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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 andGoogle 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.

K E Y W O R D S

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

Key points

� There is no uniform definition of super‐ageing or cognitive super‐ageing
� Most studies define cognitive super‐ageing based on verbal memory
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� Proposed definition should include other cognitive domains, stability over time and function

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

studying this group may highlight strategies to combat cognitive decline

1 | INTRODUCTION

Amajor 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’.1 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.2 These domains are interrelatedwith higher

social participation and higher levels of physical activity associated

with better cognitive function.3,4 Successful cognitive ageing, more

recently termed ‘super‐ageing’5 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.6,7 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.6,7 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.8,9 More recently, this term has been applied to cognitive

abilities.5,10 Cognitive super‐agers (henceforth ‘super‐agers’) have
been shown to have higher occupational attainment,11 a musical

background,12 lower rates of smoking and diabetes and exhibit higher

levels of intellectual and social activity than their cognitively average

peers.11,13,14 The association between years of education and super‐
ageing has not been consistent.11,12,15 Super‐agers have been shown
to be resilient to post‐operative delirium.16 Genetic differences

include lower rates of the apolipoprotein ε4 allele which is associated
with an increased risk of Alzheimer's disease (AD)17 as well as vari-

ants in the Mitogen‐Activated Protein Kinase 3 (MAP2K3) gene.18

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.5,19–

22 Neuropathological studies have reported less but still significant

Alzheimer's type pathology.17,23,24 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 processes25

may underly exceptional cognition at older ages. Identifying 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.5,19 Episodic memory

performance has frequently been selected as a marker of cognitive

super‐ageing5,26 with executive function, processing speed and com-
posite cognitive scores less commonly utilised.14,27,28 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.

There have been two reviews of super‐ageing26,29 and one review
examining the cognitive component of successful ageing.30 A narrative

review focussed upon operationalised definitions26 and a systematic

review on biomarkers.29 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.31

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 � OR older adult � OR aged person � 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 � OR successful ageing OR successful ageing OR ageing

successfully OR ageing successfully OR ageing well OR ageing well OR

successful agre � OR super‐ager � OR exceptional ageing OR

exceptional ageing OR high performing older adult � OR healthy

ageing) and exceptional cognition (exceptional cognition OR excep-

tional cognitive OR successful cognitive OR higher cognitive OR high

performing ORmemory 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 Synthesis32 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.33

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.27 Two other studies
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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).59 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’.11 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.34 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.14 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 90.36

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.5 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 score45

and one study those in the 50th percentile for episodic memory and

executive function.28

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.14 Baran

et al required ‘supernormals’ to maintain a positive mean slope of

executive function and episodic memory performance over a 5‐year
period.34 Bezdicek et al required a non‐negative random slope of

Montreal Cognitive Assessment scores over 5 years in ‘successful

healthy agers’.35 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).27 Dekhtyar et al compared those who maintained

performance on a memory composite score at 3 years versus those

who declined.45 Gardener et al applied their criteria to all time‐
points assessed up to 54 months10 Garo‐Pascual required ‘super-

agers’ to maintain their classification at up to 5 years follow‐up.12

Hoenig et al required maintenance over 4 years,50 Lin et al required

F I G U R E 1 PRISMA flow diagram of study selection and reasons for exclusion.
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‘supernormals’ to have episodic memory composite scores above

1.5 across all available assessments with at least one follow‐up
assessment54 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 0 and independent

daily functioning respectively into their super‐ageing definitions.34,59

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).61 Klinedinst et al used cluster analysis to

identify ‘super‐agers’ aged 45–76 with either slightly positive or

stable fluid intelligence trajectories over 10 years62 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.63 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 studies11,18,19,28,49,53 while education levels were significantly

higher in six cognitively high performing cohorts compared with

controls.11–13,15,28,49 Rates of hypertension and diabetes were higher

in the cognitively average than the super‐ageing cohort in one study
but not significantly so.43 These differences may represent selection

bias in some studies. Statistical analysis was performed to detect

group differences in all cases.T
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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.64–66 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

45.65,67 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.66,67 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.64 Older adults may have either comparable

or greater capacity for emotional regulation than younger adults.68

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.42,52 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 8069 but differentially impact upon

cognition. Preclinical and prodromal stages of AD typically extend

over 20 years69 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.70 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.71

The clinical hallmark of AD is episodic memory impairment72,73

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.72,73 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.74 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.75 However, other studies have not been

able to attribute variability in rates of cognitive decline solely to

neuropathology.76,77 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.76 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.64 A lack of

cognitive decline over time would be more meaningful to most in-

dividuals than comparison of performance to other older adults.78 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.5

Individuals aged 75 and above have been selected in low‐ and
middle‐income countries.15,26 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.79,80 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 al62 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.11,14,28,34

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.81 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
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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.

AUTHOR CONTRIBUTIONS

Alice Powell was involved in conceptualization of the review, meth-

odology, data curation, analysis and writing—original draft. Zara A

Page was involved with data curation and analysis. Perminder S

Sachdev was involved in conceptualization, methodology, supervision

and writing—review and editing. Jacqueline CT Close was involved in

conceptualization, methodology, supervision and writing—review and

editing. Henry Brodaty was involved in conceptualization, method-

ology, supervision, writing, review and editing.

ACKNOWLEDGEMENTS

We would like to acknowledge the assistance of research librarian

Colleen Hutchison at the University of New South Wales, Sydney,

Australia for her assistance in the initial systematic review search

strategy. This work was supported by a National Health and Medical

Research Council postgraduate scholarship (RG212082).

Open access publishing facilitated by University of New South

Wales, as part of the Wiley ‐ University of New South Wales

agreement via the Council of Australian University Librarians.

CONFLICT OF INTEREST STATEMENT

PS has been a member of the expert advisory committee for Biogen

and Roche. HB has been an advisor or consultant for Biogen, Nutricia,

Roche and Skin2Neuron. The other authors have no competing in-

terests to declare.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Alice Powell https://orcid.org/0000-0002-6146-420X

Perminder S. Sachdev https://orcid.org/0000-0002-9595-3220

Henry Brodaty https://orcid.org/0000-0001-9487-6617

REFERENCES

1. Kennedy BK, Berger SL, Brunet A, et al. Geroscience: linking aging to

chronic disease. Cell. 2014;159(4):709‐713. https://doi.org/10.1016/
j.cell.2014.10.039

2. Rowe JW, Kahn RL. Successful aging. Gerontol. 1997;37(4):433‐440.
https://doi.org/10.1093/geront/37.4.433

3. Smits C, van Rijsselt R, Jonker C, Deeg D. Social participation and

cognitive functioning in older adults. Int J Geriatr Psychiatr.
1995;10(4):325‐331. https://doi.org/10.1002/gps.930100409

4. Wu W, Zhao Q, Xiao Z, Liang X, Luo J, Ding D. Association of

combined engagement in cognitive and physical activity with

domain‐specific cognitive function: the Shanghai Aging Study. Int J
Geriatr Psychiatr. 2021;36(1):116‐126. https://doi.org/10.1002/gps.
5403

5. Harrison TM, Weintraub S, Mesulam MM, Rogalski E. Superior

memory and higher cortical volumes in unusually successful cogni-

tive aging. J Int Neuropsychol Soc. 2012;18(6):1081‐1085. https://doi.
org/10.1017/S1355617712000847

6. Cole JH, Marioni RE, Harris SE, Deary IJ. Brain age and other bodily

“ages”: implications for neuropsychiatry. Mol Psychiatr. 2019;24(2):
266‐281. https://doi.org/10.1038/s41380‐018‐0098‐1

7. Diebel LWM, Rockwood K. Determination of biological age: geriatric

assessment vs biological biomarkers. Curr Oncol Rep. 2021;23(9):
104. https://doi.org/10.1007/s11912‐021‐01097‐9

8. Harvard Health Publishing. What Does it Take to Be a Super‐ager?
Published Online; 2017. Accessed 17 June 2022. https://www.

health.harvard.edu/healthy‐aging/what‐does‐it‐take‐to‐be‐a‐super‐
ager

9. Nes BM, Vatten LJ, Nauman J, Janszky I, Wisløff U. A simple non-

exercise model of cardiorespiratory fitness predicts long‐term
mortality. Med Sci Sports Exerc. 2014;46(6):1159‐1165. https://doi.
org/10.1249/MSS.0000000000000219

10. Gardener SL, Weinborn M, Sohrabi HR, et al. Longitudinal trajec-

tories in cortical thickness and volume atrophy: superior cognitive

performance does not protect against brain atrophy in older adults. J
Alzheimers Dis. 2021;81(3):1039‐1052. Published online April.

https://doi.org/10.3233/JAD‐201243
11. Yang Y, Chen Y, Yang C, Chen K, Li X, Zhang Z. Contributions of

early‐life cognitive reserve and late‐life leisure activity to successful
and pathological cognitive aging. BMC Geriatr. 2022;22(1):831.
https://doi.org/10.1186/s12877‐022‐03530‐5

12. Garo‐Pascual M, Gaser C, Zhang L, Tohka J, Medina M, Strange BA.
Brain structure and phenotypic profile of superagers compared with

age‐matched older adults: a longitudinal analysis from the Vallecas

Project. Lancet Healthy Longev. 2023;12(8):S2666‐S7568. Published
online July. https://doi.org/10.1016/S2666‐7568(23)00079‐X

13. Maccora J, Peters R, Anstey KJ. Gender differences in superior‐
memory SuperAgers and associated factors in an Australian

cohort. J Appl Gerontol. 2020;31(4):733464820902943. Published
online January. https://doi.org/10.1177/0733464820902943

14. Saint Martin M, Sforza E, Barthélémy JC, et al. Long‐lasting active
lifestyle and successful cognitive aging in a healthy elderly popula-

tion: the PROOF cohort. Rev Neurol Paris. 2017;173(10):637‐644.
https://doi.org/10.1016/j.neurol.2017.05.009

15. Carmona KC, Resende EdePF, Guimaraes HC, et al. High perfor-

mance older adults in a population‐based sample with low educa-

tion: pieta study. Arq Neuro Psiquiatr. 2023;81(2):112‐118. https://
doi.org/10.1055/s‐0042‐1759760.ISSN0004‐282X

16. Katsumi Y, Wong B, Cavallari M, et al. Structural integrity of the

anterior mid‐cingulate cortex contributes to resilience to delirium in

SuperAging. Brain Commun. 2022;4(4):fcac163. https://doi.org/10.
1093/braincomms/fcac163

17. Rogalski EJ, Gefen T, Shi J, et al. Youthful memory capacity in old

brains: anatomic and genetic clues from the Northwestern Super-

Aging Project. J Cognit Neurosci. 2013;25(1):29‐36. https://doi.org/
10.1162/jocn_a_00300

18. Huentelman MJ, Piras IS, Siniard AL, et al. Associations of MAP2K3

gene variants with superior memory in SuperAgers. Front Aging
Neurosci. 2018;10:155. https://doi.org/10.3389/fnagi.2018.00155

18 of 20 - POWELL ET AL.

https://orcid.org/0000-0002-6146-420X
https://orcid.org/0000-0002-6146-420X
https://orcid.org/0000-0002-9595-3220
https://orcid.org/0000-0002-9595-3220
https://orcid.org/0000-0001-9487-6617
https://orcid.org/0000-0001-9487-6617
https://doi.org/10.1016/j.cell.2014.10.039
https://doi.org/10.1016/j.cell.2014.10.039
https://doi.org/10.1093/geront/37.4.433
https://doi.org/10.1002/gps.930100409
https://doi.org/10.1002/gps.5403
https://doi.org/10.1002/gps.5403
https://doi.org/10.1017/S1355617712000847
https://doi.org/10.1017/S1355617712000847
https://doi.org/10.1038/s41380-018-0098-1
https://doi.org/10.1007/s11912-021-01097-9
https://www.health.harvard.edu/healthy-aging/what-does-it-take-to-be-a-super-ager
https://www.health.harvard.edu/healthy-aging/what-does-it-take-to-be-a-super-ager
https://www.health.harvard.edu/healthy-aging/what-does-it-take-to-be-a-super-ager
https://doi.org/10.1249/MSS.0000000000000219
https://doi.org/10.1249/MSS.0000000000000219
https://doi.org/10.3233/JAD-201243
https://doi.org/10.1186/s12877-022-03530-5
https://doi.org/10.1016/S2666-7568(23)00079-X
https://doi.org/10.1177/0733464820902943
https://doi.org/10.1016/j.neurol.2017.05.009
https://doi.org/10.1055/s-0042-1759760.ISSN0004-282X
https://doi.org/10.1055/s-0042-1759760.ISSN0004-282X
https://doi.org/10.1093/braincomms/fcac163
https://doi.org/10.1093/braincomms/fcac163
https://doi.org/10.1162/jocn_a_00300
https://doi.org/10.1162/jocn_a_00300
https://doi.org/10.3389/fnagi.2018.00155
https://orcid.org/0000-0002-6146-420X
https://orcid.org/0000-0002-9595-3220
https://orcid.org/0000-0001-9487-6617


19. Sun FW, Stepanovic MR, Andreano J, Barrett LF, Touroutoglou A,

Dickerson BC. Youthful brains in older adults: preserved neuro-

anatomy in the default mode and salience networks contributes to

youthful memory in superaging. J Neurosci. 2016;36(37):9659‐9668.
https://doi.org/10.1523/JNEUROSCI.1492‐16.2016

20. Kim BR, Kwon H, Chun MY, et al. White matter integrity is associ-

ated with the amount of physical activity in older adults with super‐
aging. Front Aging Neurosci. 2020;12:549983. https://doi.org/10.
3389/fnagi.2020.549983

21. Park CH, Kim BR, Park HK, et al. Predicting superagers by machine

learning classification based on the functional brain connectomeusing

resting‐state functional magnetic resonance imaging. Cerebr Cortex.
2022;32(19):4183‐4190. https://doi.org/10.1093/cercor/bhab474

22. Hoenig MC, Willscheid N, Bischof GN, van Eimeren T, Drzezga A.

Assessment of tau tangles and amyloid‐β plaques among super agers
using PET imaging. JAMA Netw Open. 2020;3(12):e2028337. https://
doi.org/10.1001/jamanetworkopen.2020.28337

23. Rogalski E, Gefen T, Mao Q, et al. Cognitive trajectories and spec-

trum of neuropathology in SuperAgers: the first 10 cases. Hippo-
campus. 2019;29(5):458‐467. https://doi.org/10.1002/hipo.22828

24. Gefen T, Kawles A, Makowski‐Woidan B, et al. Paucity of entorhinal
cortex pathology of the Alzheimer’s type in SuperAgers with supe-

rior memory performance. Cerebr Cortex. 2021;31(7):3177‐3183.
https://doi.org/10.1093/cercor/bhaa409

25. Stern Y, Arenaza‐Urquijo EM, Bartrés‐Faz D, et al. Whitepaper:
defining and investigating cognitive reserve, brain reserve, and brain

maintenance. Alzheimers Dement. 2020;16(9):1305‐1311. https://doi.
org/10.1016/j.jalz.2018.07.219

26. Borelli WV, Carmona KC, Studart‐Neto A, Nitrini R, Caramelli P, da
Costa JC. Operationalized definition of older adults with high

cognitive performance. Dement Neuropsychol. 2018;12(3):221‐227.
https://doi.org/10.1590/1980‐57642018dn12‐030001

27. Bott NT, Bettcher BM, Yokoyama JS, et al. Youthful processing

speed in older adults: genetic, biological, and behavioral predictors

of cognitive processing speed trajectories in aging. Front Aging
Neurosci. 2017;9:55. https://doi.org/10.3389/fnagi.2017.00055

28. Dominguez EN, Stark SM, Ren Y, Corrada MM, Kawas CH, Stark

CEL. Regional cortical thickness predicts top cognitive performance

in the elderly. Front Aging Neurosci. 2021;13:751375. https://doi.org/
10.3389/fnagi.2021.751375

29. Borelli WV, Schilling LP, Radaelli G, et al. Neurobiological findings

associated with high cognitive performance in older adults: a sys-

tematic review. Int Psychogeriatr. 2018;30(12):1813‐1825. https://
doi.org/10.1017/S1041610218000431

30. Mana J, Bezdicek O. Cognition in successful aging: systematic review

and future directions. Clin Gerontol. 2022;45(3):477‐485. https://doi.
org/10.1080/07317115.2020.1752346

31. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting

items for systematic reviews and meta‐analyses: the PRISMA

statement. PLoS Med. 2009;6(7):e1000097. https://doi.org/10.1371/
journal.pmed.1000097

32. Aromataris E, Munn Z. JBI Manual for Evidence Synthesis; 2020.

Pub l i shed on l ine . Accessed 23 January 2022 . ht tps : / /

synthesismanual.jbi.global

33. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020

statement: an updated guideline for reporting systematic reviews.

BMJ. 2021;372:n71. https://doi.org/10.1136/bmj.n71
34. Baran TM, Lin FV. Amyloid and FDG PET of successful cognitive

aging: global and cingulate‐specific differences. J Alzheimers Dis.
2018;66(1):307‐318. https://doi.org/10.3233/JAD‐180360

35. Bezdicek O, Cervenkova M, Georgi H, et al. Long‐term cognitive

trajectory and activities of daily living in healthy aging. Clin Neuro-
psychol. 2021;35(8), 1381‐1397. https://doi.org/10.1080/13854046.
2020.1745895

36. Biswas R, Kawas C, Montine TJ, Bukhari SA, Jiang L, Corrada MM.

Superior global cognition in oldest‐old is associated with resistance
to neurodegenerative pathologies: results from the 90þ study. J
Alzheimers Dis. 2023;93(2):561‐575. https://doi.org/10.3233/JAD‐
221062

37. Borelli WV, Leal‐Conceição E, Andrade MA, et al. Increased glucose
activity in subgenual anterior cingulate and Hippocampus of high

performing older adults, despite amyloid burden. J Alzheimers
Dis;28:2021. Published online April. https://doi.org/10.3233/JAD‐
210063

38. Cabeza R, Anderson ND, Locantore JK, McIntosh AR. Aging grace-

fully: compensatory brain activity in high‐performing older adults.
Neuroimage. 2002;17(3):1394‐1402. https://doi.org/10.1006/nimg.
2002.1280

39. Cervenkova M, Heissler R, Kopecek M. Stability of memory Super-

Agers over 3 years. PSYCH J. 2020;9(1):147‐149. https://doi.org/10.
1002/pchj.313

40. Cook AH, Sridhar J, Ohm D, et al. Rates of cortical atrophy in adults

80 Years and older with superior vs average episodic memory.

JAMA. 2017;317(13):1373‐1375. https://doi.org/10.1001/jama.
2017.0627

41. Cook Maher A, Kielb S, Loyer E, 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

42. Cook Maher A, Makowski‐Woidan B, Kuang A, et al. Neuropsycho-
logical profiles of older adults with superior versus average episodic

memory: the northwestern “SuperAger” cohort. J Int Neuropsychol
Soc. 2022;28(6):563‐573. https://doi.org/10.1017/S135561772
1000837

43. Dang C, Harrington KD, Lim YY, et al. Superior memory reduces 8‐
year risk of mild cognitive impairment and dementia but not amyloid

β‐associated cognitive decline in older adults. Archives Clin Neuro-
psychology. 2019;34(5):585‐598.

44. de Godoy LL, Studart‐Neto A, Wylezinska‐Arridge M, et al. The brain
metabolic signature in superagers using in vivo (1)H‐MRS: a pilot
study. AJNR Am J Neuroradiol. 2021;42(10):1790‐1797. https://doi.
org/10.3174/ajnr.A7262

45. Dekhtyar M, Papp KV, Buckley R, et al. Neuroimaging markers

associated with maintenance of optimal memory performance in

late‐life. Neuropsychologia. 2017;100:164‐170. https://doi.org/10.
1016/j.neuropsychologia.2017.04.037

46. Engelmeyer JR, Kerr A, Makowski‐Woidan BA, et al. Medical char-
acterization of cognitive SuperAgers: investigating the medication

profile of SuperAgers. J Am Geriatr Soc:2023. Published online July 3.
https://doi.org/10.1111/jgs.18496

47. Gefen T, Shaw E, Whitney K, et al. Longitudinal neuropsychological

performance of cognitive SuperAgers. J Am Geriatr Soc. 2014;62(8):
1598‐1600. https://doi.org/10.1111/jgs.12967

48. Gefen T, Gefen T, Peterson M, et al. Morphometric and histologic

substrates of cingulate integrity in elders with exceptional memory

capacity. J Neurosci. 2015;35(4):1781‐1791. https://doi.org/10.
1523/JNEUROSCI.2998‐14.2015

49. Harrison TM, Maass A, Baker SL, Jagust WJ. Brain morphology,

cognition, and β‐amyloid in older adults with superior memory

performance. Neurobiol Aging. 2018;67:162‐170. https://doi.org/10.
1016/j.neurobiolaging.2018.03.024

50. Hoenig M, Bischof G, Willscheid N, van Eimeren T, Drzezga A.

Resistance to tau and amyloid pathology facilitates super‐aging. J
Nucl Med. 2020:61.

51. Janeczek M, Gefen T, Samimi M, et al. Variations in acetylcholines-

terase activity within human cortical pyramidal neurons across age

and cognitive trajectories. Cerebr Cortex. 2018;28(4):1329‐1337.
https://doi.org/10.1093/cercor/bhx047

POWELL ET AL. - 19 of 20

https://doi.org/10.1523/JNEUROSCI.1492-16.2016
https://doi.org/10.3389/fnagi.2020.549983
https://doi.org/10.3389/fnagi.2020.549983
https://doi.org/10.1093/cercor/bhab474
https://doi.org/10.1001/jamanetworkopen.2020.28337
https://doi.org/10.1001/jamanetworkopen.2020.28337
https://doi.org/10.1002/hipo.22828
https://doi.org/10.1093/cercor/bhaa409
https://doi.org/10.1016/j.jalz.2018.07.219
https://doi.org/10.1016/j.jalz.2018.07.219
https://doi.org/10.1590/1980-57642018dn12-030001
https://doi.org/10.3389/fnagi.2017.00055
https://doi.org/10.3389/fnagi.2021.751375
https://doi.org/10.3389/fnagi.2021.751375
https://doi.org/10.1017/S1041610218000431
https://doi.org/10.1017/S1041610218000431
https://doi.org/10.1080/07317115.2020.1752346
https://doi.org/10.1080/07317115.2020.1752346
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://synthesismanual.jbi.global
https://synthesismanual.jbi.global
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3233/JAD-180360
https://doi.org/10.1080/13854046.2020.1745895
https://doi.org/10.1080/13854046.2020.1745895
https://doi.org/10.3233/JAD-221062
https://doi.org/10.3233/JAD-221062
https://doi.org/10.3233/JAD-210063
https://doi.org/10.3233/JAD-210063
https://doi.org/10.1006/nimg.2002.1280
https://doi.org/10.1006/nimg.2002.1280
https://doi.org/10.1002/pchj.313
https://doi.org/10.1002/pchj.313
https://doi.org/10.1001/jama.2017.0627
https://doi.org/10.1001/jama.2017.0627
https://doi.org/10.1371/journal.pone.0186413
https://doi.org/10.1371/journal.pone.0186413
https://doi.org/10.1017/S1355617721000837
https://doi.org/10.1017/S1355617721000837
https://doi.org/10.3174/ajnr.A7262
https://doi.org/10.3174/ajnr.A7262
https://doi.org/10.1016/j.neuropsychologia.2017.04.037
https://doi.org/10.1016/j.neuropsychologia.2017.04.037
https://doi.org/10.1111/jgs.18496
https://doi.org/10.1111/jgs.12967
https://doi.org/10.1523/JNEUROSCI.2998-14.2015
https://doi.org/10.1523/JNEUROSCI.2998-14.2015
https://doi.org/10.1016/j.neurobiolaging.2018.03.024
https://doi.org/10.1016/j.neurobiolaging.2018.03.024
https://doi.org/10.1093/cercor/bhx047


52. Karpouzian‐Rogers T, Makowski‐Woidan B, Kuang A, et al. NIH

Toolbox(®) episodic memory measure differentiates older adults

with exceptional memory capacity from those with average‐for‐age
cognition. J Int Neuropsychol Soc. 2022;28:1‐5. Published online

February. https://doi.org/10.1017/S135561772200008X

53. Katsumi Y, Andreano JM, Barrett LF, Dickerson BC, Touroutoglou A.

Greater neural differentiation in the ventral visual cortex is associ-

ated with youthful memory in superaging. Cerebr Cortex. 2021.
Published online June 30. https://doi.org/10.1093/cercor/bhab157

54. Lin F, Ren P, Mapstone M, Meyers SP, Porsteinsson A, Baran TM. The

cingulate cortex of older adults with excellent memory capacity.

Cortex. 2017;86:83‐92. https://doi.org/10.1016/j.cortex.2016.11.009
55. Mapstone M, Lin F, Nalls MA, et al. What success can teach us about

failure: the plasma metabolome of older adults with superior

memory and lessons for Alzheimer’s disease. Neurobiol Aging.
2017;51:148‐155.

56. Nassif C, Kawles A, Ayala I, et al. Integrity of neuronal size in the

entorhinal cortex is a biological substrate of exceptional cognitive

aging. J Neurosci. 2022;42(45):8587‐8594. https://doi.org/10.1523/
JNEUROSCI.0679‐22.2022

57. Spencer BE, Banks SJ, Dale AM, et al. Alzheimer’s polygenic hazard

score in SuperAgers: SuperGenes or SuperResilience? Alzheimers &
Dementia‐Translational Research & Clinical Interventions. 2022;8(1):
e12321. https://doi.org/10.1002/trc2.12321

58. Wagner M, Grodstein F. Patterns of lifestyle behaviours from mid‐
through later‐life in relation to exceptional episodic memory per-
formance in older women: the Nurses’ Health Study. Age Ageing.
2022;51(5). https://doi.org/10.1093/ageing/afac102

59. Yu J, Collinson SL, Liew TM, et al. Super‐cognition in aging: cognitive
profiles and associated lifestyle factors. Appl Neuropsychol Adult.
2020;27(6):497‐503. https://doi.org/10.1080/23279095.2019.
1570928

60. Zhang J, Andreano JM, Dickerson BC, Touroutoglou A, Barrett LF.

Stronger functional connectivity in the default mode and salience

networks is associated with youthful memory in superaging. Cerebr
Cortex. 2020;30(1):72‐84. https://doi.org/10.1093/cercor/bhz071

61. Chen X, Rundle MM, Kennedy KM, Moore W, Park DC. Functional

activation features of memory in successful agers across the adult

lifespan. Neuroimage. 2022;257:119276. https://doi.org/10.1016/j.
neuroimage.2022.119276

62. Klinedinst BSS, Kharate MKK, Mohammadiarvejeh P, et al. Exploring

the secrets of super‐aging: a UK Biobank study on brain health and
cognitive function. Geroscience:2023. Published online March.

https://doi.org/10.1007/s11357‐023‐00765‐x
63. Lin FV, Wang X, Wu R, Rebok GW, Chapman BP. Identification of

successful cognitive aging in the Alzheimer’s disease neuroimaging

initiative study. J Alzheimers Dis. 2017;59(1):101‐111. https://doi.
org/10.3233/JAD‐161278

64. Blazer D, Yaffe K, Albert M, et al. In: Blazer D, Yaffe K, Liverman C,

eds. COGNITIVE AGING Progress in Understanding and Opportunities
for Action Introduction. Vol 29; 2015.

65. Cadar D. Cognitive ageing. In: Geriatrics Health. InTech; 2018:49‐65.
https://doi.org/10.5772/intechopen.79119

66. Cohen RA, Marsiske MM, Smith GE. Neuropsychology of aging.

Handb Clin Neurol. 2019;167:149‐180. https://doi.org/10.1016/
B978‐0‐12‐804766‐8.00010‐8

67. Harada CN, Natelson Love MC, Triebel KL. Normal cognitive aging.

Clin Geriatr Med. 2013;29(4):737‐752. https://doi.org/10.1016/j.cger.
2013.07.002

68. Mather M The affective neuroscience of aging. Annu Rev Psychol.
2016;67(1):213‐238. https://doi.org/10.1146/annurev‐psych‐
122414‐033540

69. Masters CL, Bateman R, Blennow K, Rowe CC, Sperling RA, Cum-

mings JL. Alzheimer’s disease. Nat Rev Dis Prim. 2015;1:15056.
https://doi.org/10.1038/nrdp.2015.56

70. McKeith IG, Ferman TJ, Thomas AJ, et al. Research criteria for the

diagnosis of prodromal dementia with Lewy bodies. Neurology.
2020 ;94(17 ) : 743 ‐755 . h t tp s : / / do i . o r g /10 .1212/WNL .

0000000000009323

71. Dowling NM, Tomaszewski Farias S, Reed BR, et al. Neuropatho-

logical associates of multiple cognitive functions in two community‐
based cohorts of older adults. J Int Neuropsychol Soc.
2011;17(4):602‐614. https://doi.org/10.1017/S1355617710001426

72. Burrell JR, Piguet O. Lifting the veil: how to use clinical neuropsy-

chology to assess dementia. J Neurol Neurosurg Psychiatry.
2015;86(11):1216‐1224. https://doi.org/10.1136/jnnp‐2013‐
307483

73. Miller BL, Boeve BF, eds. The Behavioral Neurology of Dementia.
Second. Cambridge University Press; 2016.

74. Wilson RS, Wang T, Yu L, Bennett DA, Boyle PA. Normative cogni-

tive decline in old age. Ann Neurol. 2020;87(6):816‐829. https://doi.
org/10.1002/ana.25711

75. Borland E, Stomrud E, Van Westen D, Hansson O, Palmqvist S. The

age‐related effect on cognitive performance in cognitively healthy
elderly is mainly caused by underlying AD pathology or cerebro-

vascular lesions: implications for cutoffs regarding cognitive

impairment. Alzheimer’s Res Ther. 2020;12(1). https://doi.org/10.
1186/s13195‐020‐00592‐8

76. Boyle PA, Wang T, Yu L, et al. To what degree is late life cognitive

decline driven by age‐related neuropathologies? Brain. 2021;144(7):
2166‐2175. https://doi.org/10.1093/brain/awab092

77. Boyle PA, Yu L, Wilson RS, Schneider JA, Bennett DA. Relation of

neuropathology with cognitive decline among older persons without

dementia. Front Aging Neurosci. 2013;5:50. https://doi.org/10.3389/
fnagi.2013.00050

78. Teater B, Chonody JM. What attributes of successful aging are

important to older adults? The development of a multidimensional

definition of successful aging. Soc Work Health Care. 2020;59(3):
161‐179. https://doi.org/10.1080/00981389.2020.1731049

79. Flicker L, Holdsworth K. Aboriginal and Torres Strait Islander People

and Dementia: A Review of the Research; 2014. Published online.

80. Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention,

intervention, and care: 2020 report of the Lancet Commission.

Lancet. 2020;396(10248):413‐446. https://doi.org/10.1016/S0140‐
6736(20)30367‐6

81. Franke K, Gaser C. Ten years of BrainAGE as a neuroimaging

biomarker of brain aging: what insights have we gained? Front
Neurol. 2019;10:789. https://doi.org/10.3389/fneur.2019.00789

How to cite this article: Powell A, Page ZA, Close JCT,

Sachdev PS, Brodaty H. Defining exceptional cognition in

older adults: a systematic review of cognitive super‐ageing.
Int J Geriatr Psychiatry. 2023;e6034. https://doi.org/10.1002/

gps.6034

20 of 20 - POWELL ET AL.

https://doi.org/10.1017/S135561772200008X
https://doi.org/10.1093/cercor/bhab157
https://doi.org/10.1016/j.cortex.2016.11.009
https://doi.org/10.1523/JNEUROSCI.0679-22.2022
https://doi.org/10.1523/JNEUROSCI.0679-22.2022
https://doi.org/10.1002/trc2.12321
https://doi.org/10.1093/ageing/afac102
https://doi.org/10.1080/23279095.2019.1570928
https://doi.org/10.1080/23279095.2019.1570928
https://doi.org/10.1093/cercor/bhz071
https://doi.org/10.1016/j.neuroimage.2022.119276
https://doi.org/10.1016/j.neuroimage.2022.119276
https://doi.org/10.1007/s11357-023-00765-x
https://doi.org/10.3233/JAD-161278
https://doi.org/10.3233/JAD-161278
https://doi.org/10.5772/intechopen.79119
https://doi.org/10.1016/B978-0-12-804766-8.00010-8
https://doi.org/10.1016/B978-0-12-804766-8.00010-8
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1146/annurev-psych-122414-033540
https://doi.org/10.1146/annurev-psych-122414-033540
https://doi.org/10.1038/nrdp.2015.56
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1017/S1355617710001426
https://doi.org/10.1136/jnnp-2013-307483
https://doi.org/10.1136/jnnp-2013-307483
https://doi.org/10.1002/ana.25711
https://doi.org/10.1002/ana.25711
https://doi.org/10.1186/s13195-020-00592-8
https://doi.org/10.1186/s13195-020-00592-8
https://doi.org/10.1093/brain/awab092
https://doi.org/10.3389/fnagi.2013.00050
https://doi.org/10.3389/fnagi.2013.00050
https://doi.org/10.1080/00981389.2020.1731049
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.3389/fneur.2019.00789
https://doi.org/10.1002/gps.6034
https://doi.org/10.1002/gps.6034

	Defining exceptional cognition in older adults: A systematic review of cognitive super‐ageing
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Search strategy
	2.2 | Study screening and selection
	2.3 | Risk of bias assessment and methodologic quality assessment
	2.4 | Data synthesis, extraction and analysis

	3 | RESULTS
	3.1 | Summary of included studies
	3.2 | Methodological quality of the included studies

	4 | DISCUSSION
	4.1 | Limitations
	4.2 | Conclusion

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT


