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Abstract. Frequent cases of pathological brain aging are an important
scientific and social problem. Some people have the ability to compensate
for the initial manifestations of pathological aging and delay the
development of the clinical phenomena of the disease. The concept of
“cognitive reserve” allows us to study the possibilities of increasing brain
stability in conditions of pathological aging. The identification of the
dominant form of thinking, converging or diverging, reveals possible
neurophysiological mechanisms of the cognitive reserve. Understanding
the mechanisms of formation of individual cognitive styles actualizes the
contribution of the “Education” factor to the development of the cognitive
reserve. The research material was scientific publications on the topic of
work. It was revealed that the “education” factor can realize its protective
effect on the pathological aging of the brain due to the formation of an
adaptive form of thinking. The data presented in this review make it
possible to substantiate the medical and social significance of educational
programs for people of mature and older age.

1 Introduction

Older people are increasingly seen as active participants in the process of social
development of modern society, this determines the need to maintain high subjective
activity of the elderly person and high cognitive abilities [1]. The participation of an aging
person in social and production processes is limited by cognitive disorders, which are an
example of pathological aging of the central nervous system. Most cases of cognitive
impairment are progressive in nature with a high risk of dementia [2,3]. The results of
individual studies show that in some people with amniotic type MCI with a high
concentration of amyloid in the brain it does not correlate with a decrease in their functional
and social activity [4,5]. That is, the risk of transforming mild cognitive impairment (MCI)
into dementia is not fatal.

Thus, the increasing involvement of older people in production and social processes
determines the need to maintain their high cognitive tone, which increases the relevance of
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research related to the study of biological reserves of the brain and psychological, social
mechanisms of adaptation of an elderly person.

2 Materials and Methods

The material of the study was scientific publications on the topic of work.

The general scientific method was applied: analysis of modern scientific literature on
the problem of research, generalization, comparison, systematization of theoretical data on
factors contributing to the preservation of normative parameters of cognitive functions in
the elderly.

3 Results and Discussion

Scientists describe the phenomenon of brain resistance and its function in connection with
age-related diseases. Some researchers compared the results of post-mortem histological
tests and intravital clinical observations and found that elderly people with a large brain
volume and a large number of neurons compared with age-comparable people did not have
clinical manifestations of cognitive impairment during their lifetime. It has been suggested
that these patients had a large “stock” of neurons and abilities that allowed them to
compensate for losses caused by Alzheimer's disease [6]. The concept of “cognitive
reserve” (CR) was put forward taking into account the individual characteristics of the
vulnerability of the brain to age-related and pathological changes (for example, to
Alzheimer's disease) [7]. Some authors indicate that a person’s susceptibility to the
development of brain pathology is the result of the interaction of multidirectional processes:
damage to brain tissue and the ability of the brain to maintain high functional activity due
to “brain reserve” (BR) [8]. The followers of this opinion believe that the calculated
indicator of the “brain reserve” is the totality of the “quantitative” parameters of the brain:
the total size of the brain, the number of neurons, synapses, density of dendrites, etc. [9].
This interpretation of the concept of “brain reserve” considers BR as a model of a passive
threshold, which predicts that after a certain quantitative ratio of pathological changes in
the central nervous system is reached, brain functioning will inevitably deteriorate. Some
authors describe the “cognitive reserve” (CR) in the framework of the active model,
indicating that the threshold for functional decline is determined not by quantitative
measurements of the brain, but by a set of changes determined by human experience [10].
From these positions, CR is defined as a brain resource that develops throughout life,
stimulates cognitive activity and protects a person from clinical signs of cognitive decline
[11]. Thus, the concepts of “brain reserve” and “cognitive reserve” make an independent
and synergistic contribution to understanding individual differences in the resistance of
brain functions to brain pathology [12].

Followers of the concept of “active cognitive reserve” believe that the reserve is
determined not by the volume of the brain, but by the quality of neural networks. Wide
neural networks allow you to efficiently process information, eliminating damaged links
from your chain. According to Y.Stern, the cognitive reserve is the ability of the brain to
optimize or maximize its performance due to the differentiated set of neuronal connections,
which leads to the use of alternative cognitive strategies [13]. Modern researchers are
actively studying the psychophysiological mechanisms of CR and the factors that influence
its formation. Existing data confirm the fact that CR acts as a protective mechanism of
cognitive impairment and as a factor that increases potential of to restore cognitive function
in the case of disorders [14,15].
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The reserve is the individual variability of the functional or structural integrity of the
nervous system, which changes the cognitive and behavioral abilities of a person in case of
brain pathology [16]. Understanding of this mechanism is promoted by the theory of the
global working space of the brain. According to this theory, the entire neuronal system of
the brain is a universal computing environment in which different tasks are assigned to
different areas, but in the absence of resources the brain can transfer this task to another
area. The result is a map of brain activity that corresponds to various tasks. With the
dominance of convergent thinking, the main attention is paid to the recognition of already
familiar information, ways to reuse it and increase the amount of stored information. With
the dominance of convergent thinking, the left hemisphere and interhemispheric
interference of information is weakened, which is associated with the insensitivity of
neurons to change their state when signals are received at their inputs (dendrites). With
pathological aging of the brain, aggregates of beta-amyloid destroy synapses. In
Alzheimer's disease, it was proven that peptide oligomers interact with CamKII protein
kinase and disrupt its normal mobilization. The main function of CamKIl is disrupted -
control of the plasticity of neurons and increased response to received signals. The synaptic
connection between the neurons responsible for storing information is broken. Amyloid
beta prevents the participation of the CamKIIl molecule in the activation of the synapse,
leads to degradation of the synapse and reduces the ability of this neuron to participate in
the transmission of information [17]. In the initial stages of the development of Alzheimer's
disease, the ability of the brain to compensate for the disease remains. When convergent
thinking dominates the subject, the inherent style of interaction with information excludes
the possibility of activating associative collaterals, which leads to cognitive deficiency with
a small number of painful brain lesions. The presence of divergent thinking allows a person
to evaluate several creative ideas at once, to make non-standard decisions. The dominance
of divergent thinking correlates with an increase in the volume of the right dorsolateral
prefrontal, right lower dark cortex. The degree of integral white matter of the brain (an
indicator of fractal anisotropy) according to the results of diffuse-tensor images positively
correlates with creativity. It is proved that the higher the index of fractal anisotropy, the
brighter the white matter of the brain and the better the index of myelination. The paths of
white matter facilitate the creative process through a sufficient integration of information
and various higher cognitive functions, such as working memory, constant attention,
generation of ideas, cognitive flexibility, which are vital for overcoming old ideas and
developing new models of thinking [18]. In the process of ontogenesis, the formation of
active synapses, dendrites and their myelination is replaced by the epigenetically
determined presence of neuronal efferent compounds. This second process is due to the
active influence of the environment and the subject’s activity of the individual. The
formation of the dominant form of thinking and individual cognitive style is formed
throughout the life of the individual. Education is the most significant factor influencing the
dominant form of thinking.

Education factor. One of the often mentioned protective factors traditionally assessed in
screening tools aimed at detecting dementia is “education” [19]. According to the
hypothesis of Ya.A. Mortiner (1988), education provides protection against age-related
dementia by increasing the “cognitive reserve” of the brain [20]. Studies conducted in
different countries (Brazil, China, Finland, France, Italy, Israel, Sweden, USA), confirmed
this hypothesis [21].

Epidemiology. A meta-analysis of 28 cohort studies revealed a 1.72-fold risk of
dementia (95% CI: 1.52-1.96) in people with a low level of education and a 40% reduction
in the risk of dementia at a high educational level [22]. Longitudinal studies of the risk of
dementia revealed an increase of 2.2 times in people with an education level of less than 8
years and 2.25 times with a low professional level compared to people with a higher



BIO Web of Conferences 22, 01016 (2020) https://doi.org/10.1051/bioconf/20202201016
Longevity Interventions 2020

education level or a higher professional level. Epidemiological studies of Arenaza-Urquijo
E. et al. They showed a lower prevalence / incidence of dementia in older people with a
high level of education [23].

Clinical signs. Having established that a high level of education, which determines the
cognitive reserve, is associated with a reduced risk of cognitive impairment even in people
with a high-risk genetic background (for example, carriers of E4 apolipoprotein), C.
Phillips (2017) examined the problem of the relationship between the “educational” factor
and the reserve CR in a new plane, suggesting that the quality and level of education
received change the “threshold” of the reserve, increasing it, while simultaneously
determining the “collapse” of a high cognitive reserve with a large accumulation of
pathological mother ala in the central nervous system [24]. This allows us to admit an
understanding of the “cognitive reserve” as a certain quantitatively measurable quantity
with a limited “volume”. For example, the work of A. David et al. (2014) demonstrated the
protective effect of education on cognitive preservation only at an early stage of atrophic
disecase. The authors observed a paradoxical effect of the “educational level” factor in
moderate and severe Alzheimer's disease, which was opposite to expectation. It has been
suggested that education is associated with a slower rate of cognitive decline before
disease, but a faster rate of cognitive decline after the occurrence of dementia. Upside down
indicates the complexity of the relationship between the "educational” factor and the
"cognitive reserve"”, since education does not completely delay the onset of cognitive
decline, moreover, it is associated with accelerated progression of cognitive loss in cases
where cognitive decline is phenomenologically represented [28]. The information provided
requires clarification of the features of education and other intellectual activities of persons
participating in such studies. The relationship between the quality of educational activities
and cognitive functions was observed only in participants with 12 years of education. This
suggests that education outside high school can soften the link between lower quality
education and lower cognitive testing effectiveness, which indicates the importance of
stimulating cognitive activity throughout life, which protects against phenomenologically
manifested cognitive decline [25].

The concept of cognitive reserve explains the results of numerous studies, which show
that the level of intelligence, general and professional education is a predictor that brain
damage should be significant enough before a functional deficit appears. The cognitive
reserve hypothesis states that the brain in individuals with a large cognitive reserve
processes tasks more efficiently.

The cognitive reserve model refutes the claim that there is a certain fixed threshold for
the number of neuronal synapses, beyond which a functional deficit develops. This critical
threshold differs in different people, depending on how efficiently the preserved neural
substrate is used.

Compensatory potential of the “education” factor. The British large-scale population-
based study of cognitive function and aging, lasting 12 years, evaluating the Cognitive
Lifestyle Score (CLS), as a combination of cognitive activity (education, professional
complexity) and social activity at different periods of life, revealed that a higher level CLS
protected against dementia (odds ratio = 0.6, 95% confidence interval: 0.4, 0.9). The
sensitivity analysis showed that this main effect was reliable and reproducible, taking into
account at least 2 components of the assessment: “education” + “occupation” or
“education” + “late age” [26]. The insufficiency of children's education for the subsequent
development of intelligence and protection from dementia was indicated by N. Scarmeas et
al. (2003), revealing that maintaining intellectual activity during the subsequent life is an
important factor in the formation of CR [27].

The value of cognitive activity in adulthood. The study showed that age-related
cognitive impairment is especially pronounced in cognitive (executive or executive) control
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impairments that are associated with “fluid intelligence” indicators, such as a person’s
ability to find non-standard solutions to familiar problems. The presence of a large number
of diverse experience data (“higher education” and “intellectual wealth of activity” during
life) correlates with an increased level of “fluid intelligence” and qualitatively cognitive
functioning in old age [28]. Opinions about the mechanism of maintaining the activity of
performing functions in the process of an active cognitive process are different. The results
of neural connections, the discovery that the number of dendrites negatively correlates with
the results of an intelligence test. This is an unambiguous assumption that in the process of
educational and cognitive activity of a person throughout his life there is a kind of
“selection” of qualitative neuronal connections [29]. Probably, not all education contributes
to the formation of a cognitive reserve. The use of tasks of various types in the educational
process increases the divergent mental possibilities and creative abilities of a person, while
formalized indicators of intelligence can remain at the same level. But the developing paths
of the white matter of the brain, which facilitate the creative process through a sufficient
integration of information and various higher cognitive functions, such as working memory,
constant attention, generation of ideas, cognitive flexibility, which are vital for overcoming
old ideas and developing new models of thinking, increase cognitive reserve. In the study
of neurochemistry “creative brain”, the concentration index of N-acetylspartate (NAA) was
used. This metabolite is involved in many physiological processes - in the transport storage
of aspartate and glutamate, in the formation of myelin and is a marker of the health of
neurons [30]. In the works of Russian authors, it was shown that the choice of a non-
standard solution is characterized by the presence of a front-right focus of maximum
activation at rest, while the left semantic region of Wernicke is strongly activated during the
solution. It is wrth recalling that this particular area of the brain is most vulnerable to
pathological aging, in particular for Alzheimer's disease. Divergent thinking is
accompanied by an increase in the “spatial complexity of the EEG” (that is, the number of
cell ensembles simultaneously involved in the work), which reflects, firstly, the destruction
of a stable mental associative habit and the extension of the activation region to previously
inactive ones, and secondly, a higher degree of freedom in the interactions of cortical neural
ensembles [31]. Creative behavior causes an increase in alpha synchronization, which
correlates with the performance of various cognitive tasks related to the involvement of
episodic short-term memory, visual-spatial working memory, and selective inhibition of
unnecessary information during visual-spatial orientation [32]. Persons with pronounced
divergent thinking when solving problems have higher rates of cerebral blood flow in the
prefrontal and frontotemporal regions than those with a convergent type of thinking. In the
study of glucose metabolism in solving problems of verbal fluency, a negative correlation
of results was shown [33].

4 Conclusion

Thus, studies show that the mechanisms of formation of the cognitive reserve are diverse.
Active cognitive reserve is formed in the process of educational and cognitive activity of
the subject. The nature of educational activities affects the formation of the dominant form
of thinking. Neurophysiological, neurochemical studies have proved that cognitive activity
based on the participation of divergent thinking makes a significant contribution to
enhancing the cognitive reserve.
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