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ABSTRACT

Determining the boundaries of the norm and pathology of mental aging is an urgent scientific task. We
have formulated a hypothesis about the presence of a transitional period within the cognitive contin-
uum, which represents a borderline between normality and cognitive disorder; such a transitional state
is subjective cognitive decline. The outcome of this period depends on the interaction between disease
factors and protective factors, one of which is cognitive reserve.

The purpose: of this review is to systematize the current data in the field of research on subjective
cognitive decline and protective factors that prevent its transformation into cognitive disorder.
Materials and methods of research: A systematic review of scientific studies was conducted. The search
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was conducted using PubMed using the keywords: “subjective cognitive decline”, “subjective cognitive
impairment”, “cerebral reserve”, “cognitive reserve”, “Alzheimer’s disease”. The review includes an
analysis of 126 full-text literature sources. The significance of cerebral-cognitive reserve at various stages
of AD and the diagnostic boundaries of the concepts “Preclinical conditions of AD” and “Subjective
cognitive decline” are analyzed.
Conclusions: The analysis of scientific literature has shown the absence of clear terminological and
diagnostic boundaries regarding the definition of the preclinical stage of the disease and compensatory
mechanisms that deter the breakthrough of the disease into clinical level. At each stage of Alzheimer's
disease there is an interaction between destructive and protective processes. The reserve plays a pro-
tective role; it delays the onset of clinical manifestations of Alzheimer's disease. The subjective cognitive
decline is a transitional stage from a phenomenological cognitive norm to a clinically manifested pa-
thology. As Alzheimer's disease progresses, there is a transition from the protective role of the reserve to
its compensatory function. The defense mechanisms underlying the reserve concept are partially
controllable, which makes it possible to build strategies for correcting cellular homeostasis, brain
functions, behavioral and cognitive patterns.
© 2024 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

1. Introduction

pathological mental aging. They formulate the concept of “gradual
transition, continuity” between normal aging and the neurode-

Long-term preservation of intellectual longevity is determined
by the increasing proportion of older people in modern society,
their intense involvement in social activities, and the need to
maintain the ability for personal autonomy. The need for scientific
knowledge of mental aging is determined by the demand of
modern society to preserve high-quality cognitive abilities of older
citizens. Researchers are studying the boundaries of normal and
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generative process (e.g. Alzheimer's disease (AD)) [1—3]. The results
of several large-scale studies of aging demonstrate common
morphological changes in the brain of cognitively healthy elderly
people and patients with AD [4]. This has led some researchers to
ask the question, “Is AD excessive, accelerated aging?” [5]. Findings
from the Baltimore Longitudinal Study of Aging demonstrate
common morphological changes in the hippocampus, anterior
cingulate gyrus, posterior cingulate gyrus, and primary visual cor-
tex. The topographic sequence of AD development described by
Braak & Braak indicates the continuity and progressive progression
of AD, the absence of a clear boundary between normal
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evolutionary aging of the brain and accelerated aging due to neu-
rodegeneration [6]. However, some researchers believe that AD and
normal aging are dichotomous, that there is a clear boundary be-
tween normal aging and AD. They point to the persistence of
cognitive functions throughout life in normal aging and a steady
decline in cognitive neurodegenerative disease [7,3].

Modern ideas about the development of the neurodegenerative
process take it beyond dementia or mild cognitive impairment
(MCI) and include preclinical manifestations of the disease and
early pathophysiological changes in asymptomatic people [9—11].
Longitudinal studies show possible trajectories and changes be-
tween normal mental aging and AD and reveal an uneven course of
dynamics, a multi-year latent period, and a relatively short clinical
period of the disease.

It allows us to formulate the hypothesis of this study about the
presence of a transitional period within the cognitive continuum, a
borderline between the norm and cognitive impairment; such
transitional state is subjective cognitive decline (SCD). The outcome
of this period depends on the impact of biological and protective
factors, one of which is the cognitive reserve.

The purpose of this review is to systematize current data in the
field of research on subjective cognitive decline and protective
factors that prevent its transformation into cognitive disorders.

2. Materials and methods

A systematic review of scientific studies has been conducted.
The search was conducted on the basis of PubMed data using the
keywords: “Subjective cognitive decline”, “Subjective cognitive
impairment”, “cerebral reserve”, “cognitive reserve”, “Alzheimer's
disease”. The review includes an analysis of 126 full-text literature
sources. The significance of cerebral-cognitive reserve at various
stages of AD and the diagnostic boundaries of the concepts “Pre-
clinical conditions of AD” and “Subjective cognitive decline” are
analyzed.

3. Results and discussion
3.1. Cognitive continuum

In a broad sense, continuum is defined as a continuous sequence
in which neighboring elements do not differ noticeably from each
other, although the extreme values are different [9].

The poles of the cognitive continuum are the cognitive norm
and severe cognitive impairment — dementia. AD is a particular
model of cognitive impairment. From methodological point of view,
it is necessary to understand that continuity is a product of abstract
thinking and a property of an ideal object [10]. To realize the pos-
sibility of studying any continuous process, it is necessary to admit
that this continuity is represented by transitions from one element
to another. These elements are available for research. In case of AD,
the stages of the disease and transitional states between them can
act as such elements.

We believe that the role of transitional states is extremely
important, since they.

- maintain the continuity of the process, avoiding discreteness;

- are the nodal points that determine the nature of the dynamics
(progredient, stationary or regredient) of the pathological
process.

The analysis of scientific publications has shown that at present
the transition between healthy aging and preclinical AD has not
been clearly defined. Numerous observations show that the process
of conversion of normative cognitive aging into pathological aging
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is invisible and phenomenologically unmanifested, and depends on
the modulating influence of numerous factors [11].

The pathophysiological substantiation of the AD continuum,
according to a number of authors, is the etiological and pathoge-
netic multifactorial nature of this disease. Genetic mutations in
presenilin 1 (PS1), presenilin 2 (PS2), beta-amyloid precursor pro-
tein (APP) and trisomy 21, accumulation of beta-amyloid (Ap)
[12,13], tau-protein (t-protein) pathology, involvement of synaptic,
mitochondrial, metabolic, inflammatory, neuronal, cytoskeletal,
myelin and other changes affect the pathogenesis of AD [14,15].
According to modern concepts, the histopathological characteris-
tics of AD include:

1) accumulation of amyloid plaques — extracellular deposition of
AP protein, both diffuse plaques of amorphous, predominantly
non-fibrillar aggregates of AB, and neuritic plaques of fibrillar Ap
located in the B-pleated conformation;

2) formation of neurofibrillary tangles (NFT) — intraneuronal
bundles of aggregated ~t-protein, including hyper-
phosphorylated t-protein, forming paired helical filaments that
aggregate inside neurons with the formation of NFT, which leads
to impaired microtubule function, impaired axonal transport,
synaptic and neuronal damage;

neurodegeneration — progressive loss of neurons or their pro-

cesses (axons and dendrites) with a corresponding progressive

dysfunction of neurons and loss of neurons and synapses (at-

rophy) [16—18].

w
-

According to some authors, each biomarker follows a non-linear
temporal course, and in the process of disease progression, a
gradual change in the activity of biomarkers occurs. For a long time,
it had been believed that Ap pathology was ahead of changes in T—
protein and neurodegeneration [19]. According to modern con-
cepts, on the contrary, the gradual transition from normative
mental aging to pathological aging is due to the fact that neuro-
degeneration, axonal damage, and tau damage are ahead of
amyloidosis in individuals with prodromal AD [20—22]. Some au-
thors believe that the continual gradual nature of the disease
process in AD long before amyloidosis is due to the pathology of
neurofibrillary preglomeruli in the lower part of the brainstem, the
damage to the locus coeruleus, hippocampus, and association cor-
tex [23,24]. C.Jack et al. (2010) proposed a continuum model for the
development of AD. They divided the clinical stages of AD into three
phases: pre-symptomatic, prodromal, and final [14]. The authors
pointed out that the transition to each subsequent phase of AD is
determined by the interaction of two types of biomarkers:

- biomarkers reflecting the presence of the disease [25,26];
- biomarkers reflecting the stage (i.e. progression) of the disease
[27].

The model describes the trajectories of biomarkers in the pre-
clinical and clinical phase, when the symptoms of the disease
become apparent. This model recognizes the presence of AD pa-
thology even in the absence of symptoms, determining the need to
study the continuum in the preclinical phase by studying bio-
markers in clinically healthy individuals, and indicates that gradual
cognitive and functional impairments are observed as the disease
progresses [28].

The analysis of current research conceptualizes AD as a biolog-
ical and clinical continuum, covering the preclinical (clinically
asymptomatic individuals with signs of AD pathology) and clinical
(symptomatic) phases of AD [29].

It is still unclear whether there is a specific threshold or regional
distribution of AD pathology and/or a specific combination of
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biomarker abnormalities that predict the onset of clinical symp-
toms [30,31].

Predictive continuum models indicate that the initial decline in
cognitive functions lags behind the emergence of biomarkers by 15
years or more [32,33].

Observations show heterogeneity in the rate of transition from
the preclinical stage of the disease to the clinical stage, and some
elderly people have pathophysiological signs of AD, but do not have
symptoms of the disease throughout their lives. Long-term studies
have shown that conversion to clinical AD in such people does not
occur due to the combined influence of several factors: genetic
polymorphism, concomitant brain pathology, slow progression of
the disease, lifestyle factors, the volume of the cerebral-cognitive
reserve, premature mortality from competitive diseases [34—38].

Until recently, the clinical cognitive continuum was limited to
describing two key clinical stages of AD:

- MCI due to AD (prodromal AD)
- dementia in AD with mild, moderate and severe degrees of in-
tensity [39,40].

In recent years, the attention of researchers has been focused on
the phase preceding the mild cognitive impairment syndrome
(MCI) (i.e. “pre-MCI”) [41,42]. Some authors describe this phase as a
symptomatic onset of AD. There is early mild cognitive impairment
(Early Mild.

Cognitive Impairment (EMCI)) and late mild cognitive impair-
ment (Late Mild Cognitive Impairment (LMCI)) [43]. EMCI is
considered as a synonym for preclinical AD [44].

The results of separate studies have shown that somesubtle
signs of cognitive dysfunction consistent with EMCI may precede
AB-positivity several years before reaching the threshold of path-
ological accumulation of AP [45].

Although not all the authors support the theory of the cognitive
continuum, some researchers state that t-protein pathology can be
caused not by AD, but by the so-called primary age-related tau-
opathy (PART) and consider it as an independent pathological
process [46].

Most researchers consider AD as a multifaceted process moving
along a continuum, and not as a set of separate clinical stages
[47,48]. Currently, AD is a process in which pathophysiological
changes accumulate and eventually culminate in a clinically sig-
nificant disease, which then progresses with a gradual deteriora-
tion in cognitive and functional abilities, with significant individual
differences remaining along the continuum.

3.2. Preclinical conditions of Alzheimer's disease. Diagnostic
boundaries

The discussion around the definition of terminological bound-
aries of the early stages of AD repeats a typical epistemological
story about the formation of ideas about the manifest stages of
many known diseases. The disputes of the authors about the
criteria and methods for fixing the disease at its early stages are
expected, since we are talking about phenomenologically apparent
manifestations of the disease. The relevance of determining the
category of people with preclinical conditions is determined by the
need to identify the risk groups for AD. To solve this problem, re-
searchers are moving in two directions. Some researchers perceive
AD as a biological construct, so they direct their efforts to formulate
disease criteria based on the identification of biomarkers. Other
researchers focus on early deviations in cognitive functioning.

An international group of researchers (Investigator Working
Group (IWG), 2007) has identified two types of preclinical
conditions:
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- pre-symptomatic preclinical state or pre-symptomatic AD,
- asymptomatic state of risk of AD.

The “pre-symptomatic Alzheimer's disease” category indicates
that some people may develop full clinical Alzheimer's disease
because they carry an autosomal dominant monogenic mutation.
The autosomal dominant AD is quite rare - less than 1 %. In this form
of AD, highly penetrant mutations have been identified in three
genes that cause autosomal dominant AD: Amyloid precursor
protein (APP), Presenilin 1 (PSEN1), and Presenilin 2 (PSEN2).
Mutations in APP, PSEN1, and PSEN2 account for 5—10 % of early-
onset AD cases. For early and late AD types a strong genetic risk
factor has been identified - ¢4 allele of Apolipoprotein E (APOE).
However, these causative mutations are responsible for only a small
proportion of AD patients [49].

The state of “asymptomatic risk” is more controversial. In-
dividuals from the asymptomatic risk group have no clinical signs
of prodromal AD [34].

Nowadays several biomarker classification systems for AD have
been developed (Table 1).

The basis of the hypothetical model of the pathophysiological
cascade of AD is the sequence of development and interdepen-
dence of pathophysiological principles: accumulation of Af - syn-
aptic dysfunction - neurodegeneration - loss of neurons [50].

The biomarker model of preclinical AD reflects the nonlinear
dynamics of several biomarkers:

- decrease in AP 42 in the cerebrospinal fluid and intensive
retention of the amyloid indicator;

- high levels of T-protein in the cerebrospinal fluid;

- hypometabolism of the temporal region;

- atrophy of the medial temporal lobe, paralimbic and temporo-
temporal cortex [50].

The AD diagnosis criteria of the International Working Group
(IWG, 2014) indicate that the diagnostics of an advanced, complete
AD stage and monitoring of the course of the disease is possible in
case of a clinical picture of typical or atypical AD phenotype in
individuals with positive topographic AD biomarkers. These bio-
markers are detected using volumetric MRI and fluorodeox-
yglucose PET. To diagnose the preclinical AD state the presence of at
least one biomarker of Alzheimer’s pathology is necessary. Clinical
signs and symptoms of typical and atypical AD phenotypes should
be absent [51].

According to Dubois B. et al. (2016), groups of high and low risk
of AD development and progression can be distinguished. The au-
thors consider people with high abnormal levels of AB-markers and
t-markers to be at high risk of preclinical AD. If one abnormal
pathophysiological marker is identified, the development of clinical
AD is less likely. The researchers believe that the presence of tau-
opathy and amyloidopathy confirms AD even in the absence of
cognitive symptoms [52].

Jack CR. Jr. et al. (2016) distinguish 3 classes of major AD bio-
markers [53]:

A. detection of AP using amyloid-positron emission tomography
(PET) or detection of AB 42 in the cerebrospinal fluid;

T. appearance of t-protein by T-PET or appearance of t-protein
in the cerebrospinal fluid;

H. detection of neurodegeneration or damage to neurons using
PET or structural magnetic resonance imaging (MRI) [54].

The proponents of this concept are convinced that the combi-
nation of AP and cerebrospinal fluid T-biomarkers or PET helps to
detect individuals with low and high risk of AD [55].

Thus, some researchers use the term “preclinical AD” when
there is a high risk of developing the disease, based on abnormal
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Table 1
Biomarker classifications of AD.
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Authors The main content of the concept

Links

Sperling RA.et al., Hypothetical model of the pathophysiological cascade of AD: accumulation of AB causes neuronal damage,

https://pubmed.ncbi.nlm.nih.gov/

2011 synapticdysfunction, neurodegeneration. 21514248/

Sperling R.A. et al., Biomarker model of preclinical AD: each stage of AD has its own set of biomarkers. https://pubmed.ncbi.nlm.nih.gov/
2011 21514248/

DuboisB. et al., IWG-2014 criteria: volume of brain damage determined by type of AD and topographic biomarker of AD. https://pubmed.ncbi.nlm.nih.gov/
2014 24849862/

Dubois B. et al., At the preclinical stage, AD is diagnosed when amyloidopathy and tauopathy are detected. https://pubmed.ncbi.nlm.nih.gov/
2016 27012484/

Jack C.RJr. et al., Individual biomarker profile. https://pubmed.ncbi.nlm.nih.gov/
2016 “A” - AB; 27371494/

“T” - t-pathology;
“N"—signs of neurodegeneration or neuronal damage.

levels of AR and t-protein markers.
The predictive value of biomarkers is great. Results from longi-
tudinal studies show:

- the decrease in the level of AB42 in the cerebrospinal fluid (CSF)
precedes the appearance of the first symptoms of AD by 20 years
[9F;

- the appearance of t-protein in the cerebrospinal fluid is 15 years
ahead of the clinical manifestation of AD [55];

- the decrease in the volume of the hippocampus (entorhinal
cortex, subfield CA1, subiculum) precedes the onset of cognitive
decline by 4 years [37];

- atrophy of the prefrontal cortex precedes the decline in cogni-
tive functions by 6 years [38].

Prognostic factors that increase cognitive deficits in AR+ carriers
are heterogeneous. Even with long-term follow-up, some cognitive
improvements do not decline in older AR+ carriers. In A carriers,
over 15—54 months of observation, from cognitive norm to pro-
dromal AD in 13.5—22.9 % of cases [56,57]. Some authors clarify that
over 15 months of observation, the transition from normal to
reduced cognitive function in AR+ carriers was 18 % of the in-
dicators in Ap-negative cognitively intact elderly individuals;
cognitive status decreased in 5 % of observation cases [58]. When
studying the risk of transformation of a cognitive norm into mild
cognitive decline, it was found that AP carriers are 1.5—2 times
more likely to maintain their previous cognitive status than people
with AP and p-tau in the cerebrospinal fluid [59]. There is an as-
sociation between biomarkers of neurodegeneration, morpholog-
ical lesions and increased cognitive defects. During a year of
observation, in individuals with Ap+ and normal hippocampal size,
changes in the cognitive factor were 2.5 times less than in in-
dividuals with AP+, and the hippocampal risk assessment was
reduced [60].

A number of authors claim that the exaggerated importance of
biomarkers in AD diagnostics ignores the multifactorial nature of
this disease [61]. The authors of the Cochrane Review on Dementia
agree with this opinion, they point out that currently known bio-
markers are not sufficiently sensitive and specific for preclinical AD
diagnosis [62,63].

It was found that the decrease of not only memory, but other
cognitive functions as well (planning, word selection) can outpace
the appearance of MCI by 5 or more years. In case of autosomal
dominant AD variants complaints about the loss of memory occur
twelve years before MCI [39,40]. In certain cases, the duration of
subjective cognitive decline (SCD) among participants of prospec-
tive studies before the development of MCI lasted up to 15 years
[64,65]. Non-linear exposure to cognitive dysfunctions and
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biomarker load is observed in individuals with an amnestic sce-
nario of early AD. In several studies, the expected profile of AD
biomarkers was not confirmed in such people [66]. On the other
hand, many people with positive biomarkers do not have cognitive
impairment over several years of observation [67].

The overview of the problem of the preclinical stage of the AD
continuum takes into account the need of biomarkers determina-
tion and neuropsychological assessment.

3.3. Subjective cognitive decline. Diagnostic boundaries

Longitudinal cohort studies and separate clinical observations
show that some people are aware of some subtle changes in the
cognitive functions (episodic memory, psychomotor speed, verbal
fluency, concept formation) before they can be detected by
currently available tests [68].

Some authors consider the moment of appearance of subjective
cognitive problems as a symptomatic debut of AD. They are called:
subjective cognitive impairment (SCI) [69], subjective cognitive
complaints (SCC) [70], subjective memory impairment (SMI) [71],
and subjective memory complaints (SMC) etc. [72]. The introduc-
tion of the “Subjective Cognitive Decline (SCD) “category into
clinical practice makes it possible to distinguish this condition from
the norm, indicating its pathological nature [73].

According to the terminological consensus of the Working
Group of the Subjective Cognitive Decline Initiative (SCD-I) (2014),
SCD refers to a decrease in certain cognitive abilities compared to
the previous state of normality despite the normal results of
standardized cognitive tests [73,74].

Complementing the definition given by SCD-I, the authors note
that SCD is a self-experienced decrease in: immediate and delayed
verbal recall, speed of psychomotor information processing, exec-
utive functions, attention, visuospatial functioning, speech and
decision making [42].

Among individuals with SCD there can be distinguished “SCD+"
individuals if they have a positive AD biomarker [45,75,76].

In the applied aspect, the indications of states that include only
“cognitive” complaints are insufficient, since subjective complaints
about memory impairment occur in the vast majority of adults over
60 years of age, and only a small part of them have positive bio-
markers (<30 % at this age) [77]. At the same time, complaints of
older people about memory impairment may be caused by dys-
functions of other mental spheres. Memory impairments that older
people complain about are caused by various reasons:

- difficulty in concentrating,
- depressed mood,
- sleeping disorders,
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- various neurodegenerative diseases,
- side effects of drugs, etc.

Etiologically, SCD is a heterogeneous group of disorders,
including preclinical AD states and non-neurodegenerative states
(anxiety, mood depression) [78].

Abdelnour et al. (2022) indicate an increased risk of conversion
into clinical AD in the presence of anxiety, a positive AD biomarker
among elderly people with complaints about cognitive decline [79].

The diagnosis of SCD is based on an individual's self-report,
informant's report, and interpretation of the report by a
researcher [80]. For SCD diagnosis any connection between cogni-
tive complaints and any acute event (intense stress, trauma,
decompensation of a comorbid disease, etc.) is excluded. Stan-
dardized neuropsychological testing can detect cognitive deficits in
the absence of major functional deficits [76]. The basic activities of
daily living (ADL) and instrumental activities of daily living (IADL)
are not impaired in case of SCD. The informant confirms this [81].

SCD manifestations are persistent and last for at least 6 months
[77]. People with SCD may be more introspective and more sensi-
tive to the perceived changes in their own mental status [82]. They
often exhibit personality traits associated with increased levels of
stress, anxiety, and depression. Individuals with MCI and SCD who
are concerned about memory impairment are at higher risk of
developing dementia than those who simply confirm memory
impairment without much concern [83].

At the preclinical stage, cognitive decline develops gradually in
accordance with gradual AD progression [74].

The transition from pre-MCI to MCI represents the completion
of the stage of subjective cognitive decline [75]. According to a
meta-analysis, the annual rate of progression in subjects with SCD
to dementia is 2.33 %, the rate in those without SCD is 1 % [84].
Progression from the stages of adverse cognitive impairment to
MCI occurs in 7—37 % of case [47,48,85].

The analysis of the published data shows that the diagnostic
boundaries of subjective cognitive decline are blurred and the
prognosis is heterogeneous, despite the presence of biomarkers.
Along with the burden of neuropathology, structural/functional
changes in the brain, and the initial level of cognitive function, the
tendency of cognitively intact individuals with AP+ is further
modified by genetic factors (e.g., APOE 4 genotype, etc.), cognitive
reserve, comorbidities affecting cognitive function, lifestyle factors,
and others.

3.4. Concept of cerebral-cognitive reserve

The modern understanding of AD allows us to consider it
through the constructs of “vulnerability” and “stability” of the brain
as a dynamic system of dialectical interaction between the patho-
genic process and the protective process that prevents neuro-
degeneration. The concept of cognitive reserve (CR) is based on
observations of the discrepancy between the degree of brain pa-
thology and the severity of clinical manifestations. To describe the
brain's resistance to the development of damage due to a patho-
logical process, the concept of “reserve” was proposed as a pro-
tective factor that changes the impact of brain pathology on
cognitive functions. CR is the ability to optimize cognitive function
through differential engagement of brain structures or neural
networks in brain activity [86]. The current working definition of
CR includes:

1) assessment of brain damage affecting cognitive function
2) assessment of cognitive functions
3) measurement of a variable influencing (1) and (2) [87].

141

Translational Medicine of Aging 7 (2023) 137—147
3.5. Functions of the cerebral-cognitive reserve

According to researchers, CR mitigates the adverse effects of
pathological aging on brain functions [88].

Several possible directions of CR influence on cognitive func-
tions have been described:

1) CR may reduce the risk of MCI or dementia through mecha-
nisms, which do not depend on the level of neurodegenerative
pathological changes in the brain. For example, the indicators of
CR the level of amyloid in the brain independently predict the
time of the symptoms'onset [89].

2) CR may interact with markers of brain pathology or health to
influence future cognitive decline or risk of progression. The
protective effect of CR on positive outcomes decreases as the
number of damaged neurons increases [90].

3) The protective effect of CR increases during late AD onset and at
a low rate of the damaged substrate accumulation [91].

4) CRis reliable, changing the genetic determinant of brain aging in
humans [92].

The high CR weakens the association between age-related
structural changes in the brain, the amount of neuro-
degeneration, and cognitive function [93—97].

People with high reserve capacity are at lower risk of neuro-
degeneration, which affects brain structure and function, than
people with low reserve capacity. According to Lee DH et al., the
mechanisms underlying CR are involved in the selective strength-
ening and recruitment of connections between neurons. Studies
have shown that the preservation of cognitive abilities and execu-
tive function is the result of CR, despite a decrease in the volume of
the hippocampus, associative and fronto-parietal cortices in con-
ditions of increasing neurodegeneration. Incoherent functioning of
a brain region (brain network) is one of the most important aspects
of neurodegeneration. The compensatory function of CR allows one
to reorganize the activity of brain networks and preserve cognitive
functions [98,99].

The role of the reserve changes with the course of the disease
(Fig. 1).

CR plays different roles at different stages of aging and neuro-
degeneration. This has been studied in older people who maintain
high functional abilities:

1. CR acts as a neuroprotector in the early stages of aging. CR
mechanisms prevent the progressive depletion of the regulatory
function of the cortex, support motivational behavioral activity,
and ensure functional asymmetry of the hemispheres.

2. During the first stages of degeneration, CR changes its function.
CR mechanisms contribute to the preservation of the activity of
the frontal parts of the brain, compensate for the dysfunction of
these parts, allowing the preservation of cognitive regulatory
functions.

3. CR delays the onset of clinical manifestations of AD until the
reserve is depleted. In individuals with a large volume of CR,
clinical AD has vivid manifestations, a high rate of progression,
and is full of affective pathology and behavioral disorders. At this
stage, synaptic dysfunction, death of cholinergic neurons, and
damage to associative connections in the frontotemporal areas
are extremely high [100].

The mechanisms of CR are different in healthy people and in
people with neurodegeneration. During normal high-volume ag-
ing, CR provides a cost-effective yet efficient implementation of
brain networks into actual brain activity [101]. In people with
neurodegeneration, a large reserve of activity is associated with
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Fig. 1. Dynamics of activity of pathogenic factors and reserve during the course of the disease.

intense brain activity, an expansion of an expanded neuronal
network brought into play, which depletes brain structures [102].

3.6. Cytoprotective mechanisms of the cerebral-cognitive reserve

The main reserve mechanisms are based on the adequate
functioning of each individual brain cell and the quality of inter-
action between the cells. Therefore, the consideration of the sci-
entific problem of CR would be incomplete without the analysis of
the cytoprotective mechanism [103]. The predominant molecular
sign of aging and degeneration is an accumulation of altered gene
products. Several conditions, including protein, lipid, or glucose
oxidation, disrupt the redox homeostasis and result in the accu-
mulation of unfolded or misfolded proteins in the aging brain in
neurodegenerative diseases, the common denominator of which is
abnormal protein production, mitochondrial dysfunction, and
oxidative stress.

Some authors classify aging, pathological aging, and neuro-
degeneration as “protein conformational diseases” [104]. The cen-
tral nervous system has evolved a conserved unfolded protein
response mechanism to cope with the accumulation of misfolded
proteins [105].

The system of vitagenes one of the main intracellular redox
systems involved in neuroprotection; it becomes a potential neu-
rohormetic target for new cytoprotective interventions [106].
Vitagenes encode the cytoprotective heat shock proteins (HSP)
HSP70 and heme oxygenase-1, as well as thioredoxin reductase and
sirtuins [107]. The cellular stress response is the ability of a cell to
withstand stressful conditions, including the heat shock response
(HSR). The production of heat shock proteins is necessary for the
folding and recovery of damaged proteins, which contributes to cell
survival in order to avoid apoptosis [108].

The cell survival is facilitated by molecular chaperones, which
are proteins that function as part of our cells' ancient defense sys-
tem. They isolate damaged proteins and prevent their aggregation.
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Chaperone complexes are involved in the regulation of mitochon-
drial functions and the assembly of the cytoplasmic proteolytic
system of brain cells [109]. Chaperones protect the cell nucleus
after stress and promote the transportation of ribosomal subunits,
the mobility of steroid receptors within the nucleus, regulate
transcriptional networks, and maintain the ability of a brain cell to
recover in the event of environmental damage.

The cellular response to stress requires the activation of survival
pathways controlled by protective genes called vitagenes. Vita-
genes are a group of genes that are involved in maintaining cellular
homeostasis and play an important regulatory role in the adapta-
tion of cells and the whole organism to various stresses. Vitagenes
are involved in the production of heat shock protein molecules,
glutathione, and bilirubin [110]. They have antioxidant and anti-
apoptotic activity and provide protection against oxidative stress.
Studies have shown that the heat shock response contributes to the
maintenance of cellular homeostasis, the establishment of a cyto-
protective state in a wide range of human diseases, including
inflammation, cancer, aging, and neurodegenerative disorders
[111,112]. Endogenous proteins can be manipulated with food or
pharmacologically, which represents an innovative approach to
therapeutic intervention in neurodegenerative diseases, actually
affecting the reserve mechanisms and adaptive abilities.

3.7. Models of cerebral-cognitive reserve

Researchers indicate that the mechanisms of reserve are het-
erogeneous, which makes it possible to distinguish cerebral reserve
and cognitive reserve. Cerebral reserve reflects the state of the
brain, its size, the proportion of neurons affected by the patho-
logical process and healthy cells, the structural integrity and func-
tional activity of synaptic interactions. A large volume of cerebral
reserve ensures the brain's resistance to exogenous and endoge-
nous influences and neurodegenerative damage [113,114]. The
mechanisms of cerebral reserve are closely related to the pathology
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of tau protein and the area of its deposition in the medial and
inferior temporal lobes of the brain [115—118]. Individuals with
high cerebral reserve have significant deviations from the norm in
the severity of cortical atrophy, the concentration of tau and amy-
loid in the cerebrospinal fluid, and the deposition of amyloid and
tau protein in the brain. Such cognitively healthy individuals
postmortem show greater brain mass and a greater number of large
brain cells than individuals with low cerebral reserve. A decrease in
the volume of cerebral reserve (decreased intracranial volume,
smaller head size), especially in combination with a low level of
education, correlates with a high incidence of cognitive dysfunction
and dementia in old age [119—123].

The functioning of the cognitive (active) reserve is ensured by a
complex of morphofunctional and psychosocial factors:

A. Morphofunctional features of brain cells include a relatively
increased size of the neuron body, a large number of axons,
synapses, excessive synthesis of DNA and RNA, and intense ac-
tivity of presynaptic receptors [124].

. Psychological and social factors that develop during the previ-
ous years of life. They include the level of education and pro-
fessional affiliation, intelligence indicators, the amount of
leisure activities, cognitive, communicative, social, motivational
activity of the subject [125,126].

The cerebral reserve model and the cognitive reserve model
reflect the substrate and functional levels of brain function; this is a
single cerebral-cognitive reserve. Cerebral-cognitive reserve is dy-
namic and depends on environmental influences and life experi-
ences of the individual throughout life.

4. Conclusions

The analysis of scientific literature on the subjective cognitive
impairment and the role of cerebral-cognitive reserve in the
neurodegenerative process has shown the absence of clear termi-
nological and diagnostic boundaries regarding the definition of the
preclinical stage of the disease and compensatory mechanisms that
deter the breakthrough of the disease into clinical level. During the
aging process, both normal and pathological, the brain undergoes
many changes affecting various levels from molecular to organ. At
each level there is an interaction between destructive and protec-
tive processes. The gradual development of cognitive pathology
reflects the dynamic interaction of these processes. The reserve
concept posits that there are individual differences in the adapt-
ability (i.e., flexibility, efficiency, ability, compensation) of func-
tional brain processes that enable some individuals to cope with
age-related and disease-related brain changes better than others.
The reserve plays a protective role, delaying clinical manifestations
and ensuring the maintenance of adequate cognitive functioning.
Subjective cognitive decline reflects a transitional stage from a
phenomenological cognitive norm to a clinically manifested pa-
thology. There is a transition from the protective role of the reserve
to the compensatory function. As the basic pathology progresses,
there is a transition from structural to functional changes. The
cerebral-cognitive reserve may influence the timing of transition to
Alzheimer's disease. Even after anatomical signs of brain damage
are observed, the time before clinical conversion can be modulated
depending on the amount of reserve. The defense mechanisms
underlying the reserve concept are partially controllable, which
makes it possible to build strategies for correcting cellular ho-
meostasis, brain functions, behavioral and cognitive patterns. The
understanding of the mechanisms of aging and the factors that
determine life expectancy will help reduce age-related morbidity
and facilitate healthy aging. The concept of cerebral-cognitive
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reserve actualizes the problem of the search for compensatory
mechanisms of cognitive deficit in AD, the assessment of the
structure of the reserve, the development and implementation of
programs to maintain the reserve, the prevention of its depletion,
starting from the preclinical stage of the disease, which can prevent
the transformation of preclinical manifestations of AD into cogni-
tive disorders.
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