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ABSTRACT

The need for scientific knowledge about aging is predicated on the demand of modern society to
extend the active life of a person. To maintain intellectual longevity, it is necessary to take into account not only the
pathological, but also compensatory mechanisms that arise during aging. The cerebral-cognitive reserve (CCR) influences
the rate of transition from pre-phenomenological stages to the clinical stage of the disease, thereby changing the
prognosis of Alzheimer's disease (AD).

The aim of this work was to review meta-analyses from studies that have examined the principles and functions
of the CCR in people with AD.

The work included 83 scientific publications devoted to the issues of the CCR in neurodegenerative diseases
such as AD. The Results and Discussion sections of this article provide reviews of the results of 12 meta-analyses
published from 2012 to 2024 and selected from the PubMed and eLibrary databases using the following keywords in

"nou

English and Russian: “cerebral reserve”, “cognitive “reserve”, and “Alzheimer’s disease”. The scope of the definition was

not limited, since the goal here was to determine the terminological boundaries of the concepts of “cognitive reserve’
and “single brain reserve”.

The modern understanding of AD as a biological continuum covering the preclinical, prodromal, and clinical
phases of the disease makes it possible to infer that insufficiency of protective factors underlies the progression of AD.
The cognitive reserve is involved in the sanogenetic protective mechanism during neurodegeneration. The cognitive reserve
is a theoretical concept that reflects modern research’s understanding of how the integrative functioning of the brain
(cerebral) and cognitive reserves extend the period of active intellectual longevity through energy-saving mechanisms.
It considers these mechanisms as central to healthy mental activity and in slowing the progression of neurodegenerative
diseases. At some point, an increase in excess interneuronal activity that reflects the hypercompensatory function
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of the reserve would accelerate the depletion of brain structures and contribute to clinical and psychopathological
manifestations of AD.

The concept of the CCR puts the spotlight on the need to determine the compensatory indicators of
cognitive deficit in AD, assess the architecture and volume of the reserve, and develop and follow protocols for its
maintenance. It appears just as crucial to adopt measures to prevent the Reserve's depletion as early as at the preclinical
stages of the disease. Elaborating protective and compensatory mechanisms that help to maintain the functional activity
of the brain in conditions of neurodegeneration, that is, CCR, require further research and can form a conceptual basis
for the prevention of AD, starting from the preclinical stages of the disease.

AHHOTALNA

Heo6x04MMOCTb HayYHOrO MO3HaHWS CTapeHWs MOo3ra 06yC/10BNeHa 3anpocamm COBPEMEHHOIO 06LLIeCTBa
Ha NpoA/ieHVe akTUBHOW XM3HW YenoBeka. [ns NoaaepXKaHnst UHTeNNeKTyanbHOro JONroNeTUs He06Xo0AMMO YUNTbIBaTb
He TO/IbKO MaToNornyeckmne, HO U KOMMEHCATOPHbIE MEXaHM3Mbl, y4aCTBYHLLME B CTapeHnU. Lilepebpo-KOrHUTUBHbIN
pe3seps (LKP) oka3biBaeT BAMAHME Ha CKOPOCTb Nepexosa A0GeHOMeHON0rMYeckoro 3tana K KAMHUYecKomy sTany
60/1€3HN, TEM CaMbIM U3MeHSAS NPOrHo3 6one3Hun AnbLreimepa (BA).

MponsBecT 0630p HayUHbIX Ny6AMKaLUWIA, MOCBALLEHHbIX U3YYeHUI0 MexaHN3MOoB U GyHKuuiA LIKP y A,
CcTpagatoLmx BA.

B paboty 6bin10 B3aTO 83 nybavikaumm no npobneme LKP npu HelpoaereHepaTBHOM 3a60/1eBaHNN Ha
npumepe bA. B 0630p BOLWAM 12 MeTaaHanM30B, onybankoBaHHbIX ¢ 2012 no 2024 rog, oTobpaHHbIX B 6a3e AaHHbIX
PubMed v anekTpoHHO 6ubnroTeke eLIBRARY no cnesyroLym KaroueBbIM CI0BaM Ha PYCCKOM W @aHFTUIACKOM SA3bIKe:
«LiepebpanbHbllii pe3eps», «KOTHUTVBHbLIN pe3epB», «b60ne3Hb AfbLreriMepar. [1y6uHY nomncka He orpaHuYmnBany,
MOCKO/IbKY OZHOW M3 3afa4 paboTbl 6bIN0 onpeseneHe TepMUHONOTNYECKNX FPaHWL, MOHATUIA «KOrHUTUBHBIV pe3epBs»
N «LiepebpanbHbI peseps».

CoBpemMeHHOe NpegcTaBeHne o BA kak 0 61oNorM4eckoM KOHTUHYYME, OXBAaThIBAIOLLEM AOKINHUYECKYHO,
NPOAPOMabHY U KNMHMYeckyto dasy 3aboneBaHs, NO3BOASET MOHATb, UTO HEAOCTAaTOYHOCTb MPOTEKTUBHbIX
MeXaHM3MOB /IeXMT B OCHOBE MporpeaneHTHOCTY BA. KOrHUTUBHBIV pe3epB SBNsSeTc NPUMEPOM CaHOreHETNYECKOro
3alWMTHOrO MexaHu3Ma npu HelipogereHepauuun. KorHUTUBHbBIA pe3epB — 3TO TeopeTu4veckast KOHLenuums,
oTpaxatoLLiasi NpeACTaBNeHNsI COBPEMEHHbIX UCCe0BaTeNein 06 NHTerpaTMBHOM GYHKLMOHNPOBaHMM MO3roBOro
(LepebpanbHOro) N KOrHUTUBHOMO Pe3epPBOB, NMPOIOHIVIPYIOLLX NEPUOS aKTUBHOTO MHTENIeKTYabHOrO AONTONeTUS
3a cYeT aHeprocbeperaroLLmMx CTpaTeruii, nexalmx B 0CHOBE 340POBOM MCUXUYECKON aKTUBHOCTU N CHMXKARLLMX
NporpeANeHTHOCTL HelipogereHepaTBHOM 60/1e3HK. Ha 3Tanax passepHyToro 3aboneBaHus YpeamepHas MexxHeipoHHas
aKTUBHOCTb, OTpaXaroLas rmnepkoMneHcaTopHyo GYHKLMIO pe3epBa, CMoCo6CTBYET YCKOPEHHOMY UCTOLLEHMIO
MO3roBbIX CTPYKTYP, 0bferyas KAnMHMKo-ncuxonaToornyeckme npossieHns bA.

KoHuenuusa LIKP genaeT akTyanbHbIM BONPOC NMOWVCKa KOMMEHCATOPHbBIX MEXaHU3MOB KOTHUTVBHOIO
fedunumta npu BA, a Takxe oLeHKy CTPYKTYpbl 1 06beMa pesepBa, pa3paboTky 1 peanmsaumo NporpamMm ero
noAjep>xaHuis, MPoPUAaKTIKY €ro UCTOLLIEHWS, HAUMHAsA C AOKIMHUYECKOro 3Tana 6one3Hu. 3aLMTHO-KOMMeHCaTOPHbIE
MexaHW3Mbl NogAepXKaHna GYHKLMOHANBHOM akTUBHOCTM FOJIOBHOMO MO3ra B YC/I0BUSIX HelipogereHepaLmm, TO ecTb
LKP, TpebytoT AanbHelLwero n3y4eHuns 1 MOryT COCTaBUTb KOHLENTyanbHYH OCHOBY NpodunakTukm bA, HaunHas
C AOK/IMHNYECKMX CTaANA 3aboneBaHNs.



INTRODUCTION

The need for a scientific understanding of how the brain
ages is rooted in the current demands in society for an
extended active life. Researchers are convinced that not
only the pathological, but also compensatory mechanisms
of aging should be taken into account in order to maintain
intellectual longevity [1]. According to Stern et al., the
cognitive reserve (CR) is one of the protective mechanisms
against clinically significant cognitive decline, even in the
presence of neurodegeneration [2]. Not only Stern, but other
authors as well note that the CR increases brain efficiency
and intellectual productivity [3]. Individuals with a high
CR are resistant to clinical manifestations of Alzheimer’s
disease (AD) and other neurodegenerative diseases [4, 5].
Advanced brain studies have shown that some elderly
people retain their cognitive capacity through life despite
suffering significant cerebral atrophy and degeneration
[6]. Such significant differences between degrees of brain
damage and severity of clinical signs (or absence thereof)
stand at the basis of the CR concept [7].

It is now recognized that pathophysiological changes
begin many years prior to the appearance of clinical
manifestations of the disease and that the spectrum
of AD spans from clinically asymptomatic to severely
impaired individuals [8]. Advances in biomarker research
have furthered our understanding of AD as a structurally
complex process moving along an unbroken continuum
[9, 10]. The pathophysiological basis of the AD continuum
is the multifactorial etiology and pathogenesis of the disease
[11]. Biomarkers such as gene mutations, amyloid and
tau pathology [12, 13], neuroinflammation, mitochondrial
dysfunction, and other pathological processes become
involved in the multifactorial pathogenesis of AD decades
before the onset of the first clinical symptoms of the
disease and are responsible for the stepwise, gradual
disease progression [14, 15]. Some of these factors are
currently considered AD biomarkers, appearing decades
before the onset of clinical symptoms [16, 17].

Transition from the preclinical (latent) stage to
symptomatic AD depends on the interaction between
pathological and protective factors. The CR may prevent
the transition of AD to the clinical stage in some carriers
of AD biomarkers [18]. In other words, individuals differ
in their ability to cope with changes associated with aging,
disease, or brain injury. However, AD patients with similar
disease manifestations and a comparable degree of
cognitive decline may be experiencing different changes

in brain morphology. The question then arises: “What
is the degree of brain resistance to pathogenic stimuli?”
The significance of brain repair mechanisms and the role
of the brain and CR at the latent and clinically apparent
stages of the disease also remain unclear.

The aim of our work was to review scientific publications
that have investigated the mechanisms and functions of
the brain and cognitive reserve (BCR) in AD patients.

METHODS

Inclusion criteria:

« full-text publications (meta-analyses, original
studies, descriptive reviews) selected using the
keywords “cognitive reserve”, “Alzheimer’s disease”,
“brain reserve”;

* publications selected for review had to contain
a description, analysis, or results of studies that
enrolled patients with AD diagnosed according to
the criteria of the International Classification of
Diseases, 10™ revision (ICD-10), or the Diagnostic
and Statistical Manual of Mental Disorders, 5t
edition (DSM-5).

Exclusion criteria:
+ participants included in the selected studies were
not verified as AD patients according to the ICD-10
and DSM-5 criteria.

Using the combination of the above-mentioned keywords,
which provides a high-quality description of the content
and increases the efficacy of the publications search, we
carried out a descriptive review of 83 scientific publications.
The aim of this review was to investigate the mechanisms
and functions of the BCR in patients with AD. Publications
were selected using the inclusion criteria (see above).
The study materials were publications included in PubMed,
the biomedical literature search engine, and eLIBRARY,
the electronic library.

The scope of the search was not limited, since one of the
objectives of this work was to define the terminological
boundaries of the concepts of “cognitive reserve” and
“brain reserve.” Therefore, the list of references includes
works published 10 or more years ago.

A review of 12 meta-analyses published from 2012 to
2024 and identified in the PubMed database using the



above-stated keywords is presented in the Results and
Discussion sections of this work.

Search strategy
Publications were searched step by step. The search
sequence is shown in Figure 1.

Selection process

Each publication was selected using a manual search.
Several of the authors involved in this work performed
the search and selection of publications (see “Authors’
contributions”). Some publications selected at the screening
stage were subsequently excluded from further analysis,
because they did not meet the inclusion criteria.

Analysis of the results

Each publication was analyzed. A synthesis of the
information obtained from the selected scientific sources
was performed. The results of the synthesis are presented
in structured text, tables, and figures.

RESULTS

Concept of cognitive reserve

Some researchers working on neurodegenerative disorders
seek to determine why some individuals retain their
normal cognitive functions despite experiencing significant
cerebral degeneration and to identify the mechanisms
that trigger CR involvement. To answer this question, it
appears necessary to clearly outline the terminological
boundaries of the concept of CR (Table 1).

In our opinion, an exhaustive definition of CR has not
yet been formulated, though the view of CR as a set of
processes resisting neurodegeneration from its earliest
preclinical stages allows us to answer the question of why
some individuals successfully cope with progressive brain
disorders, while others cannot tolerate the same level of
brain damage.

To study and evaluate the brain repair mechanisms in
neurodegeneration, it is necessary to know the features of
its pathogenesis. An executive summary of current models
of AD development is presented in Table 2.
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Total number of identified publications
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\/
PaczrsiEls Full-text articles assessed for > Excluded, do not meet
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Included Publications included for review (n=83)
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Figure 1. Steps in the search for publications to be analyzed.

Source: Sidenkova et al., 2024.
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Year of

A publication

Definition of cognitive reserve (CR)

CRis a combined factor that is influenced by the accumulated life experience. It cannot be

Stern [19] 2002 measured directly due to its multifactorial and dynamic nature.

CRis a theoretical, abstract concept suggesting that greater engagement in cognitively stimulating
Soldan et al. [20] 2017 activities throughout life modifies the brain, thus reducing the negative impact of brain disorders
on cognitive function.

CRis an individual's ability to optimize cognitive function through differential recruitment of brain

stern etal. [21] 2019 structures or neural networks in brain activity.

CR is an ability of the brain to mitigate the sequelae of brain disorders or cognitive function

Soldan et al. [22] 2020 g ;
impairment.

The definition of CR includes two independent components:
1) assessment of brain damage affecting cognitive functions;

Stern et al. [23] 2022 .
2) assessment of cognition;
3) measurement of the variable that affects steps (1) and (2)
Authors LGl Description of an AD model
publication

Hypothetical model of dynamic biomarkers of the AD pathological cascade

The sequential change of preclinical, prodromal, and dementia stages of Alzheimer's disease is
caused by the interaction of 2 types of biomarkers:

- biomarkers associated with the presence of disease;

- biomarkers associated with the stage (i.e. progression) of disease

Jack et al. [24] 2010

Biomarker model of preclinical AD

This model reflects the cumulative nonlinear dynamics of several biomarker types:

- reductions in AB42 in the cerebrospinal fluid and increased amyloid tracer retention on PET
imaging are biomarkers of brain AB amyloidosis;

- elevated CSF tau protein is a biomarker of neuronal injury;

- decreased fluorodeoxyglucose 18 uptake on PET with a temporoparietal pattern of
hypometabolism is a biomarker of synaptic dysfunction;

- atrophy of medial temporal lobes, paralimbic and temporoparietal cortices on structural MRl is a
biomarker of neurodegeneration.

Sperling et al. [25] 2011

AD model of the National Institute on Aging and the Alzheimer's Association Workgroup (NIA-AA), 2018

AD diagnosis should be based on combined (clinical and biomarker) diagnostic criteria. According
to these criteria, the early preclinical (presymptomatic) AD stage is diagnosed if AR biomarker is
positive in vivo. Symptomatic AD is confirmed by in vivo detection of AR and pathological tau, as
well as neurocognitive impairment.

Jack et al. [26] 2018

Multi-marker model of AD (A/T/N)

This model takes into account the profiles of several biomarkers detected in evaluated patient:

- “A" refers to amyloid pathology and is determined by the presence of AB42 or AB42/AB40 in the
CSF or AB in the brain structures on PET imaging;

- “T" refers to tau pathology and is determined by the presence of phospho-tau in the CSF

or detection of abnormal tau filaments (intracellular thread-like tau structures) in the brain
parenchyma on PET imaging);

- “N" refers to neurodegeneration and is confirmed by the presence of tau in the CSF and in the
brain parenchyma on MRI or 18F-fluorodeoxyglucose PET.

Lodder et al. [27] 2021

The authors of a meta-analysis of 17 functional MRI (fMRI)  regions during intellectual workload, including the medial
cohort studies reported a high probability of dementiain ~ and lateral frontal areas and the precuneus. That is, AD
individuals with localized, increased activation of the left ~ affects the frontoparietal network responsible for the
anterior cingulate cortex during cognitive tasks, compared  cognitive control associated with general tasks. Detection
with older adults who activate a broad network of brain  of certain biomarkers, e.g. changes in specific fMRI activity



and tauopathies, increases the probability of dementia by
a factor of 2 [28]. The probability of dementia increases in
neurodegeneration carriers. This finding has been confirmed
in different study cohorts; for example, the probability
of dementia stood at 54% in a cohort with brain damage
confirmed by neuroimaging, compared with 26% in the
control group [29]. However, clinical and neuropsychological
assessments do not always identify dementia in patients with
signs of neurodegeneration. Indeed, studies have shown that
a significant proportion of community-dwelling older adults
with advanced neurodegeneration do not develop dementia.
This apparent disconnect is explained by the combined
influence of several factors: genetic polymorphism, other
brain disorders, slow disease progression, lifestyle factors,
CBR volume, and premature mortality from concomitant
diseases [30]: that is, the multimarker dementia model
based on the risks of AD in a probabilistic aspect,

Some researchers suggest distinguishing the brain (passive)
reserve and the cognitive (active) reserve [21]. However,
not all researchers agree with this approach and prefer
the general concept of a single reserve, using the term
CR [31]. We will nevertheless describe the mechanisms
underlying the brain and cognitive reserves, according to
different authors (Table 3).

A multicenter observational study on predementia
Alzheimer's disease performed at the German Center for
Neurodegenerative Diseases demonstrated that large
volumes of hippocampal subfields, particularly CA1, may
serve as a brain backup system that ensures normal

Year of

Author publication

Concept

Barnes, McNaughton [32] | 1980

cognition and absence of subjective cognitive decline
in patients with amyloid pathology [36]. The study also
showed that this effect does not depend on the education
level, or psychological or social characteristics of the
participants [36]. On the contrary, other authors show
that CR mechanisms are closely associated with the tau
pathology and tau deposition in the medial and inferior
temporal lobes [37].

Some authors believe that CR is a property of the brain
that allows for cognitive performance that is better than
expected given the degree of brain damage associated with
neurodegeneration, traumatic brain injury, or other diseases
[38]. Meta-analyses of cohort studies on CR localization
in healthy aging, AD, and mild cognitive disorders, such
as mild cognitive impairment (MCl), using functional MRI
and positron emission tomography (PET) of the brain,
demonstrated that in healthy and pathological aging CR
is mediated by different brain regions [39]. In healthy
older adults, the same cognitive tasks are associated
with the activation of a broad network of brain regions,
including the medial and lateral frontal regions (anterior
cingulate cortex, dorsolateral prefrontal cortex, precuneus).
In patients with AD and amnestic MCl, successful completion
of the same cognitive task is associated with isolated
activation of the anterior cingulate cortex [40]. A positive
correlation between the brain volume and CR has also been
demonstrated [41]. In a systematic review, Harrison et al.
defined CR as the ability to use more efficient and flexible
cognitive strategies, and engaging alternative networks,
which can be enhanced through continuous cognitive
training [42].

Studies on animal models have shown that CR depends not on the number of neurons, but
on their plasticity and the quality of connections between them.

The concept of CR includes such parameters as brain size, the proportion of healthy and
abnormal neurons, and the structural integrity of neurons and synapses. This model defines

brain reserve as an organ (physical) quality of the brain: some people have larger brains,

with more neurons and synapses, which, according to researchers, maintains the brain’s
resilience to damage, preventing cognitive dysfunction.

CR becomes evident in the settings of neuropil loss, manifested by axon shortening and

dendrite thinning. This results in loss of pathways transmitting signals between neuronal
bodies, while a more powerful signal than normal is transmitted through the remaining

synapses. This results in neuronal hyperexcitability.

Norris et al. [33] 1996
Katzman et al. [7] 1988
Kunkle et al.[34] 2019
Soldan et al. [35] 2020

CRis a morphological concept reflecting the structural properties of the brain that ensure its
ability to maintain cognitive functions despite the significant loss of their material substrate.
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Figure 2. Brain and cognitive reserve in Alzheimer’s disease.
Note: MCl — mild cognitive impairment; AD — Alzheimer's disease.

Source: Sidenkova et al., 2024.

Meta-analyses show that CR is influenced by numerous
environmental factors and individual psychological features,
such as gerotranscendence, psychological well-being,
the coping strategies used, and lifelong self-regulation
strategies [43].

The following combination of morphofunctional and
psychosocial factors makes cognitive (active) reserve
possible:

+  The morphofunctional characteristics of brain cells
include a relatively increased size of the neuron
body, a large number of axons, synapses, intensive
DNA and RNA synthesis, and active functioning of
presynaptic receptors [28].

+ The psychological and social factors developed
during lifetime are intelligence indicators, the
level of education, professional affiliation, the
volume of leisure activities, as well as the cognitive,
communicative, social, and motivational activity of
an individual [44-46].

According to current knowledge, the brain and cognitive
reserves are not mutually exclusive. The dynamic capacity
and structural characteristics of the neural network
determine the quality of brain functioning in the settings of
age-related changes and cerebral disorders. A systematic
review and meta-analysis by Nelson et al. convincingly
demonstrate that a higher CR is associated with a lower

relative risk of MCI or dementia progression, reducing
the risk of symptomatic AD almost twofold (47%) [47].
These results suggest that CR delays the onset of MCI
and dementia in AD, and, therefore, serves as a potential
target for preventive interventions.

The models of brain and cognitive reserves reflect the
substrate and level of brain functioning, and represent
a BCR. BCR is dynamic and depends on environmental
factors and an individual’s life experiences throughout
their lifespan.

Functions of brain and cognitive reserve
The brain and cognitive reserve reduce the negative
impact of degeneration on the brain function in several
ways described below.

BCR reduces MCI or dementia risk through mechanisms
independent of the degree of neurodegeneration [48].

BCR interacts with markers of brain pathology or health,
influencing future cognitive decline or the risk of disease
progression. The protective effects of BCR decrease as the
number of damaged neurons increases [49].

The protective effect of BCR increases with later AD onset
and a lower rate of damaged substrate accumulation [50].

In individuals with a high reserve, neurodegeneration
is less likely to affect the brain structure and function
compared to those with a low reserve [51].

Consortium Psychiatricum | 2024 | Volume5 | Issue 3
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Data from the studies included in our meta-analyses
suggest that the roles of the reserve are different in aging
and neurodegeneration (Figure 2).

BCR mechanisms prevent progressive depletion of the
regulatory function of the cortex, support motivational
and behavioral activity, ensure functional hemispheric
asymmetry, and have a neuroprotective impact during
normal aging [52, 53].

BCR mechanisms support the activity of the frontal
lobes and the hippocampus, and they compensate for
dysfunction of these regions, allowing for the preservation
of cognitive regulatory functions at preclinical AD stages,
presumably thanks to the relatively larger area of the
Brodmann hippocampal subfields (CA1/CA2/CA3 and
subiculum), as was demonstrated in the functional MRI
study in AD patients [54].

BCR delays clinical manifestations of AD until the reserve
is depleted. In individuals with a large BCR volume, AD onset
is characterized by pronounced symptoms, a high rate of
progression, and a high incidence of affective and behavioral
disorders. This is due to the fact that neurodegeneration
is restrained by the reserve, but when it is depleted, this
process manifests itself as marked synaptic and cholinergic
neuronal dysfunction [55]. At this stage of the disease, BCR
acts as a compensation mechanism aimed at reorganizing
brain resources [39].

Another meta-analysis demonstrated that in elderly patients
with AD and MCI, previously active, coordinated and
extensive neural networks stop functioning, and that task
performance induces the activation of energy-consuming
associative connections in the frontotemporal regions,
compensating for the lost capabilities of the previously
extensive healthy networks [56]. In their meta-analysis, de
Las Fuentes et al. explained the faster cognitive decline in
patients with high BCR by the older age of the participants,
and, consequently, significant accumulation of amyloid
and the tau protein at symptoms onset, as well as by
a high incidence of age-related concomitant diseases; e.g.,
cerebrovascular disorders [57]. BCR appears to delay the
onset of clinical symptoms associated with underlying AD.

Our understanding of the BCR concept is supported
by the analysis of certain typical clinical situations: e.g.
extremely fast progression of dementia in highly educated
individuals engaged in active intellectual work. Some experts
believe that the educational level is a type of protection

against severe cognitive impairment [58]. According to
this view, the above-mentioned example of the extremely
fast AD progression into severe dementia represents an
inexplicable exception. In his book “Problems of Causality
in Medicine”, Davydovsky stated that any disease results
from an interaction between a combination of pathogenic
processes and protective and adaptive mechanisms
aimed at restoring the impaired body self-regulation [59].
The actual manifestation of the disease is due to the
failure of protective elements, when the disease breaks
out. The authors of the Rotterdam study of patients with
cerebrovascular disorders also came to an interesting
conclusion: The lower risk of dementia in highly educated
study participants could be explained by a higher BCR [60].
From this point of view, symptoms of dementia develop
when the BCR depletes below a certain threshold. A smaller
initial BCR would mean that less change would be required
to reach the dementia threshold at which impairment
would be evident, whereas a larger BCR would presumably
provide greater protection against dementia. According
to this theory, BCR may reflect either innate differences
in cognitive abilities determined by the characteristics of
prenatal synaptogenesis or postnatal maturation of brain
structures (myelination, synaptic sprouting, development
of hierarchical connections within the brain, etc.), which
underlies the quality of cognitive processes. In any case,
the level of education is an indicator of a higher BCR [61].

DISCUSSION

Investigation of the mechanisms of AD pathogenesis
allowed modern researchers to come to the conclusion
that disease manifestations are the result of an interplay of
two countervailing processes: traditionally widely studied
neurodegeneration and the brain repair mechanisms,
represented by the BCR. The aim of this review was to
summarize the results of meta-analyses and original studies
on the mechanisms and functions of the BCR in patients
with AD. The BCR concept helps us understand why not all
individuals with preclinical AD transition to the symptomatic
disease, despite the development of a pathological process
confirmed by biomarkers. According to some authors,
this transition occurs when the protective brain repair
mechanisms fail and are no longer able to maintain the
body’'s homeostasis in the settings of progressive brain
damage caused by neurodegeneration [62, 63-66]. As
the number of damaged neurons increases (as evidenced
by amyloidosis and tauopathy), the protective role of



the BCR that passively maintains the brain resilience to
damage recedes [67]. Acceleration of disease progression
and worsening of cognitive impairment, confirmed by
morphological biomarkers, change the protective function
of BCR into a compensatory one, which manifests itself
by irrational, energy-consuming, widespread involvement
of intact brain structures during cognitive tasks [68, 69].
BCR involvement in the general AD scenario implies that
it is a factor, or a group of factors, capable of altering the
expected course of a neurodegenerative disease [70, 71].

We believe that the BCR is formed long before brain
aging. Robitaille et al. showed that the level of intelligence
before the disease onset and the quality and type of
leisure activity are inversely correlated with the resting
regional metabolic activity of the brain and cerebral blood
flow in different cortical and subcortical regions [72]. This
suggests that the differences in dementia onset may
have to do with the individual features of environmental
and social factors not only in adulthood and old age, but
also in childhood and adolescence. Liberati et al. believe
that CR is not a fixed factor but is constantly changing in
response to environmental factors and life experiences
throughout one’s lifespan, even if the brain has already
sustained damage [73]. Valenzuela and Sachdev agree
with this contention and state that that is why education
received in childhood and early adulthood can hypothetically
increase the CR volume and, as a result, delay the clinical
manifestations of neurodegeneration [74].

Some researchers believe that the mechanisms underlying
the BCR are triggered in the selective strengthening and
recruitment of neuronal connections. The results of a meta-
analysis show that BCR preserves cognitive abilities and
executive function despite the decrease in the volume of
the hippocampus and the associative frontoparietal cortex
due to progressive neurodegeneration [75].

Erratic functioning of brain regions (brain network)
is one of the marked features of neurodegeneration.
Compensatory BCR function allows one to reorganize brain
network activity and preserve cognitive functions [76].

Therefore, the BCR functions differ between healthy
individuals and patients with neurodegenerative disorders.
In normal aging, an effectively functioning BCR ensures
a balance of brain network activity and energy saving
during intellectual tasks [77]. At the symptomatic disease
stages, excessive interneuronal activity, reflecting the
hypercompensatory function of the reserve, contributes
to the accelerated depletion of brain structures, promoting

the development of clinical and psychopathological
manifestations of AD [20, 78].

The concept of BRC as a dynamic system retaining the ability
to change under the influence of environmental factors
and life experiences throughout life even in the presence of
neurodegeneration is consistent with the results of meta-
analyses, which showed the efficacy of neurocognitive
training for brain resilience augmentation even in patients
with MCl and AD [79]. A review of neuroimaging studies
showed that elderly patients with AD and amnestic MCl
retain compensatory mechanisms of neural network
activation during cognitive tasks [80]. The authors of
other studies define BCR as the ability to form effective
and flexible cognitive strategies, which can be augmented
through neurocognitive interventions, implying a potential
role in AD dementia prevention programs [81, 82].

Thus, promising research directions in the BCR concept

development are as follows:

+ determination of the reserve volume associated with
the degree of brain resilience to neurodegeneration;
that is, the transition of AD from the latent to the
clinical stage and

+ alignment of reserve parameters with different
biomarkers (biomarkers of neurodegeneration
and disease progression) to predict the probable
relationship between pathological and protective
factors. This is necessary for the development
of individual programs aimed at preventing the
transition of preclinical AD stages to clinical ones
[77,78].

The holistic nature of the scientific publication coverage
achieved with the combination of selected keywords means
that this review includes all existing scientific papers on the
given topic from the PubMed database and the eLIBRARY
electronic library. A limitation with the inclusion of some
publications in this review was their descriptive nature.
The search was also constrained by the above-mentioned
search engines and keywords. In our opinion, a common
drawback of the publications included in this review
is the heterogeneity of the study materials (laboratory
animals, humans) in the studies included in meta-analyses;
the retrospective nature of the meta-analyses; and the



checkered nature of the studies that were initially included
in the meta-analysis. Therefore, the authors of this review
admit the limitations of the information presented herein.

This review may be of interest to specialists in the field
of mental health and cognitive neuroscience.

CONCLUSION

The authors of this study believe that the mechanisms of
AD pathogenesis cannot be properly understood without
taking into account the interactions between pathogenic
factors and brain repair mechanisms, such as the BCR.
BCR slows the rate of transition from preclinical to clinical
disease, thereby changing the AD prognosis. The BCR
concept allows one to shift the emphasis towards the
prevention of preclinical AD and augment therapeutic efforts
at the symptomatic stages of the disease by maintaining
and enhancing compensatory mechanisms. In this work,
we described the different positions held by researchers
regarding the BCR mechanisms and functions at different
stages of AD. According to some researchers, interventions
aimed at mechanisms of AD pathogenesis and the possibility
of their regulation would reduce age-related morbidity
and promote healthy aging. The BCR concept actualizes
the problem of searching for compensatory strategies for
AD-associated cognitive deficit, assessing the structure
and volume of the reserve, developing and implementing
programs for its maintenance, and battling its depletion
as early as in the preclinical stage of the disease.

Submitted: 26.03.2024
Accepted: 11.07.2024
Published Online: 26.08.2024

Alena Sidenkova: work concept
development, analysis and
obtained data, writing the text of the article, consent to
be responsible for all aspects of the work and ensure

interpretation of the

appropriate consideration and resolution of issues related
to the accuracy and integrity of all parts of the work; Vasilisa
Litvinenko, Vladimir Bazarny: data collection and analysis;
Alexei Rezaikin: concept development, data collection and
analysis; Alexander Zakharov: manuscript editing; Lyudmila
Baranskaya, Ekaterina Babushkina: data analysis.

The research was carried out without additional
funding.

The authors declare no conflicts
of interest.

Sidenkova AP, Litvinenko VV, Bazarny VV, Rezaikin AV,
Zakharov AV, Baranskaya LT, Babushkina El. Mechanisms
and functions of the cerebral-cognitive reserve in patients
with Alzheimer’s disease: a narrative review. Consortium
Psychiatricum. 2024;5(3): CP15526. doi: 10.17816/CP15526

*Alena Petrovna Sidenkova, MD, Dr. Sci (Med.), Head of the Department
of Psychiatry, Psychotherapy and Narcology, Ural State Medical University;
ORCID: https://orcid.org/0000-0001-5142-3992

Vasilisa Vladimirovna Litvinenko, Student, Department of pediatrics, Ural
State Medical University; ORCID: https://orcid.org/0009-0004-3691-5787
Vladimir Viktorovich Bazarny, MD, Dr. Sci (Med.), Professor, Chief Researcher,
Ural State Medical University; ORCID: https://orcid.org/0000-0003-0966-9571
Alexei Vasilievich Rezaikin, MD, Cand. Sci (Med.), Associate Professor of
the Department of Medical Physics and Digital Technologies, Ural State
Medical University; ORCID: https://orcid.org/0000-0002-8665-5299
Alexander Vladimirovich Zakharov, MD, Cand. Sci (Med.), Director of Samara
State Medical University; ORCID: https://orcid.org/0000-0002-4004-7474
Lyudmila Timofeevna Baranskaya, MD, Dr. Sci (Psychol.), Professor,
Department of Psychiatry, Psychotherapy and Narcology, Ural State Medical
University; ORCID: https://orcid.org/0009-0009-6878-5071

Ekaterina Ivanovna Babushkina, MD, Cand. Sci (Med.), Associate Professor
of the Department of Psychiatry, Psychotherapy and Narcology, Ural State
Medical University; ORCID: https://orcid.org/0009-0002-1692-4198

*corresponding author

1. Pristrom MS, Pristrom SL, Semenenkov II. [Aging is physiological
and premature. A modern view of the problem]. Mezhdunarodnye
obzory: klinicheskaja praktika i zdorov'e. 2017;(5-6):40-64. Russian.

2. SternY, 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.
doi: 10.1016/j.jalz.2018.07.219

3. Weiler M, Casseb RF, de Campos BM, et al. Cognitive Reserve
Relates to Functional Network Efficiency in Alzheimer's Disease.
Front Aging Neurosci. 2018;10:255. doi: 10.3389/fnagi.2018.00255

4. Arenaza-Urquijo EM, Vemuri P. Improving the resistance and
resilience framework for aging and dementia studies. Alzheimers
Res Ther. 2020;12(1):41. doi: 10.1186/513195-020-00609-2

5. Arenaza-Urquijo EM, Vemuri P. Resistance vs resilience
to Alzheimer disease: Clarifying terminology for preclinical
studies. Neurology. 2018;90(15):695-703.
doi: 10.1212/WNL.0000000000005303

6. Dawe RJ, Yu L, Schneider JA, et al. Postmortem brain MRI
is related to cognitive decline, independent of cerebral vessel
disease in older adults. Neurobiol Aging. 2018;69:177-184.
doi: 10.1016/j.neurobiolaging.2018.05.020

7. Katzman R, Terry R, DeTeresa R, et al. Clinical pathological and
neurochemical changes in dementia: a subgroup with preserved


https://doi.org/10.17816/CP15526
https://orcid.org/0000-0001-5142-3992
https://orcid.org/0009-0004-3691-5787
https://orcid.org/0000-0003-0966-9571
https://orcid.org/0000-0002-8665-5299
https://orcid.org/0000-0002-4004-7474
https://orcid.org/0009-0009-6878-5071
https://orcid.org/0009-0002-1692-4198
https://doi.org/10.1016/j.jalz.2018.07.219
https://doi.org/10.3389/fnagi.2018.00255
https://doi.org/10.1186/s13195-020-00609-2
https://doi.org/10.1212/WNL.0000000000005303
https://doi.org/10.1016/j.neurobiolaging.2018.05.020

20.

21.

22.

23.

24,

25.

mental status and numerous neocortical plagues. Ann Neurol.
1988;23(2):138-144. doi: 10.1002/ana.410230206

Tret'jakova VD. [Age-related changes in the brain and the factors
influencing them]. Bjulleten' nauki i praktiki. 2022;8(7):151-191.
Russian.

Sidenkova AP. [Aging of the brain. Cognitive continuum: cognitive
norm - subjective cognitive decline - cognitive disorder].
Social'naja i klinicheskaja psihiatrija. 2023;33(3):88-94. Russian.
Sidenkova A, Calabrese V, Tomasello M, et al Subjective cognitive
decline and cerebral-cognitive reserve in late age. Translational
Medicine of Aging. 2023;(7):137-147.

Naumenko AA, Preobrazhenskaja IS. [Pathogenesis, diagnosis and
therapy of Alzheimer's disease]. Medicinskij Sovet. 2015;(5):46-54.
Russian. doi: 10.21518/2079-701X-2015-5-46-54

Avila ], Perry G. A Multilevel View of the Development of
Alzheimer's Disease. Neuroscience. 2021;457:283-293.

doi: 10.1016/j.neuroscience.2020.11.015

Bell KFS, Bennett DA, Cuello AC. Paradoxical upregulation

of glutamatergic presynaptic boutons during mild cognitive
impairment. J. Neurosci. 2007;27(40):10810-10817.

doi: 10.1523/JNEUROSCI.3269-07.2007

Bodranghien F, Bastian A, Casali C, et al. Consensus Paper:
Revisiting the Symptoms and Signs of Cerebellar Syndrome.
Cerebellum. 2016;15(3):369-391. doi: 10.1007/512311-015-0687-3
Myakotnykh VS, Sidenkova AP, Kravchenko ES, et al. [Somatic
pathology in elderly and senile persons suffering from Alzheimer's
disease and Alzheimer's type dementia]. Adv Gerontol.
2023;36(2):256-264. Russian.

Lloret A, Esteve D, Lloret MA, et al. When Does Alzheimer's
Disease Really Start? The Role of Biomarkers. Int ] Mol Sci
2019;20(22):5536. doi: 10.3390/ijms20225536

Sidenkova A, Litvinenko V. Gender Features of the Cognitive
Reserve. Psychiatr Danub. 2021;33(Suppl 4):745-748.

Nelson ME, Andel R, Hort J. Cognitive reserve, neuropathology,
and progression towards Alzheimer's disease. Aging.
2023;15(13):5963-5965. doi: 10.18632/aging.204909

Stern Y. What is cognitive reserve? Theory and research
application of the reserve concept. ] Int Neuropsychol Soc.
2002;8(3);448-460.

Soldan A, Pettigrew C, Cai Q, et al. Cognitive reserve and
long-term change in cognition in aging and preclinical
Alzheimer's disease. Neurobiol Aging. 2017;60:164-172.

doi: 10.1016/j.neurobiolaging.2017.09.002

Stern'Y, Barnes CA, Grady C, et al. Brain reserve, cognitive
reserve, compensation, and maintenance: operationalization,
validity, and mechanisms of cognitive resilience. Neurobiol Aging.
2019;83:124-129. doi: 10.1016/j.neurobiolaging.2019.03.022
Soldan A, Pettigrew C, Zhu Y, et al. Cognitive reserve and midlife
vascular risk: Cognitive and clinical outcomes. Ann Clin Transl
Neurol. 2020;7(8):1307-1317. doi: 10.1002/acn3.51120

Stern'Y, Albert M, Barnes CA, et al. A framework for concepts of
reserve and resilience in aging. Neurobiol Aging. 2022;124:100-103.
doi: 10.1016/j.neurobiolaging.2022.10.015

Jack CRJr, Knopman DS, Jagust WJ, et al. Hypothetical model of
dynamic biomarkers of the Alzheimer's pathological cascade.
Lancet Neurol. 2010;9(1):119-128. doi: 10.1016/51474-4422(09)70299-6
Sperling RA, Aisen PS, Beckett LA, et al. Toward defining the
preclinical stages of Alzheimer's disease: recommendations from
the National Institute on Aging-Alzheimer's Association workgroups
on diagnostic guidelines for Alzheimer's disease. Alzheimers
Dement. 2011;7(3):280-292. doi: 10.1016/j.jalz.2011.03.003

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Jack CR Jr, Bennett DA, Blennow K, et al. NIA-AA Research
Framework: toward a biological definition of Alzheimer's
disease. Alzheimers Dement. 2018;14(4):535-562.

doi: 10.1016/j.jalz.2018.02.018

Lodder C, Scheyltjens |, Stancu IC, et al. CSFIR inhibition rescues
tau pathology and neurodegeneration in an A/T/N model with
combined AD pathologies, while preserving plaque associated
microglia. Acta Neuropathol Commun. 2021;9(1):108.

doi: 10.1186/540478-021-01204-8

Colangeli S, Boccia M, Verde P, et al. Cognitive Reserve in
Healthy Aging and Alzheimer's Disease: A Meta-Analysis of fMRI
Studies. Am | Alzheimers Dis Other Demen. 2016;31(5):443-449.
doi: 10.1177/1533317516653826

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.

doi: 10.1016/50140-6736(20)30367-6

Lemstra AW, de Beer MH, Teunissen CE, et al. Concomitant AD
pathology affects clinical manifestation and survival

in dementia with Lewy bodies. | Neurol Neurosurg Psychiatry.
2017,88(2):113-118. doi: 10.1136/jnnp-2016-313775

de Rooij SR. Are Brain and Cognitive Reserve Shaped by Early
Life Circumstances? Front Neurosci. 2022;16:825811.

doi: 10.3389/fnins.2022.825811

Barnes CA, McNaughton BL. Physiological compensation

for loss of afferent synapses in rat hippocampal granule

cells during senescence. ] Physiol. 1980;309:473-485.

doi: 10.1113/jphysiol.1980.sp01352

Norris CM, Korol DL, Foster TC. Increased susceptibility to
induction of long-term depression and long-term potentiation
reversal during aging. ] Neurosci. 1996;16(17):5382-5392.

doi: 10.1523/JNEUROSCI.16-17-05382.1996

Kunkle BW, Grenier-Boley B, Sims R, et al. Genetic meta-analysis
of diagnosed Alzheimer's disease identifies new risk loci and
implicates AB, tau, immunity and lipid processing. Nat Genet.
2019;51(3):414-430. doi: 10.1038/541588-019-0358-2

Soldan A, Pettigrew C, Albert M. Cognitive Reserve from the
Perspective of Preclinical Alzheimer Disease: 2020 Update. Clin
Geriatr Med. 2020;36(2):247-263. doi: 10.1016/j.cger.2019.11.006
Jessen F, Spottke A, Boecker H, et al. Design and first baseline
data of the DZNE multicenter observational study on predementia
Alzheimer's disease (DELCODE). Alzheimers Res Ther.
2018;10(1):15. doi: 10.1186/513195-017-0314-2

Yildirim Z, Delen F, Berron D, et al. Brain reserve contributes to
distinguishing preclinical Alzheimer's stages 1 and 2. Alzheimers
Res Ther. 2023;15(1):43. doi: 10.1186/513195-023-01187-9
Slobodin TN, Goreva AV. [Cognitive reserve: causes of decline
and protective mechanisms]. Mezhdunarodnyj nevrologicheskij
zhurnal. 2012;(3):161-165. Russian.

Seblova D, Berggren R, Lévdén M. Education and age-related
decline in cognitive performance: Systematic review and
meta-analysis of longitudinal cohort studies. Ageing Res Rev.
2020;58:101005. doi: 10.1016/j.arr.2019.101005.

Chen YR, Liang CS, Chu H, et al. Diagnostic accuracy of blood
biomarkers for Alzheimer's disease and amnestic mild cognitive
impairment: A meta-analysis. Ageing Res Rev. 2021;71:101446.
doi: 10.1016/j.arr.2021.101446

Irvine K, Laws KR, Gale TM, et al. Greater cognitive deterioration
in women than men with Alzheimer's disease: a meta-analysis.
J Clin Exp Neuropsychol. 2012;34(9):989-998.

doi: 10.1080/13803395.2012.712676


https://doi.org/10.1002/ana.410230206
https://doi.org/10.21518/2079-701X-2015-5-46-54
https://doi.org/10.1016/j.neuroscience.2020.11.015
https://doi.org/10.1523/JNEUROSCI.3269-07.2007
https://doi.org/10.1007/s12311-015-0687-3
https://doi.org/10.3390/ijms20225536
https://doi.org/10.18632/aging.204909
https://doi.org/10.1016/j.neurobiolaging.2017.09.002
https://doi.org/10.1016/j.neurobiolaging.2019.03.022
https://doi.org/10.1002/acn3.51120
https://doi.org/10.1016/j.neurobiolaging.2022.10.015
https://doi.org/10.1016/S1474-4422(09)70299-6
https://doi.org/10.1016/j.jalz.2011.03.003
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1186/s40478-021-01204-8
https://doi.org/10.1177/1533317516653826
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1136/jnnp-2016-313775
https://doi.org/10.3389/fnins.2022.825811
https://doi.org/10.1113/jphysiol.1980.sp01352
https://doi.org/10.1523/JNEUROSCI.16-17-05382.1996
https://doi.org/10.1038/s41588-019-0358-2
https://doi.org/10.1016/j.cger.2019.11.006
https://doi.org/10.1186/s13195-017-0314-2
https://doi.org/10.1186/s13195-023-01187-9
https://doi.org/10.1016/j.arr.2019.101005
https://doi.org/10.1016/j.arr.2021.101446
https://doi.org/10.1080/13803395.2012.712676

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

Harrison SL, Sajjad A, Bramer WM, et al. Exploring strategies

to operationalize cognitive reserve: A systematic review

of reviews. ] Clin Exp Neuropsychol. 2015;37(3):253-264.

doi: 10.1080/13803395.2014.1002759

Strizhickaja OJu. [Cognitive reserve, gerotranscendences and
psychological well-being in the aging period: theoretical and
empirical models]. Problemy sovremennogo pedagogicheskogo
obrazovanija. 2017;57(13):198-208. Russian.

Anderson JAE, Hawrylewicz K, Grundy . Does bilingualism
protect against dementia? A meta-analysis. Psychon Bull Rev.
2020;27(5):952-965. doi: 10.3758/513423-020-01736-5

Meng X, D'Arcy C. Education and dementia in the context of the
cognitive reserve hypothesis: a systematic review with meta-
analyses and qualitative analyses. PLoS One. 2012;7(6):e38268.
doi: 10.1371/journal.pone.0038268

Paulavicius AM, Mizzaci CC, Tavares DRB, et al. Bilingualism

for delaying the onset of Alzheimer's disease: a systematic
review and meta-analysis. Eur Geriatr Med. 2020;11(4):651-658.
doi: 10.1007/s41999-020-00326-x

Nelson ME, Jester DJ, Petkus A, et al. Cognitive Reserve,
Alzheimer's Neuropathology, and Risk of Dementia: A Systematic
Review and Meta-Analysis. Neuropsychol Rev. 2021;31(2):233-250.
doi: 10.1007/511065-021-09478-4

Minkova L, Habich A, Peter J, et al. Gray matter asymmetries

in aging and neurodegeneration: A review and meta-analysis.
Hum Brain Mapp. 2017;38(12):5890-5904.
doi:10.1002/hbm.23772

van Loenhoud AC, Groot C, Vogel JW, et al. Is intracranial
volume a suitable proxy for brain reserve? Alzheimers Res Ther.
2018;10(1):91. doi: 10.1186/513195-018-0408-5

Kang M, Ang TF, Devine SA, et al. A genome-wide search for
pleiotropy in more than 100,000 harmonized longitudinal
cognitive domain scores. Mol Neurodegener. 2023;18(1):40.

doi: 10.1186/513024-023-00633-4

Ligthart S, Vaez A, Vdsa U, et al. Genome Analyses of >200,000
Individuals Identify 58 Loci for Chronic Inflammation

and Highlight Pathways that Link Inflammation and Complex
Disorders. Am | Hum Genet. 2018;103(5):691-706.

doi: 10.1016/j.ajhg.2018.09.009

Bentley AR, Sung Y], Brown MR, et al. Multi-ancestry genome-
wide gene-smoking interaction study of 387,272 individuals
identifies new loci associated with serum lipids. Nat Genet.
2019;51(4):636-648. doi: 10.1038/541588-019-0378-y

Fleck JI, Kuti J, Mercurio J, et al. The Impact of Age and Cognitive

Reserve on Resting-State Brain Connectivity. Front Aging Neurosci.

2017;9:392. doi: 10.3389/fnagi.2017.00392

Rao G, Gao H, Wang X, et al. MRI measurements of brain
hippocampus volume in relation to mild cognitive impairment
and Alzheimer disease: A systematic review and meta-
analysis. Medicine (Baltimore). 2023;102(36):e34997.

doi: 10.1097/MD.0000000000034997

van Loenhoud AC, van der Flier WM, Wink AM, et al.

Cognitive reserve and clinical progression in Alzheimer disease:
A paradoxical relationship. Neurology. 2019;93(4):e334-e346.
doi: 10.1212/WNL.0000000000007821

Yang X, Wu H, Song Y, et al. Functional MRI-specific alterations
in frontoparietal network in mild cognitive impairment:

an ALE meta-analysis. Front Aging Neurosci. 2023;15:1165908.
doi: 10.3389/fnagi.2023.1165908

de Las Fuentes L, Sung YJ, Noordam R, et al. Gene-educational
attainment interactions in a multi-ancestry genome-wide

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

meta-analysis identify novel blood pressure loci. Mol Psychiatry.
2021;26(6):2111-2125. doi: 10.1038/541380-020-0719-3

Li X, Zhang Y, Zhang C, et al. Education counteracts the genetic
risk of Alzheimer's disease without an interaction effect. Front
Public Health. 2023;11:1178017. doi: 10.3389/fpubh.2023.1178017
Davydovskij IV. [The problem of causality in medicine]. Moscow:
Medgiz; 1962. Russian.

Mirza SS, Portegies ML, Wolters FJ, et al. Higher Education Is
Associated with a Lower Risk of Dementia after a Stroke or TIA.
The Rotterdam Study. Neuroepidemiology. 2016;46(2):120-127.
doi: 10.1159/000443649

Gatz M, Svedberg P, Pedersen NL, et al. Education and the risk
of Alzheimer's disease: findings from the study of dementia

in Swedish twins. ] Gerontol B Psychol Sci Soc Sci.
2001;56(5):292-300. doi: 10.1093/geronb/56.5.p292

Sharp ES, Gatz M. Relationship between education and dementia:
an updated systematic review. Alzheimer Dis Assoc Disord.
2011;25(4):289-304. doi: 10.1097/WAD.0b013e318211c83c
Jellinger KA. Basic mechanisms of neurodegeneration:

a critical update. J Cell Mol Med. 2010;14(3):457-487.

doi: 10.1111/j.1582-4934.2010.01010.x

Billman GE. Homeostasis: The Underappreciated and Far

Too Often Ignored Central Organizing Principle of Physiology.
Front Physiol. 2020;11:200. doi: 10.3389/fphys.2020.00200
Perneczky R, Kempermann G, Korczyn AD, et al. Translational
research on reserve against neurodegenerative disease:
consensus report of the International Conference on Cognitive
Reserve in the Dementias and the Alzheimer’s Association
Reserve, Resilience and Protective Factors Professional

Interest Area working groups. BMC Med. 2019;17(1):47.

doi: 10.1186/512916-019-1283-z

Stern Y. Cognitive reserve. Neuropsychologia. 2009;47(10):2015-2028.
doi: 10.1016/j.neuropsychologia.2009.03.004

Mankhong S, Kim S, Lee S, et al. Development of

Alzheimer's Disease Biomarkers: From CSF- to Blood-

Based Biomarkers. Biomedicines. 2022;10(4):850.

doi: 10.3390/biomedicines10040850

Dubois B, Hampel H, Feldman HH, et al. Preclinical

Alzheimer's disease: Definition, natural history, and

diagnostic criteria. Alzheimers Dement. 2016;12(3):292-323.

doi: 10.1016/j.jalz.2016.02.002

Kim J, Kim MS. An Overview of Cognitive Reserve in Aging Based
on Keyword Network Analysis. Inquiry. 2022;59:469580221139374.
doi: 10.1177/00469580221139374

Koberskaja NN, Tabeeva GR. [The modern concept of cognitive
reserve]. Nevrologija, nejropsihiatrija, psihosomatika.
2019;(11):96-102. Russian.

Sidenkova AP, Litvinenko VV, Serdjuk OV, et al. [Cognitive reserve
and education in adulthood and old age (literature review)].
Sibirskij vestnik psihiatrii i narkologii. 2019;(4):52-59. Russian.
Robitaille A, van den Hout A, Machado RJM, et al. Transitions
across cognitive states and death among older adults in relation
to education: A multistate survival model using data from six
longitudinal studies. Alzheimers Dement. 2018;(4):462-472.

doi: 10.1016/j.jalz.2017.10.003

Liberati G, Raffone A, Olivetti Belardinelli M. Cognitive reserve
and its implications for rehabilitation and Alzheimer's disease.
Cogn Process. 2012;13(1):1-12. doi: 10.1007/510339-011-0410-3
Valenzuela MJ, Sachdev P. Brain reserve and dementia:

a systematic review. Psychol Med. 2006;36(4):441-454.

doi: 10.1017/50033291705006264


https://doi.org/10.1080/13803395.2014.1002759
https://doi.org/10.3758/s13423-020-01736-5
https://doi.org/10.1371/journal.pone.0038268
https://doi.org/10.1007/s41999-020-00326-x
https://doi.org/10.1007/s11065-021-09478-4
https://doi.org/10.1186/s13195-018-0408-5
https://doi.org/10.1186/s13024-023-00633-4
https://doi.org/10.1016/j.ajhg.2018.09.009
https://doi.org/10.1038/s41588-019-0378-y
https://doi.org/10.3389/fnagi.2017.00392
https://doi.org/10.1097/MD.0000000000034997
https://doi.org/10.1212/WNL.0000000000007821
https://doi.org/10.3389/fnagi.2023.1165908
https://doi.org/10.1038/s41380-020-0719-3
https://doi.org/10.3389/fpubh.2023.1178017
https://doi.org/10.1159/000443649
https://doi.org/10.1093/geronb/56.5.p292
https://doi.org/10.1097/WAD.0b013e318211c83c
https://doi.org/10.1111/j.1582-4934.2010.01010.x
https://doi.org/10.3389/fphys.2020.00200
https://doi.org/10.1186/s12916-019-1283-z
https://doi.org/10.1016/j.neuropsychologia.2009.03.004
https://doi.org/10.3390/biomedicines10040850
https://doi.org/10.1016/j.jalz.2016.02.002
https://doi.org/10.1177/00469580221139374
https://doi.org/10.1016/j.jalz.2017.10.003
https://doi.org/10.1007/s10339-011-0410-3
https://doi.org/10.1017/S0033291705006264

75.

76.

77.

78.

Kunkle BW, Schmidt M, Klein HU, et al. Novel Alzheimer
Disease Risk Loci and Pathways in African American
Individuals Using the African Genome Resources Panel:

A Meta-analysis. JAMA Neurol. 2021;78(1):102-113.

doi: 10.1001/jamaneurol.2020.3536

Joshi PK, Esko T, Mattsson H, et al. Directional dominance
on stature and cognition in diverse human populations.
Nature. 2015;523(7561):459-462. doi: 10.1038/nature14618
Kawagoe T. Overview of (f) MRI Studies of Cognitive Aging

for Non-Experts: Looking through the Lens of Neuroimaging.

Life (Basel). 2022;12(3):416. doi: 10.3390/1ife12030416
Santiago JA, Quinn JP, Potashkin JA. Physical Activity Rewires
the Human Brain against Neurodegeneration. Int ] Mol Sci.
2022;23(11):6223. doi: 10.3390/ijms23116223

79.

80.

81.

82.

Khodadadifar T, Soltaninejad Z, Ebneabbasi A, et al. In search
of convergent regional brain abnormality in cognitive emotion
regulation: A transdiagnostic neuroimaging meta-analysis. Hum
Brain Mapp. 2022;43(4):1309-1325. doi: 10.1002/hbm.25722
Therriault ], Schindler SE, Salvadé G, et al. Biomarker-based staging
of Alzheimer disease: rationale and clinical applications. Nat Rev
Neurol. 2024;20(4):232-244. doi: 10.1038/541582-024-00942-2
Novikova MS, Zaharov VV. [The role of cognitive reserve

in the correction of cognitive impairment]. Povedencheskaja
nevrologija. 2023;(1):40-48. Russian.

Dainikova El, Pizova NV. [Cognitive reserve and cognitive
impairments: drug and nondrug treatments]. Nevrologija,
nejropsihiatrija, psihosomatika. 2014;(25):62-68. Russian.

doi: 10.14412/2074-2711-2014-25-62-68


https://doi.org/10.1001/jamaneurol.2020.3536
https://doi.org/10.1038/nature14618
https://doi.org/10.3390/life12030416
https://doi.org/10.3390/ijms23116223
https://doi.org/10.1002/hbm.25722
https://doi.org/10.1038/s41582-024-00942-2

