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Cognitive resilience in ageing: determinants and 
interventions
Alice Powell, Karina Chan, Claire E Shepherd, Henry Brodaty

Understanding the factors that contribute to the preservation of cognitive abilities into advanced age despite brain 
injury or disease is a key goal of ageing research. Up until the last two decades, the extent of brain pathology could 
only be fully appreciated at autopsy. Advances in laboratory and imaging biomarkers now mean that cognitive 
function can be understood in the context of markers of brain injury and specific pathologies (eg, Alzheimer’s disease, 
Lewy body disease, and cerebrovascular disease). Knowledge on the characteristics of individuals displaying cognitive 
resilience and its social determinants across the lifespan can inform strategies to enhance resilience at individual and 
population levels. There is some evidence of the effectiveness of interventions to improve cognitive functioning from 
high-income countries, supported by biomarker data. Looking ahead, translation of cognitive resilience research to 
low-income and middle-income countries—the regions with the fastest growth in dementia burden—will require 
addressing key challenges and seizing opportunities.

Introduction
Multiple community-based autopsy studies have shown 
that common neuropathologies, including Alzheimer’s 
disease neuropathology, Lewy body disease, TDP-43 
protein inclusions, and cerebrovascular disease are 
strongly but not deterministically associated with 
dementia.1–10 Indeed, some individuals can resist the 
neurodegenerative potential of multiple proteinopathies 
with less cognitive decline, thereby demonstrating 
cognitive resilience.11–13

Cognitive resilience has previously only been 
identifiable by comparing cognitive performance against 
posthumously identified brain pathology. Advances in 
neuroimaging, EEG, and CSF and serum biomarkers 
now allow cognitive resilience to be measured in vivo 
and to be tracked longitudinally.14,15 In this Review, we 
discuss the concept of cognitive resilience, outlining 
the current state of knowledge on psychosocial and 
clinical factors associated with cognitive resilience 

and their potential biological mechanisms. The genetic 
underpinnings of cognitive resilience have recently been 
reviewed16 and are not included in this paper. We also 
highlight differences in cognitive resilience for people in 
low-income and middle-income countries (LMICs), and 
discuss advances in measures of resilience incorporating 
cognitive testing and markers of brain pathology 
including imaging, CSF, and blood biomarkers. Finally, 
we summarise the current evidence for strategies to 
enhance cognitive resilience.

Definition of cognitive resilience
There is no universal definition of cognitive resilience 
and its related constructs, although several theoretical 
frameworks have been proposed. The Collaboratory on 
Research Definitions for Reserve and Resilience in 
Cognitive Aging established in 2019, involving 
investigators from the USA and Europe, developed 
consensus definitions over a period of 3 years. The 
investigators defined resilience as an overarching term 
encompassing concepts of cognitive reserve, brain 
maintenance, and brain reserve.14 These constructs all 
underly the capacity of the brain to maintain cognition 
and function with ageing and disease.14 Cognitive reserve 
and cognitive resilience have been used interchangeably 
throughout the literature but we adhere to Kremen and 
colleagues’17 conceptualisation of cognitive reserve 
reflecting an individual’s total cognitive resources at a 
given timepoint, with high cognitive reserve allowing for 
greater cognitive resilience. We have avoided conflating 
these terms (panel 1). Figure 1 depicts the pathological 
characteristics of an individual showing cognitive 
resilience to Alzheimer’s disease.

Determinants
Several reviews published in the last 5 years have 
summarised the proposed mechanisms underlying 
cognitive resilience. These mechanisms include, but are 
not limited to: increased brain volume, connectivity, and 
synaptic structure and function; increased neurogenesis 

Lancet Neurol 2026; 25: 492–505 

Centre for Healthy Brain 
Ageing, Discipline of Psychiatry 

and Mental Health, School of 
Clinical Medicine, University of 

New South Wales, Sydney, 
NSW, Australia (A Powell MBBS, 

K Chan MClinNeuro, 
Prof H Brodaty DSc); 

Neuroscience Research 
Australia (C E Shepherd PhD), 

School of Biomedical Sciences 
(C E Shepherd), University of 

New South Wales, Sydney, 
NSW, Australia

Correspondence to: 
Prof Henry Brodaty, Centre for 

Healthy Brain Ageing, Discipline 
of Psychiatry and Mental Health, 

School of Clinical Medicine, 
University of New South Wales, 

Sydney, NSW 2052, Australia 
h.brodaty@unsw.edu.au

Panel 1: Glossary of terms

Cognitive resilience
Cognitive performance that is better than expected for the 
degree of life-course related brain changes and brain injury 
or disease.14

Cognitive reserve
An individual’s total or overall cognitive resources;17 it is the 
basis for cognitive resilience.14,17

Brain maintenance
The relative absence of deterioration over time in brain 
structure or function.14,17

Brain reserve
The neurobiological status of the brain (eg, numbers of 
neurons and synapses) at any point in time.14 It refers to total 
neural resources or neurobiological capital.17 It does not 
involve active adaptation of cognitive processes in the 
presence of injury or disease.14

http://crossmark.crossref.org/dialog/?doi=10.1016/S1474-4422(26)00027-X&domain=pdf
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and mitochondrial function; and improved regulation of 
neuroinflammatory processes.11–13,18 Importantly, many 
of the biological mechanisms that have been proposed 
converge on common pathways, including neuronal 
density, synaptic connectivity, and energy metabolism, 
which contribute to brain volume and functional 
capacity. Emerging evidence suggests that synaptic 
dysfunction reflects loss of cognitive function, 
positioning it as a reliable correlate of cognitive decline.18 
Maintaining synaptic structure and function has 
therefore been proposed as a key mechanism of 
cognitive resilience, with resilient individuals displaying 
reductions in synaptic protein oligomers, such as 
amyloid β, tau and alpha-synuclein, resilience to 
glial-mediated engulfment, increased levels of synapse-
protective factors, such as neurotrophic factors, and 
improved synaptic integrity.18 Figure 2 summarises the 
proposed inter-relationship between psychosocial 
factors and biological mechanisms contributing to 
cognitive resilience. Unfortunately, empirical research 
examining their combined effects remains scarce. 
Rather than revisiting the proposed underlying 
biological processes in detail, in this Review, we have 
discussed the potential biological mechanisms behind 
psychosocial determinants of cognitive resilience and 
identifying gaps in knowledge.

Social and environmental factors
The social and environmental conditions that we live in 
are known to affect several health outcomes, which likely 
translate to cognitive resilience. Within high-income 
countries (HICs), living in with low socioeconomic status 
has been cross-sectionally associated with decreased 
cognitive resilience. This association has been indicated 
by poorer performance on cognitive screening (Mini 
Mental State Examination), when controlling for disease 
severity of ten dementia associated proteinopathies, 
including Alzheimer’s disease, Lewy body disease, and 
limbic age-related TDP-43 encephalopathy.19 The reasons 
for this association are not known. Possibilities include 
better access to health services in non-disadvantaged 
neighbourhoods and such areas offering more cognitively 
stimulating environments through greater availability of 
green spaces and pedestrian and physical activity 
infrastructure. This effect might be greater in LMICs, 
where lower socioeconomic status might confer even 
greater disadvantage, although this factor has not been 
studied.

In LMICs, where dementia rates are rising, a higher 
percentage of cases might be attributed to modifiable 
risk factors including lower education, more smoking. 
and higher rates and less treatment for of hypertension 
and diabetes.20 Poverty and systemic disadvantage might 
impede progress in tackling these factors. Following a 
healthy diet, for example, can be difficult on a low 
income. Also, the consumption of ultra-processed foods, 
which are associated with cognitive decline, is increasing 

in LMICs.20 Nevertheless, it seems likely that several of 
the determinants of cognitive resilience examined in 
HICs would be applicable to LMICs. Indeed, a higher 
composite score of cognitive resilience, which integrated 
factors such as education, occupational complexity, 
mental activity, and social support, was associated with 
better cognitive functioning when controlling for 
Alzheimer’s disease-related plasma biomarkers in a 
sample of rural Chinese villagers.21

Years of education and occupational complexity are 
forms of mental enrichment, which build cognitive 
reserve, thereby promoting greater cognitive resilience. 
For example, greater lifetime years of education 
are associated with better-than-expected cognitive 
performance for grey matter volume,22 amyloid β 
deposition,23 and Alzheimer’s disease-signature cerebral 
hypometabolism.23 In some studies, higher lifetime 
occupational complexity has been associated with weaker 
links between both CSF amyloid ratios and hippocampal 
volume with memory, and between APOEε4 and cognitive 
decline.24 Although intelligence is also associated with 
cognitive resilience, it has been mostly measured with the 
use of a reading test.23,25 However, reading is the learned 
component of intelligence that is highly influenced by 
education and broader socioeconomic factors. Whether 
fluid intelligence—the component less driven by explicitly 
learned knowledge—is similarly associated with cognitive 
resilience requires further investigation. Given that 
synaptic plasticity is the major cellular mechanism 
underlying learning and memory, it could represent 
one plausible biological explanation whereby mental 
enrichment promotes cognitive resilience. Education, 
in particular, has been associated with reductions in 
cerebrovascular disease, suggesting that comorbid 
pathologies or improved neurovascular function might 
play an important role in cognitive resilience to 

Figure 1: Amyloid β and tau immunohistochemistry in the temporal cortex of a man aged 99 years with no 
cognitive impairment
Numerous amyloid β (A) and tau-immunopositive plaques and tau-immunopositive neurons and neurofibrillary 
tangles (B) were present throughout the brain. Green arrows show representative amyloid β (A) or tau (B) staining 
of plaques. Blue arrows (B) show tau staining of neurons. Inset in B shows a tau-immunopositive neuron. 
Immunohistochemistry was done with antibodies against PHF-tau at 1:1500 dilution (clone AT8, Thermo Fisher 
Scientific, MN1020) and amyloid β at 1:2000 dilution (clone 6F/3D, Agilent, M087201–2) on a BenchMark GX 
stainer with a proprietary OptiView detection kit and hematoxylin II counterstain (Roche Diagnostics, Switzerland). 
Sections for amyloid β staining were deparaffinised and incubated in 98% formic acid for 3 min before staining. 
This donor was recruited through the Sydney Brain Bank.
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Alzheimer’s disease.11 Additionally, the biological link 
between mental enrichment and cognitive resilience 
might reflect laying down more complex or denser neural 
networks,26 and preservation of grey matter volume.27,28

Lifestyle and behavioural factors
Other cognitive activities beyond education and 
occupation are associated with cognitive resilience and 
might share similar mechanisms. Self-reported 
engagement in past activities (eg, visiting a library or 
reading a newspaper) across the early-to-mid life span 
(ie, ages 6–40 years) has been associated with greater 
cognitive resilience in older adults.29 Similarly, lifelong 

cognitive activities (eg, going to concerts or writing 
letters) have been shown to moderate the cognitive 
effects of glucose hypometabolism in brain regions 
typically affected by Alzheimer’s disease.30 Cognitive 
reserve is thought to be dynamic and could be enhanced 
in later life.17 Indeed, in a large longitudinal cohort study 
of 9294 participants in France,31 cognitively stimulating 
engagement in leisure activities in later life was 
associated with greater cognitive resilience to genetic 
susceptibility to dementia based on APOEε4 status and 
Alzheimer’s disease-specific genetic risk scores. Learning 
a second language weakens the association between 
age and CSF Alzheimer’s disease-biomarkers,32 and is 
thought to contribute to cognitive resilience through 
fostering the brain regions that support executive control, 
which overlap with regions important for language 
control.33 This observation supports the theory that 
cognitive resilience displays locoregional specificity. 
Although most studies do not examine cognitive 
domains, there is evidence to suggest that non-amnestic 
cognitive domains show greater resilience.34 A prospective 
cohort study of 351 middle-aged and older individuals 
in South Korea23 found that education, occupation, 
premorbid intelligence quotient, and lifetime cognitive 
activities have different moderating effects on the 
association between global cognition and in vivo markers 
of Alzhemier’s disease pathology. This is one of the few 
studies to have examined multiple social determinants, 
and highlights the need for more studies that evaluate 
the relative contribution of each determinant.

Healthy lifestyle factors associated with improved 
cardiovascular health, including diet, exercise, avoidance 
of smoking and alcohol consumption, are associated with 
improved cognitive resilience.30 A large clinical-
pathological study on 754 participants in the USA35 found 
that a healthy lifestyle, as defined by adherence to 
the Mediterranean-Dietary Approaches to Stop 
Hypertension Intervention for Neurodegenerative Delay 
diet, more frequent late life cognitive and physical activity, 
and non-current smoking, was associated with better 
cognitive functioning proximate to death independent of 
common dementia-related brain pathologies. Physical 
activity increases blood flow and has been shown to 
enhance brain function through improved synaptic 
plasticity, dendritic remodelling, and mitochondrial 
function and the release of a plethora of bioactive 
molecules that regulate systemic metabolism and health.36 
Other reviews37,38 have covered beneficial effects of 
physical exercise that might be mediated through 
improved vascular function, enhanced neuroplasticity, 
inhibition of inflammatory markers, and regulation of 
neurotransmitters associated with wellbeing. A recent 
post-mortem study (Rush Memory and Aging Project, 
USA)39 showed that physical activity was associated with 
increased expression of several presynaptic protein 
markers independent of nine neuropathologies, 
suggesting that exercise might boost cognitive resilience 

Figure 2: A schematic representation illustrating the proposed association between psychosocial factors and 
biological mechanisms contributing to cognitive resilience independently of common neuropathologies
The central wall represents psychosocial, genetic, and sexual factors proposed to support cognitive resilience. 
When these factors are negatively affected (depicted by the wall falling), the biological mechanisms associated 
with resilience are affected. Many of these biological mechanisms converge on shared pathways, including 
neuronal density, synaptic integrity, dendritic spine density, glial-mediated synaptic engulfment, and energy 
metabolism, and underlie greater brain volume and functional capacity (depicted by the larger brain on the 
resilient side). Unfortunately, empirical research examining their combined effects remains scarce but should be 
integrated into future studies. The dashed line separates factors on either side of the wall that are increased or 
decreased, as indicated by the black arrows.
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through improvements in synaptic integrity. This effect 
might be mediated by microglial activation.40

Psychological and personality factors
The well established association between psychological 
wellbeing and maintenance of cognitive abilities might 
at least partly be due to cognitive resilience. Social 
adversity measures, such as loneliness and reduced 
social interaction, have been linked to cognitive 
outcomes via biological pathways, such as inflammation 
and stress dysregulation.41 A cohort study42 of older 
adults found that psychological wellbeing and lower 
levels of depressive symptoms were independently 
associated with greater cognitive resilience, examined 
by better global cognition than expected for postmortem 
neuropathological burden. Similarly, a longitudinal 
study of 99 cognitively unimpaired older adults in the 
USA43 found that greater use of adaptive coping styles is 
associated with better global cognitive trajectories 
independent of Alzheimer’s disease pathology. Larger 
social network size, high network diversity, and 
stronger ties between members were associated with 
greater cognitive resilience, indicated by better-than-
expected cognitive performance for brain structural 
changes including grey and white matter volumes and 
white-matter hyperintensities on MRI.44 Social 
participation has been shown to be particularly 
important in reducing the risk of cognitive decline in 
several of LMICs.45 However, the possibility of reverse 
causality and the strong association between 
psychological wellbeing and social engagement must 
be acknowledged. A systematic review46 of the neural 
correlates of wellbeing has highlighted associations 
with brain regions involved in the salience and default 
mode networks, which have also been implicated in 
cognitive resilience.

Personality traits have also been examined, albeit in a 
mostly limited fashion (with most research examining 
openness, conscientiousness, extraversion, agree
ableness, and neuroticism) and with heterogeneous 
findings. Based on the results from two cohort studies47 

of adults aged 70 years and older at baseline, only 
neuroticism was associated with lower cognitive 
resilience cross-sectionally and longitudinally. Greater 
openness has also been associated with better global 
cognition when controlling for CSF biomarkers.48 Some 
personality traits might predispose to engagement in 
cognitive reserve building leisure activities, although 
more research is required in this area.

Sex differences
A review49 on sex differences in cognitive resilience 
suggested that women have greater resilience to 
Alzheimer’s pathology than men at earlier stages of the 
disease, while men are more resilient at later stages. 
Sex differences in cognitive resilience have also been 
observed in autosomal dominant frontotemporal 

dementia, with women showing greater executive 
functioning and social cognition at similar cortical 
thickness on MRI.50 Several factors might be relevant, 
including sex hormones and chromosomes,51 survival 
bias, and gender social norms. However, it is not 
apparent how such factors explain the differences in 
trajectories of Alzheimer’s disease or frontotemporal 
dementia between men and women, and there might be 
a complex interplay between the possible contributors. 
This issue warrants further investigation and highlights 
the importance of sex stratified analyses when examining 
other determinants of cognitive resilience.

Clinical factors and comorbidities
Many different comorbidities as well as multiple 
comorbidities within the same individual are associated 
with reduced cognitive resilience.52 Clinical predictors 
of higher cognitive resilience, expressed as a continuous 
measure comparing cognitive test scores and 
neuropathological lesion burden at autopsy, include 
better cardiovascular health, absence of depression, 
preserved hearing, and the need to take fewer 
medications.53 A higher percentage of dementia cases 
are attributable to modifiable risk factors in LMICs than 
in HICs.20 Depression,54 hearing loss,20 and visual 
impairments55 might be particularly important.

Vascular risk factors and vascular disease are linked 
with cognitive decline in older adults both independently 
and synergistically with Alzheimer’s disease and other 
neuropathologies.56,57 Vascular dementia accounts for 
twice as many dementia cases in LMICs than in HICs.20 
However, cardiovascular medications have been shown 
to moderate the associations between Framingham 
Coronary Risk Profile score, total cholesterol, and LDL 
cholesterol on amyloid β and tau burdens as measured 
by PET and CSF.58 Cognitive resilience defined as the 
absence of cognitive impairment in the presence of 
severe Alzheimer’s disease pathology has also been 
reported in patients taking anticoagulant or antiplatelet 
medications.59 Caution is required in interpreting single 
observations but this finding might suggest that treating 
vascular risk factors supports cognitive resilience.

Importantly, resilient individuals often have fewer 
cerebrovascular lesions, and healthy lifestyle factors 
associated with improved cardiovascular health, 
including diet, exercise, reduced smoking and alcohol 
use, are associated with improved cognitive outcomes 
independently of pathological burden.35 An intervention 
study60 showed a beneficial effect of physical activity on 
cognition and cerebrovascular regulation in older 
adults, suggesting that improved regulation of the 
neurovascular unit, which is key for brain function, 
might be a common mechanism underlying these 
observations.61 Further research is required to advance 
our understanding of vascular pathologies in the context 
of cognitive decline. A recent harmonisation study10 
of six large community-based autopsy studies has 
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identified limitations in how vascular pathologies are 
assessed and the authors called for new diagnostic 
neuropathology frameworks for characterising cerebro
vascular disease.

White-matter hyperintensities have been identified as 
a potential marker of ischaemic change and might be 
representative of reduced blood–brain barrier integrity 
and inflammation,62 with a recent systematic review 
and meta-analysis63 supporting a role for this vascular 
phenomenon in dementia risk. White-matter hyper
intensities are common in the general population and 
can be easily detected radiologically.64 These changes 
appear to be dynamic in nature, which complicates the 
identification of reliable radiological–pathological 
correlates.65 However, targeting individuals with white-
matter hyperintensities might offer a key therapeutic 
window to preserve cognitive resilience. Future studies 
evaluating functional changes in the neurovascular 
unit66 and blood–brain barrier integrity67 could aid 
progress in this field and facilitate longitudinal 
assessment of cerebrovascular pathologies. Such 
approaches might also facilitate research in LMIC 
settings, which is urgently needed due to higher 
vascular cognitive imapairment and higher dementia 
rates in these populations compared with HICs.20 
Analysis of cerebrovascular changes in the context of 
atrophy will also be important given that atrophy 
appears to have an additive effect on cognitive decline.68

Sleep disordered breathing is associated with 
cognitive decline at younger age. The evidence base for 

an effect of treatment with continuous positive airway 
pressure on cognition is mixed, but overall supports its 
role in reducing the risk of all cause cognitive 
impairment and dementia, delaying decline or slightly 
improving cognitive scores.69 Deep non-rapid eye 
movement slow wave sleep is known to enhance 
cognition and has been shown to moderate the effect of 
amyloid β status on memory function.70 A range of 
systemic inflammatory diseases are associated with 
cognitive decline and dementia with more research 
required to support the benefits of early disease control 
to offset this risk.71

Measurement of cognitive resilience
There is no consensus for measuring cognitive resilience, 
although two systematic reviews72,73 have examined 
existing and emerging methods. Cognitive resilience 
requires quantification of both brain status and cognition, 
so that the degree to which cognition is preserved at any 
given level of cerebral pathology can be assessed. Many 
of the assessment approaches discussed in this paper are 
not available in LMICs or might not be culturally 
appropriate (eg, Western biased neuropsychological tests 
might not appropriately measure the cognitive abilities 
of individuals from different cultural, ethnic, linguistic, 
or educational backgrounds).

A common approach of combining measures of brain 
pathology and cognition to measure cognitive resilience 
is the regression-based method. With the use of this 
approach, a brain marker is regressed onto a measure of 
cognition, with the residuals of the analysis being an 
indicator of cognitive resilience (figure 3). Various factors 
(eg, genes and social determinants) can be correlated 
with these residuals to assess their association with 
cognitive resilience. A systematic review and meta-
analysis evaluating this approach found that it was an 
appropriate method of measuring resilience, capturing 
clinically meaningful information about cognition in 
ageing. However, the study noted heterogeneous 
applications of the method across the literature and risk 
of publication bias, meaning the meta-analysis did not 
capture negative or weaker associations between the 
residual-based approach of measuring cognitive 
resilience and ageing variables.73 Although post-hoc 
sensitivity analyses excluding studies at moderate risk of 
bias yielded similar overall effects, the risk of publication 
bias observed highlights the need for caution when 
interpreting results. The systematic review also cautioned 
against the use of the residual-based regression approach 
in some instances, highlighting that residuals are often 
highly collinear with cognitive performance, making this 
method statistically inappropriate in some circum
stances.73 Other statistical and machine learning 
approaches have assessed whether some factors 
moderate or mediate the relationship between brain 
measures and cognitive functioning, but await further 
development.74–76

Figure 3: Theoretical graph using simulated data to show the use of residual 
analysis for measuring cognitive resilience
The graph highlights the variability in the relationship between cognitive 
functioning and brain pathology. Datapoints represent individuals. Dotted lines 
represent residual error, reflecting the difference between observed and 
predicted cognitive functioning based on the line of best fit. Datapoints above 
the line of best fit (as indicated by the dotted green line) represent individuals 
demonstrating higher cognitive resilience. Datapoints below the line 
(as indicated by the dotted red line) represent the inverse. Measures of cognitive 
functioning might involve cognitive screens or neuropsychological tests. 
Measures of brain pathology might involve neuroimaging, EEG, 
magnetoencephalography, or fluid biomarkers. 
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Cognitive testing
Approaches to measuring the cognitive component of 
cognitive resilience vary. Some studies use cognitive 
screening tools, such as the Mini Mental State 
Examination or Montreal Cognitive Assessment, which 
are advantageous for their brevity, but are vulnerable to 
ceiling effects, have low sensitivity to cognitive change, 
and do not allow detailed examination of specific 
cognitive domains.19,44 More extensive standardised 
neuropsychological assessment batteries provide 

measures of different cognitive domains, and can also 
be combined into a single composite score. Such 
batteries often examine various domains, including 
attention, processing speed, semantic memory, episodic 
memory, and executive functioning. Differences in these 
approaches might explain disparate findings. For 
example, years of education is generally associated with 
greater cognitive resilience when global scores of 
cognition are used, although some studies indicate that 
the association is domain specific.25 Future studies 

Observation Putative mechanism

Structural MRI

105 mutation carriers (C9orf72, MAPT, GRN) mean age 
51 years, 47% female, and 69 non-carriers, mean age 
49 years, and 44% women81

More active lifestyle in autosomal dominant gene carriers for 
FTLD associated with better cognitive performance than their 
less active peers but with comparable rates of frontotemporal 
atrophy

Benefits of cognitive and physical 
activity on cognition in the 
presence of neurodegenerative 
pathology

160 participants who were amyloid positive (mean 
age 75 years, 51% women)82

Thicker cortex in eight regions associated with less decline in 
executive function and memory

Quantification of brain reserve 
supporting cognitive resilience in 
Alzheimer’s disease

Resting state functional MRI

590 participants (212 men, 378 women), aged 
15–85 years83

Functional network redundancy might accumulate over the 
lifespan, declining at older ages

Moderation of the effect of ageing 
on executive function

519 participants: 184 cognitively normal amyloid 
negative (mean age 72 years, 61% women), 
89 cognitively normal amyloid positive (mean age 
76 years, 63% women), 59 mild cognitive impairment 
amyloid positive (mean age 76 years, 42% women), 
eight with Alzheimer’s disease (mean age 74 years, 
38% women), 108 dominantly inherited Alzheimer’s 
disease gene carriers (mean age 38 years, 
63% women), and 71 non-carriers (mean age 
38 years, 62% women)84

Higher levels of functional network segregation seen in 
individuals with autosomal dominant Alzheimer’s disease and 
later onset of cognitive decline. Separately, less global cognitive 
and episodic memory decline seen in individuals with sporadic 
Alzheimer’s disease per unit increase in temporal lobe tau

Compensatory mechanism 
underlying cognitive resilience to 
Alzheimer’s disease pathology

271 participants (mean age 67 years, 22% women)85 Greater network integration seen in patients with high 
cognitive scores despite moderate to severe vascular disease

Compensatory mechanism in the 
presence of CVD

318 participants: 112 healthy controls (mean age 
69 years, 46% women), 206 on the Alzheimer’s 
disease neuropathological continuum defined as 
amyloid pathology with or without cognitive 
symptoms (mean age 72 years, 49% women)86

Intrinsic network connectivity in the DMN in a functional MRI 
study in people with better-than-expected cognition (residual 
model) in in participants with Alzheimer’s disease pathology 
measured with the use of CSF biomarkers

Mechanism underlying cognitive 
resilience to Alzheimer’s disease 
pathology

230 participants (mean age 65 years, 50% women)87 Increased connectivity in the frontoparietal network and 
between the salience network and medial frontal cortex in 
people with better-than expected cognition for the degree of 
vascular damage

Mechanism underlying cognitive 
resilience to CVD

1021 participants, mean age 71 years, 61% female, 
42% APOEε4 carriers, 52% amyloid positive88

Stronger connectivity in the left frontoparietal control network 
associated with slower cognitive decline in individuals with 
cortical amyloid

Compensatory changes in network 
connectivity underlying cognitive 
resilience to CVD

125 participants, mean age 74 years, 58% women89 Attenuation in episodic memory impairment associated with 
entorhinal tau pathology (tau PET) seen in individuals with 
higher global left frontal cortex connectivity

Mechanism underlying cognitive 
resilience to Alzheimer’s disease 
pathology

153 participants, mean age 69 years, 63% women90 Higher engagement with cognitive activities associated with 
connectivity between the dorsal attention network; higher 
physical activity with connectivity between the default mode, 
limbic, and frontoparietal control networks; and higher 
cognitive and physical activity levels associated with higher 
network modularity. All associations were independent of 
APOE4 genotype and amyloid burden90

Cognitive and physical activity 
might strengthen connectivity 
between some brain regions in the 
presence of Alzheimer’s disease 
pathology

DTI and resting state functional MRI

511 participants: 184 resilient (mean age 69 years, 
16·3% women), 133 non-resilient (mean age 73 years, 
15·8% women)91

Preserved white matter integrity and differences in functional 
connectivity in individuals showing cognitive resilience as 
defined by high cognitive performance despite hippocampal 
atrophy

Either compensation for pathology 
or lifelong differences between 
resilient and non-resilient groups

(Table 1 continues on next page)
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examining cognitive performance on the domain-level 
are therefore warranted.

Imaging
Neuroimaging has numerous potential applications in 
the assessment of cognitive resilience. Structural and 
functional brain imaging have been used to quantify 
white matter disease and atrophy, and estimate brain 
age.77 Structural imaging can be used for assessing 
markers of brain reserve and brain maintenance; 
functional imaging for network connectivity; diffusion 
MRI measures for white matter integrity;78 and arterial 
spin labelling and cerebrovascular reactivity techniques 
for cerebrovascular function.78 Synaptic density can be 
quantified with PET and longitudinal synapse loss is 
associated with cognitive decline.79 Specific neuro
pathologies can also be assessed, including amyloid β 
and tau PET15 for Alzheimer’s disease and emerging 
alpha-synuclein PET imaging techniques for Lewy body 
disease and multiple system atrophy.80 Specific imaging 
markers of cognitive resilience have also been explored, 
particularly functional imaging including FDG-PET. 
Combinations of imaging techniques enable the 
assessment of cognitive resilience to individual and 
multiple pathologies. Selected studies with a focus on 

larger samples and novel findings, are summarised in 
table 1. We have not included the numerous imaging 
studies of cognitive reserve investigating proxies of 
educational attainment or occupational complexity if the 
studies did not include neuropathology measures from 
individuals with cognitive resilience.

EEG and magnetoencephalography
EEG has been used to evaluate brain networks in 
individuals displaying better-than-expected cognitive 
performance and can be used to study potential 
mechanisms of regional resilience. EEG can be used to 
assess synaptic dysfunction in early neurodegenerative 
disease with the use of both standard and quantitative 
approaches.97,98 EEG is believed to directly reflect brain 
activity at the synaptic level, although whether these data 
can reliably be used as a surrogate measure of cognitive 
resilience warrants further research. Activity in the 
dorsal attention network and ventral attention network 
has been found to moderate the association between 
hippocampal volume and word list memory 
performance.99 Cognitively unimpaired individuals with 
markers of Alzheimer’s pathology in CSF showed 
reduced functional connectivity from the temporal 
regions but greater functional connectivity in the frontal 

Observation Putative mechanism

(Continued from previous page)

FDG-PET

475 participants in full sample (mean age 84 years, 
42% women), 192 cognitively stable (mean age 
83 years, 47% women)92

Increased FDG-PET uptake in the bilateral anterior cingulate 
cortex and anterior temporal lobe in people older than 80 years 
maintaining normal cognition for an average of 5 years

Preserved function despite 
pathology in some brain areas

181 participants: 48 healthy controls (mean age 
69 years, 52% women), 94 with MCI suspected 
secondary to Alzheimer’s disease (mean age 75 years, 
55% women), 39 with MCI and amyloid positive 
(mean age 74 years, 46% women)93

Relatively preserved metabolism in the right middle temporal 
gyrus and left orbitofrontal cortex in amyloid positive people 
with MCI and later conversion to dementia

Preserved function despite 
pathology in some brain areas 

604 participants: 240 cognitively normal (mean age 
73 years, 48% women), 252 MCI (mean age 73 years, 
41% women), 112 Alzheimer’s disease (mean age 
74 years, 44% women)94

Higher locus coeruleus metabolism in people with Alzheimer’s 
disease pathology and attenuated memory decline

Preserved function despite 
pathology in some brain areas

848 participants (mean age 73 years, 48% women): 
268 cognitively normal, 454 MCI, and 126 with 
dementia95

Relative preservation of brain glucose metabolism or metabolic 
resilience in individuals showing cognitive resilience

Metabolic resilience signature

Amyloid and tau PET

120 participants: untreated (mean age 63 years, 
75% women) and treated with antihypertensive and 
lipid lowering drugsmean age 64 years, 
73% women)58

Reduced amyloid and tau burden in patients with higher 
vascular risk profile with the use of antihypertensive and lipid 
lowering drugs

Medication use or other control of 
vascular risk factors might 
moderate Alzheimer’s disease 
pathogenesis

260 participants (mean age 69 years, 56% women)15 Higher level of education and greater cortical thickness 
associated with  cognitive resilience in participants who were 
amyloid positive (PET or CSF analysis) with MCI or dementia

Demonstration of the effect of 
determinants of cognitive reserve 
on resilience to Alzheimer’s disease

428 participants (mean age 72 years, 51% women)96  Biomarkers of synaptic dysfunction, neuroaxonal injury, 
inflammation and vascular pathology might be associated with 
cognitive decline in the presence of amyloid (CSF) and tau (PET) 
pathology

Co-existing pathologies, especially 
vascular disease and axonal 
degeneration, negatively affect 
cognitive resilience

CVD=cerebrovascular disease. DMN=default mode network. DTI=diffusion tensor imaging. FDG PET=fluorodeoxyglucose positron emission tomography. 
FTLD=frontotemporal lobar degeneration. MCI=mild cognitive impairment.

Table 1: Neuroimaging studies of cognitive resilience
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and occipital regions compared with cognitively 
healthy individuals without CSF pathology, which might 
reflect compensatory processes to pathology in the 
temporal lobes.100 EEG slowing in people with early 
neurodegenerative disease or dementia tends to be 
widespread, reflecting alterations in global brain 
functional connectivity.97,98

Fluid biomarkers
Serum and CSF biomarkers are increasingly used in 
the diagnosis of neurodegenerative diseases, and to 
assess progression and response to treatment. Classical 
pathologies (eg, Alzheimer’s disease, Lewy body 
disease, and cerebrovascular disease) can now be 
detected by the use of specific biomarkers, including 
CSF and blood amyloid β and phosphorylated tau 
(particularly p-tau217) for Alzheimer’s disease,101 and 
alpha-synuclein seed amplification assays in dementia 
with Lewy bodies and Parkinson’s disease.102 Several 

emerging biomarkers of neurovascular unit dysfunction 
have been identified and might aid quantification of 
cerebrovascular disease.66 Neurofilament light chain 
protein, a marker of neuroaxonal injury, and GFAP, a 
marker of inflammation through astrocytic activation 
or cell death, are elevated in people with traumatic 
brain injury,103 stroke,104 neuroinflammatory diseases,105 
and a range of neurodegenerative conditions.106 The 
interactions between different pathologies and 
cognitive resilience can also be assessed when, for 
example, tau-PET and fluid biomarkers of vascular and 
inflammatory pathology are all measured.96 Although 
neurofilament light chain and GFAP are relatively non-
specific, concentrations of these markers often correlate 
with longitudinal cognitive decline and progression of 
several underlying pathologies.105,106 Lower serum GFAP 
concentrations have also been observed in older adults 
with higher levels of physical activity.107 Serum BDNF 
has been used to assess the beneficial effect of a lifestyle 

N; age (years); population; risk Intervention Outcome

FINGER, 2015111 1260; 60–77 years; MCI and 
CAIDE risk score ≥6, and 
MMSE ≤26 or low list learning 
test

Multidomain, for 2 years; physical activity, 
nutrition, cardiovascular health, and social activity

Composite cognitive score effect size 0·04 

PreDIVA 2016112 3526; 70–78 years; primary care; 
and age as risk factor

Primary care nurse-led multidomain 
cardiovascular intervention, for 6·7 years

No difference in dementia incidence or disability 
score

MAPT 2017113 1680; ≥70 years; community; and 
SCC or IADL limitation or slow 
gait

Multidomain cognitive  training plus physical 
activity, nutrition, and preventative consultations, 
plus omega-3 fatty acids or placebo; or placebo 
alone; 3 years

Composite cognitive score, no significant 
difference 

HATICE 2019114 2724; ≥65 years; and increased 
risk of cardiovascular disease

Interactive internet intervention stimulating 
coach-supported self-management or control; 
18 months

Significantly reduced composite cardiovascular 
score: sBP, LDL cholesterol, and BMI; no 
significant differences on cognition 

Mindfulness & 
Exercise 2022115

585; 65–84 years; and subjective 
cognitive complaints

18 months duration, primary endpoint at 
6 months, secondary at 18 months

Composite episodic memory and executive 
function; no significant difference at 6 months 
or 18 months

AgeWell.de 2024116 1030; 60–77 years; and CAIDE risk 
score ≥9

General practitioner administered multidomain 
(nutrition, physical, social, cognitive activity, 
medication review, and general health advice); 
24 months

Global composite cognitive: no significant 
difference

SMARRT 2024117 172; 70–89 years; and ≥2 of 8 risk 
factors for dementia

Multidomain personalised risk reduction, 2 years Composite cognitive score effect size 0·14 
(95% CI 0·03–0·25)

J-MINT 2024118 532; 65–85 years; and evidence of 
cognitive decline

Management of vascular risk factors, exercise, 
nutrition, cognitive training, for 18 months

No significant difference on a composite 
cognitive score

SUPERBRAIN119 300; 60–85 years; and MCI Management of metabolic and vascular risk 
factors, cognitive training, physical exercise, 
nutrition, and motivational enhancement, for 
24 weeks

Repeatable battery for the assessment of 
neuropsychological status (RBANS scores 8·43 
vs 4·26, difference=4·17 [95% CI 1·92–6·43] 
effect size=0·43, p<0·001)

MYB 2025120 6104; 55–77 years; community; 
and ≥2 of 4 risk factors for 
dementia

Multidomain personalised risk reduction 
(ie, physical activity, nutrition, brain training, 
and depression or anxiety treatment 
vs information), online, for 3 years

Composite cognitive score: intervention effect 
size=0·28, control effect size=0·10; difference 
effect size=0·18; and p<0·001

US 
POINTER 2025121

2011; 60–79 years; and at higher 
risk of cognitive decline

Structured or self-guided interventions 
encouraging physical and cognitive activity, 
healthy diet, social engagement, and 
cardiovascular health monitoring, for 2 years

Composite global cognitive score effect sizes per 
annum for structured=0·243 and self-
guided=0·213; and difference=0·029 (p<0·008)

CAIDE=cardiovascular risk factors ageing and incidence of dementia. IADL=instrumental activities of daily living. MMSE=mini mental state examination. sBP=systolic blood 
pressure. SCC=subjective cognitive complaints. We reviewed multidomain interventions published since 2015 that had cognition as the primary outcome. We did not include 
trials targeting a specific disease group, such as those with participants with diabetes or post-stroke.

Table 2: Randomised controlled trials to enhance cognition in people at risk of dementia
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intervention for older people at risk of dementia.108 
Multiple synaptic proteins can be measured in blood 
and CSF and might be used to track synaptic 
dysfunction. Abnormalities are seen across several 
neurodegenerative diseases, but associations with 
vulnerability and resilience to pathology have been best 
studied in the context of Alzheimer’s disaese.18,109,110 
Measurement of most of these synaptic proteins is not 
available outside of research settings. When suites of 
fluid-based biomarkers are accessible in clinical 
practice, they will likely enhance individualised 
discussions of dementia risk and strategies to optimise 
cognitive health. These markers require ongoing 
validation through post-mortem studies.

We propose that any future measurement of cognitive 
resilience should incorporate a combined imaging and 
fluid biomarker assessment of brain pathology. Repeated 
cognitive measures should include individual cognitive 
domains and global assessment of cognition to indicate 
longitudinal resilience. Synaptic markers can be used to 
measure underlying biological mechanisms of cognitive 
resilience.

Enhancement of cognitive resilience
Interventions to improve cognitive functioning usually 
aim to enhance cognitive reserve rather than resilience. 
We considered enhancement strategies as those that 
support cognitive function in the presence of in vivo 
pathology as assessed through neuroimaging or 
fluid-based biomarkers, or by assuming expected 
neuropathological burden in people with subjective 
cognitive decline, mild cognitive impairment, or age 
70 years and older (table 2).

Six multi-component randomised controlled trials of 
psychosocial interventions conducted in HICs have 
shown statistically significant benefits on cognition in 
older populations at increased risk for dementia (table 2). 
The pioneering Finnish Geriatric Intervention Study to 
Prevent Cognitive Impairment and Disability showed 
that people with average or lower cognition and increased 
risk of dementia as determined by the Cardiovascular 
Risk Factors, Ageing and Dementia score, had a small 
but significant improvement on a neuropsychological 
test battery, effect size of 0.22 per year (95% CI 
0·002–0·042, p=0·030) over 2 years.111 For reference, an 
effect size of 0·2 (eg, antibiotics for acute bronchitis)122 is 
considered small, 0·5 is moderate, and 0·8 is strong. In 
the US Systematic Multi-Domain Alzheimer Risk 
Reduction Trial,117 172 adults aged 70–89 years at increased 
risk of dementia who received personalised risk-
reduction goals delivered by health coaching and nurse 
visits showed improvements on composite cognitive and 
risk factor scores compared with controls receiving 
health education. In the Australian Maintain Your Brain 
trial,123 half of the 6104 individuals aged 55–77 years who 
had at least two risk factors for dementia received 
intensive personalised active coaching in 10-week blocks 

of computerised brain training, moderate-to-intensive 
physical activity, Mediterranean diet-based nutrition, and 
depression or anxiety treatment in one session with 
monthly boosters until the end of year 3. The other half 
received static online information for each of their 
eligible risk factors with quarterly boosters until the end 
of year 3. Both groups improved but the active 
intervention group improved significantly more than 
controls on a global cognitive composite score.120 In the 
South Korean SUPERBRAIN-MEET study, 300 partici
pants with mild cognitive impairment aged 60–85 year 
were randomly assigned to a multi-domain intervention, 
combining management of metabolic and vascular risk 
factors, cognitive training, physical exercise sessions, 
nutritional education, and motivational enhancement, or 
a control condition of standard care plus a medical 
consultation, medication as indicated, an education 
booklet and possibility of a delayed multidomain 
intervention. At 24 weeks, the intervention group had 
significantly better performance on the Repeatable 
Battery for the Assessment of Neuropsychological Status 
(RBANS scores 8·43 vs 4·26, p<0·001).119 In the US 
Pointer study, 2111 participants aged 60–79 years at high 
risk of cognitive decline were randomised to structured 
or self-guided interventions encouraging physical and 
cognitive activity, healthy diet, social engagement, and 
cardiovascular health monitoring. Both groups improved, 
with effect sizes of 0·243 and 0·213.121

Most trials combined neuropsychological z scores to 
derive a global cognitive composite score. Although 
FINGER, MYB, and POINTER measured domains of 
memory, executive function, and speed of information 
processing, the tests and their administration, in-person 
or online, differed. SMARRT calculated a global score 
with measures of memory, attention, and language 
administered in-person and then by telephone. Effect 
sizes were small, but if translated into reduced dementia 
incidence, could have substantial effects at a population 
level. For example, a mindfulness intervention for school 
students had an effect size of 0·20 in reducing 
depression, which translated into 3–5% fewer students 
with depression.124 In a population of a million students, 
that would be 30 000–50 000 fewer students with 
depression.

Caveats apply. First, other multicomponent approaches 
have targeted populations at increased risk of dementia 
but did not show benefit on primary cognitive outcomes 
(table 2).112,113 Second, although many trials have shown 
reduction in dementia risk scores,111–113,117,120 none has yet 
shown a reduction in dementia incidence.125 Third, there 
is sample bias in many studies, as participants are 
usually highly educated and motivated. It is possible, but 
untested, that benefits might be greater in people with 
less education. Fourth, there is no clear signal as to 
interactive effects of APOE on outcomes. Finally, all 
studies have been conducted in HICs; no similar studies 
have been completed in LMICs. We note that these trials 
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are resource intensive and require access to technology. 
However, when optimal components of such trials are 
identified, it will be possible to translate protocols to a 
range of settings. MYB, for example, is planned to be 
studied in lower education and socioeconomic settings.

Several studies have assessed the effect of individual 
interventions on cognitive resilience. Physical activity 
is known to improve cognitive performance or mitigate 
age related decline.126 The type, intensity, and frequency 
of exercise interventions vary widely across trials.36 
Cognitive training and cognitive stimulation might 
slow down neurodegeneration in individuals with mild 
cognitive impairment, and multidomain interventions 
combining physical activity with cognitive training 
might affect Alzheimer’s pathology in older adults.127 A 
Cochrane Systematic Review128 of cognitive stimulation 
therapy in people with dementia revealed overall small 
short-term cognitive benefits, with a small number of 
studies finding benefits in communication, mood, 
quality of life, and behaviour. An RCT involving 
52 residents of aged care facilities, mean age of 82 years, 
with mild cognitive impairment and reported 
significant improvement in cognition on the Mini 
Mental State Examination or Montreal Cognitive 
Assessment, with music imaging therapy compared 
with health education at 1-month and 3-months’ follow-
up.129 The variety and evenness of participation in 
different activities were associated with higher overall 
cognitive functioning and executive functioning over 
time in older adulthood.130 One review131 suggested that 
social participation, as well as being associated with 
lower dementia risk, might reduce or mitigate the effect 
of neuropathology.

Research on resilience enhancing compounds is 
scarce. The monoclonal antibodies aducanumab, 

lecanemab, and donanemab are effective at removing 
brain amyloid β and moderately effective at slowing 
rates of cognitive decline101—they reduce pathology 
rather than enhance resilience. A Cochrane Review132 

concluded that Fortasyn Connect (a multi-nutrient 
combination of B vitamins, vitamin C, vitamin E, long-
chain omega-3 fatty acids, choline, uridine, and 
selenium), which is purported to enhance phospholipid 
synthesis, had a small effect in slowing the rate of 
cognitive decline in people with prodromal Alzheimer’s 
disease but showed no significant benefit in individuals 
with dementia. Lithium orotate, which might correct 
lower lithium concentrations in the prefrontal cortex, is 
under investigation.133 Several novel approaches are 
effectively increasing synaptic resilience against 
Alzheimer’s disease in animal experiments. Targets 
include boosting actin network proteins such as 
filamentous actin, neurotrophic factors, such as BDNF, 
and scaffolding proteins, such as PSD-95, and inhibition 
of phosphatases.134 These approaches are yet to be tested 
in humans. Ergothioneine and citicoline are thought to 
be protective for neurons in animal experiments but 
have not been tested clinically.

Conclusions and future directions
Understanding why some individuals maintain cognitive 
function while having substantial neuropathological 
burden is a focus of ongoing research with the potential 
to identify avenues to ameliorate cognitive decline 
(panel 2, appendix). However, consistent definitions and 
measurement of cognitive resilience are required. The use 

Panel 2: Key future research areas

•	 Reliable and uniform measures of cognitive resilience 
during life, including cognitive test selection, 
measurements of cerebrovascular disease, and all 
recognised neuropathologies

•	 Integration of functional assessments, cognitive 
performance, neuroimaging, electrophysiology, and fluid-
based biomarkers to define both neuropathology and 
injury and resilience

•	 Cognitive resilience research in low-income and 
middle-income countries

•	 Assessment of the relative contributions of different 
social determinants and activity types to resilience

•	 Cognitive domain specific resilience
•	 Further exploration of known modifiable risk factors for 

dementia in relation to cognitive resilience, including 
biological mechanisms

•	 Multi-component trials of strategies to promote cognitive 
resilience at individual and at the community levels

Search strategy and selection criteria

Our search strategy involved three academic databases: 
PubMed (including MEDLINE), Scopus, and the Cochrane 
Database of Systematic Reviews (appendix). We selected 
keywords related to cognitive resilience (‘cognitive reserve’, 
‘cognitive resilience’, ‘brain reserve’, ‘brain maintenance’), 
determinants (‘gene*’, ‘comorbidities’, ‘demographics’, 
‘psychosocial’), measurement (‘instrument’, ‘questionnaire’, 
‘tool’, ‘index’, ‘neuropsychological assessment’, ‘cognitive 
assessment’, ‘neuroimaging’, ‘MRI’, ‘functional MRI’, ‘DTI’, 
‘MTI’, ‘PET’, ‘EEG’, ‘MEG’, ‘biomarkers’, ‘CSF’, ‘amyloid’, ‘tau’, 
‘neurofilament light’, ‘neuropathology’) and enhancement 
(‘super-agers’, ‘centenarians’, ‘promotion’, ‘treatment’, 
‘intervention’). Apart from a few landmark papers, our search 
start and end dates were March 1, 2015 and Nov 30, 2025. 
We only included studies that made reference to resilience, 
either through imaging or fluid-based biomarker 
identification of pathology, neuropathological assessment at 
autopsy or in relation to advanced age. We could not 
reference every study that we reviewed and sought to include 
either review articles synthesising numerous studies, single 
novel studies or large studies broadly representative of 
findings from other primary studies.

See Online for appendix
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of biomarker proxies for neuropathologies and vascular 
disease, and markers of both synaptic dysfunction and 
resilience will aid in assessing the effects of pathology as 
well as of multicomponent and targeted interventions. 
Large longitudinal cohort studies have provided insights 
into factors underlying cognitive resilience, with 
increasing recognition of the social determinants of health 
and their effects on cognition across the lifespan. 
Optimising vascular health might have cognitive benefits 
over and above a reduction in clinical cerebrovascular 
disease, which could be particularly powerful in LMICs, 
where vascular disease is a greater contributor to cognitive 
decline. There is growing evidence for multicomponent 
interventions in enhancing cognitive resilience, although 
they are yet to be studied in LMICs.
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