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Resumo

Introducdo: O aumento da expectativa de vida ndo vem necessariamente
acompanhado de qualidade de vida. Dentre os principais problemas que impactam
a qualidade de vida dos idosos estédo as disfuncdes cognitivas. A literatura evidencia
que o envelhecimento esta relacionado: (1) as altera¢gBes estruturais, bioquimicas e
de expressdo génica no encéfalo, (2) ao declinio funcional do cortex pré-frontal
(CPF), (3) a déficits de memdria contextual, um componente extremamente
importante da memaoaria episddica. . Objetivos: Analisar os efeitos de uma estratégia
de codificacdo associativa sobre a memoria contextual imediata e tardia de idosos
saudaveis. Metodologia: Participaram do estudo 43 idosos (idade = 60 anos). Todos
0s sujeitos foram submetidos a avaliacdo neuropsicolégica das fungdes do lobo
frontal, composta pelos testes de Trilhas A e B, Span de Digitos direto e inverso, e
Stroop |, Il e lll. Para andlise da memdria contextual espacial os voluntarios foram
aleatoriamente divididos em dois grupos: reconhecimento imediato (5 min) e
reconhecimento tardio (90 min). Para avaliacdo da estratégia de codificacdo cada
um destes grupos foi subdividido em outros dois: um que realizou a tarefa com uma
estratégia de codificacdo associativa e outro que fez a tarefa sem estratégia de
codificacdo associativa. Os resultados foram analisados com GLMs mistas e
univariadas. P<0.05 foi considerado estatisticamente significativo. Resultados:
Desempenho da memoéria contextual manteve-se estavel durante 90 minutos,
mesmo na auséncia de uma estratégia de codificacdo associativa no
reconhecimento imediato e tardio. A introducdo da instrucdo de codificacédo
associativa melhora o reconhecimento da memaria contextual imediata e tardia na
mesma medida. Conclusdo: Este estudo sugere que o aumento da memoéria
contextual por instrucdes de codificacdo associativas incidentais € estavel durante
pelo menos 90 min , reforcando a nog¢édo de que déficits de memaria contextual dos
adultos mais velhos sdo reversiveis e potencialmente passiveis de treinamento

cognitivo.

Palavras-chave: Memoéria Incidental. Memdria Contextual. Envelhecimento.

Cognicao. Estratégia de Codificacdo. Reconhecimento tardio.



Abstract

Introduction: Increased life expectancy is not necessarily accompanied by quality of
life. Among the main problems that affect this quality of life are cognitive dysfunction.
The literature shows that aging is related to: (1) structural, biochemical and gene
expression changes in the brain, (2) functional decline of the prefrontal cortex (PFC),
(3) contextual memory deficits. Objectives: To analyze the effects of an associative
encoding strategy on immediate and delayed contextual memory in the healthy
elderly,. Methodology: The study included 43 elderly patients (= 60 years). All
subjects underwent neuropsychological assessment including Trail test A and B,
Forward and Backwards digit span, and Stroop word, color and word/color. To
analyze the spatial contextual memory volunteers were randomly divided into two
groups: immediate (5min) and delayed recall (90min). Participants of each group
were assigned to one of two encoding conditions: whit or without an incidental
associative instruction to encourage the association of the item to its spatial context.
Data were analyzed with mixed and univariate GLMs. P<0.05 was considered
statistically significant. Results: Performance on contextual memory was near
chance in the immediate and delayed recognition without associative encoding
condition. Introduction of the associative encoding instruction improved contextual
memory in the immediate and delayed recognition to the same extent.Conclusion:
This study suggests that the increase in contextual memory by incidental associative
encoding instructions is stable for at least 90 min, reinforcing the notion that
contextual memory deficits of older adults are reversible and potentially amenable to

cognitive training.

Keywords: Incidental Memory. Contextual Memory. Aging. Cognition. Encoding

Strategy. Delayed Recognition.
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1. Introducéo

O aumento da expectativa de vida ndo vem sendo necessariamente
acompanhado de melhorias na qualidade de vida. Entre os problemas que impactam
a gqualidade de vida dos idosos encontram-se as disfuncdes cognitivas, resultantes
de alterac6es morfolégicas e funcionais do cérebro.

O envelhecimento é um processo dinamico e progressivo no qual ocorrem
alteracbes morfologicas, fisiologicas e comportamentais. Esses fatores levam a
reducdo da capacidade de adaptacdo do individuo ao meio ambiente, fazendo com
gue esteja mais predisposto ao declinio funcional e a processos patoldgicos
(FREITAS et al., 2006). Dentre os efeitos normais do envelhecimento no encéfalo
observam-se alteragbes estruturais (tanto em aspectos macro quanto
microscopicos), bioquimicas e de expressdo génica, as quais comprometem de
forma significativa a plasticidade e conectividade neuronal, podendo promover uma
ampla gama de prejuizos (MARTIN, 2006; MATTSON, 2007; SCAHILL et al., 2003).
Entretanto, o efeito do envelhecimento ndo € homogéneo nas diferentes estruturas
cerebrais.

Dentre as estruturas cerebrais mais sensiveis ao envelhecimento estd o
cortex pré-frontal (RAZ et al.,, 1997; DRAG e BIELIAUSKAS, 2010), o qual é
responsavel por diferentes componentes cognitivos, entre 0s quais a memoria
episédica e as funcbes executivas (MOSCOVITCH, 1992; SIEDLECKI,
SALTHOUSE, BERISH, 2005). Portanto, o declinio funcional do cortex pré-frontal
pode resultar em alteracdes nestes componentes coghnitivos.

A memoria episédica esta relacionada a eventos biograficos especificos
(SQUIRE, 1987) conferindo ao sujeito a capacidade lembrar-se de eventos nos quais
ele esteve envolvido ou experiéncias pelas quais ele passou (BADDELEY, 2004).
Este tipo de memdria também permite que o individuo tenha acesso a informacdes a
respeito do local onde um determinado evento ocorreu, Ou evocar COmo um
determinado conhecimento foi adquirido e quais caracteristicas ou atributos estavam
relacionados a situacao de aprendizado (CRAIK et al., 1990). Os aspectos espacos-
temporais, sensoriais e afetivos que constituem a memdria episddica sao
denominados memoria contextual (JOHNSON; HASHTROUDI, LINDSAY, 1993).

Considerando a importancia da memaria contextual incidental nas atividades

cotidianas, torna-se clara a importancia deste estudo, uma vez que ele apresenta



potencial para contribuir de forma efetiva com a criacdo de formas de intervencao e
adaptacdo das capacidades cognitivas dos idosos as demandas do ambiente e da
sociedade, de maneira a contribuir com a manutengcdo e/ou melhora de sua

gqualidade de vida.

2. Revisdo de Literatura

2.1. Memdéria Contextual e Envelhecimento

O fendmeno de envelhecimento vem elevando a média de idade da populagéo
e afeta tanto paises ricos quanto pobres (ABREU, 2000; ALBUQUERQUE, 2005).
Dentre os aspectos afetados pelo envelhecimento estdo as funcdes cognitivas
(BANHATO, NASCIMENTO, 2007; LEVINE, 2007). Disfuncdes em diferentes
componentes cognitivos diminuem a independéncia e a qualidade de vida dos idosos
(STUCK et al.,, 1999; ROYALL et al., 2005; RAJAH, LANGUAY, VALIQUETTE,
2010).

Dentre as areas mais sensiveis esta o cortex pré-frontal, o qual apresenta um
declinio linear e constante em seu volume a partir da segunda década de vida
(FJELL et al., 2014). Por outro lado, esta é uma estrutura extremamente importante
do ponto de vista cognitivo, sendo a principal responsavel por aspectos como a
funcdo executiva e a memaoria contextual (JOHNSON et al, 1993; MOSCOVITCH,
1992). Desta forma, espera-se que mesmo em idosos sem patologias
neurodegenerativas estas funcdes estejam comprometidas, causando prejuizos a
sua independéncia e qualidade de vida.

A memoria, uma das mais importantes fungdes cognitivas do ser humano,
pode ser entendida como a incrivel habilidade que possuimos de armazenar
informacdes e conhecimentos sobre n6s mesmos e 0 mundo que nos cerca. Ela é a
base para o desenvolvimento da linguagem, do reconhecimento das pessoas e dos
objetos que encontramos todos os dias, e também para sabermos quem somos e
termos a consciéncia da continuidade de nossas vidas (YASSUDA, 2002). A
aquisicdo das memorias pode ocorrer de forma intencional (envolvendo esfor¢o
consciente de memorizag&o) ou, como na maioria das experiéncias do nosso dia-a-
dia, de forma incidental (sem que aja esforco consciente de memorizacao)
(MACLAUGHLIN, 1965; KUBANIS, ZORNETZER, 1981; STARK, OKADO, 2003).



Entre os tipos de memdria mais afetados pelo envelhecimento estd aquela
relacionada a eventos biogréaficos especificos, denominada de memdéria declarativa
episédica (BERTOLUCCI, 2000; CHERRY, JONES, 1999; TROTT et al., 1999;
SPANIOL, GRADY, 2010). Uma das principais caracteristicas desta memdria € que
ela permite ao individuo lembrar o momento e o local onde um determinado evento
ocorreu, ou evocar como um determinado conhecimento foi adquirido e quais
caracteristicas ou atributos estavam relacionados a situagcdo de aprendizado.
Embora os idosos saibam que um determinado evento ocorreu ou tenham
conhecimento de um fato especifico, eles sdo menos habeis em recordar onde ou
guando o evento aconteceu, como adquiriram o conhecimento sobre ele e quais as
caracteristicas ou atributos da situacédo de aprendizado. Esse tipo de memodria, que
parece ser especialmente suscetivel aos efeitos negativos do envelhecimento, tem
sido referido como memodria contextual (JOHNSON, HASHTROUDI, LINDSAY,
1993).

A suscetibilidade da memoria contextual temporal (FABIANI, FRIEDMAN,
1997; TROTT et al., 1999), espacial (CHERRY, JONES, 1999; FREIRE et al., 2008)
e perceptiva (RAHHAL, MAY, HASHER, 2002) ao envelhecimento ja foi
demonstrada. Diferentes grupos de pesquisa sugerem uma associacao consistente
entre a performance na meméria contextual e o funcionamento do cortex pré-frontal,
tanto em individuos saudaveis (CRAIK et al, 1990; GLISKY, POLSTER,
ROUTHIEAUX, 1995; MITCHELL, JOHNSON , 2009) como em condi¢Oes
patologicas (JOHNSON, KOUNIOS, NOLDE, 1997; SWICK, SENKFOR, PETTEN,
2006). Estes achados tém sido corroborados por trabalhos que evidenciam a relagéo
entre déficits de memadria contextual e o declinio funcional do cértex pré-frontal em
idosos (RAZ et al, 2005; DENNIS, CABEZA, 2008).

A relacdo entre o coértex pré-frontal e a memoria contextual pode ser
explicada pela importancia desta estrutura para a codificacdo da memdria. A
codificacao se refere a aquisicao da informacéo e faz parte do processo denominado
aprendizagem. A extensdo e a natureza dessa codificagdo sdo extremamente
importantes para determinar o periodo de retencdo e a facilidade de evocacao do
material aprendido. Desta forma, quanto mais eficiente a codificagdo mais duradoura
e detalhada € a memoéria (KANDEL, 2000). O coértex préfrontal tem um papel
fundamental na codificacédo por ser a sede das fun¢des executivas, as quais seriam

responsaveis pela organizacdo e manutencdo temporaria das informacdes recebidas
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durante a codificacdo, de forma a favorecer a integracéo de diferentes componentes
(ou itens) da memoria episédica com seus aspectos contextuais (MOSCOVITCH,
1992).

O termo fungbes executivas (FE) é utilizado para definir um conjunto de
habilidades coordenadas pelo cortex pré-frontal e necessarias para o desempenho
de comportamentos complexos (NASCIMENTO, 2004), tais como planejamento,
organizacao, flexibilidade mental, pensamento abstrato, inibicdo de acdes improprias
e de informacdo sensorial irrelevante. No envelhecimento, tanto normal quanto
patologico, as funcdes executivas tendem a estar prejudicadas (BANHATO,
NASCIMENTO, 2007; LEVINE, 2007).

Dentre os componentes das fungcdes executivas encontra-se a memoria de
trabalho, a atencdo, a velocidade de processamento e a capacidade de inibir
respostas automaticas (ALVAREZ, 2007). Por serem dependentes do cortex pré-
frontal, estes diferentes componentes podem sofrer um declinio funcional durante do
envelhecimento. Se considerarmos que a memodria de trabalho, a atencdo, a
velocidade de processamento e a capacidade de inibir respostas automaticas séo
mecanismos subjacentes a diversos processos cognitivos (READY, 2003), entre 0s
guais o estabelecimento de memodrias contextuais, torna- se claro que qualquer
disfuncdo destes componentes executivos pode gerar ou exacerbar alteracbes no
processo de codificacdo da memodria. Portanto, o estabelecimento de técnicas
adequadas de reabilitacdo e/ou de manejo de disfungcdes da memoria contextual
devem ser capazes de minimizar os efeitos de disfungdes nestes componentes

executivos.

2.2.Mem¢éria contextual e Estratégias de codificacéo

Diferentes estudos tém sugerido que no processo de envelhecimento, na
auséncia de patologias especificas que comprometam a atividade do sistema
nervoso, os déficits cognitivos relacionados ao lobo frontal podem ndo ser resultado
de uma perda irreversivel das funcdes deste sistema. Evidéncias empiricas mostram
que esses déficits podem ser amenizados, ou até mesmo revertidos, em situacdes
de teste nas quais os idosos sdo encorajados a fazer uso de todos 0s recursos
estratégicos disponiveis (DYWAN et al., 2001; GLISKY et al., 2001; LOGAN et al.,
2002). Entretanto, esses achados dizem respeito, em grande parte, a tarefas nas

quais a memorizacdo é intencional. Por outro lado, a maioria das memorias é
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adquirida de forma incidental, ou seja, sem que se tenha qualquer intencdo de
recorda-las posteriormente. As memodrias incidentais tém sido bem menos
investigadas que as intencionais, apesar de sua importancia no dia-a-dia. Nos
altimos anos nosso grupo de pesquisa tém se dedicado a investigacao da eficiéncia
de uma estratégia de codificacdo associativa inserida em uma tarefa de memdria
contextual incidental (FREIRE et al.,2008; BALARDIN et al.,2009; SANTOS et
al.,2010; CORREA et al., 2012; MORO DOS SANTOS, 2010). Esta estratégia de
codificacdo tem se mostrado eficiente na reversdo dos déficits de memodria
contextual de idosos, equiparando ou aproximando o desempenho dos mesmos
aquele de jovens saudaveis (FREIRE et al., 2008). Entretanto, até 0 momento temos
avaliado somente a evocacdo imediata, ou seja, o voluntario avalia uma série de
slides com objetos expostos em diferentes ambientes e, imediatamente apds acabar
esta sessao de slides, sua capacidade de reconhecer corretamente o ambiente onde
o objeto foi encontrado é avaliada. Como demonstrado por varios estudos,
provavelmente esta estratégia de codificacao facilita o vinculo entre o item (objeto) e
0 contexto (ambiente), revertendo a dificuldade dos idosos em realizar
espontaneamente este vinculo (FABIANI, FRIEDMAN, 1997; RAHHAL et al., 2002;
TROTT etal., 1997), e gerando uma codificagdo mais eficiente. Entretanto, no dia-a-
dia, a memoria contextual € mais importante em evocacfes tardias, ou seja, em
tentativas de nos lembrarmos onde vimos ou onde colocamos um determinado
objeto had alguns minutos, horas ou até dias. Portanto, no presente estudo
investigamos se a estratégia de codificacdo associativa, utilizada em trabalhos
anteriores, apresenta a mesma eficiéncia em tarefas de evocagao imediata e tardia.
A importancia desta investigacdo reside principalmente na possibilidade de criar
formas de intervencdo e de adaptacdo das capacidades cognitivas dos idosos as
demandas do ambiente e da sociedade.

Sendo assim, torna-se necessario apurar a possibilidade de reversao dos
déficits cognitivos associados ao envelhecimento, de forma a desenvolver
estratégias de reabilitagdo e/ou manejo que permitam a adaptacdo das capacidades
cognitivas dos idosos as demandas ambientais e sociais.

Esse estudo teve como proposta investigar um tipo de memodria
extremamente importante no dia-a-dia: a memoria contextual incidental. De estudos
prévios ja sabemos que ela é prejudicada pelo envelhecimento (CHERRY, JONES,
1999; TROTT et al.,, 1999; SPANIOL, GRADY, 2010; BARRAGANA et al., 2012).
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Entretanto, também ja documentamos que seus déficits podem ser revertidos por
estratégias de codificagdo associativa em situagdes e evocacao imediata (FREIRE et
al., 2008, BALARDIN et al.,2009, SANTOS et al., 2010, CORREA et al., 2012, DOS
SANTOS, 2010). Portanto, a estratégia de codificagdo mostrou-se capaz de
aumentar o numero de informacdes retidas. Buscamos verificar se estas mesmas
estratégias de codificacdo sao eficientes em testes de evocacédo tardia da memaria
contextual incidental e se além de aumentar a quantidade de informacdes retidas,
elas também aumentam o tempo de duracdo da memoria. Portanto, este estudo
pretende fornecer importantes subsidios para o desenvolvimento futuro de
estratégias de prevencdo, reabilitacdo e/ou manejo de disfungbes de memoria

contextual.
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3. OBJETIVO

3.1. Geral

Analisar os efeitos de uma estratégia de codificacdo associativa sobre a

memoria contextual imediata e tardia em idosos

3.2. Especificos:

. Caracterizar o desempenho dos idosos em testes que avaliam atencao,
memodria de trabalho, velocidade de processamento e capacidade de inibic&o.

. Comparar o desempenho de idosos na tarefa de memoéria de
reconhecimento de contextos em diferentes condi¢cées de codificacdo (com e sem

estratégia associativa) e intervalos treino-teste (5 e 90 min).
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4. ARTIGO CIENTIFICO

(Revista escolhida: Neuropsychological Rehabilitation)
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Abstract

Objectives: To analyze the effects of an associative encoding strategy on immediate
and delayed incidental contextual memory in healthy elderly. Method: Forty three
elderly (= 60 years) underwent neuropsychological assessment to evaluate frontal
lobe functions (working memory, attention, processing speed and executive function)
To analyze spatial context recognition volunteers were randomly divided into two
groups: immediate (5min) or delayed (90min) recognition. Participants of each group
were assigned to one of two encoding conditions: whit or without an incidental
associative instruction to encourage the association of the item to its spatial context. .
Data were analyzed with mixed and univariate GLMs. P<0.05 was considered
statistically significant. Results: Performance on contextual memory was near
chance in the immediate and delayed recognition without associative encoding

condition. Introduction of the associative encoding instruction improved contextual
memory in the immediate and delayed recognition to the same extent. Conclusion:
This study suggests that the increase in contextual memory by incidental associative
encoding instructions is stable for at least 90 min, reinforcing the notion that
contextual memory deficits of older adults are reversible and potentially amenable to
cognitive training.

Keywords: Incidental Memory. Contextual Memory. Aging. Cognition. Encoding

Strategy. Delayed Recognition.
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INTRODUCTION

Subjective memory complaints are common among people over 60 years
(BALASH et al, 2013) and objective evaluation of memory impairments indicate that
episodic memories are among the most affected by aging (CRAIK; ROSE, 2012).
The main feature of episodic memory is the ability to recollect past experiences
(TULVING, E., 2002), remembering not only previously encountered information but
also where, when, and how the knowledge about a certain fact was acquired and
what features or attributes were related to the learning situation (CRAIK et al., 1990).
The spatiotemporal and perceptual attributes that constitute the episodic memory are
termed contextual memory (JOHNSON, M.K.; HASHTROUDI, S.; LINDSAY, D.S,,
1993), and the binding of central and contextual features in an integrated
representation of an event facilitates memory encoding and retrieval (GLISKY, E.L.,
RUBIN, S.R.; DAVIDSON, P.S.R., 2001).

The negative effects of aging on contextual memory have been reported by
many studies that use different types of contexts, such as temporal (FABIAN]I,
FRIEDMAN, 1997; TROTT, FRIEDMAN, RITTER, FABIANI; SNODGRASS, 1999),
spatial (CHERRY; JONES, 1999) and perceptive (RAHHAL; MAY; HASHER, 2002)
features. An important finding from these studies is that the contextual aspects of
episodic memories are more affected by aging than their central information’s (or
items). This dissociation between central and contextual components of episodic
memory has led to a debate on the neurobiological and cognitive bases of these two
types of memory. Some studies suggest that structures of the medial temporal lobe,
such as hippocampus, are responsible for contextual memory processing (KONKEL;
COHEN, 2009; GOLD et al.,, 2006). However, studies with older adults have
attributed to the frontal lobe, and its age-related functional decline, the main role in
contextual memory deficits (MOSCOVITCH, 1992; SIMONS, SPIERS, 2003; RAZ et
al, 2005; DENNIS, CABEZA, 2008), since this structure is responsible for cognitive
processes that seem to support item and context binding, such as executive
functions, attention and working memory (MOSCOVITCH, 1992).

Different studies indicate that the contextual memory deficits seen in older
adults can be mitigated or even reversed when appropriate environmental support is
provided at encoding and / or retrieval. However, most of these studies investigate

intentional memory encoding, whereas in real world conditions most memories are



18

acquired incidentally, i.e., without any intention to remember them later. Moreover,
the great majority of studies evaluated immediate free-recall or recognition. Delayed
recognition and free-recall studies of contextual memory are extremely rare and
generally conducted with tasks that use encoding strategies with emotional content.
However, in our daily lives most memories acquired incidentally are neutral (not
emotionally charged) and must be remember sometime after they have been
acquired (few minutes, to hours, days and years), not immediately after being
encoded.

This article aimed to investigate the effects of an associative encoding strategy
on immediate and delayed incidental contextual memory in healthy elderly. We used
a naturalistic experimental paradigm (e.g., objects depicted in different rooms of a
house) to assess recognition memory for item (object) and context (location). The
association of an item with its context plays an important role in establishing
perceptual continuity within the dynamic environments of everyday experiences
(HOLLINGWORTH; RASMUSSEN, 2010) and plays an essential role in the formation
of coherent episodic memory representations.

METHODS

Participants

The study wvolunteers were forty-two older adults (age 60-86, 15 men)
recruited from the community (Porto Alegre, Rio Grande do Sul, Brazil). Exclusion
criteria included the use of psychotropic medication, neurological disorders and
injuries with known effects on cognitive functioning, major unstable medical illnesses,
uncorrected visual and hearing impairments, cognitive impairment evidenced by the
Mini Mental Status Examination (MMSE) (FOLSTEIN etal.,1975), cut-off adjusted for
education and validated for the Brazilian population (BERTOLUCCI et al, 1994), and
moderate or severe depression symptoms according to Beck Depression
Inventory (BDI-II) (CUNHA, 2011).

Participants were randomly assigned to two experimental conditions according
to the time interval between the training and test session of the object and contextual
recognition memory task: Immediate recognition group (I group), with a 5 min interval
between the training and testing sessions; Delayed recognition group (Il group), with

a 90 min delay between the training and testing sessions.
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The current study was approved by the Research Ethics Committee of
Pontifical Catholic University (Porto Alegre, Brazil) and has therefore been performed
in accordance with the ethical standards of the 1964 Declaration of Helsinki. All

participants gave informed consent before beginning the study.

Neuropsychological measures

Participants completed neuropsychological tests to evaluate cognitive
functions of the prefrontal cortex, including working memory, attention, response
inhibition and task switching. Therefore, Digit Span (NASCIMENTO, 2004), Trail
Making A and B (STRAUSS et al.,, 2006), and the Stroop Color and Word Test
(STRAUSS et al., 2006) were administered to the volunteers.

Memory task

The materials and procedures for the assessment of recognition memory for
objects and contexts have been described elsewhere (BALARDINet al,
2009; SANTOS et al., 2010). Briefly, photographs of a large number of objects from
different semantic categories (household appliances, tools, toys, and clothing) were
placed in 3 locations: a living room, a kitchen and an office. For the encoding
session, participants of each group were systematically assigned to one of two
encoding conditions by the date of their recruitment in the study. The no associative
encoding condition included a question concerning how often each object presented
in the photographsisused in daily activies while the associative
encoding condition included a question concerning how well each object fits into the
room displayed. Thus, there were 4 experimental subgroups: immediate recognition
with no associative encoding condition, immediate recognition with associative
encoding condition, delayed recognition with no associative encoding condition, and
delayed recognition with associative encoding condition. The associative
encoding condition is expected to improve memory for context, since participants
were encouraged to integrate information about the item and contextat
encoding (GLISKY et al, 2001; BALARDIN et al, 2009).

Participants saw 18 pictures during the encoding session and were unaware
that a test session would follow. After an interval (5 or 90 minutes depending on
experimental group), in which participants were engaged in distracting activities, the

recognition memory test was given. During the recognition test, 36 photographs were
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shown to the participants: each of the 18 objects previouslypresented
and 18 new objects (not presented at the training session). Participants responded
verbally as to whether or not the object was presented during the encoding phase of
the study. If the participant indicated that the object was previously presented,
3 consecutive photographs of the same object in each location (living room,
kitchen and office) were depicted on a computer screen and participants were asked
to indicate in which of the 3 locations the object had appeared previously. The order

of photograph presentation was randomized for each subject.

Data analysis

Demographic and neuropsychological characteristics were analyzed with
univariate General Linear Models (GLMs), followed by Bonferroni’s post hoc test
when necessary. Differences on recognition memory for objects
and contexts (proportion of objects attributed to the correct context considering the of
number of objects correctly identified as old) were analyzed with a mixed-
design GLM, whit encoding (no associative X associative) and time (immediate X
delayed) as between-group variables and memory types (object X context) as
within-subjects variables. This mixed-design GLM was followed by univariate GLMs
for object and context, whit Bonferroni’s post hoc test where appropriate. To
strengthen the internal validity and generalizability of our results, the univariate GLMs
were repeated introducing scores on BDI and Stroop | (which showed significant
between-group differences) as covariates. Results are expressed as

mean + standard deviation (SD) and p<0.05 was accepted as statistically significant.

RESULTS

Table 1 summarizes the demographic and neuropsychological characteristics
of subjects in the experimental groups. Groups did not differ in age [F(3,41) =
0.8216 p = 0.4901], gender [Pearson Chi-Square = 7.048, p = 0.70], years of
education [F(3,41) = 0.686 p = 0.566] and MMSE scores [F(3,41) = 0.385 p =
0.765]. However, BDI scores were significantly higher in the delayed recognition
group with associative encoding [p<0,001 in relation to the immediate recognition

groups with [p=0.010] or without [p= 0.001] associative encoding condition.

Insert Table 1 about here
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As can be seenin Table 2, neuropsychological evaluation of prefrontal cortex
functions showed no significant differences between experimental groups [all
p>0.05], except for Stroop | [F(3,39) = 7.407 p<0.001], which was significantly higher
for the delayed recognition group with associative encoding in comparison whit all

other groups [all p<0.05].

Insert Table 2 about here

The mixed GLM of object and context recognition memory indicated significant
main effects for type of recognition test [F(1,38) =234.83, p =0.0001] and encoding
condition [F(1,38) =3.577,p =0.066], as well as significant interactions between
them [F(1,38) =41.474, p <0.001]. Thus, object recognition scores were higher than
context recognition scores and the associative encoding condition improved memory,
but not in all experimental groups. It is important to highlight that time interval
between the training and testing sessions had no significant main effect [F(1,38)
=0.600, p =0.443] and no interaction with encoding condition [F(1,38) =0.006, p
=0.941] and/or recognition test [F(1,38) = 3.187 p =0.82].

To further explore the interaction between type of recognition test and
encoding condition described above, separate Univariate GLMs were performed for
object [F( 3 ,38) =6.289, p < 0.01] and context [F(3 ,38 ) = 6.206 p =0.002].
Bonferroni’s post hoc test indicated that the only significant difference in object
memory was between the immediate recognition group without the associative
encoding condition and the delayed recognition group with associative encoding
condition [p= 0.001]. Thus, no significant differences were seen in object memory
between the conditions with and without associative strategy in the immediate [p =

0.15] or delayed [p = 0.08] recognition groups (Figure 1).

Insert Figure 1 about here

On the other hand, Bonferroni’s post hoc tests indicated that scores for
contextual recognition were higher in the associative than in the no associative
encoding condition, irrespectively of the test session being immediate [p = 0.031] or
delayed [p = 0.023] (Figure 2). No significant differences were seen between the
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immediate and delayed groups without associative encoding condition [p = 1.00], or
between the immediate and delayed recognition groups with associative encoding
condition [p =1.00].

Insert Figure 2 about here

As stated eatrlier, to strengthen the internal validity and generalizability of the
results presented above, the univariate GLMs for memory described above were
repeated introducing scores on BDIl and Stroop | (which showed significant between-
group differences) as covariates. The covariance analysis indicated that these
variables had no significant effect as covariates and, consequently, did not alter the
significant group differences described earlier for recognition memory of objects and

contexts.

DISCUSSION

This study investigated the effect of time delay between training and testing
sessions on the efficiency of an associative encoding strategy in improving incidental
contextual memory in healthy older adults. Results indicate that the increase in
contextual memory performance induced with the incidental associative encoding
strategy is stable for at least 90 min.

The general pattern of results obtained for object and contextual memory in
the recognition test of the control condition (i.e., immediate recognition without
associative encoding condition) is in accordance with the notion that memory for the
context is more affected by aging than memory for the item (FABIANI; FRIEDMAN,
1997; RAHHAL et al.,, 2002; TROTT, FRIEDMAN, RITTER; FABIANI, 1997),
supporting the hypothesis that aging has dissociated effects on different types of
memory (GRADY; CRAIK, 2000). Moreover, recognition for objects and contexts
remained stable for 90 min even in the absence of an associative encoding strategy.
This result was expected, since our memory task was especially designed to
evaluate modulation of contextual memory by encoding strategies. As only objects
correctly identified as old are considered for contextual memory evaluation, the task
must be easy for object recognition. Thus, according to these assumptions and in

agreement with former studies of our research group (FREIRE et al, 2008;
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BALARDIN et al., 2009; CORREA et al., 2012), subjects of the present study showed
near ceiling performances on object recognition. These aspects, associated with the
fact that we are evaluating recognition, i.e. a condition with environmental support at
retrieval, explains the stability seen in the performance of object recognition between
the immediate and delayed test conditions. Contextual recognition performance, on
the other hand, was near chance in the immediate recognition without associative
encoding condition. Therefore, a further decrease in context recognition with
increased time delay between training and testing sessions was not expected. In
other words, contextual memory performance was bad in the immediate recognition
without associative encoding condition and remained bad in the delayed condition.

As shown in the results section and in previous studies (FREIRE et al., 2008;
BALARDIN et al., 2009; CORREA et al., 2012), no effects of the associative
encoding condition were seen on immediate and delayed object recall. These results
can be explained by the memory task design and the environmental support at test,
which make object memory fairly easy. In contrast, a significant increase was seen in
context recognition with the introduction of the associative encoding strategy.
Moreover, this improvement in contextual memory performance was stable during at
least 90 min. To the best of our knowledge, until now no other study evaluated the
effect of different time delays between training and testing sessions on incidental
recognition memory, nor on the effects of incidental encoding strategies. Most
studies that analyzed the effect of different encoding conditions on memory
recognition evaluated intentional memory tasks (LABAR; CABEZA, 2006;
OLSZEWSKA J.; ULATOWSKA J., 2013), immediate retrieval (FASTAME,2016)
and/or salient features of memory, such as emotional valence (KENSINGER, E. A.,
PIGUET, O., KRENDL, A. C.; CORKIN, S.,2005;WANG B., 2015). However, as
pointed out in the introduction session, incidental memories are much more common
in our daily lives than intentional memories, making it extremely important to
investigate ways to enable management or rehabilitation of its deficits in healthy older
people as well as in diseased subjects, such as dementia patients.

The results obtained in this study for contextual memory are in accordance
with previous studies on strategies or conditions in which co ntextual memory deficits
associated with aging could be reduced or eliminated by improving subject's
perception of the relation between an item and its context during encoding (GLISKY

et al., 2001). Neuroimaging studies suggest that incidental encoding strategies are
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able to improve recognition by preventing the under recruitment of PFC seen in older
adults who rely on their own self-initiated encoding (LOGAN et al., 2002).

Recognition judgments can be based on the assessment of stimulus familiarity
or on the recollection of details about previous events (YONELINAS, 2002).
Familiarity could be described as an acontextual, vague sense that an item, person,
or location has been previously encountered, whereas recollection is characterized
as the retrieval of specific, context-bound details of a previous item, person, or
location (ALLY, 2012). These two components of recognition memory are often
commonly experienced in daily life, as when we encounter someone and have the
feeling of knowing that person, without being able to identify who the person is, or
identify where or when we met it previously. However, after some deliberation, details
about that person come to mind, helping to identify it. Thus, recollection is very
helpful for memory recognition and depends on the adequate binding of item and
contextual features (where, when, how). Although some controversy remains, this
dual model of recognition memory is supported by different experimental models,
from rodents to humans (BROWN; AGGLETON, 2001; FORTIN et al., 2004), and
distinct approaches, such as lesion (HOLDSTOCK et al.,2002; YONELINAS., 2002),
neuroimaging (CANSINO et al., 2002; DAVACHI et al., 2003;RANGANATH et al.,
2004; WHEELER; BUCKNER, 2004) and electrophysiology (CURRAN, 2000;
DUARTE et al., 2004; DUZEL et al., 1997; WOLK et al., 2006) studies. Considering
that older adults have impaired recollection but relatively intact familiarity at retrieval
(LIGHT et al., 2000; YONELINAS, 2002), we believe that our associative encoding
condition improves recollection. However, our experimental design does not allow an
appropriate evaluation of the mnemonic processes involved in the contextual
memory recoghnition. Thus, future studies should investigate the relative contribution
of familiarity and recollection on the benefic effect of the associative encoding
strategy.

One of the limitations regarding the current study is sample size. A larger
sample may have been more appropriate to strengthen the generalizability of our
results. On the other hand, the homogeneity of demographic, clinical and frontal lobe
functions between experimental groups makes us confident about the interpretation
of the object and context recognition data. The only two variables that showed
between group differences, i.e. scores on BDland Stroop Words, were not significant

as covariates. This is not surprising, since depressive symptoms of all subjects were
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in the minimal to mild levels (CUNHA, 2011) and scores in other neuropsychological
tests that also evaluate attention and processing speed (as Stroop word) showed no
significant group differences.

In conclusion, this study suggests that the increase in contextual memory by
incidental associative encoding instructions is stable for at least 90 min, reinforcing
the notion that contextual memory deficits of older adults are reversible and
potentially amenable to cognitive training. Thus, future studies should investigate the
effects of this associative encoding condition on long-term contextual memory and
consider its evaluation in memory training and rehabilitation programs. The
importance of contextual memory on the formation of coherent episodic memory
representations, allowing people to monitor their experiences in time and space,

reveal its role for independence and life quality in older adults.
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LEGEND OF FIGURES AND TABLES

Table 1. Sociodemographic and neuropsychological results. All data but gender are
expressed as mean + SD

Abbreviations: BDI: Beck Depression Inventory; MMSE, Mini Mental Status
Examination.

*p <0.05.

Table 2.Performance of the four experimental subgroups on frontal lobe
neuropsychological evaluation. All data are shown as mean + SD.
*p <0.05.

Fig. 1. Immediate and delayed object recognition performance (mean = SD) under
two encoding conditions. *p<0.05 in comparison whit the immediate recall group

without associative encoding condition.

Fig. 2. Immediate and delayed context recognition performance (mean + SD) under

two encoding conditions. *p<0.05 in relation to the associative encoding conditions.



Immediate Delayed
Recall Recall
(n=23) (n=19)
Age (years) 67,8+6,3 65,8+4,0
Education (years) 12,5+4,2 11,9454
Sex (female/male) 11/23 4/19
MMSE 28,3+1,3 28,5+1,1
BDI 2,0+2,6 8,245,2*
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Immediate Recall

Delayed Recall

With Without With Without
associative associative associative associative
encoding encoding encoding encoding
(n=10) (n=13) (n=9) (n=10)
Digit span — Forward 6,6+2,3 6,9+1,7 8,1+1,5 7,0+1,4
Digit span — Backward 51+15 4,6+1,4 5,4+1,3 4,7+1,5
Trail A 39,7+6,6 46,3+18,3 41,8+14,4 38,1+10,4
Trail B 112,7+38,4 111,4+47,3 95,4+51,9 126,3+56,8
Stroop — Words 74,9+10,2 78,2+11,9 93,5+8,1* 71,5+14,1
Stroop — Colors 55,6+10,2 55,5+12,9 63,245,3 56,6+7,9
Stroop — Word/Color 29,7+7,4 31,3+5,6 34,1+10,9 27,6+6,8

% Object recognition

100+

80+

60+

40

20+

without associate encoding

with associate encoding

2 Immediate recognition group

BB Delayed recognition group



% Context recognition
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B3 Delayed recognition group
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5. Consideracdes Finais

Como demonstrado em varios outros estudos o envelhecimento é um
processo gradual e continuo que compromete o funcionamento de véarias estruturas
cerebrais, sendo que as regides responsaveis pela memoria contextual sdo mais
suscetiveis a acdo do envelhecimento. Grande parte das queixas dos idosos se
refere a perdas de memoria e, por vezes, acarretando a restricdo desses idodos do
ao convivio social e familiar, predispondo-os a outras complicagbes, como por
exemplo a depressdo. Grande parte dos estudos busca desenvolver e aperfeicoar
ferramentas e meios para promover uma melhor qualidade de vida para os idosos, e
sabe-se que o uso de estratégias de codificacdo associativas tem se mostrado eficaz
para auxiliar a memdria contextual, quando é aplicada imediatamente apds o treino.
Este estudo teve como ponto principal demonstrar que a utilizacdo dessa estratégia
pode ser aplicada mesmo quando se trata de memodria tardia.

Varios estudos detem-se em analisar a evocacédo imediata, ou mesmo,
imediata e tardia, em tarefas intencionais, onde o participante sabe que tera que
relembrar a informacdo posteriormente. O que, até entdo ndo havia sido
investigado, € se 0 uso de estratégias de codificacao teria efeito na evocacéo tardia
em uma tarefa incidental. Os resultados deste estudo indicam que 0S grupos
experimentais que receberam estratégia de codificacdo associativa obtiveram
resultados melhores para a memaria contextual (melhor indice de reconhecimento),
independentemente do tempo de intervalo entre treino e teste (5 ou 90 minutos).
Desta forma, observa-se que a instrugcdo associativa teve atuacdo fundamental,
incrementando por pelo menos 90 min o reconhecimento de contextos. E importante
ressaltar que estes resultados mantiveram-se mesmo com a introducdo de
covariaveis (sintomas depressivos e escores no teste de Stroop |, que mostraram
diferencas significativas entre 0s grupos) na andlise estatistica.

Ainda ndo se sabe, de fato, como essa estratégia contribui para reverter
déficits de memdria contextual. Como a memdria contextual depende de varios
componentes da funcdo executiva (atencdo, memoéria de trabalho, velocidade de
processamento e capacidade de inibir as respostas automaticas ), que também sao
prejudicados pelo envelhecimento (BANHATO, 2007; LEVINE, 2007), é possivel
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que esta estratégia de codificacdo associativa atua minimizando os efeitos de
défices deste componentes coghnitivos na meméria contextual.

Os dados demograficos demonstram que, a amostra deste estudo foi
bastante homogénea em idade, sexo e nivel de escolaridade. No Inventario de
Depressédo de Beck - Il (BDI - II) o grupo com reconhecimento tardio, teve uma
maior pontuacgéo, indicando sintomas leves de depressao. Por conseguinte, o BDI- Il
e 0 Teste de Stroop | foram matidos como co-variaveis e, feita a analise estatistica,
nao se mostraram variaveis significativas.

Em resumo, este estudo sugere que o aumento da memdria contextual por
instrucdes de codificacdo associativas incidentais é estavel durante pelo menos 90
min, reforcando a nocdo de que déficits de memdria contextual dos adultos mais

velhos séo reversiveis e potencialmente passiveis de treinamento cognitivo.
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ANEXO - |

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Justificativa e objetivos da pesquisa

Vocé esta sendo convidado a participar de uma pesquisa que tem como objetivo
ampliar os conhecimentos a respeito dos efeitos do envelhecimento sobre as
funcdes cognitivas (atencao, velocidade de processamento, memadria e capacidade
de inibir respostas automaticas) de idosos saudaveis. Para participar deste estudo
vocé devera ter, no minimo, 60 anos de idade e submeter-se a uma bateria de
testes neuropsicolégicos para avaliar diferentes aspectos cognitivos, além de
responder a um questionario sobre seus habitos de vida e sua salde. Esta pesquisa
€ muito importante, pois pretende contribuir para a investigacao de métodos capazes
de reverter eventuais prejuizos de memoria que ocorrem durante o envelhecimento.
Desta forma, esta pesquisa pretende contribuir para a manutencédo da qualidade de
vida durante o envelhecimento, ja que as funcBes cognitivas sdo extremamente
importantes para garantir a individualidade, a personalidade e a interacdo adequada

do individuo com outras pessoas e com 0 Seu meio.

Procedimentos a serem utilizados
Apoés a avaliagdo por um membro da equipe, e se vocé tiver as caracteristicas
necessarias para ingressar neste estudo, serdo aplicados instrumentos para analisar

sua atencdo, seu nivel de compreenséo e sua capacidade de memorizagao.

Rubrica do pesquisador Rubrica do Voluntario

Garantias asseguradas

Nao devera haver nenhum tipo de desconforto ou constrangimento durante o
desenvolvimento da pesquisa. Caso venha ocorrer, fica assegurada a sua liberdade
para abandonar a pesquisa em qualquer etapa do seu desenvolvimento. Em
qualquer etapa do trabalho e a qualquer participante fica garantido o direito de
resposta a todas as ddvidas que possam surgir. E assegurada a privacidade de

todas as informacfes que serdo colhidas dos participantes. Os individuos serao
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mencionados na pesquisa de forma anbnima. Os participantes do projeto terdo a

oportunidade de conhecer sua condi¢cdo com relagdo ao funcionamento cognitivo.

Declaracéo:

Eu, fui informado

dos objetivos da pesquisa acima de maneira clara e detalhada. Recebi informacéo a
respeito dos testes que serei submetido e esclareci as minhas davidas. Sei que em
qualguer momento poderei pedir novas informacdes e modificar minhas decisdes se

assim eu desejar. A (0) pesquisadora (0)

certificou-me de que todos os dados desta pesquisa serao sigilosos e de que poderei
retirar meu consentimento de participacao caso eu desejar.

Caso tiver novas perguntas sobre o estudo, posso chamar a pesquisadora
responsavel, Dra. Elke Bromberg, no telefone (51) 98067436 ou a mestranda Leticia
Beras, no telefone (51) 92905037. Para qualquer pergunta sobre os meus direitos
como participante deste estudo ou se penso que fui prejudicado pela minha
participacdo, posso chamar o Comité de Etica em Pesquisa da PUCRS, pelo
telefone (51) 33203345.

Declaro que recebi copia do presente Termo de Compromisso.

Assinatura do participante Nome Data

Assinatura do pesquisador Nome Data

Este formulario foi lido para em / /
por enquanto eu estava presente.

Assinatura da testemunha Nome Data

ANEXO - 1l
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PONTIFICIA UNIVERSIDADE Plataforma
CATOLICA DO RIO GRANDE g%fo‘f'

DO SUL - PUC/RS

COMPROVANTE DE ENVIO DO PROJETO

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Andlise da eficiéncia de uma estratégia de codificacdo associativa na
evocagdo imediata e tardia da memdria contextual em idosos.

Pesquisador: Elke Bromberg
Versao: 1
CAAE: 49322215.6.0000.5336
Instituicdo Proponente: UNIAO BRASILEIRA DE EDUCACAO EASSISTENCIA
DADOS DO COMPROVANTE
NUmero do Comprovante: 094336/2015
Patrocionador Principal: Financiamento Préprio
Endereco: Av.lpiranga, 6681, prédio 40, sala 505
Bairro: Partenon CEP: 90.619-900
UF: RS Municipio: PORTO ALEGRE

Telefone: (51)3320-3345 Fax: (51)3320-3345 E-mail: cep@pucrsbr
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| QUESTIONARIO BIOPSICOSSOCIAL

Numero de Cadastro:

Nome:

Data de Nascimento: / /
Idade:

Peso:

Sexo: (1) Masculino (2) Feminino
Etnia: (1) Branca (2) Parda (3) Preta (4) Amarela (5) Indigena
Situagdo conjugal: (1) casado (2) solteiro (3) vitvo (4) separado/divorciado

Escolaridade (anos):

Pessoas residentes no domicilio:

Naturalidade:

Nacionalidade:

Endereco:

Bairro:

Cep:

Telefone para contato:

Celular:

E-mail:

| DADOS SOBRE HABITOS DE VIDA

Faz uso de cigarros? () Sim () Néo
1. Se respondeu SIM diga quantos cigarros por dia:

2. Faz uso de bebida alcodlica? () Sim () Néo

3. Se respondeu SIM informe qual:

4. Qual a frequéncia que ingere?

5. Qual o volume de bebida alcodlica ingerida: () taca
() copo

() lata

() garrafa

6. Faz uso de café? () Sim () Nao
7. Se respondeu SIM informe quantos mls ingere de café por dia:




8. Faz uso de drogas ilicitas? (Ex. maconha, cocaina , crack,etc.) () Sim () N&o

9. 10. Se respondeu Sim informe qual a droga utilizada:

11. Faz uso de medicamentos?

() Sim () Néo
12. Se respondeu SIM informe os medicamentos utilizados:
Medicamento Posologia Finalidade

Dados de Saude Em Geral

Ja sofreu algum traumatismo craniano? () Sim () Nao

Ja sofreu algum derrame cerebral (AVC) ? () Sim () Néo

Ja apresentou convulsdes?( ) Sim () Nao Quando foia ultima vez?
Apresenta hipertensdo? ()Sim ()N&o

Se respondeu SIM faz tratamento? ( )Sim ( )N&o

Se respondeu SIM, a hipertensdo temsido controlada? () sim () ndo
Temalgum problema cardiaco?( )Sim () Nao

Se sim, qual problema?

© © N o g M~ D E

Apresentas problemas auditivos? ()Sim () Nao Uso de aparelho auditivo?

[N
o

. Apresenta Problemas visuais? () Sim () N&o. Uso de lentes?

[EEN
[EEN

. Possui diabetes? () Sim () Néo

. Se respondeu SIM ,Faz tratamento? () Sim () Néo

[EE
w N

. Glicemia tem sido controlada () Sim () Nao
. Ealérgico?() Sim () N&o Tipo?

[N
SN

[N
S

. Comque frequéncia apresenta quadros alérgicos?

[N
(2]

. Estd com alergia atualmente? () Sim () Néao

[N
\‘

. Apresenta algum problema de salde ndo citado anteriormente? () Sim () Néo

. Qual (is)?

[EN
oo




*»8.¢

i, A
MARISTA PUERS

:F'ont'lfl'cia Universidade Catdlica do Rio Grande do Sul
Pré-Reitoria Académica
Av. Ipiranga, 6681 - Prédio 1 - 32 andar
Porto Alegre - RS - Brasil
Fone: (51) 3320-3500 - Fax: (51) 3339-1564
E-mail: proacad@pucrs.br
Site: www.pucrs.br/proacad




