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RESUMO

Com o envelhecimento da populagdo, faz-se imperativo estudar formas de preservar
o funcionamento cognitivo em idosos, especialmente a memoria, cujo prejuizo € frequente.
Ha diversos fatores associados a preservacdo das fungdes mnemonicas, tendo os chamados
SuperAgers, idosos com altas habilidades cognitivas, resultados compativeis com adultos 20 a
30 anos mais jovens. Para investigar o fendmeno dos idosos com altas habilidades cognitivas,
foram elaborados dois artigos, sendo uma revisdo sistematica e um estudo com coleta de
dados. A revisdo sistematica analisou instrumentos e critérios associados a classificacao de
SuperAgers, considerando a falta de consenso relativo a sua classificagdo. 21 artigos
compuseram a analise final deste artigo, tendo sido observado que a maior parte dos estudos
consideraram SuperAgers idosos a partir de 80 anos. As medidas comumente empregadas
foram de memoria verbal episddica e de fungdes executivas, com pouca adaptacdo de
protocolos frente a diferentes contextos socioculturais. Recomendagdes acerca de pesquisas
futuras foram feitas visando uma maior flexibilizagao dos métodos de pesquisa em contextos
socioeconomicos e culturais diversos. Posteriormente, foi conduzida uma pesquisa transversal
com coleta de dados visando analisar associagdes entre idosos com altas habilidades
cognitivas e marcadores genéticos, escolaridade formal e a complexidade ocupacional. De
uma amostra inicial de 60 participantes, 56 compuseram a amostra final, tendo sido aplicados
instrumentos de memoria episddica, memoria ndo-verbal, fungdes executivas e tempo de
reacdo. Foi observado que tanto a escolaridade, quanto a ocupagdo tiveram correlacdes
significativas com o funcionamento cognitivo. A escolaridade se mostrou mais preditiva de
resultados relativos as funcdes executivas, tendo a complexidade ocupacional sido mais
fortemente associada as capacidades cognitivas gerais. Tais resultados sdo compativeis com o
conceito de reserva cognitiva, sugerindo que a escolaridade ¢ uma importante forma de
prevencdo da perda cognitiva oriunda da idade e a ocupacdo, além de também fonte de
reserva cognitiva, uma forma de manter os beneficios da escolaridade por meio do exercicio
das habilidades aprendidas. Recomenda-se que futuras pesquisas busquem compreender a
complexa interacdo entre marcadores genéticos, ocupacdo e escolaridade por meio de
protocolos de pesquisa rigidos, porém adaptados aos contextos socioculturais em questao.

Palavras-chave: Envelhecimento. Saude do idoso. Avaliagdo neuropsicologica.
Desenvolvimento Humano. Escolaridade. Complexidade ocupacional.



ABSTRACT

Considering the aging of the population, it is imperative to investigate methods for
preserving cognitive functioning in older adults, particularly concerning memory, which is
commonly affected. The preservation of mnemonic functions is associated with multiple
factors, being known as SuperAgers the older adults with high performance in memory tests,
comparable to adults 20 to 30 years younger. Two articles were produced to assess the
phenomenon of high-performing older adults, being those a systematic review and a data
collection study. The systematic review examined instruments and criteria employed for the
classification of SuperAgers, considering the lack of a consensus in the field. 21 articles
composed the final analysis. It was observed that the majority of the studies considered
SuperAgers to be at least 80 years old. The most frequently employed instruments measured
episodic memory and executive functions, with little adaptation when applied in varied
socioeconomic and cultural contexts. Recommendations regarding future studies were
proposed, aiming at the flexibilization of research methods in diverse socioeconomic and
cultural contexts. Posteriorly, a cross-sectional data collection study was conducted to analyze
the associations between high-performing older adults and genetic markers, formal education,
and occupational complexity. Out of an initial sample of 60 participants, 56 composed the
final sample. Episodic memory, non-verbal memory, executive functions, and reaction time
instruments were administered. It was observed that both education and occupational
complexity were correlated with cognitive functioning. Formal education was a greater
predictor of executive functioning, while occupational complexity was more strongly
associated with general cognitive abilities. The present findings are compatible with the
concept of cognitive reserve, suggesting that formal education is an important factor in the
prevention of cognitive loss due to age, being the occupation, as well as a promotor of
cognitive reserve, also a way of maintaining the benefits of education through the application
of the learned abilities. It is recommended that future studies seek to comprehend the complex
interaction between genetic markers, occupation, and education with the aid of rigid research
protocols adapted for specific sociocultural contexts.

Keywords: Aging. Health of the elderly. Neuropsychological tests. Human development.
Education. Occupational complexity.
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1 INTRODUCAO GERAL

1.1 APRESENTACAO

Com o crescente envelhecimento da populagdo (Kanasi et al., 2016), se faz também
crescente a necessidade de compreender os processos envolvidos no envelhecimento humano.
Neste processo, o ser humano tende a ter uma reducdo de suas capacidades cognitivas ao
longo do tempo, fendmeno que ¢ influenciado por experiéncias de vida e fatores bioldgicos e
ambientais (Santos et al., 2009).

Ha diversos fatores que influenciam na capacidade cognitiva de idosos, sendo
possivel citar fatores epidemioldgicos, psicologicos, bioldgicos, ambientais e socioculturais
(Santos et al., 2009). Apesar de ser frequente a percepcao de declinio cognitivo por parte da
populagdo idosa, especialmente em relagcdo a memoria episodica, € possivel afirmar que o
envelhecimento encefalico ¢ um processo complexo e ndo possui uma correlagdo perfeita com
a idade (Rogalski et al., 2013).

A existéncia de idosos que atingem os 80 anos com capacidade de memoria
episodica similar a esperada para adultos décadas mais novos, como o exemplo dos
SuperAgers (SA), possibilita uma série de questionamentos acerca do proprio processo do
envelhecimento. Os SA sdo classificados como tal por serem idosos com grande capacidade
mnemonica, sendo esta similar ao esperado para adultos 20 a 30 anos mais jovens (de Godoy
et al., 2020).

Tal conceito ndo € Uinico na literatura, que descreve também diferentes instrumentos
para a classificacao de idosos com altas habilidades cognitivas (de Godoy et al., 2020). Foram
identificadas associacdes com fatores genéticos, como em Huentelman et al. (2018), onde foi
observado com mais frequéncia o gene MAP2K3 em participantes com altas habilidades
cognitivas. Os efeitos da escolaridade e da ocupagdo ndo foram, contudo, suficientemente
explorados em idosos com altas habilidades cognitivas.

Por terem resultados significativamente superiores a média esperada para seus pares,
o estudo dos idosos com altas habilidades cognitivas pode promover a identificagdo de fatores
que promovam tal padrdo de desenvolvimento (Rogalski et al., 2013). Entre os fatores que se
relacionam com o declinio cognitivo em idosos, € possivel citar a escolaridade e a ocupagdo
(Alvarado et al., 2002). De acordo com Lovden et al. (2020), a ocupagdo possui efeitos
significativos na cogni¢do, tendo a capacidade cognitiva e o trabalho uma relagdo reciproca.

Desta forma, o presente trabalho objetivou investigar o fendomeno dos idosos com

altas habilidades cognitivas, tendo sido elaborados dois artigos. Considerando este campo de
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estudo, foi conduzida uma revisao sistematica (se¢ao 2) acerca dos instrumentos e critérios de
classificagdo empregados para classificar um idoso como um SA. Este trabalho foi aceito para
publicacdo no periddico cientifico Aging and Health Research.

Posteriormente, com base na revisdo sistematica, foi desenvolvido um projeto de
pesquisa para investigar os marcadores genéticos, a ocupacao € a escolaridade em idosos com
altas habilidades cognitivas. Tal projeto foi concebido em colaboragdo entre o Laboratorio de
Neuropsicologia (LABNEURO) e o Laboratério de Imunogenética e Histocompatibilidade,
dos departamentos de Psicologia e Genética da Universidade Federal do Parana (UFPR),
respectivamente. O projeto foi aprovado pelo Comité de Etica em Pesquisa em Ciéncias
Humanas e Sociais (CEP/CHS UFPR; Anexo 1). Tal pesquisa visou investigar a relagdo entre
o alto funcionamento em idosos e marcadores genéticos, a educacdo formal e a ocupagao
prévia dos participantes.

Foi realizada uma busca na literatura para avaliagdo de genes candidatos para
investigagdo, sendo a possibilidade pratica e a relevancia tedrica discutidas entre membros de
ambos os laboratorios (LABNEURO e LIGH). Os genes com impacto na citocina atuam por
meio da regulacao de processos pré e anti-inflamatoérios que, em casos pro-inflamatorios,
podem promover excitotoxicidade glutaminérgica, acelerando a morte de neuronios (Trenova
et al., 2018). Trenova et al. (2018) argumentam que tais polimorfismos relativos a genes
associados a citocina ndo possuem efeito independente, ocorrendo por meio de grandes
interagdes com outros polimorfismos, participando, contudo, de processos implicitos ao
declinio da memoria episoddica em idosos e a inibi¢do da neurogénese (Stacey et al., 2015).

Stacey et al. (2015) argumentam que héa necessidade de mudancga de foco nos estudos
que associam cognicdo em idosos e genes associados a codificagdo de citocina para genes
associados a sua regulagdo. Considerando tal necessidade, optou-se pelo gene CRI para
analise, sendo este um regulador (Stacey et al., 2015). As amostras de saliva dos participantes
foram coletadas em tubos estéreis de 1,5 mL e mantidas em gelo até chegar ao LIGH. Optou-
se pela extracdo do DNA por meio do método salting out, com posteriora genotipagem por
PCR.

E importante considerar que ndo houve tempo hébil para a extragio do DNA por
parte do LIGH, tendo a parceria deste com o LABNEURO sido firmada visando o longo
prazo, com menos de um ano antes do fim do prazo regular do programa de mestrado
referente ao presente trabalho. Desta forma, na secdo 3 ¢ apresentado um artigo inédito
elaborado com base em dados parciais, sem a informacao referente aos dados genéticos,

embora estes tenham sido coletados junto a testagem cognitiva.
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A compreensdo dos fatores que possam estar associados a uma maior capacidade
cognitiva e consequente qualidade de vida em idosos pode possibilitar a realizacdo de
medidas de prevencdo e promog¢do na area da saide. Adicionalmente, ¢ importante
compreender como diferentes fatores, como os anos de estudo da infincia a idade adulta, a
ocupacdo durante a vida e fatores genéticos impactam o desenvolvimento humano até idades

avancadas.
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2 INSTRUMENTS FOR THE ASSESSMENT OF SUPERAGERS: A SYSTEMATIC
REVIEW

Abstract

Age-related cortical atrophy and cognitive decline, especially in memory function,
are common among older adults. However, a subset of older adults, known as SuperAgers,
exhibit exceptional resilience to these effects, displaying an episodic memory capacity
equivalent to or exceeding that of individuals 20 to 30 years their junior. Despite this
phenomenon, there is no consensus among researchers regarding the most appropriate
instruments and criteria for classifying SuperAgers. To address this gap, we conducted a
systematic review of the literature to determine which instruments and classification criteria
are most frequently utilized. Our search of PubMed/Medline, Scopus, Web of Science, and
PsycINFO yielded results suggesting that SuperAgers are generally defined as individuals
aged 80 years or older, with anterograde memory tests based on fixed cut-off values for word
list recall, as well as executive functioning tests, serving as the primary classification tools.
Given the influence of sociocultural and linguistic factors, as well as differences in the
choice of memory tests, it is not recommended to establish a single cut-point in global

SuperAging studies.

Keywords: Aging; SuperAgers; health of the elderly; neuropsychological tests; human

development.
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2.1 INTRODUCTION

With the advance of age, a greater risk of neurodegenerative pathologies emerge'.
Different pathological processes are associated with different kinds of functional loss'. Being
the most common cause of dementia, Alzheimer’s Disease (AD) is primarily associated with
memory loss®. Although it is important to consider the effect of pathological processes such as
AD, aging itself may promote cognitive decline even in the absence of pathologies?.

Functional loss due to aging may vary between individuals, and some are more
resilient than others®. At different intensity and progression rates, some experience relative
preservation of their cognitive functioning, even at older ages*. The concepts of brain reserve
and cognitive reserve were posited to elucidate the origins and mechanisms of inter-individual
differences in cognitive performance’. Brain reserve, in the context of neural resilience, refers
to the greater capacity or volume of the brain to sustain cognitive function despite
neuropathology’>. In contrast, cognitive reserve pertains to the attenuation of functional
decline despite progressive brain degeneration and is attributed to the acquisition of skills and
abilities acquired throughout life’.

In the case of SuperAgers (SA), it was observed that some older adults can present
preserved episodic memory capacity to a similar or superior degree to what would be
expected for adults 20 to 30 years younger®. The study of SA seeks to identify variables
associated with higher cognitive functioning in older adults, such as characteristics related to
neural preservation and biomarkers associated with brain or cognitive reserve®. In the study of
SA, both concepts are employed in empirical and theoretical investigations, being the field of
study a promotor of a better understanding of the relations between both kinds of reserve and
their impact on daily functioning®.

The study of Harrison et al.” was one of the first empirical studies that employed the
term SA. It focused on the effects of aging on brain atrophy, demonstrating that older adults
with preserved cognitive functioning also presented higher cortical volume. The authors state
that studies in the field of healthy aging may contribute to advances in preventing loss of
cognitive function and promote knowledge of pathological processes such as AD.
Furthermore, de Godoy et al.® observed that SA tend to exhibit greater cortical volume in
regions such as the anterior cingulate gyrus and the hippocampus, as well as a connectivity
pattern resembling that of younger individuals. However, despite the common assessment of
amyloid beta in studies on Alzheimer's disease, overall findings did not reveal a significant

association in SA research.
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Since the preservation of functionality in older adults is a significant contributor to
quality of life and individual autonomy?, it is important to comprehend which variables might
be associated with SA. This field, however, does not present a unified protocol to assess and
classify SA and Normal agers and thus faces variations in both instruments and the criteria
employed’. Given that education is known to have a significant impact on the development of
cognitive functions'?, it is imperative to consider this factor not only to mitigate bias but also
to tailor research protocols for diverse contexts.

The lack of consensus on the instruments and criteria employed in the classification
of SA makes comparing results difficult. Godoy et al.® argue that, since the decline of memory
functions increases in intensity after the age span of 60—65, differences related to minimum
age requirements for SA classification risk promoting bias. The present study aims to identify
and analyze commonly used memory assessment instruments in SA, and to compare
classification criteria utilized by different authors, such as minimum age, cut-off values for
memory tests (when applicable), groups of younger adults for comparison, and the criteria
used to compare such groups. To our knowledge, the present study is the first to focus
primarily on the methodological aspects of SA research (such as instruments and criteria),
being conducted with the intent of facilitating the production of research projects in different

socioeconomic contexts.

2.2 MATERIAL AND METHODS

A systematic review was conducted based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses — PRISMA!!. The following inclusion criteria were
employed: complete articles published in scientific journals; articles published in Portuguese,
Spanish, or English; articles that reported data collection in a study with humans; articles that
separated the sample into groups, with at least one of the groups composed of older adults
either classified as SA or as a different terminology with a similar concept (related to older
adults with superior memory). The exclusion criteria were: not describing the instruments
used to classify SA; not describing classification criteria of SA; not employing memory tests
to classify SA; employing statistical methods that are not replicable in broader contexts, such
as methods based on analyzing the standard deviation within the study’s own sample, with
results that could be inconsistent when compared to samples collected from different contexts.

The databases PubMed/MedLine, Scopus, Web of Science, and PsycINFO were
searched on 21/04/2022, with no time restriction. Search terms included both MeSH and non-
MeSH words, combined with the descriptors “AND” and “OR”, with the use of “*” to allow
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for variation in the suffix (such as “old*”, making it possible to obtain results for “old”, “old
age”, “older adults”, etc.). The words “superager®”, “supernormal*”, “superior cognition”,
“superior function”, “superior neuropsycholog*”, “successful ag*”, “older” and “elder” made
up the set of non-MeSH words, while the words “Neuropsychological Tests”, “Memory” and
“Aged” made up the set of MeSH words. The complete employed search words were:
(“superager*” OR “supernormal*” OR “superior cognition” OR “superior function®*” OR
“superior neuropsycholog*” OR “successful ag*”) AND (“old*” OR “elder*” OR “Aged”)
AND (“Memory” OR “Neuropsychological Tests”). As for PsycINFO, the following filters
were employed: “publication type: peer-reviewed”; “population group: human”; “age group:
65 yrs & older”.

After the initial search for studies and removal of duplicates, the first phase of
screening was composed of the evaluation of abstracts and verifying the conformity of the
studies with the defined inclusion and exclusion criteria. Afterward, the remaining studies
were read in full, reapplying the inclusion criteria to define the final set of articles to
qualitatively synthesize. Two judges independently evaluated the selected articles. In the
absence of consensus, divergences were debated for each article to reduce the risk of bias in
article selection. The articles were accessed through the databases. When access to the paper
was not possible, the articles’ authors were directly asked for a copy. Out of the articles
selected for the final analysis, data related to basic information (authors; year of publication),
instruments employed, and classification criteria were extracted.

Finally, quality assessment was conducted with the use of the Quality Assessment of
Diagnostic Accuracy Studies-2 (QUADAS-2'%) instrument. QUADAS-2 is divided into four
domains, being used to assess the risk of bias in: patient selection (regarding the method of
selecting participants); index test (considered to be the test applied to both groups regarding
the research question); reference test (considered to be the tests used for group classification
and inclusion/exclusion criteria); flow and timing (regarding time intervals between the
application of both index and reference tests and participant inclusion). The question “Did
patients receive the same index test?” was added to the domain of flow and timing. Two
judges assessed the reviewed papers and reached consensus when disagreements occured.
Each domain was considered to have either a “low” or “high” risk of bias, deemed “unclear”
when insufficient information was available. Concerns regarding applicability were also

judged for the first three domains.



22

2.3 RESULTS

Figure 2.1 displays the article selection process. Initially, 1814 articles were found:
857 from PsycINFO, 327 from Scopus, 327 from Web of Science, and 303 from
PubMed/MedLine. During the first phase of screening, 639 duplicates were removed,
resulting in 1175 articles. The resulting articles were then screened by reading their titles and
abstracts. Out of the 1175 articles, 1085 were excluded for being related to different themes
(such as studies on mental illnesses or therapeutic interventions), not collecting data, or for
not being complete articles published in scientific journals and others.

After the screening stage, 90 articles were selected to be read in full. After the
reapplication of inclusion and exclusion criteria, 68 articles were excluded from the final
qualitative synthesis. Out of the 69 excluded papers, 56 were excluded for not being related to
SA or similar concepts. Seven were excluded due to the use of SA classification methods that
employed sample-based statistical analysis, such as latent class analysis, which would not
allow replication of such criteria in other samples. One study was excluded due to its failure
to establish specific criteria for episodic memory scores to classify individuals as SA.
Additionally, one study was excluded because it did not describe SA group classification
criteria, two for being written in languages different than the ones described in the inclusion
criteria (German and Chinese), and two articles were not found, with no reply obtained from
the authors until the moment this paper was written.

Finally, 21 articles remained and were included in the final analysis. Out of
parsimony, the diverse terms “SuperAger”, “Resilient ager” “SuperNormal”, “Super-

cognition” or “Superior cognition” were unified under the concept SA.
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Flowchart describing article selection process

Table 2.1 presents a brief description of the selected articles in terms of sample,
education, and cut-off values for the included memory tests. The oldest article found was
published in 2012, while the years with the most frequent publications were 2019 and 2021,
each with 5 articles, totaling 10 out of the 21. Most of the studies employed cross-sectional
observational methods, with sample sizes varying from 10 to 358 participants. Overall,
although the reviewed studies presented replicable, well-described methods, with well-known
and well-accepted instruments of measurement, 17 (or about 81%) did not reach 100
participants. The studies were mostly conducted with the use of neuropsychological tasks in

association with brain imaging or biomarkers (e.g. genetic markers, amyloid beta).
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Table 2.1 Overview of the studies

Article

Mean years of education Memory test:
Sample

(SD) for SA/NA cut-off values
Harrison et al., SA: n=12; mean age=83 years; NA: 14.8 (£2.4)/ 17.5 (£2.2) RAVLT: >9
20127 n=10; mean age=83.5 years; YP: n=14;
mean age=57.9 years
Rogalski et al., SA: n=5; mean age=88.6 years; NA: 17.2 (£1.8) /14.4 (£2.2) RAVLT: >9
20131 n=5; mean age=90.2 years; MCI: n=2

Gefen et al.,
2015

Sun et al.,
2016

Mabher et al.,
2017

Gefen et al.,
2018

Harrison et al.,
2018'3

Huentelman et
al., 2018"

Janeczek et al.,
2018%°

Dang et al.,
2019a*!

Dang et al.,
2019b*

Gefen et al.,
2019%
Rogalski et al.,
2019%

Calandri et al.,
2020%

SA: n=31; mean age=82.5 years; NA: 15.5(£2.5)/16.2 (£3.4) RAVLT: >9
n=13; mean age==83.7 years; YP: n=21;
mean age=>58.4 years

SA: n=17; mean age=67.8 years; NA: 17.2 (£2.2) / 16.2 (£2) CVLT: >14
n=23; mean age=66.2 years; YP: n=41;
mean age=25.1 years

SA: n=31; mean age=83.4 years; NA: 16 (N/A) / 18 (N/A) RAVLT: >9
n=19; mean age=_84.4 years

SA: n=5; mean age=88.6 years; NA: N/A RAVLT: >9
n=5; mean age=86.6 years; MCI: n=5;

mean age=92.4 years; AD: n=5; mean

age=80.4 years; YP: n=5; mean

age=47.8 years

SA: n=26; mean age=74.9 years; NA: 17.5 (£1.9)/16.5 (£2) CVLT: >14
n=103; mean age=75.9 years; YP: n=64;
mean age=24.1 years

SA: n=56; mean age=83 years; NA: 15.8 (£2.3)/17.7 (£1.8) RAVLT: >9
n=22; mean age=82.8 years

SA: n=5; mean age=90.5 years; NA: N/A RAVLT or
n=15; mean age=84.4 years; YP-1: n=8; CERAD word
mean age=41.25 years; YP-2: n=4; mean list: >9

age=11.1 years

SA: n=172; mean age=71.2 years; NA:  65.1% >12 years for SA CVLT: >13 for

n=172; mean age=72.2 years and NA (mean. SD N/A) women; >12 for
men

SA: n=179; mean age=68.4 years; NA: 65.4% >12 years for SA  CVLT: >13 for

n=179; mean age=68.5 years and NA (mean. SD N/A) women; >12 for
men

SA: n=5; age range=85-100 years; NA: N/A RAVLT: >9

n=7; age range=70-100 years; YP: n=5;
age range=20-60 years

SA: n=10; mean age=85.5 years 17.3 (£2.6) RAVLT: >9

SA: n=20; mean age=82.4 years; NA: 15.8 (£2.6) / N/A
n=20; mean age=83.3 years 16.3 (£3)
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Kim et al,, SA: n=35; mean age=71 years; NA: 9.8 (£3.8)/ N/A
2020%¢ n=88; mean age=73 years 10.9 (£3.4)
Zhangetal., SA:n=17; mean age=67.8 years; NA: 17.2 (£2.2)/16.2 (£2) CVLT: >14
202077 n=23; mean age=66.2 years; YP: n=41;

mean age=24.5 years
Borelli et al., SA:n=10; NA=10; YP: n=10 12.7 (4.8)/ RAVLT: >9
20218 12.9 (£5)
de Godoy et  SA: n=12; minimum age>80 years; NA: 15.9 (£5.1)/ RAVLT: >9
al., 2021% n=13; minimum age>80 years 14.5 (£3.9)
Gefenetal., SA:n=7; mean age=89.5 years; NA: 16.3 (£2.4)/ RAVLT: >9
20213 n=6; mean age=87.8 years 13.5 (7%)
Katsumi et al., SA: n=17; mean age=67.8 years; NA: 17.2 (£2.2)/ CVLT: >14
20213 n=23; mean age=66.2 years; YP: n=41; 16.2 (£2)

mean age=24.5 years
de Souza et al., SA: n=10; mean age=82.3 years; NA: 12.7 (£4.79) / RAVLT: >9

2022% n=10; mean age=83.5 years; AD: n=10;
mean age=78.2 years; YP: n=10; mean
age=58.7 years

12.9 (+4.98)

Notes. SA: SuperAger. NA: Normal Ager. YP: younger participants. n: sample size. MCI: Mild
Cognitive Impairment. AD: Alzheimer’s Disease. N/A: not available or not applicable.

In the reviewed articles, the average years of formal education were mostly at or
above 12 years for both SA and Normal Agers (NA) groups (89% of the articles that reported
education levels). Across all studies that reported the cut-off value for the delayed recall
condition of RAVLT, the cut-off value was >9 words, irrespective of socioeconomic or
educational status. In contrast, the cut-off values for CVLT were adapted by Dang et al.?"> 22,
ranging from 12 to 14 words on the delayed recall condition, and were altered based on
gender, with lower requirements for male participants.

Tables 2.2 and 2.3 present the frequency of use of the instruments employed in SA
classification among the analyzed articles. It is observable that the use of instruments related
to memory and executive functions was frequent. All studies used episodic memory tests
based on word lists, such as Rey Auditory Verbal Learning Test (RAVLT). As for executive
functions, verbal fluency tasks and the Trail Making Test were the most frequently employed.
Although alternative terms such as "resilient agers" and "successful agers" were identified, the
majority of studies employed the term "SuperAgers" to refer to individuals who perform

exceptionally well on memory tests, even if the classification criteria differed from those

proposed by the Northwestern SuperAging Program’.
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Table 2.2 Instruments most frequently used for the assessment of memory in SA

Employed instruments Number of articles (proportion)
Rey Auditory Verbal Learning Test (RAVLT)?* 14 (66%)
California Verbal Learning Test (CVLT)* 6 (42%)
Rey-Osterrieth Complex Figure Test (ROCF)¥ 3 (14%)
Logic memory subtest (WMS-II)3® 1 (0.5%)
Shiraz Verbal Learning Test (SVLT)*’ 1 (0.5%)
CERAD word list*® 1 (0.5%)

Table 2.3 Non-memory instruments most frequently used for the assessment of SA

Employed instruments Number of articles (proportion)
Trail Making Test (TMT)?** 17 (80%)
Verbal fluency task* 15 (71%)
Boston Naming Test-30 (BNT)*! 14 (66%)
Mini-Mental State Examination (MMSE)* 6 (42%)
Digits subtest (WAIS-IIT)* 5 (24%)
Symbol search subtest (WAIS-IIT)* 4 (2%)
Stroop Test (Victoria)* 2 (1%)
EXAMINER Battery* 2 (1%)

Normal Agers, comparison groups composed of typically developing older adults,
were defined throughout the reviewed studies as participants who reached the criteria defined
for SA for all measures but episodic memory. Participants were required to be matched for
age and education to the SA group and not to deviate below -1 SD or -1.5 SD compared to the
mean expected for their own age and education groups, so as to compare SA with healthy
participants. Alternatively, participants were classified as Sub Agers when age-matched to SA
and when criteria for the classification as Normal Agers did not apply.

Table 2.4 presents the frequency of use of the different criteria employed for SA
classification. Overall, eight different classification protocols were administered. It was
observed that most studies (13 or 62%) considered SA participants to be at least 80 years old.
Other studies, though, considered 60 years of age as the minimum age requirement. Only two
studies (or 9.5%) did not compare SA scores with normative data for younger adults.
Comparisons were made between SA and adults aged 18 to 65, and the most frequent

comparison was made with adults 20 to 30 years younger, on average.
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Table 2.4 Criteria employed for the assessment of SA

Age of SA and sal.nple Articles Criteria employed
used for comparison (%)

>60 years of age; 2 SA participants’ episodic memory scores were at least equal to

comparison with 30-34 (9.5%) the mean expected for 50 to 65-year-olds. Executive functions,

year olds?!> %2 vocabulary, and verbal fluency scores were not below -1 SD
compared to the mean expected for the participant’s age and
education group

>60 years of age; 2 SA participants’ episodic memory scores were not below -1.5 SD

comparison with 18-32 (9.5%) compared to the mean expected for 18 to 32-year-olds. Executive

year olds'>?! functions scores were not below -1 SD compared to the mean
expected for the participant’s own age and education group

>60 years of age; 1 SA participants’ episodic memory scores were at least equal to

comparison with 18-35 (4.7%) the mean expected for 18 to 35-year-olds. Executive functions

year olds?’ scores were not below -1 SD compared to the mean expected for
the participant’s own age and education group

>60 years of age; 1 SA participants’ episodic and non-verbal memory scores were

comparison with 45 year  (4.7%) equal to or above the mean expected for 45-year-olds

olds?

>70 years of age; 1 SA participants’ episodic memory scores were at least equal to

comparison with 18-32 (4.7%) the mean expected for 18 to 32-year-olds. Executive functions

year olds'® scores were at least equal to the expected mean for the
participant’s own age and education group. MMSE scores were
required to be >25

>80 years of age; 11 SA participants’ episodic memory scores were at least equal to

comparison with 50-65 (52%) the mean expected for 50 to 65-year-olds. Executive functions,

year olds’ 13 14 17. 19.20. 23, vocabulary, and verbal fluency scores were not below -1 SD

24,28,29,30 compared to the mean expected for the participant’s own age and
education group. In de Godoy et al.?’, average MMSE scores, a
clinical dementia score of zero, and a score >4 on the Functional
activity questionnaire were also required for all participants

>80 years of age; 2 Mabher et al.'®: SA participants’ episodic memory scores were at

comparison with 50-60 (9.5%) equal to the average expected for 50 to 60-year-olds; executive

year olds!® % functions, vocabulary, and verbal fluency scores were not below -
1 SD compared to the mean expected for the participant’s own
age and education. Calandri et al.**: SA participants’ episodic
memory scores were not below -1 SD compared to the mean
expected for 50 to 60-year-olds; executive functions, vocabulary,
and verbal fluency scores were not below -1 SD compared to the
mean expected for the participant’s own age and education group

>80 years of age; no 1 SA participants’ episodic memory scores were >+1.5 SD

comparison with younger (4.7%) compared to the mean expected for the participant’s own age and

adults*®

education group. MMSE scores were at least equal to the mean
expected for the participant’s age group
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Table 2.5 and Figure 2.2 present the risk of bias as assessed through QUADAS-2. It
is important to note that QUADAS-2 standards require a blind interpretation of the index test
regarding the reference standard. This information was not present in most reviewed papers,
granting frequent “Unclear” results, especially regarding these two domains. Patient selection
was overall appropriate, with a few exceptions among mostly imaging studies in which
convenience samples are very hard to obtain. Flow and timing was the domain most
frequently associated with a higher risk of bias, especially when the authors did not present
equal reference standard and index tests to all participants, which, together with the use of

composite scores to classify SA, also raised concerns regarding applicability.

Figure 2.2
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Graphic representation of QUADAS-2 quality assessment



Table 2.5 QUADAS-2 risk of bias and applicability assessment

Study RISK OF BIAS APPLICABILITY CONCERNS
Patient Index  Reference lzllz;v Patient Index Reference
Selection Test Standard .. Selection Test Standard
Timing
Harrison et
al,, 20127 Low Unclear Unclear Low Low Low Low
Rogalskll 36 t Low Unclear Unclear Low Low Low Low
al., 2013
2G(§: lf 21114et al., Low Unclear Unclear High Low Low Low
58? 6612 al, Low Unclear Unclear Low Low Low Low
Mabher et
al., 20176 Low Unclear Unclear Low Low Low Low
S(f lf 2?7 etal, Low Low Low Low Low Low Low
gaglg‘fglit Unclear  Unclear Unclear Low Low High High
Huentelman
etal., Low Unclear Unclear Low Low Low Low
2018Y
ielmezcozle é{zoe t High Unclear Unclear High Low High Low
Dang et al.,
2019b?! Low Unclear Unclear Low Low Low Low
Dang et al.,
201922 Low Low Low Low Low Low Low
g}oe {f 8?3 ctal, High Unclear Unclear High Low High Low
Rogalski et
al., 2019% Low Unclear Unclear Low Low Low Low
Calandri et
al., 2020%5 Low Unclear Unclear Low Low Low Low
I;(;Izl:);t al, Low Unclear Unclear Low Low Low Low
Zhang et
al., 2020°7 Low Unclear Unclear Low Low Low Low
Borelli et
al., 20212 Low Unclear Unclear Low Low Low Low
de Godoy et
al., 20212 Low Unclear Unclear Low Low Low Low
ZGOerT?oet al., Low Low Low High Low Low Low
Katsumi et
al., 2021°! Low Unclear Unclear Low Low Low Low
de Souza et Low Unclear Unclear Low Low Low Low

al., 2022*
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2.4 DISCUSSION

This review sought to identify and analyze the instruments used to assess SA and to
describe the frequency of use of different instruments and classification criteria. The results
evidenced that word-list-based episodic memory tests were the most frequently used to assess
episodic memory. The studies also employed measures of executive functions and vocabulary,
such as the Trail Making test, verbal fluency tasks, and the Boston Naming Test.

As for SA classification criteria, the most used protocol was the one proposed by
Harrison et al.”, which considered 80 as the minimum age and compared the results with
normative data from a sample 20 to 30 years younger. Another frequent measure related to
executive functions was employed, which was compared to the participant’s peers. Although
this was the most common type of classification, other classifications were identified, which
considered different minimum age requirements, assessed different functions, and employed
different criteria.

The frequency of use of word-list-based memory tests, such as the RAVLT, to assess
episodic memory in SA probably occurred due to these instruments being employed in the
first data collection study that employed the concept of SA (Harrison et al.”), being a major
research group in the field (The Northwestern SuperAging Group), as well as being a
traditionally employed instrument in neuropsychological assessment*’. The delayed recall
score was used in all reviewed studies, being the key instrument to identify SA. It is important
to note that AD, being the most common type of dementia, is typically associated with a
decline in anterograde episodic memory functioning, which can be measured by RAVLT or
similar tests, such as CVLT or SVLT%* %', hence the need to employ instruments that prevent
the inclusion of patients that present pathological aging. Since episodic memory is not the
only expression of the onset of a neuropathological process and other kinds of
neurodegenerations are associated with different symptoms?, the use of additional instruments
to measure executive functions and language abilities was required.

Although word-list-based memory assessments are commonly used to classify SA,
this method has been criticized. Goldberg*® has questioned this classification method,
suggesting that the use of word list memory tests might not reflect daily memory functioning
but rather individual readiness for the test itself. As an alternative, Borelli et al.* proposed the
use of the Logical Memory subtest from the Wechsler Memory Scale (WMS-III), which could
emulate more ecological contexts. However, the only reviewed study that employed this test
used it in the context of a composite score along with a word list memory test, making it

untested as a means of classification criteria for SA. While the Logical Memory subtest could
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be a possible addition, it cannot serve as a substitute because the concept of SA itself is based
on the performance in word-list-based episodic memory tests.

The Northwestern SuperAging Research Program has suggested a cut-off value of >9
out of 15 words recalled during the delayed recall of the RAVLT, as this represents the
expected mean score for a 50-65-year-old in the American context and is also one standard
deviation above the average score for 80-year-olds. This cut-off value was consistently
employed across all reviewed studies that provided a specific cut-off value for the RAVLT.

Although the reviewed studies did not show any variability in the cut-off values for
the delayed recall of RAVLT, it is worth considering that normative values may vary
depending on cultural, socioeconomic, and linguistic contexts. For instance, considering
normative values for 50—60-year-olds, Chinese Australians with <12 years of education
reached a mean score of 10 words, while the higher education group (>12) reached 12 words
on average*’. In Brazil, although the average is 10 words®, evidence suggests that those
with >12 years of education evoked an average of 9.5 words!. It is also noteworthy that the
RAVLT normative data for Brazil is based on a study conducted in a single capital city,
risking the skewness of normative data towards a population with higher income and
education levels™®.

In a Greek sample consisting of individuals aged 60-78, the lower education group
(<9 years) recalled an average of 4.5 words, while the higher education groups evoked 8
words on average®. For a Venezuelan sample, the average number of words recalled by the
lower education (<3 years) group of 50—64 year-olds was 7.6, while the higher education
groups recalled an average of 9 words™. Considering the Norwegian and Swedish
populations, a regression model was developed to take into account education, age, and sex
for RAVLT scores>*. For a 61-year-old male (reference age of the younger adults used as
comparison'# 2% 23)_ 6 evoked words would suffice to reach the 50th percentile for a male with
6 years of education. Conversely, a cut-off value of 8 words would be sufficient for those with
>12 years of education, while the commonly used >9 words would be compatible with the
most frequently used SA criteria (=50th percentile for younger adults) for males >14 years of
education®, which is higher than the average formal education of 18% of the SA groups in the
reviewed studies.

The interpretation of a raw score of 9 words in the delayed recall of RAVLT is, thus,
dependent on formal education levels. Hence, given the impact of sociocultural and linguistic
factors, as well as variations in the choice of memory tests (e.g. RAVLT, CVLT), it is not

recommended to establish a single cut-off value for use in worldwide SA research. Rather, it
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is advisable to tailor the cut-off value to the specific population being studied and to the goals
of the investigation, especially when examining less malleable biological markers like genetic
traits. Moreover, while participants with lower education and fewer word evocations may
present inferior overall performance, their scores may still represent a remarkable
achievement compared to the average of their own population and therefore merit attention.

Borelli et al.* propose the utilization of non-verbal memory tests in studies involving
low education levels and developing countries, given their reduced reliance on formal
education. However, this approach may potentially compromise the representation of the
population under investigation, diverging from the field's intended scope, which focused on
episodic memory. The authors also argue that, in developing countries, the minimum age
required to classify an older adult as a SA should be considered 75 instead of the most
frequently employed 80 years of age, due to lower life expectancy and other cultural and
socioeconomic factors.

The Rey-Osterrieth Complex Figure Test (ROCFT) was recommended as a non-
verbal alternative as well as the visual memory subtest from WMS-III and the Brief Cognitive
Screening Battery (BCSB) *. As for episodic memory tests, the RAVLT, the Selective
Reminding Test (SRT), and the Logical Memory subtest from the WMS-III battery were
recommended?. Although the ROCFT is, like other non-verbal psychological tests, still not
free of cultural or educational level biases™, it is possible that a multimodal approach might
promote less biased results concerning the study of SA. The impact of education on attention
and executive functioning must also be taken into account. The Trail Making Test, an integral
part of standard SA classification protocols, is substantially influenced by the number of years
of formal education, particularly regarding TMT-B, in both 40-59 and 60-75-year-old
samples>.

Although education and socioeconomic status are robustly associated with healthier
aging trajectories, the conduction of studies in developing countries is encouraged to reduce
bias, since the variability in cognitive functioning is not explained by education or
socioeconomic status alone®’. Since the cognitive impacts of aging are usually more intense in
80-year-olds in comparison to 60-year-olds*, the employment of criteria that consider
participants under retirement age to be SA might underestimate the effects of aging itself.
Such an approach might also overestimate the effects of work and daily activity since younger
older adults tend to lead more active lives in labor and other fields, although such factors

might also be gender-dependent®®. Thus, selecting different age spans as a minimum age
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requirement to classify SA might imply different a scope of understanding, difficulting the
process of comparing results.

The reviewed articles presented evidence that cognitive differences associated with
SA are frequently related to diverse brain characteristics, such as connectivity, metabolism,
pattern of activation, and volume. Longitudinal studies and the study of biomarkers associated
with SA are imperative to understand whether the phenomenon of SA requires such
classification. Such questioning intends to discuss whether SA forms a different category,
with its own specificities, or if it is observed in a continuum across the population. Thus,
whether the phenomenon of SA should be studied as a categorical or scalar variable. All
reviewed studies approached the SA field while considering it a categorical variable (a
participant either is or is not a SA), but few discussions have been made about the specificities
of this population to justify the preference for group design statistical analysis (e.g. ANOVA,
logistic regression models) instead of analyzing the continuity of the distribution of memory
abilities across the population of older adults (e.g. linear regression models).

Investigating SA might promote a better understanding of how and why older adults
seem to experience a diminished effect of aging on their cognitive functioning, thus making it
possible to promote protective health measures in adulthood. It is also important to conduct
more studies that contemplate low socioeconomic status and low educational level
participants since the reviewed studies were mostly conducted on participants of higher
socioeconomic and educational status in countries such as the United States.

The present review's findings on the most commonly used instruments and criteria to
assess memory abilities in SA are consistent with existing literature. Borelli et al.” conducted
a systematic review on older adults with exceptional memory capacity and noted that word
list memory tests are frequently employed in SA research to classify an older adult as a SA.
Likewise, de Godoy et al.® conducted a systematic review with similar results regarding the
present review's findings on the most frequently used instruments. Thus, the present review's
results are representative of the instruments and criteria most commonly employed in the field
of SA research.

It should be noted that 47% of the reviewed studies were carried out by the same
research group at Northwestern University in the United States. This concentration of studies
by a single group may have influenced the methods and outcomes reported. While the
Northwestern SuperAging Research Program is noteworthy for its significant and innovative
work, it is imperative that research be conducted more widely, particularly among participants

with lower socioeconomic status, to enable the generalization of findings. Another factor that
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may introduce bias in the studies is the average sample size. Indeed, 81% of the reviewed
articles had sample sizes below 100 participants and some presented samples drawn out of
convenience or multiple criteria within a single study.

This review has limitations such as not including gray literature (unpublished
articles, abstracts, and annals of scientific events), including articles from only four databases,
and employing only one set of search words. It is possible to consider, though, that this study
allows a better understanding of the variability of instruments and criteria employed in
classifying individuals as SA, and promotes an important discussion regarding cut-off values

in SA research, thus contributing to the elaboration of future research projects in the field.

2.5 CONCLUSION

In sum, it was observed in this review that the main instruments currently employed
for SA classification are anterograde episodic memory tests, commonly the delayed recall of
tests based on word lists, used in association with executive functions tests, commonly of
semantic access or trail making. In general, those classified as SA obtained at least average
results for episodic memory compared to 20-30 younger adults and obtained at least average
scores for executive functioning, in comparison with the normative data for their age and
education.

Despite the limited variation observed in the cut-off values across the reviewed
articles, it is recommended to customize these values based on the specific socioeconomic,
cultural, and educational characteristics of the population under study. This is particularly
important when investigating biological traits such as genetic markers, which are less
susceptible to environmental influence. The field of SA holds significant promise, as the
insights gained from this area of research can enhance our understanding of the underlying
mechanisms contributing to functional decline in older adults, attributable to both normal
aging and pathological processes. The implications of such findings extend beyond the
scientific community and may have significant public health benefits, particularly in the areas

of preventative care and promotion of healthy aging.

2.6 ACKNOWLEDGEMENTS
We would like to thank Ph.D. Sabrina de Sousa Magalhaes and Ph.D. Wyllians José

Vendramini Borelli for the greatly valuable review and input to the present study.



35

2.7 REFERENCES

[1] Power M, Mormino E, Soldan A, James B, Yu L, Armstrong N, et al. Combined
neuropathological pathways account for age-related risk of dementia. Ann Neurol. 2018;
84(1):10-22. https://doi.org/10.1002/ana.25246

[2] Cochar-Soares N, Delinocente M, Dati, L. Fisiologia do envelhecimento: da plasticidade
as consequéncias cognitivas. Revista Neurociéncias. 2021; 29.
https://doi.org/10.34024/rnc.2021.v29.12447

[3] Stern Y, Barnes C, Grady C, Jones R, Naftali R. Brain reserve, cognitive reserve,
compensation, and maintenance: operationalization, validity, and mechanisms of
cognitive resilience. Neurobiol Aging. 2009; 83:124-29.
https://doi.org/10.1016/j.neurobiolaging.2019.03.022

[4] Borelli W, Carmona K, Studart-Neto A, Nitrini R, Caramelli P, Costa J. Operationalized
definition of older adults with high cognitive performance. Dement Neuropsychol. 2018;
12(3):221-27. https://doi.org/10.1590/1980-57642018dn12-030001

[5] Stern Y, Barnes C, Grady C, Jones R, Raz N. Brain reserve, cognitive reserve,
compensation, and maintenance: operationalization, validity, and mechanisms of
cognitive resilience. Neurobiol Aging. 2019; 83 124-129.
https://doi.org/10.1016/j.neurobiolaging.2019.03.022.

[6] de Godoy L, Alves C, Saavedra J, Studart-Neto A, Nitrini R, Leite C, et al. Understanding
brain resilience in superagers: a systematic review. Neuroradiology, 2020; 63:663-83.
https://doi.org/10.1007/s00234-020-02562-1

[7] Harrison T, Weintraub S, Mesulam M, Rogalski E. Superior memory and higher cortical
volumes in unusually successful cognitive aging. J Int Neuropsychol Soc. 2012;
18(6):1081-85. https://doi.org/10.1017/S1355617712000847

[8] van Leeuwen K, van Loon M, van Nes F, Bosmans J, de Vet H, Ket J, et al. What does
quality of life mean to older adults? A thematic synthesis. PLoS One. 2019;
14(3):0213263. https://doi.org/10.1371/journal.pone.0213263

[9] Borelli W, Schilling L, Radaelli G, Ferreira L, Pisani L, Portuguez M, et al.
Neurobiological findings associated with high cognitive performance in older adults: a
systematic review. Int Psychogeriatr. 2018; 30(12):1-13.
https://doi.org/10.1017/S1041610218000431

[10] Lovdén M, Fratiglioni L, Glymour M, Lindenberger U, Tucker-Drob E. Education and
cognitive functioning across the life span. Psychol. Sci. Public Interest 2020; 21(1), 6-41.
https://doi.org/10.1177/1529100620920576

[11] Moher D, Liberati A, Tetzlaff J, Altman D. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: the PRISMA statement. J Clin Epidemiol. 2009; 62;1006-
12. https://doi.org/10.1016/].jclinepi.2009.06.005



36

[12] Whiting P, Rutjes A, Westwood M, Mallett S, Deeks J, Reitsma J, Leeflang M, Sterne J,
Bossuyt P, QUADAS-2 Group. QUADAS-2: A revised tool for the Quality Assessment
of Diagnostic Accuracy Studies. Ann Intern Med. 2011, 155: 529-536. doi:10.7326/0003-
4819-155-8-201110180-00009

[13] Rogalski E, Gefen T, Shi J, Samimi M, Bigio E, Weintraub S, et al. Youthful memory
capacity in old brains: anatomic and genetic clues from the Northwestern SuperAging
Project. J Cogn Neurosci. 2013; 25(1):29-36. https://doi.org/10.1162/jocn_a 00300

[14] Gefen T, Peterson M, Papastefan S, Mastersteck A, Whitney K, Rademaker A, et al.
Morphometric and histologic substrates of cingulate integrity in elders with exceptional
memory capacity. J Neurosci Res. 2015; 35(4):1781-91.
https://doi.org/10.1523/jneurosci.2998-14.2015

[15] Sun F, Stepanovic M, Andreano J, Barrett L, Touroutoglou A, Dickerson B. Youthful
brains in older adults: preserved neuroanatomy in the default mode and salience networks
contributes to youthful memory in Superaging. J Neurosci Res. 2016; 36(37)-9659-68.
https://doi.org/10.1523/INEUROSCI.1492-16.2016

[16] Maher A, Kielb S, Loyer E, Connelley M, Rademaker A, Mesulam M, et al.
Psychological well-being in elderly adults with extraordinary episodic memory. PLoS
One. 2017; 12(10):e0186413. https://doi.org/10.1371/journal.pone.0186413

[17] Gefen T, Paspatefan S, Rezvanian A, Bigio E, Weintraub S, Rogalski E, et al. Von
Economo neurons of the anterior cingulate across the lifespan and in Alzheimer’s disease.
Cortex, 2018; 99:69-77. https://doi.org/10.1016/j.cortex.2017.10.015

[18] Harrison T, Maass A, Baker S, Jagust W. Brain morphology, cognition, and B-amyloid in
older adults with superior memory performance. Neurobiol Aging. 2018; 67: 162-70.
https://doi.org/10.1016/j.neurobiolaging.2018.03.024

[19] Huentelman M, Piras I, Siniard A, De Both M, Richholt R, Balak C, et al. Associations
of MAP2K3 gene variants with superior memory in SuperAgers. Front Aging Neurosci.
2018; 10(155). https://doi.org/10.3389/fhagi.2018.00155

[20] Janeczek M, Gefen T, Samimi M, Kim G, Weintraub S, Bigio E, et al. Variations in
acetylcholinesterase activity within human cortical pyramidal neurons across age and
cognitive trajectories. Cereb Cortex, 2018; 28:1329-37.
https://doi.org/10.1093/cercor/bhx047

[21] Dang C, Yassi N, Harrington K, Xia Y, Lim Y, Ames D, et al. Rates of age- and amyloid
b-associated cortical atrophy in older adults with superior memory performance.
Alzheimers Dement (Amst). 2019b; 11:566-75.
https://doi.org/10.1016/j.dadm.2019.05.005

[22] Dang C, Harrington K, Lim Y, Ames D, Hassenstab J, Laws S, et al. Superior memory
reduces 8-year risk of mild cognitive impairment and dementia but not amyloid f-
associated cognitive decline in older adults. Arch Clin Neuropsychol. 2019a; 34:585-98.
https://doi.org/10.1093/arclin/acy078



37

[23] Gefen T, Kim G, Bolbolan K, Geoly A, Ohm D, Oboudiyat C, et al. Activated microglia
in cortical white matter across cognitive aging trajectories. Front Aging Neurosci. 2019;
11:94. https://doi.org/10.3389/thagi.2019.00094

[24] Rogalski E, Gefen T, Mao Q, Connelly M, Weintraub S, Geula C, et al. Cognitive
trajectories and spectrum of neuropathology in SuperAgers: the first 10 cases.
Hippocampus, 2019; 29(5):458-67. https://doi.org/10.1002/hipo.22828

[25] Calandri I, Crivelli L, Martin M, Egido N, Guimet N, Allegri R. Environmental factors
between normal and superagers in an Argentine cohort. Dement Neuropsychol. 2020;
14(4). https://doi.org/10.1590/1980-57642020dn14-040003

[26] Kim B, Kwon H, Chun M, Park K, Lim S, Jeong J, et al. White matter integrity is
associated with the amount of physical activity in older adults with Super-Aging. Front
Aging Neurosci. 2020; 12:549983. https://doi.org/10.3389/thagi.2020.549983

[27] Zhang J, Andreano M, Dickerson B, Touroutoglou A, Barret, L. Stronger functional
connectivity in the default mode and salience networks is associated with youthful
memory in Superaging. Cereb Cortex. 2020; 30:72-84.
https://doi.org/10.1093/cercor/bhz071

[28] Borelli W, Leal-Conceicao E, Andrade M, Esper N, Feltes P, Soder R, et al. Increased
glucose activity in subgenual anterior cingulate and hippocampus of high performing
older adults, despite amyloid burden. J Alzheimers Dis. 2021; 81(4):1419-28.
https://doi.org/10.3233/JAD-210063

[29] de Godoy L, Studart-Neto A, Wylezinska-Arridge, M, Tsunemi M, Moraes N, Yassuda
M, et al. The brain metabolic signature in superagers using in vivo 1H-MRS: a pilot
study. Am J Neuroradiol. 2021; 42(10):1790-97. https://doi.org/10.3174/ajnr.A7262

[30] Gefen T, Kawles A, Makowski-Woidan B, Engelmeyer J, Ayala I, Abbassian P, et al.
Paucity of entorhinal cortex pathology of the Alzheimer’s type in SuperAgers with
superior ~ memory  performance. Cereb  Cortex. 2021, 31(7):3177-83.
https://doi.org/10.1093/cercor/bhaa409

[31] Katsumi Y, Andreano J, Barrett L, Dickerson B, Touroutoglou A. Greater neural
differentiation in the ventral visual cortex is associated with youthful memory in
Superaging. Cereb Cortex, 2021; 31(11):5275-87. https://doi.org/10.1093/cercor/bhab157

[32] de Souza G, Andrade M, Borelli W, Schilling L, Matushita C, Portuguez M. et al.
Amyloid-p PET Classification on Cognitive Aging Stages Using the Centiloid Scale. Mol
Imaging Biol. 2022; 24(3):394-403. https://doi.org/10.1007/s11307-021-01660-7

[33] Schmidt M. Rey Auditory Verbal Learning Test: A handbook. Torrance, California,
United States of America: Western Psychological Services; 2004.

[34] Delis D, Kramer J, Kaplan E, Ober B. California Verbal Learning Test, Research Ed.,
manual. San Antonio, Texas, United States of America: Harcourt Brace Jovanovich;
1987.



38

[35] Meyers J, Meyers K. Rey Complex Figure Test and Recognition Trial: Professional
Manual. Odessa, Florida, United States of America: Psychological Assessment Resource,
Inc.; 1995.

[36] Wechsler D. Wechsler Memory Scale-11. San Antonio, Texas, United States of America:
The Psychological Corporation; 1999.

[37] Kang Y, Na D, Hahn S. Seoul Neuropsychological Screening Battery. Incheon: Human
Brain Research & Consulting Co.; 2003.

[38] Morris J, Heyman A, Mohs R, Hughes J, van Belle G, Fillenbaum G, Clark C. The
Consortium to Establish a Registry for Alzheimer's Disease (CERAD). Part 1. Clinical
and neuropsychological assessment of Alzheimer's disease. Neurology. 1989;
39(9):1159-1165.

[39] Reitan R. Validity of the Trail Making Test as an indicator of organic brain damage.
Percept Mot Skills. 1958; 8(3):271-276.

[40] Delis D, Kaplan E, Kramer J. The Delis-Kaplan Executive Function System (D-KEFS).
San Antonio, Texas, United States of America: Psychological Corporation; 2001.

[41] Kaplan E, Goodglass H, Weintraub S. The Boston Naming Test. Philadelphia,
Pennsylvania, United States of America: Lea and Febiger; 1983.

[42] Folstein M, Folstein S, McHugh P. Mini-mental state: A practical method for grading the
cognitive state of patients for the clinician. J Psychiatr Res.. 1975; 12:189-198.

[43] Wechsler D. Wechsler Adult Intelligence Scale (WAIS-III) (3rd ed.). San Antonio,
Texas, United States of America: Psychological Corporation; 1997.

[44] Strauss E, Sherman E, Spreen O. A compendium of neuropsychological tests:
Administration, norms, and commentary (3rd ed.). New York, New York, United States
of America: Oxford University Press; 2006.

[45] Brooks B, Sherman E. Examiner's Manual for the Comprehensive Executive Functioning
Inventory. Lutz, Florida, United States of America: Psychological Assessment Resources;
2021.

[46] Malloy-Diniz L, Lasmar V, Gazinelli L, Fuentes D, Salgado J. The Rey Auditory-Verbal
Learning Test: applicability for the Brazilian elderly population. Braz. J. Psychiatry.
2007; 29(4):324-9. https://doi.org/10.1590/S1516-44462006005000053

[47] Cotta M, Malloy-Diniz L, Rocha F, Bicalho M, Nicolato R, Moraes E, et al. Discriminant
validity of the Rey Auditory Verbal Learning test: comparison between normal elderly

and elderly patients in early stages of Alzheimer's disease. Braz. J. Psychiatry. 2011;
60(4):253-8. https://doi.org/10.1590/S0047-20852011000400004

[48] Goldberg T. Comments about SuperAging and SuperAgers. Alzheimers Dement (Amst).
2019; 11(1):564-5. https://doi.org/10.1016/j.dadm.2019.05.009



39

[49] Wallace K, Berry J, Shores E. The Chinese Australian neuropsychological normative
study: neuropsychological test norms for Chinese Australians aged 55-90 years. Aust.
Psychol. 2018; 53(5), 427-443. https://doi.org/10.1111/ap.12340

[50] de Paula J, Malloy-Diniz L. RAVLT: Teste de Aprendizagem Auditivo-Verbal de Rey.
Sao Paulo, Sao Paulo, Brazil: Vetor; 2018.

[51] Magalhaes S, Hamdan A. The Rey Auditory Verbal Learning Test: normative data for
the Brazilian population and analysis of the influence of demographic variables.
Psychol Neurosci. 2010; 3(1), 85-91. https://doi.org/10.3922/j.psns.2010.1.011

[52] Messinis L, Tsakona I, Malefaki S, Papathanasopoulos P. Normative data and
discriminant validity of Rey's Verbal Learning Test for the Greek adult population. Arch
Clin Neuropsychol. 2007; 22(6), 739-752. https://doi.org/10.1016/j.acn.2007.06.002

[53] Correia A, Osorio I. The Rey Auditory Verbal Learning Test: normative data developed
for the Venezuelan Population. Arch Clin Neuropsychol. 2014; 29(2), 206-205.
https://doi.org/10.1093/arclin/act070

[54] Espenes J, Eliassen I, Ohman F, Hessen E, Waterloo K, Eckerstrom M, Lorentzen I,
Bergland C, Niska M, Timén-Reina S, Wallin A, Fladby T, Kirsebom B. Regression-
based normative data for the Rey Auditory Verbal Learning Test in Norwegian

and Swedish adults aged 49-79 and comparison with published norms. Clin.
Neuropsychol. 2022. https://doi.org/10.1080/13854046.2022.2106890

[55] Rosselli M, Ardila A. The impact of culture and education on non-verbal
neuropsychological measurements: a critical review. Brain Cogn. 2003; 52(3), 326-333.
https://doi.org/10.1016/S0278-2626(03)00170-2

[56] Zimmermann N, Cardoso C, Kristensen C, Fonseca R. Brazilian norms and effects of age
and education on the Hayling and Trail Making Tests. Trends Psychiatry Psychother.
2017; 39(3), 188-195. http://dx.doi.org/10.1590/2237-6089-2016-0082

[57] Zhang M, Gale S, Erickson L, Brown B, Woody P, Hedges D. Cognitive function in
older adults according to current socioeconomic status. Aging, Neuropsychology, and
Cognition. 2015; 22(5), 534-543. https://doi.org/10.1080/13825585.2014.997663

[58] Sousa N, Lima M, Cesar C, Barros M. Active aging: prevalence and gender and age
differences in a population-based study. Cad. Satide Publica. 2018; 34(11), e00173317.
https://doi.org/10.1590/0102-311x00173317



40

3 ASSOCIATIONS BETWEEN EDUCATION AND OCCUPATION IN HIGH
FUNCTIONING OLDER ADULTS

Abstract

Although aging is naturally associated with cognitive decline, some lifestyle factors
such as formal education and occupational complexity were shown to promote the
preservation of cognitive functions such as memory. This study aimed to assess the
associations of both education and occupational complexity with memory functions in a
sample of autonomous, healthy older adults. A final sample of 56 participants was tested for
executive functions, episodic memory, non-verbal memory, and reaction speed, being
classified into groups of high and standard-performing older adults. The lifelong occupations
were classified according to the International Standard Classification of Occupations-08
criteria. The results demonstrated a strong correlation between occupational complexity and
education, with both adding predictive value to linear regression models predicting memory
scores. Education, when compared to occupational complexity, was more robustly associated
with executive functioning, while lifelong occupation was a stronger predictor of general
mental state. The findings support the concept of cognitive reserve, as both education and

occupation were found to be associated with higher cognitive performance in older adults.

Keywords: Aging; health of the elderly; neuropsychological tests; human development.
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3.1 INTRODUCTION

Aging is a natural process that affects the brain and its functions, even in the absence
of pathological conditions (Merenstein et al., 2021). While episodic memory capacity among
older adults is typically below the observed in younger adults on average, some individuals
exhibit relatively preserved functioning when compared to their peers of the same age (de
Godoy et al., 2020).

The preservation of cognitive functioning in older adults is not solely due to genetic
factors (Huentelman et al., 2018) but also to environmental and lifestyle factors, such as
formal education, occupational attainment, and engagement in intellectually stimulating
activities (Stern, 2009). It has been demonstrated that education provides a robust effect on
the lifelong enhancement of general cognitive functions (Ritchie & Ticker-Drob, 2018).

Although reciprocal in nature, both education and occupational complexity may
promote varied intellectually stimulating contexts (Lovden et al., 2020). Occupational
complexity has been identified as a significant predictor of late-life cognitive functioning,
mediating the association between education and cognition (Fujishiro et al., 2019). Since
higher occupational complexity typically requires more years of formal education, it is
challenging to distinguish the effects of each factor (Baldivia et al., 2008).

The present study aims to investigate the associations of formal education and
occupational complexity with memory capacities among autonomous older adults with varied
social contexts. The study primarily focused on episodic and procedural memory, although
other cognitive functions were investigated, such as reaction speed and general mental state.
The main hypothesis is that both occupational complexity and formal education have
significant associations with cognitive functioning, but that both may grant different results

regarding different cognitive functions.

3.2 MATERIAL AND METHODS

3.2.1 Participants

The study was conducted with 60 community-dwelling older adults with or over 75
years of age, male or female, with no diagnosed neurodegenerative disease in Southern Brazil
(see Table 3.1 for demographic data). Participants were recruited through social media, the
distribution of flyers (Apéndice 1), the snowball method (Vinuto, 2014), and institutional
partnerships (the University, a local church, and private health practice firms). All participants

were able to participate in the study in an autonomous manner and were required to score >22
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on the MMSE (for >4 years of education) or >18 (for <4 years of education). After the
application of the exclusion criteria (MMSE scores), four participants were excluded, totaling

56 participants included in the final analysis.

Table 3.1 Descriptive table of sociodemographic variables

SPOA HPOA tory2 p
N 43 13
Sex (F/%) 27/63 11/84 2.18 0.14
Age (M£SD) 82+4.5 78+2.8 3.241 0.002
Education (M+SD) 8+5 12+£5.6 2.796 0.007
Skill level (M+SD) 2.1£0.9 3+0.9 2.87 0.006
MMSE (M=£SD) 23.442.7 26.9+1.8 4.274 <0.001

Note: Skill level was presented on a scale of 1-4. M=mean. SD=standard deviation.

The participants were categorized into high-performance older adults (HPOA) and
standard-performance older adults (SPOA). The requirements for the HPOA group involved
evoking >7 words on the delayed recall trial (A7) of the Rey Auditory-Verbal Learning Test.
The criteria of >7 words was selected due to being the mean number of words evoked by the
Brazilian population over 80 years of age, according to the normative data presented in the

manual (de Paula, & Malloy-Diniz, 2018).

3.2.2 Cognitive assessment

A social background questionnaire (Apéndice 2) was applied to assess the
participants’ sociodemographic variables, health status and history, formal education
(measured in years of completed formal education), and lifelong work occupations. It
included questions on the history of genetic, psychiatric, and neurological diagnosis,
psychoactive drugs, and vision problems, with the aim of excluding participants with a history
of neurological diagnosis (e.g. Parkinson’s) before administering the cognitive tests.

The work occupations described by the participants were divided into 1-4 skill level
groups according to the criteria proposed by the International Labour Organization in the
International Standard Classification of Occupations (ISCO-08; International Labour
Organization, 2012). Higher skill levels represented more intellectually demanding and
specialized occupations, while lower skill levels were related to less specialized, manual

occupations.
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3.2.2.1 Rey Auditory Verbal Learning Test

The Rey Auditory Verbal Learning Test (RAVLT; de Paula, & Malloy-Diniz, 2018)
is an episodic memory test. It involves the fivefold repetition of a list composed of 15 words,
being the participant asked to try repeating as many words as possible after each repetition.
Posteriorly, a distraction list was read, the original list was repeated for the sixth time and,
after an interval (typically 20 minutes), the participant was asked to remember as many words
as possible (delayed recall condition). The final trial was to recognize, from a list of 50 words,
those that were present or absent from the first list. This instrument was employed because of

its importance in the study of HPOA (Borelli et al., 2018).

3.2.2.2 Rey-Osterrieth Complex Figure Test

The Rey-Osterrieth Complex Figure Test (ROCFT; Rey, Oliveira, & Rigoni, 2010) is
a nonverbal memory test. It involves two trials, first copying a complex figure on a white
paper. After 3 minutes of distraction (a brief talk on healthy aging), the participant was asked
to reproduce the same figure by memory. The instrument was employed according to Borelli
et al. (2018), who advocated for the use of nonverbal memory tests along with episodic

memory tests such as the abovementioned RAVLT, especially in developing countries.

3.2.2.3 Trail Making Test

The Trail Making Test (TMT; Zimmermann, Cardoso, Kristensen, & Fonseca, 2017;
Anexo 2) involves producing a trail on a paper that displays several numbers for TMT-A and
both numbers and letters for TMT-B. The participant was asked to produce a trail according
to the order of the numbers and the alphabetical order, alternating between both in TMT-B.
TMT-A involves an attentional demand and TMT-B demands executive functioning due to

rule switching.

3.2.2.4 Mini Mental State Examination
The Mini Mental State Examination (MMSE; BVS Primary Healthcare, 2023; Anexo
3) is a screening instrument for general cognitive functioning. It was employed to avoid the

inclusion of participants with early signs of neurodegenerative conditions.

3.2.2.5 Digits subtest (Wechsler Adult Intelligence Scale-111)
The digits subtest (DS) is a component of the Wechsler Adult Intelligence Scale-III
(WAIS-III; Wechsler, & Nascimento, 2004). It involves episodic and working memory, while



the first part is the repetition of numbers in direct order and the second part involves

the repetition of numbers in the inverse order with increasing difficulty.

3.2.2.6 Verbal fluency subtest
A category verbal fluency subtest (VFT; Fonseca et al., 2009) was employed.
The task involved the evocation of as many animal names as possible within a minute.

Variations of the same animal name were not counted (e.g. lion, lioness).

3.2.3 Data analysis

Data analysis was conducted using PASW Statistics for Windows 18.0 (SPSS
Inc., 2009). Descriptive statistics (mean, standard deviation) were conducted to assess
the proportion of HPOA among healthy older adults. After categorizing participants
into HPOA and SPOA, raw data were converted to z-scores. A confidence interval of
95% was employed and a probability value of p<0.05 was employed as a cut-off to
reject the null hypothesis. Step-wise linear regression models were elaborated to

assess the main background variables that could predict memory scores.

3.2.4 Ethical considerations

This study received approval from the Humanities and Social Sciences’ Ethical
Committee of the Federal University of Parana (CEP/CHS UFPR; report number
5.671.035; Anexo 1). All participants gave their written consent (Apéndice 3) before

participation.

3.2.5 Proceedings

The mean duration of each participation was about 75 minutes. The testing was
conducted in the participant’s home or at a nearby clinical practice. After signing the
written consent form, participants completed the sociodemographic questionnaire,
followed by the cognitive assessment. The testing was done in the following order:
RAVLT, ROCFT, TMT, RAVLT (delayed recall and recognition), MMSE, DS, and
VFT.

3.3 RESULTS
Table 3.2 presents raw results for the cognitive assessment of HPOA and

SPOA groups. Most results granted a significant difference between groups, but not in
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executive functioning scores (TMT B/A and inverse order DS). Groups presented significant
differences in memory scores, except for the recognition of List A words from RAVLT and

DS.

Table 3.2 Performance on the cognitive tasks

SPOA (M£SD) HPOA (M+SD) t or x* p
RAVLT
Total (A1:A5) 27.6+7.2 42.14+7.7 6.23 <0.001
Recognition of List A 11.243 12.7+2.4 1.553 0.126
Delayed Recall (A7) 3.6+£2.1 9+2 8.084 <0.001
ROCF (M+DP)
Copy acc. 24+6.8 28.8+4.6 2.376 0.021
Memory acc. 10+4.8 16+4.9 3.889 <0.001
TMT-A 103463 55£19 4.346 <0.001
TMT-B 258+62 147+83 5.185 <0.001
TMT B/A 3.1+1.1 2.540.8 1.594 0.121
DS Direct order 5.8+1.6 6.7£1.4 1.784 0.08
DS Inverse order 3.5+1.8 4.1+1.6 0.981 0.331
VFT 11.3+4 .4 15.5£2.9 3.228 0.002

Note: Skill level was presented on a scale of 1-4. M=mean. SD=standard deviation.

Age was moderately correlated with both education (r= -0.41; df=54; p=0.002) and
skill level, in which older participants had lower education levels and worked in less
intellectually demanding professions (ps= -0.4; df=54; p=0.002). Age was also weakly
associated with MMSE scores (1= -0.29; df=54; p=0.03) in which younger participants had
higher mental state scores. Education was strongly and positively correlated with skill level
(ps=0.78; df=54; p<0.001), being moderately correlated with MMSE scores (r=0.55; df=54;
p<0.001).

Delayed recall scores were correlated with ROCFT memory scores (r=0.62; df=53;
p<0.001), with no correlation with DS scores. A significant correlation was observed between

A7 and both parts of TMT, being moderate for TMT-B (r= -0.52; df=54; p<0.001) and weak



for TMT-A (= -0.27; df=54; p=0.043), in which faster participants evoked more
words. Although A7 was positively correlated with MMSE scores (r=0.58; df=54;
p<0.001), the mental state was a stronger predictor of RAVLT total scores (A1-AS;
r=0.69; df=54; p<0.001) and of the recognition task (r=0.65; df=54; p<0.001). A7 was
also correlated with verbal fluency (r=0.47; df=54; p<0.001). Correlations with years
of formal education (r=0.34; df=54; p=0.010), age (r= -0.35; df=54; p=0.009), and
skill level (ps=0.34; df=54; p=0.011) were observed, but were classifiable as weak.

Regarding ROCFT memory scores, significant correlations were identified
with age (r= -0.37; df=53; p=0.005), education (r=0.38; df=53; p=0.004), and
occupational complexity (ps= -0.3; df=53; p=0.026), being RAVLT total scores the
strongest predictor (r=0.73; df=53; p<0.001). The remaining cognitive tests were all
correlated with ROCFT memory scores, including the DS task in both direct (r=0.45;
df=52; p=0.001) and inverse order (ps=0.29; df=52; p=0.034); TMT-A (ps= -0.42;
df=53; p=0.001) and TMT-B (ps= -0.49; df=53; p<0.001); MMSE (r=0.57; df=53;
p<0.001); verbal fluency (ps=0.34; df=53; p=0.011).

Linear regression models were elaborated to assess the impact of the
background variables and MMSE scores on the cognitive tests. Alternate models were
elaborated to compare the effects of education and occupational complexity to avoid
multicollinearity. Formal education presented a more robust effect on test results in
comparison to skill level, both controlled by age and posteriorly by MMSE scores.
The models elaborated for A7 and the accuracy of the drawing from memory of the
ROCFT are presented in Tables 3.3 and 3.4. Models 1 and 2 were elaborated to
compare the impact of education and skill level controlled by age, while models 3 and

4 also controlled for MMSE scores.

Table 3.3 Different models predicting RAVLT A7 (delayed recall) scores

Model (A7) L(B) 2B 3P 4B

Age -0.25 -0.25 -0.21 -0.21

Education 0.24 -0.04

Skill level 0.25 -0.06

MMSE 0.55%%* 0.6%*
R? 0.17** 0.17** 0.37** 0.37%*

Note. * = p<0.05. ** = p<0.01.
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Table 3.4 Different models predicting ROCFT-memory accuracy scores

Model (ROCFT-M) 1 (B) 2(B) 3(B) 4 (B)
Age -0.25 -0.3% -0.2 -0.24
Education 0.27 0.03

Skill level 0.18 -0.13
MMSE 0.51%%* 0.59%**
R? 0.2%* 0.16* 0.37%* 0.38*%*

Note. * = p<0.05. ** = p<0.01.

It is important to note that education and skill level did not present statistically
significant effects on either A7 or ROCFT scores when controlled by age. However, the
inclusion of either variable granted more predictive value to the models. MMSE was the
variable most robustly associated with cognitive performance. Such results, considering the
significant correlations found between occupational complexity, education, and cognitive
performance, may be attributed to the small sample size of the present study.

The models elaborated for the remaining variables are presented in Table 3.5. While
skill level granted slightly better models for TMT-A, A7, and MMSE scores, years of formal
education granted slightly better models for inverse order DS and TMT-B, and a highly better
model for VFT. Education and skill level did not provide significant results for A7, RAVLT
recognition, Direct DS, and TMT B/A after being controlled for age.

Additionally, logistic regression models were elaborated to assess the effect of
education and skill level, controlled by age, on the relative odds of being classified as an
HPOA. The model including raw years of education was significant (Omnibus; p=0.001;
Nagelkerke R?=0.327) and fit the data (Hosmer and Lemeshow; p=0.928). Although
education increased the predictive power of the model, it was no longer significant when age
was included in the model. For every additional year of life, the relative odds of being
classified as HPOA reduced by 27.4% (Exp(p)=0.762; 0.601 — 0.967; 95% C.1.; p=0.025).

The model including occupational complexity groups was also significant (Omnibus;
p=0.003; Nagelkerke R?=0.37) and fit the data (Hosmer and Lemeshow; p=0.576).
Occupational complexity increased the predictive power of the model, but it was also not
significant when age was included in the model. For age, every additional year was associated
with a 26.7% reduced relative chance of being classified as HPOA (Exp(p)=0.733; 0.563 —
0.956; 95% C.I.; p=0.022). Considering both models, the model including occupational

complexity was slightly more predictive of group classification than education.
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Table 3.5 Regression models

Variable predicted Age Education Skill level ~ R?
RAVLT Total -0.27* 0.37%* 0.29%*
-0.29* 0.36%* 0.28#*
RAVLT Recognition -0.05 -0.05 <0.01
of list A -0.05 -0.05 <0.01
TMT-A 0.2 -0.36%* 0.23%*
0.2 -0.38%* 0.24%*
TMT-B 0.25% -0.51%* 0.42%*
0.29* -0.45%* 0.37%*
TMT B/A 0.21 -0.99 0.06
0.23 -0.13 0.06
Direct DS -0.15 -0.15 0.09
-0.17 0.17 0.08
Inverse DS -0.08 0.33* 0.14*
-0.11 0.29 0.12%*
VET -0.2 0.46%** 0.33%*
-0.31%* 0.23 0.27%*
ROCFT Copy -0.22 0.33* 0.22%%*
accuracy -0.23 0.34* 0.22%*
MMSE -0.08 0.52%%* 0.31%*
-0.08 0.57** 0.35%*

Note: Data were converted to z-scores prior to the analysis. * = p<0.05. ** = p<(.01.

3.4 DISCUSSION

The present study aimed to compare the associations of years of formal education
and lifelong occupational complexity with the cognitive performance of older adults in
memory tests. It was observed that both education and occupational complexity, although
highly correlated, promoted significant effects on both episodic and non-verbal memory

performance. Executive functioning was more dependent on education than occupation, while



49

general cognitive functioning was more dependent on occupation. The odds of being
classified as an HPOA were higher for both individuals with either higher occupational
complexity or years of education, with occupational complexity showing a stronger effect.

The results from the present study support the review by Lovdén et al. (2020), in
which both education and occupation were found to be associated with higher cognitive
functioning in older adults. The meta-analysis conducted by Ritchie and Ticker-Drob (2018)
identified a robust effect of education on the development of cognitive abilities that persists
through adulthood, being also consistent with the present results. Occupational complexity
was also identified to be an important factor for cognitive reserve in longitudinal studies
(Almeida-Meza et al., 2020).

Kremen et al. (2019), however, propose that the cognitive impacts of education may
be primarily related to its neurodevelopmental effects in early life, presenting evidence that
experiences during adulthood may promote a small, although significant, effect size. It is also
important to note that the effects of education may be mediated not only by occupational
complexity but also by multiple socioeconomic and background variables, such as race and
the quality of education (Fujishiro et al., 2017). Additionally, different types of occupation,
independent of complexity, may yield different results (Ribeiro et al., 2013).

Lovden et al. (2020) considered both education and occupation to be important
factors associated with cognitive functioning, being both important for the preservation of the
brain structures (brain reserve). Formal education may facilitate the entrance into more
cognitively demanding occupations, not granting such an enhanced performance among adults
who do not apply the knowledge in an occupation (Dekhyatar et al., 2015). Ritchie & Ticker-
Drob (2018) hypothesize that initial cognitive gains may emerge from education, but the
occupational complexity may be responsible for the maintenance of such enhancement.

Additionally, there is evidence that the effects of education on cognition may be
mediated by cognitive status (Jansen et al., 2021), being a hypothesis on why education and
occupation ceased to be significant predictors when controlled for age and MMSE scores. An
alternate hypothesis is that the small sample size in the present study did not produce enough
statistical power to assess the effects of education and occupation.

Considering the results of non-memory cognitive tests, it is possible to hypothesize
that verbal and executive functioning skills may be more strongly affected by formal
education, while more general abilities are more strongly related to occupational complexity.
While cognitive enhancement may emerge from the stimulation related to formal education,

lifetime occupation may be important for the maintenance of the effects of education while
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also promoting additional cognitive gains due to the different cognitive demands resulting
from the occupation itself.

The present study presented some limitations, including small sample size, testing in
non-controlled environments, and participants drawn from multiple regions with different
socioeconomic backgrounds. Nevertheless, the study was, though, able to investigate
differential associations of education and occupation among healthy, autonomous older adults
and provided an initial discussion and hypothesis on why both differ regarding their long-term
cognitive effects.

Future studies with bigger samples to assess the effects of different groups of
occupations within similar education levels are recommended, as well as the investigations of
the specific characteristics within each profession that could grant higher or lower cognitive
performance. Longitudinal studies and studies controlling for important genetic markers

should also be considered.

3.5 CONCLUSION

In sum, it was observed that both education and occupation are important predictors
of cognitive functioning in older adults. Although highly correlated, education and
occupational complexity granted different effects. Education was more strongly associated
with measures of executive functions, while occupational complexity was more influential for
measures of general cognitive functioning. Such impacts are coherent when compared to the
existing literature. It is possible to hypothesize that both education and occupation may

produce different although similar effects on cognitive functioning.
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4 CONCLUSOES GERAIS

Com base nos estudos apresentados nas secdes 2 e 3, € possivel afirmar que o campo
de estudo do envelhecimento saudavel se apresenta como altamente promissor. Suas
implicacdes para a saude publica seriam relativas a compreensdo de fatores associados a
resiliéncia aos sintomas oriundos do envelhecimento ou de processos neurodegenerativos. O
presente trabalho visou contribuir com este campo por meio da produ¢do de uma revisao
sistematica e de um estudo com coleta de dados.

Primeiramente, foi observado que o estudo dos SuperAgers (SA) é voltado ao estudo
da memoria episodica, porém sem um consenso acerca dos instrumentos e protocolos
empregados para sua classificacdo. Um SA ¢ comumente caracterizado como sendo um idoso
acima de 80 anos com memoria episddica similar ao que seria esperado para um adulto 20 a
30 anos mais jovem, sendo a memoria medida por testes envolvendo listas de palavras. A
inclusdo de outras medidas como pré-requisitos para a classificagdo, como as de fungdes
executivas, tipicamente ocorre para evitar a inclusao de idosos nao-saudaveis.

Os estudos sobre idosos com altas habilidades cognitivas geralmente visam
biomarcadores, havendo importantes efeitos de marcadores genéticos no desempenho
cognitivo. E possivel, a partir disto, considerar que a variabilidade dos protocolos nesta area
de pesquisa possui grandes implicacdes, pois embora haja a padronizagdo do conceito de SA,
este pode ter diferentes significados em contextos socioecondmicos diferentes. Tendo em
vista a busca por marcadores genéticos associados ao alto desempenho em testes de memoria
episodica, o uso de protocolos fixos, ndo adaptados ao contexto local, pode dificultar, em vez
de facilitar, a comparagdo de resultados ao nivel internacional.

Para um idosos com baixa escolaridade, por exemplo, um resultado proximo da
média poderia indicar grande preservagao de suas capacidades cognitivas, sendo seu contexto
sociocultural preditivo de menores resultados. Neste caso, a possibilidade de investigagdo de
seus genes seria indevidamente descartada. Considera-se recomendével, portanto, a adaptacao
dos protocolos frente ao contexto socioecondmico, cultural e educacional, a depender do
intuito da pesquisa.

Tratando-se do estudo transversal, foi possivel identificar efeito da educacdo formal
e da complexidade ocupacional sobre o desempenho em quase todas as medidas
neuropsicologicas empregadas. Apesar de fortemente correlacionados, os efeitos observados

para a educagdo renderam modelos mais preditivos para medidas de fungdes executivas,
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sendo os efeitos da complexidade ocupacional mais fortes para as capacidades cognitivas
gerais. Ambas as variaveis sdo importantes preditoras do funcionamento cognitivo em idosos.

Recomenda-se que os estudos sobre idosos com altas habilidades cognitivas busque
desvincular efeitos ambientais e genéticos, buscando compreender a complexidade do
fenomeno do envelhecimento. Faz-se importante a realizagao de estudos mais amplos acerca
das varidveis genéticas, ocupacionais e educacionais, visando compreender suas nuances €
interagdes. Estes estudos devem preferencialmente adotar métodos padronizados e replicaveis
de investigagdo, porém adaptados aos contextos locais.

Finalmente, por meio deste trabalho foi possivel fortalecer as bases tedricas para a
construcdo de projetos de pesquisa relacionados a idosos com altas habilidades cognitivas e
iniciar o estudo dos marcadores genéticos associados a este campo. O estudo dos marcadores
genéticos pode futuramente ampliar a compreensdao do processo de envelhecimento,
proporcionando maiores possibilidades de agdo no ambito preventivo e, potencialmente no
futuro, nos ambitos da promog¢do de saude ou no tratamento de doengas neurodegenerativas

ou de déficits cognitivos.
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