o planejamento até a execugdo da coleta de dados da terceira onda de
pesquisa do Projeto EpiFloripa Idoso, e producdo e divulgacao dos resultados, e o qual
deu origem aos estudos da presente Tese. Participou dos estudos e discussdes sobre
pesquisa nos grupos de pesquisa e estudo EpiFloripa Idoso, Translational Nutritional
Neuroscience (UFSC) e NeuroMood Lab (Queen’s University). Também no doutorado,
foi orientadora de trabalhos de conclusdo no “Curso de Especializagdo em Atencdo a
Saude das Pessoas com Sobrepeso e Obesidade” do Ministério da Satude, oferecido pelo

Una-SUS/UFSC.
Producoes no periodo do doutorado

Artigos

GRIGOLON, R.B. et al. Effects of nutritional interventions on the severity of depressive
and anxiety symptoms of women in menopausal transition and menopause: a systematic
review, meta-analysis, and meta-regression. Menopause - The Journal Of The North

American Menopause Society, no prelo, 2023.
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CEOLIN, G. et al. Association between the consumption of omega-3-rich fish and
depressive symptoms in older adults living in a middle-income country: EpiFloripa Aging

Study. Cad. Satde Coletiva, 27 nov. 2022.

CONFORTIN, S. C. et al. Estudo de Coorte EpiFloripa Idoso: abordagens metodologicas
e reposicdo da amostra durante a Onda 3 (2017-19). Estudos Interdisciplinares do

Envelhecimento, no prelo, 2022.

BREDA, V. et al. Is there a place for dietetic interventions in adult ADHD? Progress in

Neuro-Psychopharmacology and Biological Psychiatry, 12 ago. 2022.

CEOLIN, G. et al. A Possible Antidepressive Effect of Dietary Interventions: Emergent
Findings and Research Challenges. Current Treatment Options in Psychiatry, 23 abr.
2022.

CEOLIN, G. et al. VITAMIN D AND DEPRESSION IN OLDER ADULTS: LESSONS
LEARNED FROM OBSERVATIONAL AND CLINICAL STUDIES. Nutrition
Research Reviews, p. 1-63, 13 jan. 2022.

CEOLIN, G. et al. Association Between Physical Activity and Vitamin D is Partially
Mediated by Adiposity in Older Adults: EpiFloripa Aging Cohort Study. Nutrition
Research, 14 mar. 2022.

MATSUO, L. H. et al. Association between lower serum vitamin D (25-hydroxy-
cholecalciferol) concentrations and cognitive impairment in older adults - Data from a
populational-based cohort study in a middle income-country. Public Health Nutrition,

p. 1-25, 25 out. 2021.

CEOLIN, G. et al. Vitamin D, Depressive Symptoms, and Covid-19 Pandemic. Frontiers

in Neuroscience, v. 15, 2021.

CEOLIN, G. et al. Nutritional challenges in older adults during the COVID-19 pandemic.
Revista de Nutricao, v. 33, 4 set. 2020.

CEOLIN, G. et al. Lower serum 25-hydroxycholecalciferol is associated with depressive
symptoms in older adults in Southern Brazil. Nutrition Journal, v. 19, n. 1, p. 123, 14

nov. 2020.
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CONFORTIN, S. C. et al. Sarcopenia, bone mineral density, and vitamin D: EpiFloripa
aging study 2013/2014. Geriatrics, Gerontology and Aging, v. 14, n. 4, p. 282-289,
2020.

CONFORTIN, S. C. et al. Osteopenia/Osteoporosis and Its Association with Sarcopenia:
EpiFloripa Aging Study 2013/2014. Portuguese Journal of Public Health, p. 1-8, 26
jun. 2020.

Apresentagoes de Trabalho

CEOLIN, G. et al. Oral presentation: Role of Vitamin D in Depression in older adults.
2022. Nutrition 2022: 3rd Edition of International Nutrition Research Conference.

CEOLIN, G. Utilizacdo de Graficos Aciclicos Direcionados em pesquisa, 2021.
Apresentagdo nos grupos de pesquisa Translational Nutritional Neuroscience e Grupo de

Estudos e Pesquisa em Ambiente Urbano & Saude.

CEOLIN, G. et al. Determinants of serum concentrations of vitamin D and its association
with depressive symptoms: a cross-sectional and longitudinal analysis of the Epifloripa

Idoso. 2021. DOP Conference, Queen’s University.
Resumos publicados em anais de congressos

GOMES, F. A. et al. Nutritional approaches and their impact on depressive symptoms in
midlife women: a systematic review. In: The North America Menopause Society (NAMS)

2021 Annual Meeting, 2021, Washington, DC. Annual Meeting abstracts, 2021.

CEOLIN, G. et al., O Indice de Massa Gorda esta associada a sintomas depressivos em
idosos - Estudo EpiFloripa Idoso. In: CBNE 2019 - III Congresso Brasileiro de Nutri¢cdo
e Envelhecimento, III Encontro Brasileiro de Fragilidade, 2019, Sao Paulo - SP. CBNE
2019, 2019.

CEOLIN, G. et al. Associacao entre o percentual de gordura corporal e hipovitaminose D
- Estudo EpiFloripa Idoso. In: CBNE 2019 - III Congresso Brasileiro de Nutri¢ao e
Envelhecimento, III Encontro Brasileiro de Fragilidade, 2019, Sdo Paulo - SP. CBNE
2019, 2019.

CEOLIN, G. et al. Associacdo entre o percentual de gordura corporal e sintomas

depressivos - Estudo EpiFloripa Idoso. In: CBNE 2019 - III Congresso Brasileiro de
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Nutri¢do e Envelhecimento, III Encontro Brasileiro de Fragilidade, 2019, Sao Paulo- SP.

CBNE 2019, 2019.

MATSUO, L. H. et al. Associacdo entre o consumo didrio de frutas e déficit cognitivo
em idosos - Estudo EpiFloripa. In: CBNE 2019 - III Congresso Brasileiro de Nutrigdo e
Envelhecimento, III Encontro Brasileiro de Fragilidade, 2019, Sao Paulo- SP. CBNE

2019 (trabalho com premiacao de melhor tema livre).

CEOLIN, G. et al. Consumo de Peixes Ricos em omega 3 de idosos residentes em
Floriandpolis, SC - Estudo EpiFloripa Idoso. In: Congresso Brasileiro de Nutrigao -
CONBRAN, 2018, Brasilia. ANAIS 2018 - CONBRAN. Pinheiros - SP: Revista da
Associagao Brasileira de Nutri¢do - RASBRAN, 2018. v. 9.

CEOLIN, G. et al. Associagdo entre o nivel sérico de vitamina D e sintomas depressivos
em idosos? Estudo EpiFloripa. In: VI Congresso Internacional de Estudos do
Envelhecimento Humano 2018, 2018, Passo Fundo. ANAIS CIEEH 2018. Passo Fundo:
Universidade de Passo Fundo, 2018. v. 4.

MATSUO, L. H. et al. Associagdo entre niveis séricos de vitamina D e déficit cognitivo
em idosos de Florianopolis - SC. In: VI Congresso Internacional de Estudos do
Envelhecimento Humano 2018, 2018, Passo Fundo. ANAIS CIEEH 2018. Passo Fundo:
Universidade de Passo Fundo, 2018. v. 4.

CONFORTIN, S. C. et al. Qualidade de vida associada a for¢a de preensdo manual:
Estudo EpiFloripa Idoso. In: VI Congresso Internacional de Estudos do Envelhecimento
Humano 2018, 2018, Passo Fundo. ANAIS CIEEH 2018. Passo Fundo: Universidade de
Passo Fundo, 2018. v. 4.

VENSKE, D. K. R. et al. Association of Serum vitamin D and risk of depression in
elderly? EpiFloripa cohort study. In: 1thFENS Forum of Neuroscience, 2018, Berlin.
1thFENS Forum of Neuroscience, 2018.

Resumos expandidos publicados em anais de congressos

CEOLIN, G. et al. Associagdo entre sintomas depressivos e excesso de peso em idosos?
Estudo EpiFloripa Idoso. In: I Congresso Nacional de Envelhecimento Humano, 2018,

Curitiba-PR. Anais II CNEH. Curitiba-PR, 2018. v. 1.
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Revisdo de artigos em Periddicos

2021 - Biomed Research International
2022 - Revista de Nutri¢ao
2022 - BMC Psychiatry

Producgoes Técnicas

D’ORSI, E. et al. Manual do Entrevistador EpiFloripa Idoso. Disponivel em:
<https://repositorio.ufsc.br/handle/123456789/219632>.

D’ORSI, E. et al. Relatério EpiFloripa  Idoso.  Disponivel em:
<https://repositorio.ufsc.br/handle/123456789/219631>.

FLORENTINO, C. S. et al. Conhega 0 PPGN UFSC. 2020. (Desenvolvimento de material
didatico ou instrucional - Video de divulgacdo do Programa de Pos-Graduagdo em

Nutrigao).
Capitulo de livro

CEOLIN, G. et al. Atencao nutricional na equipe multiprofissional das ILPIS in Capacita
ILPI Santa Catarina (ebook), no prelo, 2023.

Curso de curta duracdo ministrado

DORSI, E. et al. Curso de capacitacdo para atuar como entrevistador(a) do projeto

Epifloripa Idoso. 2018.
Entrevistas, lives e comentdrios na midia
BRIETZKE, E. ; CEOLIN, G. . Live: Relacdo entre a vitamina D e depressdo. 2022.

FERNANDES, A. C.; CEOLIN, G. ; FILIPINIL, R. E. . Live Café com Cientista: Vitamina
D e Satide Mental, realizado no Canal do Youtube Café com Ciéncia da UFSC. 2021.

CEOLIN, G. et al. What are the main nutritional challenges in older adults during the
COVID-19 pandemic? Scielo Press release, 2020. Disponivel em: <Chamada press-
release:  https://pressreleases.scielo.org/en/2020/12/14/whats-are-the-main-nutritional-

challenges-in-older-adults-during-the-covid-19-pandemic/>.
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CEOLIN, G. Quais sao os principais desafios nutricionais na saide de idosos em tempos
de pandemia da COVID-19?. Scielo Press release, 2020. Disponivel em:
<https://www.youtube.com/watch?v=v8NwWPNrkY 70&t=9s>.

Website

DORSI, E. et al. EpiFloripa Idoso. 2018; Tema: "Condi¢des de Saude dos Idosos de
Floriandpolis-SC- EpiFloripa Idoso".

Participacdo em bancas de trabalhos de conclusdo de curso de graduacio

CEOLIN, G. Participacdo em banca de Miriam Regina Alves Zanella. Efeito da dieta
cetogénica sobre a densidade mineral 6ssea em pacientes adultos com epilepsia
farmacorresistente: uma revisao narrativa da literatura. 2022. Trabalho de Conclusdo de

Curso (Graduagao em Nutri¢ao) — UFSC.

CEOLIN, G. Participacdo em banca de Giulia Pipolo Rodrigues Mano. Desenvolvimento
de um aplicativo para smartphone para gerenciamento e manutencdo da dieta cetogénica
em pacientes adultos com epilepsia farmacorresistente. 2022. Trabalho de Conclusdo de

Curso (Graduagao em Nutri¢ao) - UFSC.

CEOLIN, G. Participa¢do em banca de Natalia Schmitt Hames. Desenvolvimento de um
aplicativo para smartphone para gerenciamento e manutencao da dieta cetogénica em
pacientes adultos com epilepsia farmacorresistente. 2022. Trabalho de Conclusdo de

Curso (Graduagao em Nutri¢ao) - UFSC

CEOLIN, G. Participagdo em banca de Camila Eduarda Carvalho Schultz.
Desenvolvimento De Livro De Receitas Culinarias Cetogénicas Para Pacientes Com
Epilepsia Refrataria Atendidos No Ambulatério De Dieta Cetogénica Do Hospital
Universitario/UFSC. 2019. Trabalho de Conclusdo de Curso (Graduag¢ao em Nutrigdo) -
UFSC.

Monografia de conclusdo de curso de especializagcdo - Especializacdo em atengdo a

saude das pessoas com sobrepeso e obesidade (UNASUS-UFSC)

Alisson Luiz Gongalves de Oliveira. Programa Academia da Saude: Ferramenta para uma

vida saudavel. 2022.
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Isabel Cristina Moura Brandao. Projeto de Intervengdo para deter o avanco da obesidade
infantil em alunos da Escola de Ensino Infantil Alaide Ramos de Vasconcelos do

municipio de Cruz (CE). 2022.

Jos¢ Eliomar de Almeida Junior. Conscientizar e intervir para tratamento e controle da

obesidade. 2022.

José Maria Gomes Filho. Plano de intervengao para qualifica¢do da introducdo alimentar
em criancas de 6 meses a | ano de vida, em uma Unidade Basica de Saiude na cidade de

Croata-CE. 2022.

Mariella Céssia de Aratijo. Plano de Acdo para Preven¢do e Controle do Sobrepeso e

Obesidade em Gestantes em uma Cidade do Interior do Ceara. 2022.

Merlin Esmeraldo Lopes. Cuidados com a Saude de Pessoas com Sobrepeso e Obesidade

na Estratégia Saude da Familia. 2022.

Michelly de Castro Almeida. Plano de intervengao para reducao do sobrepeso e obesidade
dos moradores da area de abrangéncia da Unidade Basica De Saude Jos¢ Cavalcante

Aragdo no municipio de Sdo Gongalo do Amarante-Ceara. 2022.

Mirela Alexandre Virginio. SAUDE NA COMUNIDADE: estratégias para o controle de

sobrepeso e obesidade em adultos. 2022.

Maréssa Barbosa Martins. Educagdo permanente em alimentagdo e nutri¢ao na Estratégia

Saiude da Familia no municipio de Ibaretama/Ceara. 2022.

Rita de Cassia Valentim de Jesus Encarnacao. Educacdo em saude para a redugdo do
sedentarismo e da obesidade na Unidade de Saude da Familia Estrada da Cosica em

Salvador. 2022.

Roberta Lima da Silva. Prevencdo e controle do sobrepeso e obesidade em adultos

atendidos em Unidades de Saude do municipio de Belém do Para. 2022.

Thaissy Fernanda de Oliveira. Educa¢dao em saude para mulheres no periodo gravidico.

2022.

Vanessa Neves de Lima. Beneficios da alimentacdo saudavel e atividade fisica no

controle do Diabetes Mellitus em pessoas com sobrepeso e obesidade. 2022.
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Victor Buratto dos Santos Queiroz. Intervencdo em satide em mulheres com sobrepeso e

obesidade em Unidade De Saude Da Familia De Trés Lagoas -MS. 2022.

Wendi Cristina Silva de Oliveira. A¢des para controle de Diabetes Mellitus associado a

obesidade em uma unidade basica de saude de Sdo Paulo-SP. 2022.

Luciana Moura Morais. Projeto de intervencao para combater o sedentarismo e contribuir

para o controle de peso de adultos numa comunidade litordnea do nordeste brasileiro.

2022.



		2023-01-09T15:45:46-0300


		2023-01-10T16:44:00-0300


		2023-01-24T10:36:03-0300




