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® I'vootikd oamoBepatikd (cognitive reserve — CR) eivor 1o vontiké oméBspa, 1
KOVOTNTOL 811%0(611 TOV 8’YK8(|)OL7LO’U VO, OVTILETOTICEL TNV mroBocOmcm TOV 7OV
TPOKOAAEITOL OO PLGIOAOYIKO YNPOC N KATO10 VEVPOEKPVLALGTIKT) VOGO

® The concept of reserve has been proposed to account for the disjunction between the
degree of brain damage or pathology and its clinical manifestations.

For example, a head injury of the same magnitude can result in different levels of cognitive
Impairment, and that impairment can vary in its rate of recovery. Similarly, several prospective
studies of aging have reported that up to 25% of elders whose neuropsychological testing is
unimpaired prior to death meet full pathologic criteria for Alzheimer's disease (Ince, 2001),
suggesting that this degree of pathology does not invariably result in clinical dementia. Stern,
2009
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® To T'A emopévamg, eival 0 TPOGTATEVTIKOC TOPAYOVTOS OO EMIKEILEVT VONTIKN
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mov apoktnpifovv m voco Altoydiuep eSakoAovBody va Exovv pia oyeTIKG QUGLOAoyKkn Comn uéypt va mebdvouvy, evad
GALOL -piE aVTIOTOYNG £KTACNG EKGVAIOT TOL EYKEQPAAOV- EKONADVOVLY OAO TO €DPOG TV GOBUPOV GLUTTOUATOV TOV
ocvvdgovtal pe ™ voco. Tt etvar dpme avtd mov ennpedlel pe T€T010 KATOAVTIKO TPOTO TV EKONAMGT TG VOGOU AATCYAILUED;

ZVUPOVO UE TOVG EMOTAHOVES, AVTO MOV KAveL TN Slagopd, givar o Padpdg 6Tov omoio o eykiépahds pag £ysr aoknOsi
KaTa T drdapkarn g Lo pag. O oxetikésg peréteg deiyvouy Ot ot GvBpmmol LYNAOD LOPPOTIKOY EMTESOD, OL OTOiOL
EYouv emMAEEEL OOVONTIKA OTOLTNTIKG EMOYYEAUOTO KOL TOPAAANAQ, OOYOAOVUVIOL GLOTNUOTIKO HE pio TOIKIAiQ
dpaotnprotntev, &xovv 35-40% Aydtepeg mOBAvOTNTEG VO EKONAMDGOLV TO YOPOKTNPIOTIKA CUUTTOUOTO TNG VOOOL
AAtoydupep.

AVTO ONpOiVEL OTL AKOUOL KoL OV O S’YKS(DOOLOC TOLG npocB?mOSL omo N V660, Ha umopEcet xdpn 610 vonTikd amodepo mov
EYEL on HIOVPYHGEL GTNY TOPEIR TOV YPOVOV Va avTioTafuicet il ak)»omcsm oL Bo ELEOVIGTOVV, UE omorakscu(x OPIGHEVOL
amd avTovE TOVG AVOPOTOVE VO UMV O1YVOGTOVV KOV LE TI VOGO apoV UTOPEL VO LV EKONAMGCOVY TOTE TOL GLUTTOUATE TNG
otV Kadnuepivi toug (on.
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TRENDS in Cognitive Sciences

Representation of how CR may mediate between AD pathology and its clinical expression based on epidemiological and imaging studies. The
x-axis represents AD pathology, slowly increasing over time. The y-axis represents cognitive function. We assume that AD pathology increases
over time at the same rate in two individuals with high and low reserve. The amount of pathology needed before cognitive function is affected is
greater with higher CR, leading to a later change point. It follows that more pathology will be needed for the person with higher CR to meet
clinical diagnostic criteria for AD, thus delaying the onset of the disease. Also, at any level of cognitive performance, AD pathology will be more
severe in the individual with higher CR. Once cognitive decline begins, it is more rapid in the person with higher CR. (Barulli & Stern, 2013)



Cognitive Decline and Literacy Among
Ethnically Diverse Elders
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Neural pathways for message to travel inside brain

More efficient Less efficient

cognitive cognitive

processing processing

Many different pathways for faster Lost neurons and connections
neural communication, complex thought to stress and disease

The brain on the left can send this message down many different pathways. Some are more heavily used,
represented by darker arrows that represent learning, or routines. But, in a pinch, there are many other
options. The brain on the right, which has lost neurons and connections to stress and disease, is much less
efficient. Messages travel slower. Thinking is harder.

https://www.uab.edu/reporter/research/publications-research-findings/item/8917-everyone-fears-dementia-fight-back-with-these-research-backed-habits-you-can-try-today
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Whole-brain AD specific

Left, mean W-scores in the whole-brain and temporoparietal mask for the total sample, across three levels of
education (i.e. low [Verhage 1 to 3, n = 52]; intermediate [Verhage 4 and 5, n = 244]; high [Verhage 6 and 7, n =
215]). Right, W-scores in each GM voxel averaged across subjects with low (top), intermediate (middle), and high

(bottom) educational levels. Low CR is reflected by positive W-scores, and high CR by negative W-scores. (van
Loenhoud et al., 2017)




Age: 76

Sex: female
Composite score: -2.65
Education: high (7)

W-soore maps

—
Age: 74 .
Sex: male |
Composite score: -2.65
Education: low (3) g

An example of two subjects in this study, who showed similar cognitive performance (global cognitive
composite score=—2.65) despite striking differences in the amount of atrophy. Subject A shows
substantially greater AD-related atrophy in the temporoparietal cortex and medial temporal lobes
compared to subject B. Using the neuroimaging method we present in this article, this resulted in lower
W-scores for subject A, which indicates greater CR (i.e. comparable cognitive function under worse
conditions of the brain). Importantly, subject A is highly educated (i.e. university degree), while subject B
has a low education (i.e. a primary school diploma) (van Loenhoud et al., 2017).




Functional brain networks reveal the existence of cognitive reserve and the interplay between
network topology and dynamics

Differences between high and low CR groups at the node level (Martinez et al., 2018)
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CR Definition

Cognitive reserve (CR) is a property of the brain that allows for cognitive performance that is better than
expected given the degree of life-course related brain changes and brain injury or disease.

Property of the brain refers to multiple potential mechanisms including molecular, cellular and network levels.
The working hypothesis is that these mechanisms help cope with or compensate for brain changes and brain
injury or disease.

These mechanisms can be characterized via biological or cognitive-experimental approaches.
Better than expected cognitive performance ideally refers to trajectories measured longitudinally.

CR can be influenced by multiple genetic and environmental factors, operating at various points or
continuously across the lifespan.



Brain Maintenance

® Refers to the relative absence of change In neural resources over time as a
determinant of preserved cognition in older age.

® Brain maintenance and cognitive reserve are complementary concepts. One refers to
relative preservation of the brain while the other refers to sustaining cognition in the

face brain changes.

® Both brain maintenance and cognitive reserve can be influenced by multiple genetic
and environmental factors, operating at various points across the lifespan.



Brain Reserve

® Brain reserve has been used to reflect the neurobiological status of the brain
(numbers of neurons, synapses, etc.). To the extent that BM is effective you
have better BR at any point in time. BR does not involve active adaptation of
functional cognitive processes in the presence of injury or disease as does CR.




Lifelong management of two (or more) languages

Enhancements in language control

Enhancements in general-domain executive control

nted
flexibility/capacity/efficiency of brain
networks

(NEURAL RESERVE)

Neuroplastic changes in gray/white

matter -Deployment of alternative neural

resources or cognitive strategies
(NEURAL COMPENSATION)

Gallo et al., 2020
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Cognitive reserve in ageing and Alzheimer’s disease

Yaakov Stern

The concept of cognitive reserve provides an explanation for differences between individuals in susceptibility to age-
related brain changes or pathology related to Alzheimer’s disease, whereby some people can tolerate more of these
changes than others and maintain function. Epidemiological studies suggest that lifelong experiences, including
educational and occupational attainment, and leisure activities in later life, can increase this reserve. For example, the
risk of developing Alzheimer's disease is reduced in individuals with higher educational or occupational attainment.
Reserve can conveniently be divided into two types: brain reserve, which refers to differences in the brain structure
that may increase tolerance to pathology, and cognitive reserve, which refers to differences between individuals in
how tasks are performed that might enable some people to be more resilient to brain changes than others. Greater
understanding of the concept of cognitive reserve could lead to interventions to slow cognitive ageing or reduce the
risk of dementia.
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ABSTRACT

Article history:
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Background: The concept of cognitive reserve is proposed to explain the mismatch between the degree of
pathological changes and their clinical manifestations and has been used to help understand the vari-
ation in the rate of cognitive decline and the development of dementias. It is not clear whether this
concept applies to cognitive performance, cognitive decline and dementia in Parkinson's disease (PD).

Methods: A systematic review was conducted using the most commonly described proxies for cognitive

Keywords:
Parkinson's disease
Cognition
Dementia
Cognitive reserve
Education

reserve of education, occupation and leisure activities. Thirty four papers were found on education and
cognition in PD but there were no studies of the other proxies of reserve. A random effects meta-analysis
was used to assess the associations between education and cross-sectional cognitive assessments, lon-
gitudinal global cognitive decline and a long term dementia diagnosis.
Results: There was a significant association between higher education and cross-sectional performance
of MMSE, global cognition, mild cognitive impairment, attention, executive function, visuospatial func-
tion and memory. There was a small but significant association between higher education and a reduced
rate of cognitive decline. There was no association with a final dementia diagnosis. There was not enough
information to perform an analysis on the rate and timing of transition to dementia.
Conclusions: Higher levels of education are associated with significantly better cognitive performance
and a small but significant slowing in cognitive decline but are not associated with a reduction in long-
term dementia in PD. More detailed, standardized, longitudinal studies are required to study conclusively
the effects cognitive reserve in PD.

© 2013 Elsevier Ltd. All rights reserved.

Higher levels of education are
associated with significantly better
cognitive performance and a small but
significant slowing in cognitive decline
but are not associated with a reduction
in_long-term dementia in PD. More

detailed, standardized, longitudinal
studies are required to study
conclusively the effects of cognitive
reserve in PD.
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Cognitive reserve in neuropsychiatry

Published online by Cambridge University Press: 06 April 2006

J- H. BARMNE > CoHLSALMOMND, P.B. JOMNES and B. . SAHAKLAM Show author details ~

m [ - Share ] [ oS 6 Cite ] [ Rights & Permissions

Abstract

Psychological Medicine

Article contents
Background. The idea that superior cognitive function acts as a protective factor against

dementia and the consequences of head injury is well established. Here we suggest the
hypothesis that cognitive reserve is also important in neuropsychiatric disorders including

Abstract

schizophrenia, bipolar disorder and depression.

Method. We review the history of passive and active models of reserve, and apply the concept
to neuropsychiatric disorders. Schizophrenia is used as an exemplar because the effects of
premorbid IQ and cognitive function in this disorder hawve been extensively studied.

Results. Cognitive reserve may impact on neuropsychiatric disorders in three wawys: by
affecting the risk for developing the disorder, in the expression of symptoms within disorders,
and in patients® functional cutcome. Cognitive failure below a certain threshold may alone, or
iNn combination with common psychiatric symptoms, produce neuropsychiatric syndromes.

Conclusions. Consideration of cognitive reserve may considerably improwve our understanding
of individual differences in the causes and consequences of neuropsychiatric disorders. For
these reasons, the concept of cognitive reserve should be incorporated in future studies of
neuropsychiatric disorder. It may be possible to enhance cognitive reserve through
pharmacological or non-pharmacological means, such as education, neuroccognitive activation
or other treatment programimes.
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The Relationships Between Cognitive
Reserve and Creativity. A Study on
American Aging Population
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The Cognitive Reserve (CRJ hypothesis suggests that the brain actively attempts to
cope with neural damages by using pre-existing cognitive processing approaches or by
enlisting compensatory approaches. This would allow an individual with high CR to better
cope with aging than an individual with lower CR. Many of the proxies used to assess CR
indirectly refer to the flexibility of thought. The present paper aims at directly exploring the
relationships between CR and creativity, a skill that includes flexible thinking. We tested
a sample of 72 adults (aged between 45 and 78) assessing both their level of CR and
their creativity. To evaluate CR we used the proxies commonly used in literature, namely,
three subtests from the WAIS (vocabulary, similarities, and digit span) and the years of
education. We also used an ad-hoc test asking people to report how frequently they tend
to perform activities that are believed to increase CR. We used verbal creativity tasks
(afternative uses and generation of acronyms) to assess individual levels of creativity. We
asked participants to describe their main occupation (present or past) and coded each
occupation as creative or not creative. Results (controlling for age-related differences)
showed that scores from the WAIS correlated positively with creativity performance, even
though correlations varied across the subtests. Focusing on the frequency and type of
activities that people perform, and comparing individuals who have or had a creative job
to those with a routine job, a clear relationship between creativity and CR emerged. This
effect was more relevant than the level of job complexity. Implications for the study of CR
and aging are discussed.

Focusing on the frequency and type of
activities that people perform, and
comparing individuals who have or had a
creative job to those with a routine job, a
clear relationship between creativity and
CR emerged. This effect was more relevant
than the level of job complexity.
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Absiract

Purpose of Review The article discusses the two o
icant modifiable risk factors for dementia. namely, phy
inactivity and lack of stimulating cognitive activity,
effects on developing cognitive reserve.

Recvent Findings Both of these leisure-time activities were as-
sociated with significant reductions in the risk of dementia
longitudinal studies. Tn addition, physical activity, particularly

acrobic exercise, is associated with less age-related gray and
white matter loss and with less neurotoxic factors. On the

other hand, cognitive training studies suggest that training

for executive functions {e.g., working memory ) inxproves prs
fronial network efficiency, which provides support io brain
functioning in the face of cognitive decline.

Summary While physical activity preserves neuronal structur-
al integrity and brain volume (hardware), cognitive activity
strengthens the functioning and plasticity of neural circuits
(software), thus supporting cognitive reserve in different

ways. Future research should examine whether lifestyle inter-
ventions incorpotating these two domains can reduce incident
dementia.

Keywords Dementia - Cognitive reserve - Physical activity
Cognitive activity

‘This article is pant of the Topical Collection on Geriatric Disorders

| Sheung Tak Cheng
takehengieduhk b

s.chengiuca.ac.uk

Department of Health and Physical Education, The Education
University of Hong Kong, 10 Lo Ping Road, Tai Po, N.T., Hong
Kong

Department of Clinical Psychology, Norwich Medical School,
University of East Anglia, Norfolk NR4 7TI, UK

Introduction

As the human tace celebrates rising longevity, societies have
10 confront changing disease profiles. One condition that will
become more and more common is dementia (i.g., major
neurocognitive disorder). Dementia is not a disease in itself;
it is an umbrella term for a myriad of diseases causing cogni-
tive impairment, of which Alzheimer’s disease (AD) is the
most commoen form. The prevalence rate of dementia doubles

approximately every 6 years from the age of 63 years,
reaching 7 % in those aged 75-79 vears, 12 % in those aged
B0-84 years, 20 % in those aged 85-89 years, and 40 % in

those

ed 90 years or over [1]. Because of population aging,

there is increasing interest in studying the aging brain_
Dementia is the consequence of three processes. The first

of these processes is age-related, or “normal,” cognitive de-
cline. Studies have found that most cognitive functions de-
cline since early adulthood. and the areas affected most are
those that rely on menial speed, volume of processing, and
ecoontination efficiency, such as attention, working memory,
verbal recall, reasoning, multitasking, task switching, and re-
sponse inhibition [2, 3]. Knowledge of the world, people,
events, and vocabulary, on the contrary, tends to be well pre-
served [4].

Parallel to these performance declines is a gradual loss of
brain mass throughout adulthood. Certain cortical and
subcortial regions involved in cognition are particularly sus-
ceptible to gray matter loss over time, including the hippocam-
pus, caudaie nucleus, putamen, and prefrontal cortex [3, 6]
Furthermore, white matter changes and injuries become prev-
h white matter volume declining

alent afer late midlife, wit
most noticeably in the prefrontal region [5, 7). The compro-
mised inf

grity of the white matter tracts affects the connec-
tivity between brain regions, leading to less efficient
networks.

) Springer
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While physical activity preserves neuronal structural integrity
and brain volume (hardware), cognitive activity strengthens the
functioning and plasticity of neural circuits (software), thus
supporting cognitive reserve in different ways.
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Cognitive Reserve and Lifestyle

Nikolaos Scarmeas and Yaakov Stern
Cognitive Neuroscience Division, Department of Neurology, Taub Institute for Research in Alzheimer’s Disease
and the Aging Brain, and College of Physicians and Surgeons, Columbia University, New York, NY, USA

ABSTRACT

The concept of cognitive reserve (CR) suggests that innate intelligence or aspects of life experience like
educational or occupational attainments may supply reserve, in the form of a set of skills or repertoires that
allows some people to cope with progressing Alzheimer's disease (AD) pathology better than others. There is
epidemiological evidence that lifestyle characterized by engagement in leisure activities of intellectual and
social nature is associated with slower cognitive decline in healthy elderly and may reduce the risk of
incident dementia. There is also evidence from functional imaging studies that subjects engaging in such
leisure activities can clinically tolerate more AD pathology. It is possible that aspects of life experience like
engagement in leisure activities may result in functionally more efficient cognitive networks and therefore
provide a CR that delays the onset of clinical manifestations of dementia.
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Aspects of life
experience like
engagement in
leisure activities
may result in
functionally more
efficient cognitive
networks and
therefore

provide a CR that
delays the onset of
clinical
manifestations of
dementia.




Preventing cognitive decline and dementia

® https://www.nia.nih.gov/health/preventing-alzheimers-disease-what-do-we-
know
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Social stimulation Better cognitive Poor nutrition
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protective against
Cognitive remediation + age-related =  Alcohol/drug abuse
changes
Physical activity o - Poor health

Contributing factors of cognitive reserve. Notes: + contributes to positive
neuroplasticity which supports cognitive reserve; -contributes to negative
neuroplasticity which does not support cognitive reserve (Vance et al., 2012)
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lIpoorotevtinoi kou TPoo1afsoikol TaPAYOVTES OTIC
avoieg — Nooo Altayouusp (N. Zxopuiag)

® H Bewpia To00 «vonTikod amofEpatoc» mpoTeivel OTL VTAPYOLY OLAPOPES OO
atopo o€ daTopo ¢ mPoOG TN ovvatotnTe KotamoAéunong e NA.
[Hapaoelypatog Yaptv onUaVTIKO TOGOGTO TOV avOpOT®mV mov £xovv BAAPEeC
TOomov NA G610V €YKEQAAO TOVG 0V TACYOLV Oamd cvuntouate e NA.
Ynoompileton 0Tl AvOpmTOL pe HEYAADTEPO VONTIKO 0m00ena mOavog va
umopovv va avtippomovv Prapfec tomov NA otov eyKEQPOAO TOVG (7Y
YPNOLUOTOLOVTOG VYIEIG — UNn TPocoPePAnNUEVESC TEPLOYESC TOV EYKEPAAOL M
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lIpoorotevtinoi kou TPoo1afsoikol TaPAYOVTES OTIC
avoieg — Nooo Altayouusp (N. Zxopuiag)

¢ IMapdyoviec mov eanpedlovy 10 vVONTIKO amdfepo Kot ETOUEVMG Kol TOV KIivOuvo Yl
avantoén NA mepriaupavoov 1o vontiké mmiiko (IQ), to emayyelpo, TNV
EKTTAIOELOT, KUl TISC YEVIKOTEPES Propotikés spmerpiec. IIoAAEG pedETec deiyvouy
OTL AvBpwmor pe LVYNAOTEPO VONTIKO TNATKO, VYNAOTEPT EKTALOELON, TTO CTOLTITIKA
EMOYYEALOTO.  KOL  TMEPLOCOTEPES  OpaoTnPuOINIeEC  €AevBepov  YpOVOL
(cvumeptAaUPavoUEVOY TVELULOTIKOV, KOWVOVIKOV, OAAQL KOl QUGIKOV-GOUOTIKOV
OPOACTNPOTNTOV) Exouv uUkpotepec mhavotntec avamtuéne NA. To av ot
CUGYETICEIS OVTEC E€lvol TPOYUOTIKE OITIOAOYIKEC (OMAOOT] VTTAPYEL TPOYLOTIKN
TPOCTAGIR) M OTAMC HEDOOOAOYIKA OCEAAUNTO EMICTNUOVIKOV UEAET®OV €lval
OVTIKEIPLEVO OL0LPOVIOGC GTNV EMIGTNLOVIKT] KOWVOTNTO.




It’s quiz time!




To I'A amoBepatikd GueyeTiCeETOL LE:

® Tic OpaoTNPLOTNTEC TOV KAVOLLUE
® Tnv ekmaiogvon
® To €l00¢ YouVaGTIKNC TOL KAVOLLE

® OAo to mopoamdve

> Oha 101 TOPUTTAV®



To CR owpeperl amdAvta amod 1o BR

® Yoot

¢ AdbBoc

® AdbBoc. Mmopel va dtapépouv, aAAd eivar Kol aAANAEVOETA



Mmnopovue va avéncovue 10 I'A 1 elpacte
OLTTOKAELGTIKA YEVVIILEVOL UE OVTO?

¢ ®voikd kKo propovue!



‘Eva nAtkiopévo atopo pe vynio ITA Qo eppavicet
GvOl0 TTLO YPNYOpPO ort’ OTL VoL ATOUO UE yaunAo TA

® Yoot

¢ AdbBoc

¢ AdbBoc



Thank youl!
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