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RESUMO

Introducédo: A memdéria humana € considerada um sistema complexo que abrange a
capacidade neurocognitiva para codificar, armazenar e recuperar informacoes.
Juntamente com o envelhecimento da populacdo h& queixas sobre o prejuizo da
memoria, afetando de forma negativa, principalmente, individuos com idade mais
avancada. O comprometimento cognitivo leve (CCL) representa o estado entre as
alteracOes cognitivas normais decorrentes da idade e o estagio inicial de deméncia,
estando associado com aumento de risco para desenvolvimento da doenca de
Alzheimer. Na qual o estresse oxidativo é observado como principal contribuinte para
o fator de risco essencial, o envelhecimento. O selénio € um micronutriente, presente
na dieta, e é fundamental para a sintese de selenoproteinas (GPX1, GPX4, SEP15 e
SEPP1, por exemplo) as quais possuem efeitos antioxidantes e neuroprotetores,
auxiliando na memaria. Além disso, as selenoproteinas podem reduzir o dano ao DNA
e modularem o encurtamento dos telébmeros, desempenhando fun¢des no combate
ao envelhecimento e na prevencdo de doencas relacionadas ao envelhecimento.
Objetivos: Investigar a associacao entre o tamanho dos teldmeros, a concentracao de
selénio, variantes genéticas em selenoproteinas e a memoria humana. Metodologia:
Para andlise foram utilizadas 456 amostras de DNA, de individuos de ambos os sexos
com desempenho cognitivo normal e com comprometimento. A genotipagem dos
polimorfismos nos genes GPX1, GPX4, SEP15, SEPP1 e LRP8 assim como a analise
do comprimento dos telébmeros foi realizada através da gPCR em tempo real. Para a
andlise do comprimento dos teldmeros dentre os tipos de memoria, variantes
genéticas e fungao cognitiva foi utilizado a correlacdo de Pearson, sendo considerado
resultados significantes com p<0,05. Resultados: Foi observada a correlacao positiva
entre a memoéria verbal de longo prazo e o comprimento dos teldmeros (p=0,037).
Individuos que se engajam em mais atividades intelectuais, em qualquer idade,
apresentam maior comprimento dos telomeros (p=0,013 antes dos 40 anos; p=0,009
apos os 40 anos). Nenhuma associacdo significativa foi observada entre o
comprimento dos telomeros e déficits de memodria ou a presenca de CCL. Dentre as
variantes analisadas, apenas o polimorfismo rs5859 (SEP15) foi associado ao
comprimento médio dos telémeros, porém apds a correcdo para comparacoes
multiplas, o valor de p nédo foi estatisticamente significativo. Os niveis de selénio ndo
foram correlacionados com o tamanho dos teldmeros. Conclusédo: Esses resultados

indicam que o comprimento dos telomeros foi associado a memoria verbal de longo



prazo e também a pratica de atividades intelectuais (antes e depois dos 40 anos),

sugerindo que teldmeros mais longos séao benéficos para o declinio cognitivo.

Palavras-chave: dieta, envelhecimento, declinio cognitivo, teldmero, estresse
oxidativo.



ABSTRACT

Introduction: Human memory is considered a complex system that encompasses a
neurocognitive capacity to encode, store and retrieve information. Along with the aging
of the population, there are complaints about memory impairment, negatively affecting,
especially, older people. Cognitive level impairment (CCL) represents the state
between cognitive changes due to age and the early stage of dementia, associated
with increased risk for the development of Alzheimer's disease. In which oxidative
stress is seen as the main contributor to the essential risk factor, aging. Selenium is a
micronutrient, present in the diet, and is essential for the synthesis of selenoproteins
(GPX1, GPX4, SEP15, and SEPP1, for example) that have antioxidant and
neuroprotective effects, aiding in memory. In addition, selenoproteins can reduce DNA
damage and modulate telomere shortening, playing roles in combating aging and
preventing age-related diseases. Objectives: To investigate the association between
telomere size, selenium concentration, genetic variants in selenoproteins, and human
memory. Methodology: For analysis, 456 samples of DNA were used, from both sexes
with normal cognitive performance and with impairment. Genotyping of polymorphisms
in genes GPX1, GPX4, SEP15, SEPP1, and LRP8 as well as telomere length analysis
was performed using gqPCR in real time. For an analysis of telomere length among
memory types, genetic variants, and cognitive function, Pearson's correlation was
used, and results were considered significant with p <0.05. Results: A positive
correlation was observed between long-term verbal memory and telomere length (p =
0.037). Individuals who engage in more intellectual activities, at any age, have longer
telomere length (p = 0.013 before age 40; p = 0.009 after age 40). No significant
association was observed between telomere length and memory deficits or the
presence of CCL. Among the analyzed variants, only the rs5859 (SEP15)
polymorphism was associated with the average telomere length, but after correction
for multiple comparisons, the p-value was not statistically significant. Selenium levels
were not correlated with telomere size. Conclusion: These results indicate that
telomere length was associated with long-term verbal memory and also with the
practice of intellectual activities (before and after the age of 40), suggesting that longer

telomeres are beneficial for cognitive decline.

Keywords: diet, aging, cognitive decline, telomer, oxidative stress.
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1 INTRODUCAO

A memoria humana é um sistema complexo que envolve diferentes regides
cerebrais, além de ser considerada uma das mais importantes dentre todas as fun¢des
cognitivas (BADDELEY et al., 2011). Segundo Tulving (2000), a memadria pode ser
definida, de modo geral, como a capacidade neurocognitiva de codificar, armazenar e
recuperar informacdes contidas no nosso cérebro. No entanto, esta capacidade pode
ser suscetivel a influencias externas e internas como a nutricdo adequada, estimulos

mentais (jogos e atividades) e também a genética.

Juntamente com o envelhecimento populacional existem as alteracfes
cognitivas comuns associadas, como o declinio de memoria, o0 comprometimento
cognitivo leve (CCL), a diminuicdo do raciocinio conceitual e da velocidade de
processamento de atividades cognitivas e também a diminuicdo na capacidade de
concentracéo, que sao deficits de memaoria sem comprometimentos funcionais porém
gue afetam negativamente as atividades didrias dos individuos mais velhos (DA
ROCHA et al., 2018; DE SOUSA; SALGADO, 2015; HARADA et al., 2013; SMALL,
2002). O CCL é um estado intermediério entre o envelhecimento normal e a deméncia
e € caracterizado por um declinio de memaria um pouco mais acentuado (KNOPMAN
& PETERSEN, 2014). Embora sujeitos com CCL consigam manter suas atividades
cotidianas normais, é possivel observar um comprometimento cognitivo de memaria
semelhante aos vistos em individuos com doenca de Alzheimer (DA) muito leve. Cerca
de 15-41% dos casos de CCL evoluem para DA ou para outras deméncias (ALBERTS
et al., 2011; KELLEY & PETERSEN, 2007; SMALL, 2002). A DA é um disturbio
neurodegenerativo relativamente comum, geralmente de origem multifatorial, sendo a
causa mais corriqueira de deméncia em decorréncia da idade avancada (KELLEY &
PETERSEN, 2007). O seu maior fator de risco € o envelhecimento, o qual estdo
associados 0 estresse oxidativo e como processo natural o encurtamento dos
teldmeros (HOU et al., 2019; LIGUORI et al., 2018; Von ZGLINICKI, 2002).

Os telébmeros, localizados nas extremidades dos cromossomos, possuem
estrutura que serve para evitar a instabilidade cromossémica e 0 seu encurtamento
esta relacionado ao envelhecimento cronolégico normal, ao estresse oxidativo e a
diversas condi¢cdes de saude como o declinio cognitivo e também a doenca de
Alzheimer (MAHONEY et al., 2019; SHAMMAS, 2011; YAFFE et al., 2011). A
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exposicao a diversos fatores externos pode influenciar o seu comprimento, sendo a
dieta um fator importante na manutencéao dos teldmeros podendo ser utilizada para
evitar danos no DNA e na prevencado de doencas relacionadas ao envelhecimento
(FENECH, 2013; NEEDHAM et al., 2012).

O selénio (Se) é um micronutriente essencial e desempenha um papel
importante no organismo e no sistema nervoso central (SNC) através das
selenoproteinas (GPX1, GPX4, SEP15, SEPP1 entre outras) as quais possuem
efeitos antioxidantes diretos e indiretos, além de reduzirem o dano ao DNA e
prolongarem a manutencdo do comprimento dos teldmeros, desempenhando funcdes
no combate ao envelhecimento e na prevencdo de doencas relacionadas ao
envelhecimento (DA ROCHA et al., 2018; ZHONGLIN et al., 2018). O Se € um
importante contribuinte para o declinio cognitivo devido ao seu papel na reducdo ao
estresse oxidativo, porém a sua relacdo dose-resposta € de carater nao-linear,
sugerindo que tanto a deficiéncia quanto o excesso da sua ingestao podem apresentar
resultados neurocomportamentais adversos (GASHU & STOECKER, 2017; RAYMAN,
2012; ZHONGLIN et al., 2018).

Apesar de evidéncias fazerem uma associacdo entre fatores como estresse
oxidativo, dieta, comprimento dos teldmeros e declinio cognitivo, atualmente existem
poucos estudos na literatura que relacionem os beneficios do selénio no comprimento
dos telébmeros e na memoéria humana. Desse modo, o presente trabalho tem como
objetivo buscar associacdo entre o tamanho dos teldmeros, a concentracdo de
selénio, variantes genéticas em selenoproteinas e a memdria humana em adultos
maduros e idosos, afim de compreender melhor como esse micronutriente pode estar

associado ao comprimento dos teldmeros afetando a memoria.
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2 REVISAO DA LITERATURA
2.1 Mem©éria

A memoéria humana € um dos processos psicolégicos e cognitivos mais
importantes para a sobrevivéncia, sendo considerada um sistema complexo que
permite adquirir, formar, armazenar e evocar informacgdes. Além disso, as memdérias
possuem a capacidade de moldar a nossa personalidade, influenciando nas nossas
decisbes e nossas reacdes emocionais (BISAZ et al., 2014; DE SOUSA; SALGADO,
2015; IZQUIERDO, 2018; MOURAO JUNIOR; FARIA, 2015).

As memodrias sdo adquiridas através de neurbnios, armazenam-se em redes
neuronais e sdo evocadas pelas mesmas redes ou por outras. Sdo moduladas,
principalmente pelas emocdes, pelos estados de animo e pelo nivel de consciéncia
(IZQUIERDO, 2018). Em alguns casos, durante a evocacdo da memoria podem
ocorrer os chamados "brancos" que séo déficits de evocacdo néo alterando a memoria
ja consolidada, apenas nao é possivel expressa-las devido a ansiedade ou estresse
do momento (IZQUIERDO, 2006).

De acordo com lIzquierdo (2018), a memadria humana pode ser classificada em
trés tipos: (1) de acordo com a sua fungéo, (2) de acordo com o seu tempo de duracdo
e (3) de acordo com o seu contetudo. A memoria de trabalho é um tipo de memoria de
acordo com a sua funcdo, que basicamente serve para "gerenciar a realidade",
mantendo a informacéo "viva" apenas durante a aquisicdo e mais, no maximo, poucos
minutos, auxiliando no contexto da percep¢do do momento, ou seja, a informacao é
mantida pelo tempo suficiente para que se faca uso dela na resolucdo de problemas.
Em relacéo ao tempo de duracédo, as memorias podem ser subdivididas em: (a) curta
duracao, que duram de 1-6 horas sendo simplesmente uma fase inicial da memoria e
gue dura o tempo necessario para que a memoéria de longa duracao se consolide; (b)
longa duracéo, que levam tempo para serem consolidadas e com isso sao suscetiveis
a interferéncias de diversos fatores; e (c) remotas, que duram de meses a anos. De
acordo com seu conteudo, as memorias podem ser classificadas em (a)
declarativas/explicitas que registram fatos, eventos ou conhecimentos que foram
aprendidos, ou seja, lembrancas conscientes e € este tipo de memdéria afetada na
doenca de Alzheimer (DA) (JAHN, 2015; MOURAO JUNIOR; FARIA, 2015). (b)

procedimentais/implicitas que séo relacionadas a capacidades e habilidades motoras
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e/ou sensoriais, ou seja, sdo evocadas de modo "automatico". As memodrias explicitas
ainda podem ser subdivididas em episodicas (visual ou verbal) e semanticas e de
modo geral, sdo capazes de durar alguns minutos ou horas, ou alguns dias ou meses,

ou muitas décadas. Ja as memarias implicitas geralmente duram toda a vida.

Em relacdo ao seu armazenamento no cérebro, certas memorias de longo
prazo dependem do hipocampo e lobo temporal médio para sua aquisi¢ao e retencéo,
enquanto os principais aspectos da memoria declarativa/explicita requerem o
hipocampo e cértex adjacente (RANDEL et al., 2014).

Diversos fatores ambientais, alimentares e genéticos, sédo capazes de modular
a memoria e vem sendo estudados para elucidagao da “arquitetura” da memaria em
si e também dos quadros de déficit de memoria (GOMEZ-PINILLA, 2008; JIROUT et
al., 2019; MARTIN; DAVIDSON, 2014; SPENCER et al., 2017; VAUZOUR et al.,
2017).

Alguns nutrientes especificos (GOMEZ-PINILLA, 2008; SPENCER et al., 2017)
assim como exposi¢cdes ambientais (interacdo social, passar tempo ao ar livre e
exposicdo a toxinas ambientais) podem serem benéficas ou maléficas (toxinas
ambientais) (BERMAN et al., 2008; ERTEL et al., 2008) para o desenvolvimento
cognitivo humano. O que ja se sabe também é que, a capacidade de memoria é
altamente hereditaria, assim como fatores genéticos para distlirbios de meméria. A
herdabilidade da capacidade cognitiva geral aumenta significativamente de 41% na
infancia (9 anos) para 55% na adolescéncia (12 anos) e para 66% na idade adulta
jovem (17 anos) (HAWORTH et al., 2010). Outro estudo com gémeos, demonstrou
uma herdabilidade variando em torno de 50% e aumentando com a idade, variando
de 20% na infancia para 40% na adolescéncia e para 80% na velhice (GREENWOOD
e PARASURAMN, 2003). Em 2019, pela primeira vez cientistas de Cingapura e
Taiwan (TAN et al., 2019) encontraram evidéncias de assinaturas genéticas distintas
(genes mais expressos) em determinadas regides do cérebro, as quais estao

relacionados com as func¢des cognitivas.
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2.2 Envelhecimento populacional

No decorrer dos ultimos anos foi possivel observar o envelhecimento
populacional como uma caracteristica mundial, em decorréncia do aumento da
expectativa de vida através da melhoria das condi¢cdes de saude. No Brasil, este
envelhecimento esta acelerado e atualmente cerca de 13% (28 milhdes) da populacdo
esta com mais de 60 anos e estimativas anteriores a pandemia mostram mais de 64
milhdes idosos até 2050 (IBGE, 2018; NEUMANN, 2018; OMS, 2015).

As mudancas que constituem e influenciam o envelhecimento sdo complexas,
estando associadas ao acumulo de diversos danos moleculares e celulares. Com o
passar do tempo, esse dano pode levar a um aumento no risco de desenvolver
doencas relacionadas a idade (declinio cognitivo, DA, doenca de Parkinson, perda de
audicdo) e um declinio geral na capacidade intrinseca do individuo. Porém, estas
mudancas nao sao iguais para todos os idosos, cada individuo é Unico e possui suas
necessidades especificas (BELASCO & OKUNO, 2019; OMS, 2015).

Além do envelhecimento “normal”, existe também o envelhecimento precoce, 0
gual pode ser ocasionado por doengas genéticas (sindrome dos teldbmeros curtos, por
exemplo) ou por condi¢cdes desencadeadas por fatores extremos. Estresse cronico,
cansaco fisico e psicoldgico, como o de uma pessoa cuidadora de um individuo com
necessidades especiais sofre durante alguns anos, e também a falta de uma vida
saudavel (dieta ndo balanceada, falta de exercicios fisicos e sono desregulado)
podem acelerar o processo de envelhecimento. Por ocasionarem o encurtamento dos
teldmeros, estas situagbes podem induzir o envelhecimento precoce das células e
estes individuos apresentarem fenétipo além da sua idade (BLACKBURN & EPEL,
2017).

Com relacdo as mudancas cognitivas, uma das principais queixas dos
individuos que se sentem mais velhos é em relacéo as dificuldades de memoaria e as
atividades que exigem alto grau de concentracdo para a sua realizacdo. Estas
limitagdes podem afetar o funcionamento de tarefas do dia a dia de um adulto mais
velho (HARADA et al., 2013; GRADY, 2012; LUO & CRAIK, 2008; PARENTE, 2006).

Biologicamente, o envelhecimento celular ocorre devido ao dano em moléculas,

células e tecidos decorrentes de estresse oxidativo, por exemplo, o qual
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gradativamente reduz a capacidade desses de adaptar ou de reparar os danos ja
existentes (JIN, 2010; MERCADO-SAENZ et al., 2010).

As células humanas s6 sao capazes de se replicar um numero finito de vezes
antes de se tornarem senescentes. A medida que uma célula se divide, os teldmeros
encurtam gradualmente e consequentemente também diminuem a qualidade das
proteinas protetoras, as quais permitem que as enzimas de reparo do DNA
reconhecam os teldbmeros entre os locais de dano do DNA (pela sua estrutura em
repeticdo). Como resultado, a perda do comprimento dos teldbmeros e a perda
concomitante dessas proteinas protetoras expde as extremidades dos cromossomos
a danos e leva a senescéncia das células, ou seja, a célula para de se dividir
(DILORETO & MURPHY, 2015; HOU et al., 2019; FLINT & TADI, 2020; OESEBURG
et al., 2010).

As mudancas cognitivas sdo um processo normal do envelhecimento, no
entanto, € um desafio diferenciar estas mudancas cognitivas do envelhecimento
normal das mudangas de um envelhecimento anormal, como o comprometimento
cognitivo leve (CCL). Para isso existem testes e escalas diferentes que podem auxiliar
nessa diferenciagcdo, como os critérios de diagnoéstico do CCL descritos por Kelley &

Petersen (Quadro 1).

Queixa cognitiva (geralmente de memodria) referida por um informante ou pelo
paciente.
Comprometimento cognitivo evidenciado por avaliagéo clinica.
Alteragdo de um ou mais dominios cognitivos quando comparado ao esperado de
um individuo cognitivamente "normal".
Preservacédo da independéncia na realizacéo de atividades da vida diaria.
5 Auséncia de diagnéstico de deméncia.
Quadro 1: Critérios de diagndstico para o comprometimento cognitivo leve. Adaptado

de KELLEY & PETERSEN et al., 2007.

1
2
3
4

Algumas habilidades cognitivas, como o0 vocabulario, por exemplo, séo
resistentes ao envelhecimento e, em alguns casos, podem até se tornarem melhor
com o passar do tempo. Outras habilidades, como raciocinio conceitual, memoria,
atencdo, percepcao, resolucdo de problemas e velocidade de processamento,
diminuem gradualmente com o tempo e podem, aos poucos, afetar no dia a dia do
individuo (ANSTEY & LOW, 2004; HARADA, 2013; KELLEY & PETERSEN, 2007).
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Essas mudancas na cogni¢cdo ndo envolvem todos os dominios cognitivos, mas
estao relacionadas as funcdes executivas e de atencédo. Outra modificacdo normal é
na quantidade de massa cinzenta, a sua perda € relativamente constante até os 70
anos de idade (cerca de 0,2% por ano) e uma pequena aceleracdo (0,3-0,5%)
posteriormente (TOEPPER, 2017). Porém, ha uma grande heterogeneidade entre os
individuos de mais idade em relagcdo ao declinio de algumas habilidades e aos
padrdes de declinios (HARADA, 2013).

Diversas caracteristicas clinicas e neuropatolégicas do envelhecimento
anormal, como a deméncia, doenca de Alzheimer e o CCL, também podem ser
observadas com a progressao normal do envelhecimento (DENVER & McCLEAN,
2018).

Os individuos de mais idade sentem mudancas na sua memoria ao
funcionamento anterior e se preocupam com o possivel desenvolvimento de DA. No
entanto, o comprometimento cognitivo leve refere-se ao estado clinico no qual um
sujeito estd comprometido cognitivamente, no dominio da meméria, porém ndo com
deméncia, ou seja, € um declinio de memadria mais acentuado do que o esperado no
envelhecimento normal, sendo considerado um estado intermediario entre a deméncia
e perda normal decorrente da idade (DENVER & McCLEAN, 2018; KELLEY &
PETERSEN, 2007; PETERSEN, 1999).

No CCL as mudancgas cognitivas observadas néo séo severas o suficiente para
diminuir a independéncia do paciente, sdo apenas alteracbes que afetam
principalmente a execucdo de tarefas funcionais mais complexas, como o
planejamento de atividades (DENVER & McCLEAN, 2018; KNOPMAN & PETERSEN,
2014). Para o seu diagnostico sao realizados exames neuroldgicos afim de identificar
pelo menos um destes dominios esta prejudicado: 1) aprendizagem e memoaria, 2)
linguagem, 3) visuoespacial, 4) executivo e 5) psicomotor; se mais de uma area estiver
prejudicada, é diagnostico de deméncia (KNOPMAN & PETERSEN, 2014).

Estudos trazem a associacado do CCL com o aumento para o desenvolvimento
de DA, cerca de 40% dos casos de CCL em longo prazo evoluem para a DA e outras
deméncias (ALBERT et al., 2011; DA ROCHA, 2018; KELLEY & PETERSEN, 2007).
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A DA, por outro lado, possui alteragcdes cognitivas muito mais severas,
caracterizada pela deterioracdo grave dos dominios cognitivos, com declinio
progressivo de funcdes cognitivas, de forma que a vida pessoal, profissional e social
do paciente ¢ afetada em um grau muito severo. E uma doenca neurodegenerativa
poligénica com herdabilidade de 60-80%, e marcada pela formacéo de placas de beta-
amiloide e da proteina tau (DENVER & McCLEAN, 2018; JAHN, 2013; TOEPPER,
2017).

Atualmente, sendo a causa mais comum de deméncia, cerca de 50 milhdes de
pessoas em todo o mundo sofrem de Alzheimer, ocorrendo quase 10 milhfes de
Novos casos todos 0s anos. Estima-se que a sua incidéncia aumente de cerca de 5%
aos 70 anos para 50% aos 90 anos, tornando-se uma doenca muito mais comum do
gue ja é observada (JAHN, 2013; WHO, 2020).

O maior fator de risco para a DA é o envelhecimento, o qual esta intimamente
ligado ao estresse oxidativo e como consequéncia o encurtamento do comprimento
dos telomeros. Desse modo, abordagens terapéuticas visando reduzir os efeitos do
estresse oxidativo podem ser mais promissoras (HOU et al., 2019; LIGUORI et al.,
2018; POLIDORI, 2004; Von ZGLINICKI, 2002).

2.3 Micronutriente selénio

Os micronutrientes desempenham um papel fundamental no organismo
humano, atuando no metabolismo e na manutencéo da funcéo dos tecidos. Dentre os
diversos micronutrientes, destacam-se os antioxidantes como o selénio e zinco, que
atuam protegendo as células contra o estresse oxidativo ocasionado pelos radicais
livres (SHENKIN, 2006; TINGGI, 2008).

O selénio (Se) é um micronutriente essencial, sendo os alimentos a principal
fonte natural e seus niveis dependem dos niveis de Se no solo onde sdo cultivados
(TINGGI, 2008).

O Se desempenha sua importante funcdo no organismo através de
selenoproteinas (proteinas contendo selénio), como a glutadiona peroxidase (GPXx),
selenoproteina S e selenoproteina 15kDA, por exemplo. As selenoproteinas possuem
funcdes na reducdo das espécies reativas de oxigénio (mantendo a manutencéao da

homeostase da reacdo redox e protegendo as células contra danos oxidativos),
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possuem efeitos anti-inflamatérios, regulam o transporte de selénio e de hormdnios
tireoidianos (KANG et al., 2020; LABUNSKYY et al., 2014; RAYMAN, 2012; SHU et
al., 2020; ZHONGLIN et al., 2019).

Através das suas atividades antioxidantes, o Se pode contribuir no combate ao
estresse oxidativo, o qual esta relacionado aos déficits cognitivos e doencas em
decorréncia ao envelhecimento (FARAHZADI, 2017; GASHU & STOECKER, 2017;
SHU, 2020).

2.4 Telbmeros

Os teldmeros sao regibes compostas por sequéncias repetidas de DNA néo
codificante (TTAGGG), localizadas nas duas extremidades dos cromossomos
humanos. Juntamente com a sua sequéncia complementar (AATCCC), os telédmeros
formam uma estrutura em anel nas extremidades terminais dos cromossomos (KAHL,
DA SILVA, 2016; SHAMMAS, 2011).

Nas células em proliferacdo, os teldomeros encurtam progressivamente em
decorréncia da incapacidade da enzima DNA polimerase de replicar as extremidades
lineares dos cromossomos, chamado de "problema da replicagéo final", e pela agéao
de uma exonuclease especifica que consegue encurtar cada telémero. Os
mecanismos para manterem o comprimento dos teldmeros consistem na adicdo de
sequéncias especificas e repetitivas de DNA pela enzima telomerase, e pela via de
alongamento alternativo dos telomeros (MARCON et al., 2012; OESEBURG et al.,
2010). Além disso, o comprimento dos teldmeros possui uma estimativa de
herdabilidade entre 30-80%, e é altamente variavel entre individuos (BLACKBURN et
al., 2015; STARKWEATHER et al., 2014).

A sua estrutura foi reconhecida pela primeira vez, no final da década de 30 e
inicio da década de 40, pelos pesquisadores Hermann Muller, com estudos em
Drosophila, e Barbara McClintock, com estudos em milho. Em 2009 os pesquisadores
Elizabeth Blackburn, Carol Greider e Jack Szostak receberam o Nobel de Fisiologia
ou Medicina "pela descoberta de como os cromossomos sao protegidos pelos

teldbmeros e pela enzima telomerase” (MONTPETIT et al., 2014).

A estrutura do teldmero é essencial para manter a estabilidade cromoss6mica

impedindo que estas extremidades sejam reconhecidas como quebras na fita dupla



23

de DNA, necessitando de reparo ou sendo degradadas, e como resultado protegem
contra fusdes e rearranjos cromossdmicos (BARRETT et al., 2015; BLASCO, 2005;
MARCON et al., 2012). Além disso, os teldomeros desempenham um papel importante
na senescéncia e envelhecimento celular (BLACKBURN & EPEL, 2017; VIDACEK et
al., 2017).

Como um processo celular natural associado a idade cronoldgica, uma
pequena porcdo de nucleotideos terminais do telémero é perdida a cada divisdo
celular (Figura 1). Quando o comprimento do teldmero atinge um limite critico, a célula
sofre senescéncia e/ou apoptose (GUYATT et al., 2018; HAGG et al., 2017; KAHL,
DA SILVA, 2016; SHAMMAS, 2011). Porém, até o0 momento ndo se sabe ao certo
como o seu comprimento é definido em um organismo, mas sabe-se que sé&o
estruturas dindmicas e influenciadas por diversos fatores ambientais e sociais
(BLACKBURN & EPEL, 2017; KAHL, DA SILVA, 2016; ORNISH et al., 2008).

Nucleo

Conforme as células se dividem ao longo do tempo
(células saudaveis)...

Célula

; \
Cromossomo \ ‘ ‘>

TTTTTTTTTTTCTTCTTTTCS ... 0s telomeros encurtam até que a divisao celular pare
— ‘ ‘ 3% (senescéncia)

Figura 1: llustracdo do encurtamento dos telémeros (em laranja), localizados nas
extremidades dos cromossomos humanos, a cada divisdo celular (Figura adaptada,
disponivel em: <https://solvecfs.org/association-chronic-fatigue-syndrome-premature-

telomere-attrition/>, acesso em: 17/06/2020).

Além de agir como "reldgio biolégico", influenciando a vida util das células e de

um organismo, o encurtamento dos teldmeros também estd4 sendo associado com


https://solvecfs.org/association-chronic-fatigue-syndrome-premature-telomere-attrition/
https://solvecfs.org/association-chronic-fatigue-syndrome-premature-telomere-attrition/

24

diversas condi¢fes de saude como a obesidade, ao estresse, diabetes, aterosclerose,
doencas cardiovasculares, cancer, ocorréncia de AVC (acidente vascular cerebral),
problemas imunolégicos, doencas neurolégicas/mentais e com capacidade cognitiva
(como comprometimento cognitivo leve, doenca de Alzheimer, esquizofrenia,
ansiedade e depressao) (Figura 2) (BLACKBURN et al., 2015; GUYATT et al., 2018;
HAGG et al., 2017; SALPEA et al., 2010; TIAN et al., 2019; WANG et al., 2017; YE et
al., 2014). Recentemente, em um estudo realizado na Espanha, foi observada a
associacao entre os teldbmeros mais curtos e pacientes que tiveram infeccdo mais
grave por Sars-CoV-2, com a presenca de lesbes pulmonares. Além disso, 0s
pesquisadores indicaram uma possivel terapia na recuperacao deste dano utilizando
a enzima telomerase, para alongar os telomeros, terapia ja utilizada em pacientes com
de fibrose pulmonar (SANCHEZ-VAZQUEZ et al., 2021).

Genética =———— ALTit0 telomMErico —f— Nio genético
f Ambiente
Eventos da vida

Comportamento

Risco de doencas relacionadas ao envelhecimento e
mortalidade

Deficiéncia do sistema imune, cincer, doenga cardiovascular,
diabetes, transtorno cognitive /mental e depressio

Figura 2: Relacédo entre o encurtamento dos teldmeros, através do atrito, e doencas

associadas ao envelhecimento humano (Adaptada de BLACKBURN et al., 2015).

A exposicao a diversos fatores externos pode influenciar o comprimento dessas
estruturas moleculares, sendo a dieta um fator importante na manutencdo dos
telomeros, uma vez que pode minimizar os danos no DNA e afetar o seu comprimento.
Além disso, estresse oxidativo, inflamacao, estresse psicolégico, consumo de alcool,
tabagismo, fatores genéticos, entre outros fatores podem contribuir para o seu
encurtamento (Figura 3) (FENECH, 2013; KAHL, DA SILVA, 2016; NEEDHAM et al.,
2012; SHAMMAS, 2011; SHU, 2020; YE et al., 2014).
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Envelhecimento

| Doemms e o
comprimento do telomero

Epigenética e fatores genéticos

Estressores fisicos

Estressores bioldgicos
TRF1 port
b B Sl Medicamentos it

o Danos aos telomeros
0 Exposicdes ambientais
(- M QL’;Q X{pOSic
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Estresse oxidativo

Pratica de exercicios

Tentativas de responder <
Dieta de intervencdes aos danos ¢

Habitos de estilo de vida

Instabilidade gendmica

Doencas cardiovasculares

Consequéncias de danos
Doencas neurodegenerativas nio reparados

'[1‘

Senescéncia celular

Figura 3: Fatores que influenciam no comprimento dos teldmeros em diferentes
aspectos (Adaptada de KAHL, DA SILVA, 2016).

A manutencao do comprimento dos teldmeros apresenta plasticidade. Ou seja,
individuos que enfrentaram acontecimentos estressantes ou ansiedade foi observado
um comprimento menor dos telémeros, porém quando estas situacdes cessam 0s
teldmeros se recuperam e voltam ao seu tamanho normal. Toda essa recuperacao é
devido a telomerase em combinacao de protecdes saudaveis (dieta e atividades) e a
passagem do tempo (BLACKBURN & EPEL, 2017).

O estilo de vida com uma dieta rica em antioxidantes (dispondo de alimentos
com selénio, por exemplo) e associada a pratica de exercicios fisicos esta relacionada
a uma taxa reduzida do encurtamento dos telémeros (LIGI, 2011; SHAMMAS, 2011,
SHU, 2020).

2.5 Variantes genéticas estudadas

Nos ultimos anos, os telémeros ganharam enfoque na ciéncia. Diversos
estudos estdo sendo desenvolvidos em relagéo ao seu comprimento, aos fatores que
influenciam na manutengdo da sua estrutura e também na correlagdo no
envelhecimento e nas doencas ocasionadas pelo envelhecimento (MERCADO-
SAENZ et al., 2011; VIDACEK et al., 2017; SRINIVAS et al., 2020; STARKWEATHER
et al., 2014).
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Tendo em vista o cenario de uma populacdo com mais adultos maduros e
idosos, um dos objetivos deste estudo € buscar a associacao entre os polimorfismos
em selenoproteinas e o comprimento dos telébmeros. Assim variantes em genes
codificadores de selenoproteinas foram selecionadas, através de revisdo de literatura,
para elucidar sua possivel influéncia na manutencdo destas estruturas que podem
influenciar o comprimento dos telémeros e afetarem a memadria humana (Tabela 1).
Variacdes genéticas nos genes que codificam selenoproteinas podem influenciar na
sua funcédo, tanto positivamente “protegendo” contra doengas relacionadas ao

envelhecimento, quanto negativamente diminuindo a atividade da selenoproteina.

Até o momento ja sdo conhecidas cerca de 25 selenoproteinas, as quais
possuem funcBes como: transporte de selénio (selenoproteina S — gene SEPP1; e
selenoproteina 15kDa — gene SEP15), propriedades antioxidantes / atividade redox
(selenoproteina S — gene SEPP1; glutadiona peroxidases 1 e 4 — genes GPX1, GPX4;
e selenoproteina 15kDa - gene SEP15) e propriedades anti-inflamatorias
(selenoproteina S — gene SEPPl e glutadiona peroxidase — gene GPX4)
(KARUNASINGHE et al., 2011; MEPLAN et al., 2010; MOGHADASZADEH & BEGGS,
2006). Além destes genes selecionados, que codificam as selenoproteinas, (SEPP1,
SEP15, GPX1 e GPX4), o gene LRP8 conhecido como receptor de apolipoproteina
E2 (apoER2) também foi escolhido por estar relacionado com o desenvolvimento
neuronal e com a plasticidade sinaptica durante a formacdo da memadria (MYANT,
2010; TELESE et al., 2015).



Tabela 1: Descricao dos SNPs analisados.
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SNP

Gene

Posicéo e tipo de

alteracéo provocada

pelo SNP em nivel
génico e proteico

NUmero de estudos com
memoaria, teldmero e
concentracdo de selénio

Alguns estudos com outros
fendtipos

Referéncias

rs1050450 GPX1

rs713041

rs5859

GPX4

SEP15

Cc.599C>T
p.Pro200Leu

c.660T> A

€.660T> C

C. *44T> A
C. *44T>C
C. *44T> A
C.*44T7>C
3J'UTR

C.*632G>A
C.*705G>A
J'UTR

Memoria = <5
Teldbmero = <5

Selénio = >10

Memobria = <5
Teldbmero =0

Selénio = >10

Memoria = <5
Telbmero =0

Selénio = >5

Variante Leu (T) esta associada
com reducdo da atividade da
GPX1 e aumentar
consideravelmente o risco de
doenca  cardiovascular na
populacao do Leste Asiatico.

Variante C pode modular a
atividade da GPX4, além deste
SNP estar associado a uma
maior  susceptibilidade ao
cancer.

Variacdo afeta na atividade da
SEP15. Na metanalise de
Pabalan e colaboradores se
sugere a associacdo desta
variante com o risco de cancer.

MEPLAN et al, 2010;
ZHANG et al, 2014:
WANG et al, 2017

HUANG et al, 2020;
KARUNASINGHE et
al, 2011; MEPLAN et
al, 2013; MEPLAN et
al, 2010

MEPLAN et al, 2010;
PABALAN et al, 2020



rs561104 SEPP1

rs7579 SEPP1

rs3877899 SEPP1

rs3737983 LRPS8

€.85-2631G> A

c. *14G> A
J'UTR

c.700G> A
c.700G>T
C.790G> A
c.790G>T

c. *1385C> A
c.*1385C>T
p.Ala234Ser
p.Ala234Thr
p.Ala264Ser
p.Ala264Thr

C.2622C> A
C.2622C>T

Memobria = <5
Telbmero =0

Selénio = <5

Memoria = <5
Telbmero =0

Selénio = >10

Memoria =0
Telbmero=0

Selénio = >10

Memoria = <5

Teldbmero=0

Um  estudo associou o0
polimorfismo com a sobrevida
em pacientes com cancer de
prostata.

Variante A em homozigose
apresentou risco aumentado
para o cancer de prostata. Além
disso, um estudo sugeriu a sua
associacdo com a concentracao
do colesterol.

Variante G em homozigose
apresentou correlagdo com o
selénio sérico e com a atividade
da via tiorredoxina redutase.
Um estudo sugeriu sua
associacdo com a concentracao
de glicose sérica.

O polimorfismo foi associado
com a doenca arterial
coronariana familiar de inicio
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DA ROCHA et al,
2019;
STEINBRECHER et
al, 2010

MEPLAN et al, 2010;
STEINBRECHER et
al, 2010; DONADIO et
al, 2018

STEINBRECHER et
al, 2010; DONADIO et
al, 2018

SHEN et al, 2013;
SHEN et al, 2014



rs2297660 LRP8

€.2622C> A
€.2622C>T
c.2010C> A
c.2010C>T
c.2112C>T
c.2112C> A
p.Asp874Glu
p.Asp874 =
p.Asp670 =
p.Asp670Glu
p.Asp670=
p.Asp704Glu
p.Asp704 =

c.1257C> A
c.870C> A
Cc.747C> A
p.Gly419 =
p.Gly290 =
p.Gly249 =

Selénio =0

Memoria = <5
Telbmero=0

Selénio=0

precoce e infarto do miocérdio
na populagao italiana.

O polimorfismo é um provével
marcador da doenca arterial
coronariana familiar de inicio
precoce na populacdo italiana,
um estudo na india também n&o
encontrou associacfes diretas
do polimorfismo com a doenga.
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ASIF et al, 2018;
SHEN et al, 2014



€.2678G> A
€.2345G> A
€.2855G> A
€.2066G> A
p.Arg689GIn
p.Arg893GlIn
p.Arg952GIn
p.Arg782GIn

rssS174 LRP8

Memoria =0
Teldbmero =0

Selénio =0

O polimorfismo foi associado
como de risco para psicose,
como esquizofrenia e transtorno
bipolar, além de  estar
relacionado com a concentracao
das particulas do colesterol LDL.
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DOLLEY et al, 2010; LI
et al, 2016

0= nenhum artigo cientifico encontrado; <5= 1 a 5 artigos cientificos encontrados; >5=5 a 10 artigos cientificos encontrados; >10=

mais que 10 artigos cientificos encontrados. Busca pelos artigos cientificos realizada na base de dados do PubMed

(https://pubmed.ncbi.nim.nih.gov/). .


https://pubmed.ncbi.nlm.nih.gov/
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3 JUSTIFICATIVA

O envelhecimento populacional vem sendo observado como uma caracteristica
mundial, chegando aos 13% da populacéo brasileira com mais de 60 anos, segundo
0 Censo de 2018. As mudancas que constituem o envelhecimento sdo complexas,
sendo uma mistura de acumulo de danos celulares e moleculares, fatores genéticos
(por exemplo, polimorfismo em genes responsaveis pela manutencéo das células ou
em genes responsaveis pela absorcao de nutrientes) e os fatores ambientais, como
nao ter uma vida saudavel (dieta ndo balanceada, sedentarismo, sono desregulado e

estresse).

A literatura demonstra os beneficios que o micronutriente selénio traz a saude,
desempenhando um papel importante no organismo atraves da sua funcao
antioxidante (reducdo no estresse oxidativo, o qual é fator essencial para o
envelhecimento) reduzindo o dano ao DNA e prolongando a manutencdo do
comprimento dos teldmeros. Dessa maneira, 0 selénio, através das selenoproteinas,
atua no combate ao envelhecimento, na prevencdo doencas relacionadas ao

envelhecimento e no declinio cognitivo.

Os teldmeros séo estruturas moleculares localizadas nas extremidades dos
Cromossomos e seu encurtamento esta associado a idade cronolégica como um
processo natural do envelhecimento, além de estar relacionado com condi¢cfes de
saude como obesidade, capacidade cognitiva e doencas neuroldgicas/mentais. A
exposicao a diversos fatores pode influenciar no seu comprimento, sendo a dieta um
fator importante na tentativa de reduzir os danos no DNA e manter a manutencgéo

destas estruturas, afim de conservar o comprimento dos teldmeros.

Com uma variagdo genética e hébitos de vida distintos, cada individuo pode
apresentar uma resposta singular frente ao processo de envelhecimento, incluindo a
suscetibilidade a desenvolver doencas ocasionadas com o avan¢o da idade e nas
gueixas apresentadas sobre o prejuizo de memdria. Este trabalho busca investigar a
associacado entre o tamanho dos teldbmeros, a concentracdo de selénio, variantes
genéticas em genes envolvidos na cognicdo e a memodria humana, afim de
compreender melhor esta relagdo. Para embasar medidas preventivas que auxiliem
em um envelhecimento mais saudavel, além de investigar possiveis prevencdes para

doencas relacionadas ao processo de envelhecimento.
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4 OBJETIVOS
4.1 Objetivo Geral

Investigar a associacdo entre o comprimento dos telébmeros, concentracdo de
selénio, variantes genéticas em selenoproteinas e a memoria humana em adultos

maduros e idosos.
4.2 Objetivos Especificos

- Analisar se os polimorfismos dos genes GPX1 (rs1050450), GPX4 (rs713041),
SEP15 (rs5859, rs561104), SEPP1 (rs7579; rs387789, rs3737983) e RLP8
(rs2297660, rs5174) estdo associados ao comprimento de teldmeros de adultos

maduros e idosos;

- Analisar a associacdo entre o comprimento de teldbmeros e memdria e

comprometimento cognitivo leve;

- Analisar a associacdo da concentracdo de selénio e o comprimento dos

teldbmeros.

- Analisar se atividades passivas, intelectuais ou fisicas estdo associadas ao

comprimento dos telédmeros.
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Abstract:

Objectives: Investigate the association between telomere length, selenium
concentration, genetic variants in selenoproteins, and human memory. Methods:
Cross-sectional study composed of 456 individuals, to assess the neurological status
and assess visual and verbal memory specific questionnaires were used and the same
for assess daily activities. Genotyping of the polymorphisms and telomere length
analysis were performed through gqPCR in real time. Results: Positive correlation was
observed between long-term verbal memory and telomere length (p=0.037).
Individuals who engage in more intellectual activities, any age, have greater telomere
length (p=0.013 before 40 years old; p=0.009 after 40 years old). Discussion: Our
findings indicate that the longer the telomere length, the better the long-term verbal
memory, and longer telomeres were associated with individuals engaged in intellectual
activities at any age. The evidences in our study suggests that telomere length may be
associated with cognitive performance and possibly influence the development of
neurological diseases.
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1. Introduction

Memory, the neurocognitive capacity to encode, store and retrieve information
(Tulving, 2000) is a complex system involving different brain regions, in addition to
being considered one of the most important among all cognitive functions (Baddeley
et al., 2010). Memory decline, decreased conceptual reasoning and processing speed
of cognitive activities, mild cognitive impairment (MCI), and Alzheimer’s disease (AD)
are common age-associated cognitive changes, which negatively affect the daily
activities of the elderly (Harada et al. 2013; Rocha et al. 2018; Small, 2002; Sousa &
Salgado, 2015). Some specific nutrients (Gémez-Pinilla, 2008; Spencer, 2017), as well
as environmental exposures (Berman et al., 2008; Ertel et al., 2008; Lindstrom et al.,
2005), may be beneficial for cognitive development and maintenance. According to
Lindstrom et al. (2005) leisure activities are related to cognitive function, these
activities can be divided into: passive (watching television, going out with friends),
intellectual (reading, studying, doing puzzles) and physical (walking, play sports).
Telomeres, regions at the ends of chromosomes, have a structure that serves to
prevent chromosomal instability and their shortening is related to normal chronological
aging, oxidative stress, and various health conditions such as cognitive decline and
Alzheimer's disease (Mahoney et al., 2019; Shammas, 2011; Yaffe et al., 2011).
Exposure to several external factors can influence its length, and diet is an important
factor in maintaining telomeres and can be used to prevent DNA damage and to
prevent diseases related to aging (Needham et al., 2012).

Selenium (Se) is an essential micronutrient, supports various important cellular and
organismal functions, and plays an important role in the body and the central nervous
system (CNS) through selenoproteins, which have direct and indirect antioxidant

effects, reducing damage to DNA and prolonging the maintenance of telomere length,
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important functions in combating aging and preventing diseases related to aging
(Labunskyy et al., 2014 Rocha et al., 2018; Zhonglin et al., 2018). The Se is an
important factor to minimize cognitive decline, however, its dose-response relationship
Is non-linear, suggesting that both the deficiency and the excess of its intake may
present adverse neurobehavioral results (Gashu & Stoecker, 2017; Rayman, 2012;
Zhonglin et al., 2018).

Although evidence makes associations between cognitive decline and telomere length,
there are currently few studies in the literature that address this issue. Therefore, the
present study is the pioneer in investigating the association of telomere length with
human memory, serum selenium levels and genetic polymorphisms in the gene

association for selenoproteins in mature and elderly adults in southern Brazil.

2. Material and methods

2.1. Study population and design

The present study was approved by the Research Ethics Committee of the Federal
University of Health Sciences of Porto Alegre (UFCSPA) (CAAE
51509515.9.0000.5345) and all participants signed the consent form.

This study is a cross-sectional study composed of men and women, 456 individuals in
total, with a minimum age of 50 years according to the inclusion criteria for memory
decline associated with age, as determined by the National Institute of Mental Health
(NIMH) (Emery, 2011) and absence of any neurological or psychological illness such
as depression or psychosis. The volunteers were recruited through advertisements
and interviewed at Feevale University (2006-2011) and Federal University of Health
Sciences of Porto Alegre (2010-2015) (Rio Grande do Sul, Brazil). Individuals who

used anxiolytics drugs and/or had changes in cognitive tests were excluded.
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To assess the neurological condition of the participants and exclude those who
indicated symptoms of neurological diseases, the Beck Depression and Anxiety
Inventory and the Lipp Stress Inventory (Vignola & Tucci, 2012) were used. Volunteers
were excluded if they presented a lower estimate of intellectual function (1Q) <70.
Evaluations of verbal and visual memory were performed using the Wechsler Memory
Scale-Revised (WMS-R) (Weschler, 1987). This test allows the evaluation of 4 types
of episodic memory: short-term visual memory, long-term visual memory, short-term
verbal memory, and long-term verbal memory. To assess verbal learning and the ability
to store new information, we used the Rey Verbal Learning Test (Malloy-Diniz et al.
2007). Scores were recorded as a function of age as in the WMS-R testing battery. For
each test, the final data were transformed into standard deviations of the mean as a
function of age, resulting in a range from -4 to +4. To evaluate the association of
telomere length with memory or cognitive loss, we analyzed the phenotypes as follows:
1) each memory as a quantitative trait; 2) presence of deficit on a specific memory
(cognitive loss concerning each evaluated memory was determined when the score
was < -1 standard deviation below the mean values normalized for age according to
WMS-R testing battery); 3) presence of MCI (subjects with two or more scores < -1 in
the evaluated memories). The diagnosis of MCl was also based on neuropsychological
evaluations that included cognitive alteration but not dementia, and evidence of
cognitive loss was verified by subjective interviews and by objective evaluations, such
as evaluations of the preservation of activities of daily living.

To assess the leisure activities performed daily by the individuals, the questionnaire
described by Lindstrom et al. (2005) was used, within two distinct periods of life (young

adults and adults over 40 years of age). The activities are listed and organized into
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three groups (passive, intellectual, and physical), and for each activity, the volunteer is
asked to report the number of hours spent per week with each activity.
All tests were performed by psychology students, previously trained and supervised by

psychologists.

2.2. Molecular analysis

Blood collection was performed after cognitive assessment by professionals trained at
Feevale (technician at the Biomedicine laboratory) and at UFCSPA (responsible
biomedical). The extraction of genomic DNA from peripheral blood was using the
salting-out method (Lahiri & Numberger, 1991), and the isolated DNA was quantified
using a Biospec® Nano spectrophotometer to obtain the final concentration of 10 ng/
ML.

Polymorphisms of GPX1 (rs1050450), GPX4 (rs713041), SEP15 (rs5859, rs561104),
SEPP1 (rs7579; rs387789, rs3737983), and LRP8 (rs2297660, rs5174) genes were
genotyped with the use of TagMan Genotyping Master Mix and TagMan SNP
Genotyping assays (Applied Biosystems®). For each reaction plate, samples (genomic
DNA) and control (all reagents without genomic DNA) were included.

Telomere length was measured on genomic DNA using real-time PCR as described
by Cawthon (2009). This method measures the replicate copy number concentrations
of telomeres (T) and a single-copy gene (Ribosomal Protein Large PO - RPLPO) as
reference (S), for each sample.

The gPCRs were performed separately for the T and S reactions on 48 and 96 well-
paired plates (Applied Biosystems, CA, USA). The total volume of the reaction was 10

ML, containing 10 ng of genomic DNA, and Sybr Green PCR Kit (Qiagen, Valencia,
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CA, USA) was used as master mix. Telomere to S ratio (T/S) was normalized as
follows: [2CT(telomeres)/2CT(single_copy gene)]=p-ACT,

Calibration curve of DNA reference sample (64-0.25 ng in 2-fold dilutions) was included
for each measurement as standard, to control the day-to-day variables. A standard
curve with linearity r>>0.98 was accepted. For the quality control, all the samples were
executed in duplicate and verified for agreement between the values in duplicate.
Samples that presented high variation (>10%) were reanalyzed. The intra-assay
coefficient of variation between the duplicate was 1.5% and the coefficient of inter-
assay variation between the plates was 3.7%, which supports the power of this
procedure. The gPCR plates containing the telomere and normalizing gene primers
were run on the same day to avoid thawing cycles.

2.3 Selenium concentration

For the analysis of Se, blood was stored in metal-free tubes (BD Vacutainer, Trace
Elements Serum) collected after cognitive assessments. An outsourced laboratory,
located in Porto Alegre, it was responsible for the analyses. Blood was allowed to clot
at room temperature for 30 min according to the manufacturer’s instructions. Once the
blood had clotted completely, it was centrifuged for 10 min at 2,500 rpm. After
centrifugation, the serum was fractionated into specific transport tubes and frozen at -
80°C until the completion of concentration measurements. The samples were sent to
a third-party laboratory that analyzed the samples using standardized methods, as
previously described (Jacobson & Lockitch, 1988). Se concentration was measured for
atomic absorption spectrometry in a graphite furnace, with a linearity of 40 pg/dL,
standard curve from 4 to 40 pg/dL, and a detection limit of 0.1 pg/dL. Serum reference
values were 4.6-14.3 pg/dL for selenium (Wu & Tietz, 2006). A Se level below the

cutoff concentrations was considered low, levels between the reference values were
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considered normal. These cutoff points were established in order to determine
differences in serum concentrations between genotype groups on memory scores.
2.4. Statistical analysis

The results were entered into a database, and the statistical package SPSS® version
19.0 was used to perform the analyses. Continuous variables were expressed as the
mean + standard deviation or percentages. Allele frequencies were estimated by gene
counting. The agreement of genotype frequencies with Hardy—Weinberg equilibrium
expectations was tested using chi-square tests. After adjustment for sex and age
through linear regression, telomere length was compared among genotypes by
Student’s t test or ANOVA.

Pearson correlation was used to associate relative telomere length (T/S ratio)
according memory and intensity of activies (intellectual, passive and physical). Chi-

square and a p-value <0.05 was considered significant for all analyses.

3. Results

A total of 456 individuals were included in this study, sociodemographic information,
memory, and lifestyle characteristics are described in Table 1. Mild cognitive
impairment was observed in 33.6% of the sample.

No significant association was observed between telomere length and memory deficits
or the presence of mild cognitive decline (MCI) (data not shown). Table 2 describes
the correlation between the types of memory evaluated and telomere length, a positive
correlation was observed between long-term verbal memory and telomere length (r =
0.125, p = 0.037). There was no correlation between other memories and telomere

length.
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The mean telomere length according to the genotypes of the polymorphisms
investigated is shown in Table 3. Among the variants analyzed, only the rs5859
(SEP15) polymorphism was associated with mean telomere length (GG: 0.55 + 1.06;
GA: 0.33 £ 0.97; AA: 0.31 + 0.78, p = 0.047). However, after correction for multiple
comparisons, the p-value was not statistically significant. Selenium levels were not
correlated with telomere size (r = 0.165, p = 0.067) (data not shown).

Table 4 shows the correlations between telomere length and intellectual, passive and
physical activity intensities. Individuals who engage in more intellectual activities, at
any age, have greater telomere length (r = 0.148, p = 0.013 before 40 years old; r =

0.156, p = 0.009 after 40 years old).

4. Discussion

With the aging of the population, one of the main complaints is related to memory
difficulties and cognitive decline (Grady, 2012; Harada et al., 2013; Parente, 2006).
Over the years, cell aging is also observed, which has telomere size as a biological
marker, as its length gradually shortens at each cell division. Furthermore, during
aging, there is an accumulation of molecular damage that can increase the risk of
developing age-related health conditions such as Alzheimer's Disease (AD) and
memory and cognitive deficits (Blasco, 2005; DiLoreto & Murphy, 2013; Flint & Tadi,
2020; Hou et al., 2019; Oeseburg et al., 2010).

In this study, we investigated the association of telomere length with human memory,
serum selenium levels, genetic polymorphisms in gene encoding for selenoproteins
and types of activities in mature and elderly adults in southern Brazil. Our main findings
indicate that telomere length is positively correlated with: (1) long-term verbal memory,

and (2) intellectual activities.
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Long-term verbal memory is the individual's ability to recall older facts and events
(Oliveira, 2007; Weschler, 1987), being a type of episodic memory related to the
memory of past experiences and is sensitive to the effects of age, in addition to being
very impaired in the disease of Alzheimer's (Da Rocha et al., 2018; Parente, 2007;
Tromp et al., 2015).

Our findings indicate that the longer the telomere length, the better the long-term verbal
memory of the individuals studied. Although not with the same methodological
approach, Czepielewski et al. (2018) in a sample of 112 participants, observed results
indicating that telomere length decreased in patients with schizophrenia when
compared to their healthy controls, in addition to having a worse episodic memory
performance. Levstek et al. (2021) found a significant difference in telomere size in
individuals with Parkinson's disease when compared to patients without dementia,
providing evidence that longer telomeres decrease the chances of developing
dementia. Recent studies have shown associations between shorter telomere length
and increased risk for Alzheimer's disease (Forero et al., 2016; Guo & Hu, 2019;
Madrid et al., 2020; Zhan et al., 2015). And Fani et al. (2020) obtained opposite results,
it was observed that both shorter and longer telomeres were significantly associated
with increased risk for dementia, specifically AD.

Selenium, through selenoproteins, has an antioxidant effect besides to reducing DNA
damage and prolonging telomere length maintenance. It is an important contributor to
cognitive decline due to its role in reducing oxidative stress (Gashu & Stoecker, 2017;
Rayman, 2012; Da Rocha et al., 2018; Zhonglin et al., 2018). Unlike our results, which
found no association between selenium concentration and telomere size, Shu et al.
(2020), in a population of middle-aged and elderly adults in America, noting in their

results that increased dietary selenium intake was associated with greater telomere
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length. In our study, the rs5859 (SEP15) variant was positively associated with
telomere size, however, after correction for multiple comparisons, the p-value was not
statistically significant. Not with the same polymorphisms studied in our research, Han
et al. (2021) sought the correlation between telomere length and polymorphisms in the
ADIPOQ, SIRT1, and FOXO3A genes with lifestyle-related diseases in a Japanese
population. In their results, they also do not reduce telomere length differences by
genotypes. Mirabello et al. (2011), comparing telomere size and genetic variants in
telomere biology genes, found an association between four genes (MEN1, MRE11A,
RECQLS5, and TNKS) and telomere length.

The cognitive decline during aging can negatively impact the lives of older adults
(Murman, 2015), Yaffe et al. (2011) in their study, in a cohort of elderly people without
dementia, found that telomere length is associated with cognitive decline. The practice
of intellectual activities (reading, playing musical instruments, and doing crafts),
physical activities (exercise), and social activities (social work, visiting friends and
family), which are cognitively engaging activities, can provide a greater probability of
the individual maintaining better cognitive performance and a lower probability of
developing dementia (Lindstrom et al., 2005; Weaver, & Jaeggi, 2021).

In the present study, evidence was found that individuals who practice more intellectual
activities have longer telomeres, but it is not a direct association. Several studies
suggest a protective effect for cognitive decline and the risk of dementia through
exercise and physical activity (Blodell et al., 2014; Laurin et al., 2001; Sabia et al.,
2017) and a North American sample demonstrated that regular activities are
responsible for significantly longer telomeres (Tucker, 2017). Not with the same
methodology, Kingma et al. (2012) observed results that support their hypothesis that

low intelligence is associated with shorter telomere length and almost 40% of this
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association can be explained by a not-so-healthy lifestyle, suggesting low intelligence
as a risk factor for biological aging.

Thus, the evidence found in our study suggests that telomere length may be associated
with cognitive performance and possibly influence the development of neurological
diseases. Furthermore, longer telomeres were associated with individuals engaged in
intellectual activities at any age (before and after 40 years of age).

The present study, in addition to being the first to study these associations and find
interesting results, has some limitations. The main one is that the study is not a follow-
up study, so we cannot know for sure whether telomere length is influenced by
intellectual activities or whether individuals with longer telomeres tend to practice this
type of task more. It is also important to mention the various polymorphisms in the
telomerase enzyme and SNPs involved in oxidative stress that can interact with each
other or with other SNPs present in the body. And memory bias in the tests, as the
individuals who described the amounts and activities performed.

Nevertheless, this article is the pioneer in finding these associations between telomere
length and cognitive performance. However, given the advance of population aging
and its close correlation with telomere length, further studies are needed to improve

the understanding of these findings.

5. Conclusion

Telomere length was associated with long-term verbal memory and also the practice
of intellectual activities (before and after the age of 40) in a sample of mature and
elderly adults in southern Brazil, suggesting that longer telomeres are beneficial for

decline cognitive.
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Table 1: Characteristics of the studied sample.

56

Characteristics
n 456
Age (years) 63.2+7.7
Sex (% women) 82.2
Years of education 10.5+4.8
Hormonal replacement therapy, women only (%) 20.2
Cigarette smoking (%)
Never 64.5
Past 26.8
Current 3.7
Memory deficit
Short-term verbal memory (%) 24.4
Long-term verbal memory (%) 28.4
Short-term visual memory (%) 20.2
Long-term visual memory (%) 19.3
Mild cognitive impairment (%) 33.6

The values shown are the mean * standard deviation or numbers and percentages in

parentheses.
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Table 2: Correlation between telomere length and memory.

Short-term Long-term Short-term Long-term Verbal Learning
visual memory visual memory verbal memory verbal memory Memory
r 0.023 0.059 0.104 0.125 -0.087
p 0.702 0.327 0.084 0.037* 0.146

* p significant value. r = Pearson correlation. Pearson correlation adjusted by sex and

age.



Table 3: Telomere length according to the genotypes of the investigated genes.

SNPs (genes) Telomere lenght

rs1050450 (GPX1)
AA

AT

TT

p

rs713041 (GPX4)
cC

CT

TT

p

rs5859 (SEP15)
GG

GA

AA

p

rs561104 (SEP15)
cc

CT

TT

p

rs7579 (SEPP1)
cc

CT

-0.45 + 1.07

-0.27 £ 0.95

-0.19+1.04

0.192

-0.42 +1.02

-0.36 £ 1.02

-0.18 +1.00

0.244

-0.56 + 1.06

-0.32 £ 0.97

0.31+0.78

0.047*

-0.55 + 1.27

-0.57 + 1.09

-0.35 +-0.99

0.371

-0.27 +1.01

-0.37 £ 1.04
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TT -0.57 + 1.29
p 0.380

rs387789 (SEPP1)

CcC -0.39+1.11
CT -0.39 +1.04
TT -0.49+1.08
p 0.884

rs3737983 (SEPP1)

GG -0.42 +0.90
AG -0.44 +1.01
AA -0.49+1.13
Y 0.950

rs2297660 (LRP8)

GG -0.39+0.88
GT -0.46 +1.04
TT -0.37 £1.10
Y 0.867

rs5174 (LRPS)

cC -0.39+0.91
CT -0.48 +1.01
TT -0.28 +1.16
p 0.601

Telomere length values were expressed as mean * standard deviation. ANOVA

adjusted by sex and age.
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Table 4: Correlation between telomere length and intensity of passive, intellectual, and

physical activity.

Before 40 years After 40 years

Passive Intellectual Physical Passive Intellectual Physical
r 0.025 0.148 -0.039 0.110 0.156 -0.019

p 0.678 0.013* 0.510 0.066 0.009* 0.751

* p significant value. r = Pearson correlation. Pearson correlation adjusted by sex and

age.
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7 CONCLUSAO

Juntamente com o envelhecimento populacional, as queixas sobre o

desenvolvimento cognitivo vém sendo recorrentes.

Com o intuito de buscar possiveis prevencdes para doencas ocasionadas pelo
envelhecimento e/ou proporcionar uma velhice com maior qualidade de vida, o
presente trabalho investigou a associagcdo entre o tamanho dos teldmeros, a
concentracéo de selénio, variantes genéticas em genes relacionados com a cogni¢ao

e a memoria humana.

De todos os polimorfismos estudados apenas um foi correlacionado
positivamente com o tamanho do telémero, o rs5859 (SEP15), porém apds a correcao
para comparac6es multiplas, o valor p ndo foi estatisticamente significativo. Diferente
do esperado, ndo houve nenhuma correlagéo significativa entre o comprimento do

teldbmero e as demais variantes genéticas e nem com as concentracdes de selénio.

Quando comparado o tamanho do telébmero com a funcéo cognitiva, n0Ss0s
resultados indicam uma associagao positiva entre o comprimento dos teldmeros com

a memoria verbal tardia e com atividades intelectuais em qualquer idade.

Dessa maneira, com base nos nossos achados podemos sugerir que individuos
gue praticam mais atividades intelectuais, em qualquer faixa etaria, possuem maior
comprimento dos telomeros. E, a partir das evidéncias encontradas, podemos sugerir
gue quanto maior o comprimento do telémero € indicativo de que a meméoria verbal
tardia € melhor. Assim, teldomeros mais longos parecem possiuir um efeito benéfico

para o declinio cognitivo.
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8 CONSIDERACOES FINAIS

O presente estudo obteve resultados interessantes, sugerindo uma associagao
entre o tamanho dos teldmeros e a fungdo cognitiva. Desta maneira, pode-se destacar
a importancia da pratica de atividades intelectuais para tentar “retardar” o
envelhecimento celular, jA que foi observado maiores comprimentos de telémeros

nestes individuos.

Porém, o estudo apresenta algumas limitagdes. Sendo o principal deles o néo
acompanhamento destes individuos, para compreender se as atividades intelectuais
gue proporcionam maiores telémeros ou individuos com maiores teldmeros praticam
mais atividades intelectuais. Também € importante mencionar os diversos
polimorfismos na enzima telomerase e SNPs envolvidos no estresse oxidativo que
podem interagir entre si ou com outros SNPs presentes no organismo e proporcionar

diferentes respostas fenotipicas de individuo para individuo.

Assim, torna-se evidente a necessidade de mais estudos para corroborar os
resultados encontrados em outras populacdes, além de considerar outros
polimorfismos que podem estar interagindo. Vale ressaltar que os resultados aqui
encontrados, forneceram a primeira evidéncia da associacdo entre atividade
intelectual e o comprimento dos telémeros em adultos maduros e idosos apontando

para uma possivel prevencao para o déficit cognitivo.
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9.2 NORMAS DA REVISTA - Journal of Aging and Health:

Manuscript Submission Guidelines:
Manuscript Submission Guidelines: Journal of Aging and Health

This Journal is a member of the Committee on Publication Ethics

This Journal recommends that authors follow the Recommendations for the Conduct,

Reporting, Editing, and Publication of Scholarly Work in Medical Journals formulated by

the International Committee of Medical Journal Editors (ICMJE).

Please read the guidelines below then visit the Journal’s submission
site https://mc.manuscriptcentral.com/jah to upload your manuscript. Please note

that manuscripts not conforming to these guidelines may be returned.
Remember you can log in to the submission site at any time to check on the
progress of your paper through the peer review process.

Only manuscripts of sufficient quality that meet the aims and scope of Journal of Aging
and Health will be reviewed.

There are no fees payable to submit or publish in this journal.

As part of the submission process you will be required to warrant that you are
submitting your original work, that you have the rights in the work, and that you have
obtained and can supply all necessary permissions for the reproduction of any
copyright works not owned by you, that you are submitting the work for first
publication in the Journal and that it is not being considered for publication elsewhere
and has not already been published elsewhere. Please see our guidelines on prior
publication and note that Journal of Aging and Health may accept submissions of
papers that have been posted on pre-print servers; please alert the Editorial
Office when submitting (contact details are at the end of these guidelines) and
include the DOI for the preprint in the designated field in the manuscript submission
system. Authors should not post an updated version of their paper on the preprint
server while it is being peer reviewed for possible publication in the journal. If the
article is accepted for publication, the author may re-use their work according to the
journal's author archiving policy. If your paper is accepted, you must include a link on
your preprint to the final version of your paper.


https://publicationethics.org/
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
https://mc.manuscriptcentral.com/jah
https://www.sagepub.com/prior-publication
https://www.sagepub.com/prior-publication
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4.3 Supplemental material
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4.5 English language editing services
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5.1 ORCID

5.2 Information required for completing your submission
5.3 Permissions

6. On acceptance and publication

6.1 SAGE Production

6.2 Online First publication

6.3 Access to your published article
6.4 Promoting your article

7. Further information

1. What do we publish?
1.1 Aims & Scope

Before submitting your manuscript to Journal of Aging and Health, please ensure you
have read the Aims & Scope.

1.2 Writing your paper

The SAGE Author Gateway has some general advice and on how to get published,

plus links to further resources.
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« Double space all manuscripts, including references, notes, abstracts,
guotations, and tables, on 8 1/2 x 11 paper.

o The title page should be a separate document and include all authors’ names
and affiliations and highest professional degrees, the corresponding author’s
address and telephone number, and a brief running headline.

« Place acknowledgments in a separate document under the heading
AUTHOR’S NOTE. The title page should be followed by a structured abstract
of 100 to 150 words that includes the following subheadings: Objectives,
Methods, Results, and Discussion.

e On the abstract page include 3 to 5 words or short phrases for indexing
purposes. The abstract page as well as the first page of the text should
include the manuscript’s title without the authors’ names to facilitate blind
review.

e Tables and references should follow APA style and be double-spaced
throughout. Ordinarily manuscripts will not exceed 30 pages (double-spaced),
including tables, figures, and references. Authors of accepted manuscripts will
be asked to supply camera-ready figures.

e Submission of a manuscript implies commitment to publish in the journal.
Authors submitting manuscripts to the journal should not simultaneously
submit them to another journal, nor should manuscripts have been published
elsewhere in substantially similar form or with substantially similar content.
Authors in doubt about what constitutes prior publication should consult the
editor.

1.2.1 Make your article discoverable

For information and guidance on how to make your article more discoverable, visit
our Gateway page on How to Help Readers Find Your Article Online

2. Editorial policies

2.1 Peer review policy


https://www.sagepub.com/help-readers-find-your-article

77

Journal of Aging and Health adheres to a rigorous double-blind reviewing policy in
which the identity of both the reviewer and author are always concealed from both
parties.

Journal of Aging and Health is committed to delivering high quality, fast peer-review for
your paper, and as such has partnered with Publons. Publons is a third party service
that seeks to track, verify and give credit for peer review. Reviewers for JAH can opt
in to Publons in order to claim their reviews or have them automatically verified and
added to their reviewer profile. Reviewers claiming credit for their review will be
associated with the relevant journal, but the article name, reviewer’s decision and the
content of their review is not published on the site. For more information visit

the Publons website.

The Editor or members of the Editorial Board may occasionally submit their own
manuscripts for possible publication in the journal. In these cases, the peer review
process will be managed by alternative members of the Board and the submitting
Editor/Board member will have no involvement in the decision-making process.

2.2 Authorship

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

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

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

(i) Drafted the article or revised it critically for important intellectual content,
(i) Approved the version to be published,

(iv) Each author should have participated sufficiently in the work to take public
responsibility for appropriate portions of the content.


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

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

guidelines for more information on authorship.
2.3 Acknowledgements

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

Please supply any personal acknowledgements separately to the main text to
facilitate anonymous peer review.

2.3.1 Third party submissions

Where an individual who is not listed as an author submits a manuscript on behalf of
the author(s), a statement must be included in the Acknowledgements section of the
manuscript and in the accompanying cover letter. The statements must:

o Disclose this type of editorial assistance — including the individual’'s name,
company and level of input

o Identify any entities that paid for this assistance

o Confirm that the listed authors have authorized the submission of their
manuscript via third party and approved any statements or declarations, e.g.
conflicting interests, funding, etc.

Where appropriate, SAGE reserves the right to deny consideration to manuscripts
submitted by a third party rather than by the authors themselves.

2.3.2 Writing assistance


http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
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Individuals who provided writing assistance, e.g. from a specialist communications
company, do not qualify as authors and so should be included in the
Acknowledgements section. Authors must disclose any writing assistance — including
the individual’s name, company and level of input — and identify the entity that paid
for this assistance. It is not necessary to disclose use of language polishing services.

2.4 Funding

Journal of Aging and Health requires all authors to acknowledge their funding in a
consistent fashion under a separate heading. Please visit the Funding
Acknowledgements page on the SAGE Journal Author Gateway to confirm the format

of the acknowledgment text in the event of funding, or state that: This research
received no specific grant from any funding agency in the public, commercial, or not-
for-profit sectors.

2.5 Declaration of conflicting interests

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

Please ensure that a ‘Declaration of Conflicting Interests’ statement is included at the
end of your manuscript, after any acknowledgements and prior to the references. If
no conflict exists, please state that “The Author(s) declare(s) that there is no conflict
of interest’. For guidance on conflict of interest statements, please see the ICMJE
recommendations here

2.6 Research ethics and patient consent

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

Submitted manuscripts should conform to the ICMJE Recommendations for the Conduct,

Reporting, Editing, and Publication of Scholarly Work in Medical Journals, and all papers

reporting animal and/or human studies must state in the methods section that the
relevant Ethics Committee or Institutional Review Board provided (or waived)
approval. Please ensure that you have provided the full name and institution of the
review committee, in addition to the approval number.


https://www.sagepub.com/funding-acknowledgements
https://www.sagepub.com/funding-acknowledgements
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/author-responsibilities--conflicts-of-interest.html#two
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
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For research articles, authors are also required to state in the methods section
whether participants provided informed consent and whether the consent was written
or verbal.

Information on informed consent to report individual cases or case series should be
included in the manuscript text. A statement is required regarding whether written
informed consent for patient information and images to be published was provided by
the patient(s) or a legally authorized representative. Please do not submit the
patient’s actual written informed consent with your article, as this in itself breaches
the patient’s confidentiality. The Journal requests that you confirm to us, in writing,
that you have obtained written informed consent but the written consent itself should
be held by the authors/investigators themselves, for example in a patient’s hospital
record. The confirmatory letter may be uploaded with your submission as a separate
file.

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

2.7 Clinical trials

Journal of Aging and Health conforms to the ICMJE requirement that clinical trials are

registered in a WHO-approved public trials registry at or before the time of first
patient enrolment as a condition of consideration for publication. The trial registry
name and URL, and registration number must be included at the end of the abstract.

2.8 Reporting guidelines

The relevant EQUATOR Network reporting guidelines should be followed depending

on the type of study. For example, all randomized controlled trials submitted for
publication should include a completed CONSORT flow chart as a cited figure and the
completed CONSORT checklist should be uploaded with your submission as a
supplementary file. Systematic reviews and meta-analyses should include the
completed PRISMA flow chart as a cited figure and the completed PRISMA checklist
should be uploaded with your submission as a supplementary file. The EQUATOR
wizard can help you identify the appropriate guideline.

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



http://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-of-research-participants.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-of-research-participants.html
http://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/clinical-trial-registration.html
http://www.equator-network.org/
http://www.consort-statement.org/downloads
http://www.equator-network.org/reporting-guidelines/prisma/
https://www.penelope.ai/equatorwizard/
https://www.penelope.ai/equatorwizard/
https://www.nlm.nih.gov/services/research_report_guide.html
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2.9. Research Data

The journal is committed to facilitating openness, transparency and reproducibility of
research, and has the following research data sharing policy. For more information,
including FAQs please visit the SAGE Research Data policy pages.

Subject to appropriate ethical and legal considerations, authors are encouraged to:

e share your research data in a relevant public data repository

e include a data availability statement linking to your data. If it is not possible to
share your data, we encourage you to consider using the statement to explain
why it cannot be shared.

o cite this data in your research

3. Publishing Policies
3.1 Publication ethics

SAGE is committed to upholding the integrity of the academic record. We encourage
authors to refer to the Committee on Publication Ethics’ International Standards for

Authors and view the Publication Ethics page on the SAGE Author Gateway

3.1.1 Plagiarism

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

3.1.2 Prior publication


https://www.sagepub.com/research-data-sharing-policies
https://publicationethics.org/files/International%20standards_authors_for%20website_11_Nov_2011.pdf
https://publicationethics.org/files/International%20standards_authors_for%20website_11_Nov_2011.pdf
https://www.sagepub.com/ethics-responsibility
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If material has been previously published it is not generally acceptable for publication
in a SAGE journal. However, there are certain circumstances where previously

published material can be considered for publication. Please refer to the guidance on
the SAGE Author Gateway or if in doubt, contact the Editor at the address given below.

3.2 Contributor’s publishing agreement

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

3.3 Open access and author archiving

Journal of Aging and Health offers optional open access publishing via the SAGE
Choice programme. For more information on Open Access publishing options at
SAGE please visit SAGE Open Access. For information on funding body compliance,

and depositing your article in repositories, please visit SAGE’s Author Archiving and

Re-Use Guidelines and Publishing Policies.

4. Preparing your manuscript for submission
4.1 Formatting

The preferred format for your manuscript is Word. LaTeX files are also accepted.
Word and (La)Tex templates are available on the Manuscript Submission

Guidelines page of our Author Gateway.

Double space all manuscripts, including references, notes, abstracts, quotations, and
tables, on 8 1/2 x 11 paper. The title page should be a separate document and
include all authors’ names and affiliations and highest professional degrees, the
corresponding author’s address and telephone number, and a brief running headline.


https://www.sagepub.com/prior-publication
https://www.sagepub.com/contributor-agreement
https://www.sagepub.com/open-access-publishing-options
https://www.sagepub.com/journal-author-archiving-policies-and-re-use
https://www.sagepub.com/journal-author-archiving-policies-and-re-use
https://www.sagepub.com/publishing-policies
https://www.sagepub.com/manuscript-submission-guidelines
https://www.sagepub.com/manuscript-submission-guidelines
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Place acknowledgments in a separate document under the heading AUTHOR'’S
NOTE. The title page should be followed by a structured abstract of 100 to 150 words
that includes the following subheadings: Objectives, Methods, Results, and
Discussion. On the abstract page include 3 to 5 words or short phrases for indexing
purposes. The abstract page as well as the first page of the text should include the
manuscript’s title without the authors’ names to facilitate blind review. Tables and
references should follow APA style and be double-spaced throughout. Ordinarily
manuscripts will not exceed 30 pages (double-spaced), including tables, figures, and
references but not including title page and abstract. Authors of accepted manuscripts
will be asked to supply camera-ready figures. Submission of a manuscript implies
commitment to publish in the journal. Authors submitting manuscripts to the journal
should not simultaneously submit them to another journal, nor should manuscripts
have been published elsewhere in substantially similar form or with substantially
similar content. Authors in doubt about what constitutes prior publication should
consult the editor.

4.2 Artwork, figures and other graphics

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

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

4.3 Supplemental material

This journal is able to host additional materials online (e.g. datasets, podcasts,
videos, images etc.) alongside the full-text of the article. For more information please
refer to our guidelines on submitting supplemental files

4.4 Reference style

Journal of Aging and Health adheres to the APA reference style. View
the APA guidelines to ensure your manuscript conforms to this reference style.

4.5 English language editing services


https://www.sagepub.com/manuscript-submission-guidelines#PreparingYourManuscript
https://www.sagepub.com/supplementary-files-on-sage-journals-sj-guidelines-for-authors
https://www.sagepub.com/sites/default/files/apa_style_november_2019.pdf
https://www.sagepub.com/sites/default/files/apa_style_november_2019.pdf
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Authors seeking assistance with English language editing, translation, or figure and
manuscript formatting to fit the journal’s specifications should consider using SAGE
Language Services. Visit SAGE Language Services on our Journal Author Gateway for

further information.

5. Submitting your manuscript

Journal of Aging and Health is hosted on SAGE Track, a web based online submission
and peer review system powered by ScholarOne™ Manuscripts.
Visit https://mc.manuscriptcentral.com/jah to login and submit your article online.

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

5.1 ORCID

As part of our commitment to ensuring an ethical, transparent and fair peer review
process SAGE is a supporting member of ORCID, the Open Researcher and Contributor

ID. ORCID provides a unique and persistent digital identifier that distinguishes
researchers from every other researcher, even those who share the same name,
and, through integration in key research workflows such as manuscript and grant
submission, supports automated linkages between researchers and their
professional activities, ensuring that their work is recognized.

The collection of ORCID IDs from corresponding authors is now part of the
submission process of this journal. If you already have an ORCID ID you will be
asked to associate that to your submission during the online submission process. We
also strongly encourage all co-authors to link their ORCID ID to their accounts in our
online peer review platforms. It takes seconds to do: click the link when prompted,
sign into your ORCID account and our systems are automatically updated. Your
ORCID ID will become part of your accepted publication’s metadata, making your
work attributable to you and only you. Your ORCID ID is published with your article


https://languageservices.sagepub.com/en/
https://mc.manuscriptcentral.com/jah
https://orcid.org/
https://orcid.org/
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so that fellow researchers reading your work can link to your ORCID profile and from
there link to your other publications.

If you do not already have an ORCID ID please follow this link to create one or visit
our ORCID homepage to learn more.

5.2 Information required for completing your submission

You will be asked to provide contact details and academic affiliations for all co-
authors via the submission system and identify who is to be the corresponding
author. These details must match what appears on your manuscript. The affiliation
listed in the manuscript should be the institution where the research was conducted.
If an author has moved to a new institution since completing the research, the new
affiliation can be included in a manuscript note at the end of the paper. At this stage
please ensure you have included all the required statements and declarations and
uploaded any additional supplementary files (including reporting guidelines where
relevant).

5.3 Permissions

Please also ensure that you have obtained any necessary permission from
copyright holders for reproducing any illustrations, tables, figures or lengthy
quotations previously published elsewhere. For further information including
guidance on fair dealing for criticism and review, please see the Copyright and
Permissions page on the SAGE Author Gateway

6. On acceptance and publication
6.1 SAGE Production

Your SAGE Production Editor will keep you informed as to your article’s progress
throughout the production process. Proofs will be made available to the
corresponding author via our editing portal SAGE Edit or by email, and corrections
should be made directly or notified to us promptly. Authors are reminded to check
their proofs carefully to confirm that all author information, including names,
affiliations, sequence and contact details are correct, and that Funding and Conflict of


https://orcid.org/register
https://www.sagepub.com/orcid
https://www.sagepub.com/copyright-and-permissions
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Interest statements, if any, are accurate. Please note that if there are any changes to
the author list at this stage all authors will be required to complete and sign a form
authorizing the change.

6.2 Online First publication

Online First allows final articles (completed and approved articles awaiting
assignment to a future issue) to be published online prior to their inclusion in a
journal issue, which significantly reduces the lead time between submission and
publication. Visit the SAGE Journals help page for more details, including how to cite

Online First articles.

6.3 Access to your published article

SAGE provides authors with online access to their final article.
6.4 Promoting your article

Publication is not the end of the process! You can help disseminate your paper and
ensure it is as widely read and cited as possible. The SAGE Author Gateway has
numerous resources to help you promote your work. Visit the Promote Your

Avrticle page on the Gateway for tips and advice.

7. Further information

For additional author information, please visit the Journal Solutions portal. If you have

any further questions, please email Assistant Editor Brian Downer
at brdowner@utmb.edu.

7.1 Appealing the publication decision

Editors have very broad discretion in determining whether an article is an appropriate
fit for their journal. Many manuscripts are declined with a very general statement of
the rejection decision. These decisions are not eligible for formal appeal unless the
author believes the decision to reject the manuscript was based on an error in the
review of the article, in which case the author may appeal the decision by providing
the Editor with a detailed written description of the error they believe occurred.
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If an author believes the decision regarding their manuscript was affected by a
publication ethics breach, the author may contact the publisher with a detailed written
description of their concern, and information supporting the concern,

at publication ethics@sagepub.com
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