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Abstract

Objective: A consistent approach to defining cognitive super-ageing is needed to
increase the value of research insights that may be gained from studying this
population including ageing well and preventing and treating neurodegenerative
conditions. This review aims to evaluate the existing definitions of ‘super-ageing’
with a focus on cognition.

Methods: A systematic literature search was conducted across PubMed, Embase,
Web of Science, Scopus, PsycINFO and Google Scholar from inception to 24 July 2023.
Results: Of 44 English language studies that defined super-ageing from a cognitive
perspective in older adults (60-97 years), most (n = 33) were based on preserved
verbal episodic memory performance comparable to that of younger adult in age
range 16-65 years. Eleven studies defined super-agers as the top cognitive per-
formers for their age group based upon standard deviations or percentiles above
the population mean. Only nine studies included longitudinal cognitive performance
in their definitions.

Conclusions: Equivalent cognitive abilities to younger adults, exceptional cognition
for age and a lack of cognitive deterioration over time are all meaningful constructs
and may provide different insights into cognitive ageing. Using these criteria in
combination or individually to define super-agers, with a clear rationale for which
elements have been selected, could be fit for purpose depending on the research
question. However, major discrepancies including the age range of super-agers and
comparator groups and the choice of cognitive domains assessed should be

addressed to reach some consensus in the field.

KEYWORDS
cognitively elite, exceptional cognition, high performing older adult, successful ageing, super
normal, super-ageing

Key points

e There is no uniform definition of super-ageing or cognitive super-ageing

e Most studies define cognitive super-ageing based on verbal memory
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o Proposed definition should include other cognitive domains, stability over time and function

e An agreed definition would support a collaborative approach for associated factors and

studying this group may highlight strategies to combat cognitive decline

1 | INTRODUCTION

A major goal of ageing research is to identify factors associated with a
delay in the emergence of age-related disease and a lower burden of
disease to promote healthy life expectancy or ‘health-span’.! Delaying
the negative impacts of ageing and promoting health in later life is
related to the construct of successful ageing which broadly comprises
interrelated components of high cognitive and physical capacity and
active social engagement.? These domains are interrelated with higher
social participation and higher levels of physical activity associated
with better cognitive function.®>* Successful cognitive ageing, more
recently termed ‘super-ageing’® and how this is measured will be the
focus of this review.

Ageing has been examined through changes in bodily processes
and organ systems and has been measured by changes observed
clinically in cognitive processes, body composition, physical and sen-
sory function or the quantification of frailty.>” Biomarkers can also be
used to measure ageing such as DNA methylation or so-called
‘epigenetic clocks’, replicating proteins associated with chronological
age or proteomics, telomere length, metabolites/metabolomics and
neuroimaging markers.®” These markers may also allow for the iden-
tification of discrepancies between biological and chronological age.

Super-ageing has been used to describe individuals who maintain
midlife levels of function and activity into advanced ages. A group of
older adults who maintain physical activity levels and the aerobic
capacity of much younger individuals could be considered physical
super-agers.®? More recently, this term has been applied to cognitive
abilities.>*® Cognitive super-agers (henceforth ‘super-agers’) have

t, "' a musical

been shown to have higher occupational attainmen
background,*? lower rates of smoking and diabetes and exhibit higher
levels of intellectual and social activity than their cognitively average
peers.11314 The association between years of education and super-
ageing has not been consistent.1121> Super-agers have been shown
to be resilient to post-operative delirium.*® Genetic differences
include lower rates of the apolipoprotein €4 allele which is associated
with an increased risk of Alzheimer's disease (AD)” as well as vari-
ants in the Mitogen-Activated Protein Kinase 3 (MAP2K3) gene.'®
Imaging studies of the brains of super-agers have demonstrated less
cortical atrophy, differences in functional connectivity, greater white
matter integrity and a reduced burden of positron emission tomog-
raphy (PET) amyloid and tau compared with control participants.”>?-
22 Neuropathological studies have reported less but still significant
Alzheimer's type pathology.?”?32% This suggests that some factors
associated with super-ageing status are modifiable and that mecha-
nisms of both resistance and resilience to neurodegenerative pa-
thology involving brain reserve and cognitive reserve processes®®
may underly exceptional cognition at older ages. ldentifying super-

agers and modifiable contributors to super-ageing has the potential

to inform strategies to prevent development of dementia and main-
tain cognitive health across the lifespan. This may have wide-ranging
benefits for individuals and broader society.

How super-ageing is best defined and how it differs from usual or
normative ageing remains unanswered. Several approaches have been
taken to categorise super-agers, for example, comparing the perfor-
mance of older adults on tests assessing one or more cognitive do-
mains with middle aged or younger adults or selecting the top
cognitive performers from a sample of age peers.>*? Episodic memory
performance has frequently been selected as a marker of cognitive

super-ageing>?®

with executive function, processing speed and com-
posite cognitive scores less commonly utilised.2*?72% Some studies
have also identified individuals without cognitive decline over time.
These approaches have thus far been relatively limited regarding how
superior cognitive performance relates to multidimensional biological
ageing parameters, physical capacity or functioning in the community.

2629 and one review

There have been two reviews of super-ageing
examining the cognitive component of successful ageing.*° A narrative
review focussed upon operationalised definitions?® and a systematic
review on biomarkers.?? No studies have yet compared definitions or
rating methods. This review aims to systematically evaluate the
literature identifying older adults with exceptional cognitive perfor-
mance with emphasis on how super-ageing is defined and the key
clinical features that distinguish this group from the general older
adult population. The main focus is upon definitions of exceptional
cognitive performance including cut-off scores on neuropsychological
tests and key cognitive domains. How superior cognitive performance
relates to other aspects of exceptional ageing including physical,

functional and social capacity will also be considered.

2 | MATERIALS AND METHODS

The study protocol was registered with PROSPERO (CRD42021-
234387) prior to commencement of the study. Processes for article

inclusion and data analysis followed PRISMA guidelines.3!

2.1 | Search strategy

A systematic review of the literature was performed through searches
of the following databases: PubMed (including MEDLINE), Embase,
Web of Science, Scopus, PsycINFO and Google Scholar from inception
to 9th December 2021. Searches were updated in 2022 and 2023. The
search strategy included a comprehensive list of terms related to the
broad concept of successful or super ageing (older people OR older
person x OR older adult x OR aged person x OR aged people OR
elderly OR senior citizen OR senior OR geriatric OR aged AND
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super-ageing OR super-ageing OR superaging OR superageing OR
supernormal x OR successful ageing OR successful ageing OR ageing
successfully OR ageing successfully OR ageing well OR ageing well OR
successful agre x OR super-ager x OR exceptional ageing OR
exceptional ageing OR high performing older adult x OR healthy
ageing) and exceptional cognition (exceptional cognition OR excep-
tional cognitive OR successful cognitive OR higher cognitive OR high
performing OR memory OR episodic memory OR exceptional memory
OR exceptional memory capacity OR excellent cognition OR excellent
memory OR frontal function OR cognition OR memory OR working
memory OR attention OR executive function OR activity, higher
nervous OR perception OR spatial navigation OR thinking OR theory
of mind OR language). The search term clusters were developed
through review of prior systematic and narrative reviews focussed on
super-ageing. The search strategy was designed to capture all studies

concerning exceptional ageing in regards to cognition.

2.2 | Study screening and selection

The abstracts of all articles were screened for eligibility criteria by
two authors (AP and ZP) with disagreement resolved through review
of the full-text or discussion with a third author. These criteria
included English language studies concerning older adults (age 65
and above) deemed to be ageing well compared to the general pop-
ulation with reference to cognitive health. Articles were excluded at
the screening stage if they contained no reference to super-ageing,
successful ageing or related terms or were duplicates, full text was
not available in English, animal studies, books or book reviews, the-
ses/dissertations or only abstracts from conference proceedings with
no full text manuscript available. The full texts of the remaining ar-
ticles were obtained. Relevant articles in the reference lists of
included studies were also sourced and added to the sample. Full-text
articles were examined for definitions of super-ageing and related
concepts, type of study and population characteristics by the first
author (AP).

2.3 | Risk of bias assessment and methodologic
quality assessment

Two review authors (AP and ZP) independently assessed risk of bias
in the core analysis group of studies using checklists from the Joanna
Briggs Institute (JBI) Manual for Evidence Synthesis®? relevant to the
individual study design. These results were reported; JBI quality
ratings were not used to exclude any study which provided an explicit

definition of super-ageing.

2.4 | Data synthesis, extraction and analysis

For each included study in the core analysis group, the following data

were extracted: author details, study type, study population and how

this was derived, age of participants, definition of super-ageing used,
comparator group/s, cognitive tests and rating scales used and any
biomarkers. Measures of cognition used to define super-agers were
split into global cognitive screening tests such as the Mini-Mental
State Examination (MMSE) and clinician or informant rating scales
such as the Clinical Dementia Rating Scale (CDR), as well as measures
of specific cognitive domains incorporated in neuropsychological
batteries. The variability of cognitive tests used and paucity of
quantitative data precluded meta-analysis.

3 | RESULTS

Of 656 articles identified (652 from the search process and an
additional 4 from searching reference lists of retrieved articles), 44
were included in the final analysis. Figure 1 depicts the PRISMA-
based flow chart of study selection and reasons for exclusion.®®
The study designs, population, details on super-ageing definition,
comparator population/s, cognitive tests used and any biomarkers
measured are presented in Tables 1 and 2. There were 27 cross-
sectional studies (case-control), 15 cohort studies and 2 case series.
The reference lists of included studies and reviews (n = 2) were

scanned for additional studies that met inclusion criteria.

3.1 | Summary of included studies

The clinical populations of included studies mostly came from large
longitudinal cohorts based in North America (n = 30) with a smaller
number from Europe (n = 4), Brazil (n = 3), Australia (n = 3), Korea
(n = 2), China (n = 1) and Singapore (n = 1). Twenty-two studies
(50%) used convenience samples drawn from existing longitudinal
ageing studies. The remaining studies prospectively recruited par-
ticipants including the longitudinal Northwestern University Super-
Aging Project from which 14 studies (32%) drew data. While all
studies concerned older adults, the ages of participants were diverse.
Twenty-three samples (52%) involved those aged 80 and over, thir-
teen (30%) included those with a mean age in their 70s and eight
(18%) in their late 60s.

Inclusion criteria were relatively uniform across studies. The
majority required the absence of an established neurologic or psy-
chiatric disorder. There was variability in how detailed other exclu-
sions were with stroke, cognitive impairment, substance abuse, other
serious medical illnesses, medications and other treatments that
could impair cognition including chemo and radiotherapy, visual and
hearing impairments, literacy and first language other than testing
language variously reported.

Most studies (n = 35, 80%: 14 from the Northwestern Uni-
versity SuperAging Project, 21 others) defined super-ageing in
relation to verbal episodic memory performance. Only three studies
(7%) explicitly included a test of visual memory in definitions. Bott
et al were the first to characterize a group of older adults who

maintain cognitive processing speed with age.?” Two other studies
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[ Identification of studies via other methods ]

[ Identification of studies via databases and registers
—
Records identified from: Records removed before
5 Databases (n = 6) screening:
= - PubMed, Scopus, Duplicate records removed Additional records identified
o Embase, Web of (n=6129) from:
5‘:'. Science, PsycINFO, Records marked as ineligible References of included
S Google Scholar by automation tools (n =0) studies (n = 6)
2 Registers (n = 1) Records removed for other
- PROSPERO reasons (n = 0)
_J
_ I
Records screened Records excluded —> | (h=2)
(n=5572) 7| (n=4659)
i Reports not retrieved
(n=261)
Additional duplicates 28
Reports sought for retrieval o Not in English 40 Reports sought for retrieval
2 (n=913) " Conference abstracts 52 (n=4)
'g Book/book reviews 26
[ i Thesis/dissertation 24
& Non-peer reviewed journal 1
Full text unavailable 18
Reports assessed for eligibility Irrelevant 72
(n =652)
—>
Reports excluded:
No (_:Ieflnltlon O.f super- Reports assessed for eligibility
ageing/exceptional cognition (n=4)
provided (n = 612)
- General successful
— ageing concepts 308
- Physical, social and
psychological aspects of
successful ageing 221
- Biomarkers of successful
ageing 78
Studies included in review - Review articles 2
(n = 44) - No a priori definition 3

Reports not retrieved

Duplicates 2

FIGURE 1 PRISMA flow diagram of study selection and reasons for exclusion.

used performance in a single cognitive domain other than episodic
memory to define super-ageing. Yu et al required older adults with
‘super-cognition’ to have scores at least 1 standard deviation above
age and education-appropriate norms in at least one cognitive
domain assessed in the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS).>? Yang et al determined that a
score higher than 1.5 standard deviations above the mean on either
a verbal episodic memory task or executive function task consti-
tuted ‘successful cognitive ageing’.!! Others have used composite or
global cognitive measures. Baran et al used composite episodic
memory and executive function scores approximately 1 standard
deviation above the normal population mean.>* Saint Martin et al
defined a ‘cognitively elite’ group on the basis of Z scores above the
mean for the three composite cognitive domains of information
processing speed and attentional performance, executive function
and memory.'* Few studies included a measure of global cognition
such as the MMSE in their super-ageing definition (n = 4, 9%)
although most (n = 31, 71%) required that high-performing in-
dividuals demonstrate at least average performance in cognitive
domains aside from memory. Biswas et al were the only group who
relied solely on a global cognition measure (MMSE) to define super-
ageing in a cohort over the age of 90.3¢

Most studies (n = 33, 75%) defined exceptional performance in
relation to younger adult norms with comparator groups ranging in
age from 16 to 65. Many (n = 21, 14 from the same group) studies used

the Harrison et al cut-off of episodic memory performance expected

for 50-65-year-olds.® Four studies compared performance to 18-32-
year-olds, one study to 16-29-year-olds, two to those in their 20s and
four to those in their 30 and 40s. Bott et al compared the cognitive
processing speed performance of over 60-year-olds with young adult
controls, mean age 24. Eight studies determined super-ageing based
on episodic memory and/or other cognitive domain scores 0.5-1.5
standard deviations above the population mean. One study selected
performers in the top 20th percentile on a memory composite score*’
and one study those in the 50th percentile for episodic memory and
executive function.?®

Most studies relied on cross-sectional assessment of cognition
with only nine requiring maintenance of exceptional performance
over time and one study further characterising participants by
stable, worsened or improved performance at follow up.'* Baran
et al required ‘supernormals’ to maintain a positive mean slope of
executive function and episodic memory performance over a 5-year
period.>* Bezdicek et al required a non-negative random slope of
Montreal Cognitive Assessment scores over 5 years in ‘successful
healthy agers’.>® Bott et al determined that ‘resilient-agers’ have 0.5
SD or less change in cognitive processing speed at follow up (me-
dian 2.5 years).?” Dekhtyar et al compared those who maintained
performance on a memory composite score at 3 years versus those
who declined.*® Gardener et al applied their criteria to all time-
points assessed up to 54 months*® Garo-Pascual required ‘super-
agers’ to maintain their classification at up to 5 years follow-up.*?

Hoenig et al required maintenance over 4 years,>® Lin et al required
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POWELL ET AL

(Continued)

TABLE 1

Participants and comparators
(number, mean age + SD)

Study population,

Biomarkers

Inclusion criteria

derivation and design

Author, year

No neurologic or psychiatric disorder, normal Structural and functional MRI

‘Superagers’ (n = 17, 67.8 £ 6.0)

Volunteers recruited from the Boston area,

Zhang et al

or corrected normal vision, native English

speakers

Young adults (n = 41, 24.5 + 3.6), typical

North America
Cross-sectional single assessment

2020%°

older adults (n = 40, 66.9 + 5.5)

fMRI connectivity within the default mode

and salience networks

Abbreviations: 90+: The 90 + Study cohort, AD: Alzheimer's disease, ADNI: Alzheimer's Disease Neuroimaging Initiative, APOE: apolipoprotein E, CNS: central nervous system, CPS: cognitive processing

speed, CR1: complement receptor 1, FDG: fluorodeoxyglucose, fMRI: functional MRI, F: female, M: male, MCI: mild cognitive impairment, MMSE: Mini-Mental State Examination, MoCA: Montreal Cognitive

Assessment, MRI: magnetic resonance imaging, NACC: National Alzheimer's Coordinating Centre, NC: normal controls, PET: positron emission tomography, SD: standard deviation, SE: standard error, SA:

SuperAgers, WMH: white matter hyperintensities.

2Hereafter referred to as Harrison et al 2012 definition.

PMean age of all participants, not just cognitively elite.

“Age at baseline assessment in 1986.
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‘supernormals’ to have episodic memory composite scores above
1.5 across all available assessments with at least one follow-up

assessment>*

and Maccora defined their group as those who
maintained episodic memory performance above that of adults in
their 20s and a MMSE score 29 or above over 3 waves of follow
up.13

In terms of other measures of successful ageing, only Baran et al
and Yu et al specifically incorporated a CDR of O and independent
daily functioning respectively into their super-ageing definitions.>*>?
However, 12 other studies required that all participants including
comparator groups have evidence of intact function with or without
the use of a specific rating scale such as the CDR to establish this. Six
studies reviewed associations with lifestyle factors, four studies
specifically reviewed physical activity levels and another assessed
psychological wellbeing. The majority of studies (n = 32) examined
laboratory and/or imaging biomarkers associated with super-ageing;
neuropathologic autopsy data were available in nine.

Three additional studies were identified that classified super-
ageing on the basis of post-hoc statistical modelling of baseline and
follow-up cognitive performance in a cohort of older individuals to
identify a cluster of people with superior cognition. Chen et al used
latent mixture modelling to identify different classes of cognitive
performance with ‘successful agers’ demonstrating superior cognitive
performance and better preserved performance over time across
four domains (episodic memory, inductive reasoning, working mem-
ory, speed of processing).®? Klinedinst et al used cluster analysis to
identify ‘super-agers’ aged 45-76 with either slightly positive or
stable fluid intelligence trajectories over 10 years®? and Lin et al had
previously used a latent class analysis to identify a subgroup of
‘successful cognitive agers’ who exhibited high stable episodic
memory and executive function over 5 years of follow-up.®®> While
this approach was noteworthy, these studies were not included in
this review as they did not provide a specific a priori definition of
super-ageing.

3.2 | Methodological quality of the included studies

Two studies provided very little information on how cases and con-
trols were selected and if they were matched appropriately. How-
ever, one of these studies was published as a letter with presumably a
more stringent word count and limitations on tables and was part of a
broader super-ageing study which included these details in other
publications. Demographic and clinical characteristics of cases and
controls differed markedly in nine studies. More females were
included in cognitively high-performing than control cohorts in six of

these studies!®1819:2849.53

while education levels were significantly
higher in six cognitively high performing cohorts compared with
controls. 1113152849 pates of hypertension and diabetes were higher
in the cognitively average than the super-ageing cohort in one study
but not significantly so.*® These differences may represent selection
bias in some studies. Statistical analysis was performed to detect

group differences in all cases.
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4 | DISCUSSION

Existing definitions of cognitive super-ageing vary widely in terms of
the demographics of samples and comparator groups as well as the
cognitive criteria used. However, they have generally included cross-
sectional assessments of relatively older individuals with a focus on
episodic memory performance. The components of published defini-
tions are summarized in Table 2. There has been little research thus
far concerning the interactions between exceptional cognition in
older age and other aspects of ageing well such as physical super-
ageing.

Definitions of super-ageing have included different cognitive
measures which, to varying degrees, reflect changes in the ageing
brain. Ageing is associated with a general reduction in cognitive ca-
pacity but there is considerable variability in trajectories between
individuals and how much decline is attributable to neuropathology
remains an active area of research. Super-agers illustrate human
potential to maintain high level cognitive performance at advanced
ages and the degree that cognitive decline may be potentially pre-
ventable. Typically, cognitive processing speed, aspects of memory
including working memory and episodic memory, verbal fluency and
conceptual reasoning which are aspects of so-called fluid intelligence
tend to decline with age.®*"®® Processing speed has been shown to
decline from the third decade of life while memory performance may
begin to decline in the 50s and executive function especially after age
70 but more complex reasoning capabilities beginning around age
458547 Conversely, crystallised abilities including vocabulary, gen-
eral knowledge and spatial perception tend to remain intact or
improve through the sixth and seventh decades of life.*4%” Similarly,
wisdom which refers to the amount of knowledge an individual has
accumulated over their lifespan and how they are able to use and
apply it in the mastery of life matters, may increase then remain
stable in older adulthood.®* Older adults may have either comparable
or greater capacity for emotional regulation than younger adults.®

Interestingly, analyses of the cognitive profiles of older adults
with exceptional verbal episodic memory revealed that they also
demonstrated better performance than average memory controls on
measures of non-verbal episodic memory, working memory and
attention but not across other domains including processing speed,
executive function, language and visuospatial measures.*>>? Verbal
episodic memory is vulnerable to ageing but concentrating on
exceptional performance in this or other single cognitive domains
especially at a single time point may provide limited insight into
processes of cognitive ageing in super-agers.

Similarly, the cognitive domains included in existing super-ageing
definitions do not reflect the spectrum of neuropathology including
AD, other neurodegenerative pathologies and cerebrovascular dis-
ease that accumulates with age. One or more pathologies are evident
in most individuals over age 80°° but differentially impact upon
cognition. Preclinical and prodromal stages of AD typically extend
over 20 years®® with subtle declines in cognitive performance
including memory before the development of overt dementia. Simi-

larly mild impairments in executive and visuospatial function are seen

in the prodrome of dementia with Lewy bodies.”® Large neuropath-
ological studies have related Alzheimer's pathology to measures of
global cognition, episodic memory, working memory, perceptual
speed and visuospatial ability; Lewy body pathology most closely to
visuospatial impairments and cerebrovascular pathology to global
cognition in the case of high volume large infarcts and small vessel
disease having a weaker association with fluency, episodic memory,
semantic memory and perceptual speed.”*

The clinical hallmark of AD is episodic memory impairment’%73
and thus studying individuals with preserved episodic memory may
eliminate those with early typical AD while potentially missing the
impact of other evolving neuropathologies such as frontotemporal
lobar degeneration with its effects on executive function and language
abilities and Parkinsonian disorders with associated visuospatial
impairment.”?”2 Using composite scores comprising one or a couple of
cognitive domains to define super-agers may be similarly limited.

The association between burden of neuropathology and cogni-
tion is not consistent. A study of over 1000 older people who had
annual cognitive testing for up to 24 years and underwent post-
mortem neuropathologic examination demonstrated no residual
cognitive decline in most individuals when neuropathologic effects
were accounted for.”* Borland et al showed that when older in-
dividuals with evidence of pathology on the basis of cerebrovascular
changes on MRI or cerebrospinal fluid (CSF) amyloid, P-tau and
neurofilament light were excluded, age-related effects on cognitive
test results disappeared.”> However, other studies have not been
able to attribute variability in rates of cognitive decline solely to
neuropathology.”®”” Boyle et al demonstrated that in over 1000
people followed with annual cognitive assessments and neuropath-
ological assessment at death, there was considerable heterogeneity
in cognitive trajectories and while almost all had evidence of
neuropathology, pathological indices accounted for only 43% of the
variance in cognitive decline.”® Super-agers are an ideal group to
study to determine the presence or absence of other as yet un-
measured pathological processes, resilience factors and mechanisms
of compensation which may underly this unexplained variability. An
approach that combined assessment of global cognition as well as
performance in all individual cognitive domains may provide greater
insights into age trajectories of different cognitive processes and the
impacts of neuropathology.

Considering the heterogeneity in cognitive capacity of older
adults and their cognitive trajectories, identifying those with superior
performance at any one point in time may not predict maintenance of
cognition. Factors such as genetics and experiences over the lifespan
including level of education and adverse health and social events
affect the baseline cognitive abilities of older adults.®* A lack of
cognitive decline over time would be more meaningful to most in-
dividuals than comparison of performance to other older adults.”® So
far, maintenance of cognitive capacity has been captured in several
definitions of super-ageing but only in regard to those who already
displayed superior performance in one or a couple of cognitive do-
mains. Longitudinal follow up of such individuals will likely continue

to provide important insights.
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The demographics of super-ageing samples and their comparator
groups have varied widely. Those aged 80 and above are more likely
to manifest cognitive impairment than those in their 60s or 70s which
is why many studies have restricted their samples to this group.®
Individuals aged 75 and above have been selected in low- and
middle-income countries.’>?¢ However, this approach may limit
research into the longitudinal trajectories of cognition in super-agers.
Defining exceptional cognition in older adults relative to their age
peers is a logical distinction and useful when a comparison is being
made between good and poor cognitive functioning. However, given
cognitive performance typically declines with age, such individuals
may be performing better than others their age but still have a de-
gree of cognitive impairment. Comparing cognitive performance with
average performance of adults in mid-life, 50-65 years old, has
practical relevance given the majority of such individuals are likely
still working and functioning independently in society. However,
brain health at this age is dependent on a range of socioeconomic
circumstances and the presence of comorbidities.””#° Additionally,
adults within this age range may have prodromal neurodegenerative
disease. Comparisons with healthy younger adults effectively ensures
that an assessment is being made against peak performance. How-
ever, elements of cognition change with age and it is perhaps unre-
alistic that an older adult would demonstrate equivalent processing
speed to a 20-year-old or expect comparative cognitive performance
more broadly.

Klinedinst et al®? and others have employed statistical modelling
to identify subgroups of older individuals within longitudinal ageing
studies who demonstrate both superior cognitive performance and
maintenance of cognitive abilities. This data-driven approach repre-
sents an attractive solution to the arbitrary nature of using pre-
defined cut-offs for cognitive performance and provides further in-
sights into the cognitive profiles of those maintaining high cognitive
performance. Future similar studies would be very valuable for this
field. While they do not at this stage provide a reproducible method
of prospectively identifying super-agers, insights from such studies
may better inform future selection of cognitive measures of super-
ageing. For example, super-agers in these studies displayed above
average executive function with maintenance of performance over
time. Most prior studies have only required average for age perfor-
mance on an executive function task with a minority incorporating
superior executive function into their definitions.1%1428:34

This review has illustrated a range of approaches to defining
super-ageing. Ultimately, multiple definitions may be fit for purpose.
For example, it may be relevant to identify older adults with
comparatively better cognitive function than their age peers in some
contexts, acknowledging that a degree of cognitive decline is inevi-
table with age whereas stricter definitions involving performance
comparable to younger adults allows for a smaller more remarkable
group to be identified. These groups may overlap as people who
perform as well as younger adults are also likely to outperform their
peers. Selecting individuals with exceptional performance in individual
cognitive domains may provide further insights into cognitive ageing
but the narrow focus of these definitions should be recognised. Simi-

larly, the limitations of cross-sectional identification of top cognitive

performers must be acknowledged. Categorising super-ageing purely
on the basis of a lack of cognitive decline over time is an attractive
proposition to deal with baseline heterogeneity in the cognitive abil-
ities of older adults. Regardless of the approach employed, clearly
operationalized criteria should be utilized along with a rationale for
the choice of criteria, relevant to the research question.

Future research may involve the development of a differential
model examining performance within individual cognitive domains as
well as global cognitive performance over time and may provide
further insights into those functions crucial for adaptation to ageing
and neurodegeneration. Defining exceptional cognition in older
adults both in relation to their age peers and to the average per-
formance of younger adults may overcome issues associated with
comparison to either group alone. The relationship between superior
cognition and daily functioning also warrants greater attention.
Future studies may incorporate rating scales for independence in
activities of daily living and elucidate practical aspects of successful
cognitive ageing including compensation for deficits and personal
control. Associations with other aspects of ageing well such as pre-
served physical capacity and social engagement would be similarly
valuable. Super-ageing is more likely to remain a research concept
that could be integrated into broader successful ageing measures and
identify predictors of sustained high-level cognitive function.

While not specifically addressed in this review, multiple super-
ageing studies have used laboratory and imaging measures to iden-
tify differences in super-agers including blood metabolomic profiles,
whole brain and regional brain volumes, functional imaging and white
matter integrity measures. The brain ageing research literature may
also be a source of useful biomarkers such as the imaging BrainAGE
algorithm.®! Future refined definitions of super-ageing should
consider a combination of cognitive measures and these types of
biomarkers.

4.1 | Limitations

A strength of this review was the broad and comprehensive search
strategy allowing for the incorporation of diverse definitions of
super-ageing. Limitations included the exclusion of grey literature or
unpublished studies which can counterbalance publication bias and
studies not published in English which could result in an over-

representation of Western cultural definitions of super-ageing.

4.2 | Conclusion

This review demonstrates the heterogeneity of existing cognitive
super-ageing definitions. Differences are extensive including the ages
of the super-ageing cohorts and comparator groups, cognitive do-
mains and tests selected and whether performance is compared with
age peers or younger adults. Maintenance of cognitive abilities over
time is inconsistently required and there has been limited focus on
superior cognitive performance in domains other than verbal episodic

memory when other cognitive processes are known to be susceptible



ELENRRVYYRENE i Psychity

POWELL ET AL

to cognitive ageing. A future approach could be to apply different
criteria to identify groups of super-agers from a large population
sample. If different definitions identify different populations, it may
be instructive to compare how each definition performs against an
external criterion such as function or maintenance of cognitive per-
formance. Examination of how cognitive super-ageing relates to
physical capacity, psychological wellbeing and degree of social
engagement may also provide greater insights into ageing well.
Harmonisation of criteria within the field could lead to opportunities
for collaboration, incorporation into research on the broader multi-
dimensional construct of successful ageing and ultimately the op-
portunity to better understand the aetiology of super-ageing and
ramifications for the general population.
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