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Resumo 

Dado o aumento da esperança média de vida e, consequentemente, a existência de 

uma população progressivamente mais envelhecida, a preocupação com a perda da 

cognição e memória com a idade torna-se cada vez mais relevante num contexto de saúde 

global. Contudo, a memória estabelece-se como um dos sistemas mais complexos do nosso 

cérebro e, como tal, o efeito de diferentes fatores no desenvolvimento e remodelação dos 

seus processos envolventes é ainda pouco conhecido. 

O objetivo deste artigo é rever a literatura existente relacionada com a prevenção da 

perda cognitiva associada à idade, dando ênfase aos processos de envelhecimento que 

influenciam os sistemas e mecanismos da memória, às teorias neurocognitivas 

predominantes sobre a sua manutenção e melhoria e, em especial, às intervenções mais 

abordadas que se apresentem como relevantes na prevenção do seu declínio. 

O cérebro e a memória são processos contínuos e dinâmicos, que dependem de 

diversos fatores e sofrem alterações significativas ao longo da vida, influenciando o seu 

desempenho em idades mais avançadas. Assim, está cada vez mais demonstrado que a 

manutenção da plasticidade e da integridade estrutural e funcional do cérebro pode ser o 

fator determinante para a conservação da memória e da cognição.  

Torna-se progressivamente mais evidente que a adoção de um estilo de vida 

saudável, com uma nutrição e atividade física reguladas e adaptadas com base nas lacunas 

e especificidades de cada indivíduo, juntamente com algumas intervenções pontuais, como 

treinos de reabilitação e desenvolvimento cognitivo, combinados ou não com tecnologias 

de estimulação transcraniana, representam o presente e futuro da prevenção, e até mesmo 

do tratamento, no campo da perda cognitiva. 

Mais investigação será necessária para fundamentar a verdadeira eficácia destas 

intervenções e fornecer as estratégias precisas sobre como podem ser aplicadas 

corretamente, com vista a se tornarem medidas concretas para evitar o declínio da memória 

com o envelhecimento. 

 

Palavras-chave: Memória e Envelhecimento; Perda de Memória; Declínio Cognitivo; 

Medicina Preventiva; Intervenção; Nutrição; Atividade Física; Treino Cognitivo 



Abstract 

Given the increase in life expectancy and consequently in the number of aged 

inhabitants, concerns about memory and cognitive decline are becoming increasingly more 

relevant in the global health context. However, memory is certainly one of the most 

complex processes in our brain and, for that reason, the effects of different factors on the 

development and on the vicissitudes of the memory processes are still hardly known. 

Therefore, the aim of this article is to review the existing literature associated with 

the prevention of age-related cognitive decline, giving emphasis on the aging processes 

that influence the memory systems and mechanisms, on the existing neurocognitive 

theories about the maintenance and improvement of the memory throughout the aging and, 

especially, on the most discussed preventive interventions that may play an important role 

in the development of age-related memory impairment. 

The brain and its memory are continuous, dynamic and factor-dependent processes 

that suffer significant changes throughout an individual’s lifespan, which influence their 

performance at older ages. For that reason, there is believed that maintaining the integrity 

and plasticity of the brain could be the crucial determinant for the preservation of memory 

and cognition. 

It is therefore becoming gradually more evident that a full lifestyle nutrition and 

physical activity plan, with adaptations based on the individual’s impairments and 

specificities, together with some punctual particular interventions like cognitive training 

and rehabilitation, combined or not with non-invasive brain stimulation, represents the 

present and the future of prevention, and even treatment, in the cognitive decline field. 

However, further research is required in order to substantiate the true effectiveness 

of these interventions and to provide detailed strategies of how to correctly apply them as 

concrete measures in the prevention of age-related memory decline. 

 

 

Key words: Memory and Aging; Memory Impairment; Cognitive Decline;                      

Preventive Medicine; Intervention; Nutrition; Physical Activity; Cognitive Training
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Introduction 

 

One of the main functions of the human brain is to accumulate knowledge over 

time so that the individual can benefit from experience.
(1)

 This process, known as memory, 

has an implicit (or non-declarative) and explicit (or declarative) functioning and is 

commonly divided in two components: working memory and long-term memory. Working 

memory is the process that is able to encode and retrieve the information collected by the 

sensorial system while long-term memory has the function of storing the data through 

several complex models of processing.
(2)

 

Given that memory is a system that is influenced by many factors in its extremely 

complex neuronal reaction chain, it is natural that it suffers corruption and quality loss 

throughout the normal aging process. However, this deterioration does not take place in a 

uniform way throughout the aging progression and, more than that, it has an enormous 

inter-individual variation. This occurs due to the numerous factors that may affect any of 

the multiple paths of the memory process and many studies suggest that changes in 

cognitive function in old age primarily reflect person-specific factors rather than an 

inevitable developmental process.
(3–7)

  

Much interest exist in faster than average memory performance decline for a certain 

age group, as it might be indicative of forthcoming diseases such as dementia, like the 

Alzheimer’s disease, which are physiopathologically relatively well described in the 

literature. However, despite the huge investment in the research of these diseases, currently 

no truly effective therapy has been established, being merely symptomatic treatments with 

no disease-modifying drugs yet developed.
(8–11)

  

This fact enhances the evidence that brain maintenance, in cellular, neurochemical, 

gray and white-matter integrity, and systems activation patterns levels, could characterize a 

successful memory aging and that a network-based approach directed to this goal, rather 

than a single target-based approach, may even be more effective for the treatment of 

cognitive decline.
(7,11,12)

 Moreover, a preventive medicine approach to this theme appears 

today as one of the main possible solutions for  successful memory aging and brain 

function in later life. 



Memory and Aging: What is the Real Role of Preventive Medicine? 
 _______________________________________________________________________________________  

8 
 

The goal of this article is to review the existing literature associated with the 

prevention of age-related cognitive decline, giving emphasis on the aging processes that 

influence the memory systems and mechanisms, on the existing neurocognitive theories 

about the maintenance and improvement of the memory throughout the aging and, 

especially, on the most discussed preventive interventions that may play a significant role 

in the development of age-related memory impairment. 
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Methods 

 

This review was based on literature search using MEDLINE – PubMed, 

ScienceDirect and APA PsycNET databases, from the date of database onset until May 30, 

2017. The list of searched terms included “memory impairment”, “memory loss”, 

“cognitive decline”, “aging”, “age-related”, “prevention”, “preventive intervention”, and 

specific terms related to each chapter of this review.  

The studies were included or excluded based on the relevance revealed by the title 

and the abstract. The inclusion criteria included randomized controlled trials or reviews of 

pharmacologic or non-pharmacologic interventions in adults with normal baseline 

cognition. As well, studies that investigated pathological forms of cognitive decline, 

including the development of mild cognitive impairment and progression to dementia, 

were included. The selected studies were published in English, between 1988 and May 

2017, except for a chapter from an historic book written in 1968. The search also included 

studies found in the references of the analyzed studies. 
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Memory and Aging  

 

Memory is defined, in a neurological way, as the faculty of the brain which enables 

it to encode, store and retrieve informational stimuli collected by the sensorial system 

throughout the experiences lived by the organism.
(13)

 This process is based on two 

interrelated foundations: firstly, the specific genetically programmed axonal connections 

that determine which sets of neurons will be responsive to which types of information, and 

secondly, the modifications in the synaptic strengths of these connections that establish a 

record of personal experience and enables the gradual accumulation of a knowledge base 

that is unique for each individual.
(1) 

 

Memory Systems 

Regarding the first proposition and taking into account the current neurological 

knowledge, the memory systems are divided into working memory and long-term memory.  

Working memory refers to the ability to temporarily maintain and manipulate 

information that one needs to keep in mind. As it requires active and conscious 

participation, working memory is an explicit and declarative memory system.
(14)

 There is a 

common misconception that working memory and short-term memory are synonymous, 

however the second concept involves just the simple maintenance of information over a 

short period of time which, together with other brain components like attention and 

concentration, generates the capacity to actively reorganize and manipulate the information 

held, forming the working memory.
(15,16)

 Numerous studies have shown that working 

memory uses a network of cortical and subcortical areas, being probably the main role 

taken by the dorsolateral prefrontal cortex in the manipulation and update of the 

information.
(17)

 The network of areas includes posterior brain regions that are linked with 

prefrontal regions to form a circuit, with many studies suggesting that the left dorsolateral 

prefrontal cortex is more involved in verbal tasks and the right dorsolateral prefrontal 

cortex in visuospatial tasks. More difficult tasks involving working memory require 

bilateral brain activation and an increase in the number of activated brain regions in the 

prefrontal cortex.
(15,18,19) 
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Although there is a general consensus that working memory is, among the cognitive 

functions, one of the most sensitive to impairment in older adults, there is disagreement 

concerning the mechanisms involved, involving three mainly discussed theories. One 

proposes that the limitation is based on a reduction of attention resources, being the highest 

attention demanding task the one that shows more impairment
(20)

; other theory shows that 

it can be explained by the reduced speed of the cognitive processes that is commonly seen 

in older adults, stating that slower processing allows more time for working memory 

contents to decay, therefore reducing effective capacity
(21–23)

; and finally there exists a one 

theory that is based on the lack of inhibitory control, which states that the failure to 

suppress irrelevant information in working memory may effectively reduce its capacity, 

denying access to the relevant information.
(24,25) 

West
(26)

 also proposed that, as working 

memory depends to a large degree on the pre-frontal cortex, the region which deteriorates 

more than other brain regions as we grow old, could be part of the explanation for the 

decline of working memory and other related cognitive functions.  

Even though the mechanisms underlying these age-related deficits are as yet poorly 

understood, it seems likely that attention, speed of information processing and the ability to 

inhibit irrelevant information are all important functions for effective performance of many 

complex cognitive everyday tasks such as decision-making, problem-solving and the 

planning of goal-directed behaviors, with the effects of such deficits being far-reaching in a 

person’s life. 

 

Regarding long-term memory, it can be divided into several types, namely, 

episodic, semantic, autobiographical, procedural and prospective memory. 

Episodic memory refers to memory for personally experienced events that occur in 

a particular place and at a particular time. It is the most advanced form of memory, which 

may be distinctly human, and is ontogenetically the latest to develop. It also appears to be 

the most susceptible to brain damage and the most affected by normal aging.
(15)

 It is 

believed that the major anatomical structures involved are the medial temporal lobes, 

anterior thalamic nucleus, mammillary body, fornix and prefrontal cortex, each one with 

different relationships in the memory process.
(19)

 The episodic memory problems 

experienced by older adults may involve deficient encoding, storage, or retrieval 

processes.
(15)
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Many of the common everyday memory lapses reported by normal older adults, 

such as forgetting where they parked their cars, likely involve poor encoding. These kinds 

of memory failures have generally been attributed to a reduced use of effortful encoding 

strategies, which depend particularly on prefrontal brain regions, like not giving enough 

meaning, elaboration or detail to contextual aspects besides the central content of the new 

information, which makes the memory traces less distinctive and more similar to others, 

thereby more difficult to retrieve – this is sometimes referred to as a source memory 

problem.
(27)

 In what concerns the storage problems of episodic memory, consolidation is 

thought to involve the binding of various aspects of the experience into a composite 

memory trace. What is believed to fail is the extent to which an event is bound to its spatial 

and temporal context. This feature critically depends on medial temporal lobe structures, 

particularly the hippocampus.
(15)

 Although it is clear that retrieval is at least partly 

dependent on encoding (well-encoded information is easier to retrieve), there are also 

effortful retrieval processes that appear to be impaired by aging. In some tests, it was 

demonstrated that recollection, which requires effortful retrieval of episodic detail, is 

impaired with age, whereas the more automatic judgments of familiarity, more related to 

encoding, are intact.
(28)

 Evidence from functional neuroimaging and neuropsychological 

studies suggests that these more strategic retrieval processes depend on the prefrontal 

cortex, as well as the hippocampus.
(29,30)

 

Semantic memory, which is believed to be stored in a variety of regions in the 

posterior neocortex, refers to one’s store of general knowledge about the world and 

knowledge of words and concepts. Such information is not tied to the space or time of 

learning, and its retrieval is generally prefaced with “I know”. Normally, aging older adults 

do not have significant impairments in semantic memory, in fact, their knowledge of the 

world often exceeds that of young people.
(15,31)

 

Autobiographical memory involves memory for one’s personal past and includes 

memories that are both episodic and semantic in nature and is believed to have a strong 

emotional association. As previously stated, episodic memory can be affected while 

semantic memory does not experience significant impairment through aging, which is 

exposed in the behavior of autobiographical memory throughout time. Levine et al.
(32)

 

measured, through autobiographical interviews, younger and older adults recalling events 

from 5 life periods. He revealed that whereas younger adults were biased toward episodic 
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details reflecting happenings, locations, perceptions, and thoughts, older adults favored 

semantic details not connected to a particular time and place. This suggests that although 

memory for personal semantics is intact in old age, memory for specific episodic or 

contextual details about one’s personal past may be impaired. However there is a probable 

mechanism of memory transition between these two components which helps the 

maintenance of the autobiographical knowledge through aging.
(15,33)

 

Procedural memory refers to the ability to learn behavioral and cognitive skills and 

algorithms that are used at an automatic, unconscious level, belonging to the implicit type 

of memory. These highly skilled activities are acquired slowly through extensive practice 

and depend on several brain regions, including the basal ganglia, the supplementary motor 

area and the cerebellum.
(19)

 Studies show that procedural memory can be spared in patients 

who have severe deficits of the episodic memory system, such as patients with Korsakoff’s 

syndrome or Alzheimer’s disease (AD), or who have undergone surgical removal of the 

medial temporal lobes, which demonstrates that procedural memory depends on a memory 

process that is separate and distinct from the episodic memory and semantic memory 

systems.
(34)

 In general, older adults show normal acquisition of procedural skills in both 

motor and cognitive domains and retain them across their lifespan. With high levels of 

expertise there is often little slowing of skilled performance with age as some individual 

components of the skill may decline.
(15)

 

Prospective memory, in contrast to retrospective memory, is the form of memory 

that involves remembering to carry out intended actions at an appropriate point of time in 

the future. Prospective memory tasks are integrated in our lives, including mundane 

demands like remembering to put the cap back on the toothpaste or remembering to email 

back a friend, but also activities that are critical to maintaining life, like remembering to 

take the medication or remembering to carry out safety checks before a long car drive.
(35)

 

Some studies comparing groups of people of different ages suggest that there is a continual 

improvement of prospective memory since childhood but that a decline begins in late 

adulthood when prospective responding becomes less accurate and slower than in younger 

adults.
(36–38)

 This type of memory may rely on some aspects of working memory to 

maintain future intentions over time, and is also likely to involve divided attention, both 

functions that show age-related deficits. Prospective memory and episodic memory tend 

not to be correlated and probably depend on different regions of the prefrontal cortex.
(15)
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Besides working memory, it appears that episodic memory is the main issue in what 

concerns the memory decline in aging, with prospective memory also having a role in this 

matter. It seems that the specificity, detail and context – source monitoring – of the 

information to be encoded, stored and posteriorly retrieved by the older age memory 

systems may be a critical determinant of the observed age differences.
(15,39,40)

 The ability to 

bind pieces of information together as a coherent whole is reduced since older adults are 

also impaired at forming new item-context correct associations.
(43,44)

 

There is also some suggestion that age-related deficits in memory may be reduced 

because of the emotional content, personal importance or social relevance of the event, 

meaning that the emotional weight of the encoded memory may be an important variable. 

Nevertheless, there are also adverse effects related to the humor, negative emotions or 

stress levels of the individual, as well as the so called memory self-efficacy, which 

indicates that older people do not have confidence in their own memory performances, 

leading to poor consequences.
(43,44)

 

 

Synaptic Strengths 

As previously mentioned, the synaptic strengths of an individual’s brain play an 

imperative role in the expression of the memory process. The patterns of the modifications 

of these connections are acquired thought an individual’s experiences, and so, not encoded 

at the level of the genome and not transmitted through mitosis.
(45)

 As an inevitable 

outcome of this arrangement, each neuron in the brain becomes exposed to the cumulative 

effects of biological deterioration throughout the life span.
(1) 

The mechanism of these neuronal modifications, known as synaptic plasticity, can 

result, over time, in either a decline in the efficacy of the synapse, called depression, or an 

improvement, called potentiation. Long-term potentiation (LTP) produces a long-lasting 

increase in signal transmission between two neurons and is a form of synaptic plasticity 

that fulfils many of the criteria for a neural correlation of memory and learning. The 

opposite version is called long-term depression (LTD), which produces a long-lasting 

decrease in synaptic strength, having also a role in these processes.
(46,47)

 

There are several underlying mechanisms that cooperate to achieve synaptic 

plasticity, including changes in the quantity of neurotransmitters released into a synapse 
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and changes in how effectively cells respond to those neurotransmitters.
(48)

 Two well-

known molecular mechanisms involve the NMDA and AMPA glutamate postsynaptic 

receptors. Glutamate binding causes the AMPA receptors to open, which enables the flow 

of Na
+
 into the postsynaptic cell, resulting in a depolarization. NMDA receptors, however, 

do not open directly because their pores are at the resting membrane’s potential 

conformation, occluded by Mg
2+

 ions. For that to not happen, a strong depolarization lead 

by the AMPA receptors completely displaces the magnesium ions that block the NMDA 

ion channels and allows calcium ions to enter the cell. This Ca
2+

 triggers the upregulation 

of AMPA receptors to the membrane, which results in a long-lasting increase in excitatory 

postsynaptic potential size, causing LTP. Weaker depolarizations only partially displace 

the Mg
2+

 ions, resulting in less Ca
2+

 entering the post-synaptic neuron, and so, lower 

intracellular calcium concentrations. This process then activates protein phosphatases and 

induce LTD.
(49–51)

 The second mechanism depends on a second messenger cascade 

regulating gene transcription and changes in the levels of key proteins at synapses such as 

calcium/calmodulin dependent protein kinase II (CaMKII) and protein kinase AII (PKAII). 

The activation of the second messenger pathway, with the calcium influx from NMDA 

receptors, leads to augmented levels of these protein kinases within the dendritic spine, 

which increases its volume and is linked to LTP processes such as the addition of AMPA 

receptors to the plasma membrane and phosphorylation of ion channels for enhanced 

permeability. This is a focal stimulation process and is inactivated before spreading to 

adjacent spines, enabling particular changes in protein activation to be confined to a single 

dendritic spine, enhancing their responsivity.
(52,53)

 

Long-lasting modifications in synaptic transmission also depend on the number of 

presynaptic contacts on dendritic spines. This is improved by increasing the population of 

spines that are contacted by multiple presynaptic terminals. Also, by changing the 

cytoskeletal structure of dendritic spines, spines are lengthened and the possibility of 

synaptic contacts with the axonal terminals of the presynaptic cell is increased. These two 

processes are modulated by the activin molecule, which is upregulated during the early 

stage of LTP, and results in long-term maintenance of the potentiation.
(54)

 

It is important to refer that LTD is one of the main processes to selectively weaken 

specific synapses in order to make constructive use of synaptic strengthening caused by 

LTP. This is necessary because, if allowed to continue increasing in strength, synapses 
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would ultimately reach a ceiling level of efficiency, which would inhibit the encoding of 

new information.
(55)

 

Given that this is a natural outcome, many researchers have suggested that changes 

in the synaptic function provide a principal physiological correlation of brain aging and 

memory decline.
(56–58)

 

There are several mechanisms that may possibly contribute to the observed synaptic 

plasticity age-related impairments, namely loss of synaptic contacts, decreased 

neurotransmitter release, and reduced postsynaptic responsiveness to the transmitter.
(57)

 

This leads to deficits in the induction and maintenance of LTP and lower thresholds for 

depotentiation – defined as the process of reversing the previous LTP, returning the 

synapse to its original state – and long-term depression. This shift in the balance of LTP 

and LTD could impair the encoding of memories and enhance the erasure of memories, 

therefore contributing to the cognitive deficits experienced by aged individuals.
(56)

 

The hippocampus is one of the most intensely studied regions of the brain, in terms 

of aging, due to the fact that memory processes that depend on the hippocampus are highly 

susceptible to disruption with advanced age. The available data suggests that alterations in 

hippocampal morphology, biochemistry, and physiology are linked to a shift in the 

susceptibility to induction of synaptic plasticity.
(59,60)

 Since several forms of hippocampal 

synaptic plasticity are dependent on calcium
 

channel function and subsequent Ca
2+

 

dependent processes, including the Ca
2+

 dependent enzymes, there is believed to exist a 

strong link between altered Ca
2+

 homeostasis and memory deficits associated with 

aging.
(61)

 One of the main processes by which this is supposed to happen is that the altered 

Ca
2+

 regulation leads to an increase in the amplitude of the afterhyperpolarization phase - 

the action potential's phase where the cell's membrane potential falls below the normal 

resting potential - which shapes the threshold for LTP induction. The synaptic NMDA 

receptors are also affected, and so the LTP maintenance and expression, representing the 

reduced cell excitability and the increased susceptibility to LTD a functional lesion in the 

memory system.
(59,62,63)

  

Although normal aging may be accompanied by some loss of neuronal elements, 

including changes in the branching of axons and in the number or size of synaptic contacts, 

the overall results suggest that significant cell loss is not required for the appearance of 

age-related cognitive deficits.
(56,60,64,65)
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Therefore, there appears to be an evident conclusion that cognitive deficits and 

brain aging are not due to a single factor, but to an extremely intricate multifactorial route 

where several processes simultaneously interact and operate at different levels of 

functional organization.
(59,66)

 

In fact, the recent research surrounding aging and senescence describes the 

phenomenon as a network between programmed and damage-related factors: while the 

programmed theories imply that aging follows a biological timetable, with progressive 

changes in the genetic maintenance system together with endocrine and immunological 

factors; the damage theories highlight environmental assaults to the organisms that induce 

cumulative damage at various levels.
(67)

 As a consequent inference, in complex systems, 

such as the brain, aging is believed to depend on an interaction among three major 

variables: time; the constitutional and genetic background of the vehicle within which time 

flows and its evolution; and the cumulative impact of encounters with diverse events such 

as stress, hypertension, oxidation, head trauma, exposure to xenobiotics, and so on.
(45)

  

Concluding from that, the assumption that lower memory scores in groups of older 

people reflect changes that are intrinsic to aging, that is to say, only caused by the passage 

of time, is a false statement. Such changes also reflect the impact of some specific, 

probably ordinary, but theoretically preventable events. Aging may not cause these events 

but may increase the probability of encountering them. 

Differentiating the inevitable consequences of time from the cumulative but 

preventable impact of stochastic phenomena embedded within time is one of the most 

important goals of current research on aging.
(1,45)

 

Why do certain individuals age successfully? 

 

One of the main questions that are raised is why certain individuals age 

successfully? It is known that while some elderly subjects show losses, in different degrees 

of severity in various tests of cognitive performance, even without these deviations being 

precipitated by illnesses, others are able to perform within the normal range, sometimes 

even higher when compared with younger adult subjects.  
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Evidencing the relevance of this fact, several studies show that the individual rates 

of change in cognitive function through aging express considerable heterogeneity and that 

this inter-individual variability seems to increase within aging. This is present not only in 

cognition but in other biological, social, and behavioral variables, which strongly 

challenges age-based generalizations and clinical prognosis.
(68–71)

 

Bearing this in mind, there may be a group of individuals who, because of either good 

environmental fortune or genetic makeup, may manage to age without major changes of 

mental acuity, keeping the memory performance levels distinctly above average normative 

values. This is the group that is targeted by the Northwestern SuperAging Project.
(1,72) 

In 

this study, several relevant conclusions were taken: 

 MRI imaging revealed that the anterior cingulate cortex – a region involved in 

certain higher-level functions, being indirectly related to episodic memory – of 

SuperAgers was significantly thicker than the same area in aged individuals with 

normal cognitive performance, and, more than that, were also greater than the same 

area in a group of much younger, middle-aged individuals; 

 Unusually low incidence of the ε4 allele of apolipoprotein E (ApoE) – whose 

presence promotes earlier AD onset
(73)

 – was found in the SuperAgers’ group 

providing a potential substrate for the apparent resistance of the group to age-

related decline of cortical functionality, cortical atrophy, and Alzheimer-type 

degenerative changes; 

 Postmortem detection of neurofibrillary tangles – known markers of Alzheimer 

pathology but also common in elderly individuals with mild or not known cognitive 

or neurological impairment
(74,75)

 – revealed that their density in the anterior 

cingulate region was lower in SuperAgers than in the control groups, suggesting 

that this resistance may promote the preservation of memory function in advanced 

age. In what concerns the amyloid plaques no relevant difference was found and 

actually greater density was discovered in elderly individuals identified as 

cognitively normal, which is consistent with recent reports showing that amyloid 

plaque density is poorly correlated with cognitive states
(75,76)

; 

 There were no differences in total neuronal size or count between subject groups, 

with this finding being consistent with other studies showing that neuronal number 
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and size do not necessarily vary with changes in age-related brain structure or 

cognition
(77,78)

; 

 The number of von Economo neurons – a still not well-studied group of neurons 

that are suggested to have selectively emerged in phylogenetically advanced 

species playing an important role in the rapid transmission of behaviorally relevant 

contextual information related to social interactions
(79–81)

, and that are also 

especially vulnerable in neurodegenerative disorders
(82,83)

 – was considerably 

higher in the anterior cingulate of SuperAgers compared with age-matched controls 

and individuals with pre-dementia states. 

In conclusion, this study showed that excellent memory capacity in late life is a 

biological possibility and, more than that, there exists a biological signature which may 

provide a foundation for future exploration of the factors that promote resistance to age-

related involutional phenomena.
(72)

 

 

Theories on neurocognitive aging 

Relevant to this is the definition of the terms brain reserve and cognitive reserve. The 

reserve concept accounts for the susceptibility differences between individuals to age-

related or pathologic brain changes. 

Brain reserve is a passive model that can be defined as the brain’s resilience, as it can 

tolerate more damage before it reaches a critical threshold for clinical symptoms to 

appear.
(84)

 The definition was initially restricted to an increased brain size and the number 

and dimensions of neuronal connections
(85,86)

, but today it is well-known that this model 

cannot be entirely quantitative as the growth of new neurons, in the form of neurogenesis, 

when in stimulating environments, can be highly significant.
(87,88)

 More than that, there is 

evidence that this static definition makes sense being interdependent and related with the 

dynamic concept of cognitive reserve, creating the notion of global reserve. Cognitive 

reserve is a model in that, in the face of neurodegenerative changes that are similar in 

nature and extent, individuals vary considerably in the severity of cognitive aging and 

clinical dementia symptoms.
(89)

 It suggests that early and mid-life intelligence and 

environmental factors such as education, linguistic ability and occupation, as well as 

lifelong dietary and lifestyle habits, or even cognitively stimulating behaviors, personality 
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factors and the like, contribute to a reserve that protects against decline despite 

neuropathology or age-related damage.
(84,90,91)

 This proposition, although receiving both 

enthusiastic
(92)

 and reluctant
(93)

 support by recent studies, opens an optimistic window 

showing that the brain, both passively and actively, attempts to cope with brain changes, 

and that even modifications in lifestyle later in life may have an impact against age-related 

cognitive decline. 

Therefore, this raises an important question about the factors that contribute to this 

resilience since cognitive reserve may be based on a more efficient utilization of the 

operating brain networks or on an enhanced ability to recruit alternative brain networks as 

necessary. Recent studies aim to distinguish or combine the neuroscience models of 

reserve and compensation.
(94)

 

Compensation is defined as the brain’s capacity to maximize performance in the face 

of impairment by using different structures or networks previously not engaged. Several 

recent studies indicate that there is an ability to perform the same task using different 

neural circuitry in older adults, namely by recruiting prefrontal cortex regions contralateral 

to those most active in younger adults, which also happens in high vs low-performing older 

adults, having bilateral prefrontal activity and therefore reducing the characteristic 

hemispheric asymmetry of cognitive processes
(95–97)

; there is also a posterior-anterior shift 

where age-related changes in the brain negatively affects occipital, parietal and medial-

temporal activity, overactivating the prefrontal region
(98,99)

; and the characteristic older 

age’s loss of default network activity deactivation is probably compensated by 

hippocampal and prefrontal overactivation.
(100,101)

 

This compensation model, together with the dedifferentiation hypothesis – an 

alternative vision which states that there is an age-related decreased processing specificity 

or regional specialization, being a negative plasticity view in contrast, but possibly 

harmonizing, with the beneficial compensatory over-recruitment view
(102,103)

 – challenge 

the traditional doctrine of localization of function, the idea that brain functions were only 

mediated by and localized in specific brain regions throughout all the individuals life. 

Considering all of this, one of the main proposed theories about the neurocognitive 

aging is the Scaffolding Theory of Aging and Cognition (STAC)
(104)

, which integrates 

evidence from structural and functional neuroimaging to explain how the combined effects 

of adverse and compensatory neural processes produce varying levels of cognitive 



Memory and Aging: What is the Real Role of Preventive Medicine? 
 _______________________________________________________________________________________  

21 
 

function. According to STAC, the brain responds to the both previously described 

structural and functional range of neural challenges by forging alternative neural circuitry, 

called scaffolds, which are represented by patterns of overactivation and permits 

individuals to maintain a high level of cognitive function at advanced ages. The extent of 

the neural deterioration together with the effectiveness of new compensatory scaffolds, 

allow for the prediction of the overall level of cognitive function. It is also important to 

state that scaffolding is affected by experiences, like new learning, enhanced 

cardiovascular and global health, exercise, stimulating activities and cognitive training, as 

well as life-course events, which is a designation that integrates the influences of important 

determinants through the course of aging, as the accumulation of life experiences, genetic 

and environmental impact, that either enhance or deplete brain resources. With this said, 

scaffolding is a lifelong process, beginning in childhood and moving across the entire 

lifespan, where the individual is confronted with cognitive challenges to which the brain 

must adapt.
(104–107)

 

This is still a theory on test, and the relevance of the positive compensating factor to 

age-related cognitive impairment, in comparison with the negative dedifferentiation 

influence, is being questioned in recent studies
(108,109)

 based on a probable overvalued 

interpretation of overactivation of neural circuitry (mainly recognized by cross-sectional 

analyses) compared to the brain’s under-recruitment phenomenon (mostly observed in 

longitudinal analyses)
(110–112)

. Taking this into consideration, some studies claim that the 

brain’s maintenance view, which focuses on a relative lack or postponement of senescent 

anatomical and neurochemical brain changes as the key to conservation of the activation 

patterns that resemble those of younger adults, is the best interpretation to proficient 

performance in older adults. This theory states that neurocognitive interventions do not 

induce novel brain re-adaptations in older adults but may improve performance by 

reducing age-related changes in various aspects of the brain’s physiology. For this reason, 

maintaining the integrity of the brain could be the crucial determinant for the preservation 

of memory and cognition in old age.
(7,113)

 

Despite the evident lack of certainty that is the corollary of a theory, it appears to be an 

important conclusion that the brain and its memory are continuous, dynamic and factor-

dependent processes that suffer changes throughout an individual’s lifespan that influence 
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their performance at older ages, therefore opening a way for possible significant preventive 

interventions that could truly impact age-related memory decline.   

Preventive Interventions and their Efficacy  

 

Given the increase in life expectancy and consequently in the number of aged 

inhabitants, memory and cognitive decline is becoming an important concern not only for 

the elderly but for the general population. This is reflected by the growing number of 

patients with a fear of dementia or concerns about their own forgetfulness, being given to 

these concerns further importance despite the still existent undervaluation in clinical 

practice.
(114,115)

 

One important definition is the Mild Cognitive Impairment (MCI): this involves a 

cognitive decline greater than normally expected for an individual's age and education 

level but which does not notably interfere with activities of the daily life.
(116)

 It is believed 

to affect 16% to 20% of people over the age of 65 years, according to the majority of the 

reviewed worldwide studies from a 2013 review.
(117)

 There is an amnestic subtype, where 

memory loss is the predominant symptom, which is known to be a transitional stage 

between normal aging and early dementia, frequently seen as a prodromal, but already 

altered, stage of AD.
(118)

 

Understandably, one of the main concerns of an individual who recognizes some 

memory decline is the development of AD. This happens because of the devastating effects 

of this chronic neurodegenerative disease, characterized in the earlier phases by memory 

loss, but which eventually leads to a near complete loss of cognitive abilities, with a short 

life expectancy after the diagnosis
(119,120)

. This is becoming an increasingly common 

condition in older people, being estimated that there are 5,5 to 10 million new cases per 

year, globally, with huge costs for the health systems, without any real or effective answers 

to the issue.
(121–123)

  

The discouragingly small efficacy and, especially, effectiveness – which defines 

how well a therapy works in practice, rather than in just clinical trials – of the current AD 
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or MCI treatments, despite the huge investment in research, reinforces the importance of a 

focus on preventive interventions to act before the development of the condition.
(8,10,124,125)

  

There is some evidence that both AD and age-associated cognitive impairment 

reflect vulnerability of some of the same neural circuitry
(65)

, with common altered areas, 

like the hippocampus and the white matter, but while normal aging produces significant 

changes in the prefrontal cortex, in AD the entorhinal cortex does appear to be 

significantly impacted early on. It seems that aging increases the vulnerability to the 

emergence of AD and that these degenerative changes may be responsible, at least in part, 

for age-related alterations of cognitive function as well.
(1) 

 

With this said, the aim of the present review is not to center on the diseases 

themselves but to give emphasis on the influences of aging in memory, presenting the most 

studied possible preventive interventions on healthy people, affected by normal aging and 

that may possibly protect them from MCI, dementia or other important memory 

impairment conditions.  

 

Pharmacologic Interventions 

Regarding the pharmacologic interventions research, age-related physiological 

memory impairment is not seen, by the scientific community, as a relevant issue and, 

therefore, a lot of investigation has only been made about the possible pharmacologic 

answer to AD. However, so far, all efforts to develop therapies targeting specific AD-

related pathways have failed or have insignificant effectiveness in clinical practice.  

There are still a limited number of approved drugs, and even those are not disease-

modifying and have a short-term symptomatic effect, creating a great deal of doubt over 

the cost-effectiveness of their usage. The ineffectiveness of the agents for memory 

disorders may result from the concept of targeting pathology rather than the 

pathophysiology. Disease-modifying therapeutics should therefore aim for brain network 

repair, especially synaptic repair and regeneration, although that has proven to still be too 

ambitious in what concerns the theory to practice application of the current knowledge.
(126–

128)
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Cholinesterase inhibitors 

Cholinesterase inhibitors, like donepezil, galantamine, and rivastigmine, are 

approved for use in patients with dementia in an attempt to slow down cognitive and 

functional decline, where they have a modest but significant symptomatic effect, although 

with the presence of secondary and adverse discontinuation effects. They work by 

inhibiting acetylcholinesterase and therefore preventing the decline of the concentration of 

acetylcholine, a chemical involved in neurotransmission.
(129–131)

 In MCI, cholinesterase 

inhibitors were not associated with any delay at the onset of AD and the risks associated 

with their usage are proven to not be negligible.
(132,133)

 In cognitively normal older adults, 

besides some evidence of semantic encoding aiding
(134)

, there are no studies that attest any 

effect of these drugs in the prevention of age-related memory decline. 

N-methyl-d-aspartate (NMDA) glutamate receptor antagonists 

With the main example being memantine, these drugs are thought to selectively 

block the neurotoxic effects associated with abnormal transmission of glutamate. Despite 

the lack of consistent evidence for sufficient clinical effects, memantine is approved for 

use as an add-on to ongoing cholinesterase inhibitor therapy for moderate to severe 

AD.
(135–139)

 There is no evidence of any positive effects of NMDA receptor antagonists as a 

preventive memory impairment intervention in MCI or healthy older adults.
(140)

 

 

Hormonal therapies 

Estrogen 

Some observational and laboratory-based studies have suggested that 

postmenopausal hormone treatment may improve cognitive function
(141,142)

, however 

several studies demonstrate that estrogen alone or estrogen plus progesterone therapies do 

not improve cognitive functioning but actually have an adverse effect on the health, 

increasing the risk of clinically meaningful cognitive decline.
(143–146)

 A recent study 

relaunched the debate around the usage of estrogens stating that estrogen receptors produce 

both enhancements and impairments in cognition depending on task attributes, memory 

systems and features of the individual such as age, reproductive status, and general 
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health.
(147) Therefore, further research is needed to determine when and what types of 

cognitive functions could benefit from estrogen therapies. 

Testosterone 

Reduction in testosterone levels in men during aging is associated with cognitive 

decline and risk of dementia.
(148)

 However, there are controversial findings related to the 

positive effect of testosterone replacement in memory and global cognition. While some 

studies indicate modest improvements
(149–151)

, others show no consistent relationship.
(152–

154)
 Many variables of the complex interaction between testosterone and the brain, like age, 

sex, current endocrine status, treatment dosing, timing and even the application route seem 

to considerably affect the outcomes.
(155,156)

 Therefore, more research is required to 

investigate whether there is a window of time in which this hormonal therapy could be 

beneficial as a preventive measure.  

Dehydroepiandrosterone (DHEA) 

The adrenal prohormone dehydroepiandrosterone (DHEA) and its sulphate 

conjugate (DHEAS) exert many biological activities in different tissues and organs, being 

believed that its neuro-stimulatory action and its anti-cortisol mechanism of action have a 

neuroprotective effect. The body concentration of this neurosteroid, the most abundant that 

is synthesized de novo in the central nervous system, decrease with age by 10% per 

decade, reaching the lowest point after the age of 80.
(157)

  Laboratory studies show that 

DHEA supplementation is associated with improved learning and memory in aged 

mice.
(158,159)

 However, DHEA oral treatment in normal or demented human subjects has 

produced conflicting and inconsistent results. A study suggested that DHEA administration 

led to improved episodic memory retrieval in healthy young men
(160)

, while another 

concluded that the opposition of cortisol effects reduce distraction and may enhance 

working memory in young women
(161)

, and another found positive regulatory effects on the 

influence of emotion in memory.
(162)

 However, many other studies suggest that DHEA 

supplementation has no benefit on cognitive performance in older adults.
(157,163–166)

 Despite 

this, there seems to exist a positive correlation between some of the multiple effects of the 

DHEA and the cognition processes as there is still the need for more research to 

understand the ways in which it can be used as a preventive intervention for age-related 

memory decline. 
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Dietary measures 

Nutrition is known to play a crucial role in an individual’s health. In what concerns 

the brain’s memory systems, it is notorious that under or over nutrition are associated with 

cognitive decline
(167)

, and that there are some dietary patterns, like the Mediterranean diet – 

composed by high consumption of vegetables, legumes, fruits, cereals, fish, dairy products, 

red wine and unsaturated fats like extra virgin olive oil –that have been proven to protect 

cognitive functioning.
(168–170)

 

Several studies point to an effective role for certain nutrients, such as antioxidants, 

omega-3 fatty acids or B-complex vitamins, however, data from randomized controlled 

trials do not show a homogeneous effect. Confounding factors such as sex, age, education, 

disease stage, smoking, physical activity, presence of other medical conditions, 

apolipoprotein E genotype, other dietary components, and different methodological issues 

could explain the divergent results.
(171)

 

Nevertheless, there is an increasing interest in understanding the real role and in 

effectively applying diet modifications in postponing, slowing and preventing cognitive 

decline, especially as part of multi-domain interventions that simultaneously target various 

lifestyle factors.
(172,173)

 

Nutritional modifications have the advantage of being cost-effective, easy to 

implement, socially acceptable and generally safe interventions that actually may have a 

positive impact on many of the organism’s systems.
(174)

 

In the following information, the recent findings about different specific 

compounds that have been especially linked to age-related cognitive decline and dementia 

prevention will be reviewed. 

Antioxidants (vitamin E, A, D, C and K, flavonoids, lignans and 

carotenoids) 

Evidence that free radicals may contribute to the pathological processes of 

cognitive impairment in aging has led to interest in the use of antioxidants as treatment or 

prevention, which has been a highly investigated topic in the last few years. 

Vitamin E is an antioxidant that protects cells from damage associated with 

oxidative stress caused by free radicals. Wheat germ, sunflower oil, leafy green vegetables 
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and almonds are among the best food sources of vitamin E. The brain concentrations of α- 

and γ-tocopherols compounds (with the first being the most biologically active form of 

vitamin E and the second the most commonly found in the diet) may be associated with 

AD neuropathology in interrelated, complex ways.
(175)

 

Among patients with AD, 2000 IU/day of vitamin E apparently resulted in slower 

functional decline and slower progression of the disease, being safe and free of specific 

side effects in the elderly.
(137,176,177)

 More than that, it was positively associated with 

performance in domains of verbal memory in healthy adults.
(178)

 However, some other 

studies indicate that there is no evidence that vitamin E has benefits in MCI progression or 

that it improves cognitive function in people with AD.
(132,179,180)

 

This inconsistency derives probably from the difficulty in performing precise and 

uniform human studies and from a still existent discrepancy in the evaluation of α-

tocopherol vs γ- or other tocopherols. Recent studies have revealed that while α-tocopherol 

supplements show negative or neutral effects on cognitive decline, the studies that give 

emphasis to the dietary tocopherols show benefits.
(181,182)

 

It appears to be almost consensual that vitamin E deficiency results in weakened 

cognitive performance, by numerous processes, and that an adequate intake supports 

healthy brain functions.
(175)

 However, the multiple systemic effects, the paradoxical fact 

that, in high doses, it has pro-oxidant properties, together with the unfavorable and 

dangerous events reported in supplementation trials
(183)

, shows that there is a need for new 

and more specific studies about the efficacy of the preventive use of this substance in 

memory decline. 

About other dietary antioxidants, like vitamins A, D, C and K, flavonoids, lignans 

and carotenoids, there is also reliable evidence of debilitated cognitive function in the case 

of deficit, and of the positive effects of the presence of these components in high doses in 

the organism, yet the lack of consistent studies depreciates the predictable preventive 

efficacy of this supplementation, especially when used in combination.
(175,178,179,184–188)

 As 

a result, there is indication that dietary intake of antioxidants, instead of supplements, can 

play a significant role in the prevention and interventional treatment of MCI and AD.  

There seems to exist concrete evidence that free radical production does play a 

critical role in the organism’s vascular functioning and so in cognitive impairment 

conditions, like AD.
(189)

 Therefore, it has become obvious that the resolution of the 
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combination of these two harmful events (low brain’s blood supply and oxidative stress) 

can have a massive relevance in the treatment and prevention of memory decline, and that 

this might be one of the most important reasons why nutritional, micronutrient, and 

antioxidant strategies work better in dementia prevention than several other single-targeted 

strategies.
(190)

 

Single antioxidants have shown no benefit against cognitive impairment 

progression, but when multiple antioxidants are used in combination, they protect against 

vulnerability to other agents and synergistically potentiate their properties, addressing 

simultaneously several pathophysiological processes that lead to neurodegeneration.
(191)

  

In conclusion, according the current knowledge, it can only be recommended the 

increase of the dietary intake of multiple antioxidants, however, with further research and 

individual biochemical characteristics adaptation, it is predicted that an important role for 

antioxidant supplementation in the prevention of cognitive decline will occur. 

Omega-3 fatty acids  

Like the antioxidants, omega-3 fatty acids supplementation has attracted huge 

attention in the last decade for its probable effect in the prevention of memory impairment 

conditions. Omega-3 cannot be synthesized by humans so it can only be obtained by 

supplementation or naturally in the consumption of fish, fish oils, seafood and plants. 

Omega-3 belongs to a class called polyunsaturated fatty acids (PUFA), which are 

integral membrane lipids that serve to maintain both the structure and function of neuronal 

membranes. Its incorporation in the membrane leads to an increased membrane fluidity 

that can raise the number and affinity of receptors in the synapse and improve 

neurotransmission. Such fluidity is important in promoting synaptic plasticity which is 

essential for learning, memory, and other complex cognitive processes. They also have an 

important role as second messengers that modulate inflammation, oxidative stress, and 

neuronal health.
(192) 

The main components are docosahexanoic acid (DHA) – the major 

omega-3 fatty acid in the brain – and eicosapentaenoic acid (EPA). Essential fatty acids 

deficiency during infancy delays brain development, and in aging accelerate deterioration 

of brain functions.
(193)

  

Many studies have been made in the last few years about the relationship between 

omega-3, memory performance and its decline in diverse groups, showing multiple results. 
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When it comes to patients with proven AD, the results mainly show that clinical 

trials find no convincing evidence for the efficacy in the treatment of advanced stages of 

this dementia. However, many of these trials produced intriguing data suggesting that the 

beneficial effects of omega-3 fatty acid supplementation may depend on the stage of 

disease, other dietary mediators, and apolipoprotein E status.
(192,194–197)

 

In what concerns healthy adults, though, the results are different. While three 

studies found that supplementation did not substantially affect cognitive performance
(197–

199)
, a much higher number of studies suggested that learning and memory function 

improved with an high intake of omega-3 fatty acids taken as a supplement but especially 

with an increased weekly consumption of fatty fish or seafood. More than that, it was 

found that this measure importantly supports global cognitive health, and so, significantly 

reduces the risk of age-related memory impairment and incident AD.
(200–206)

 

Supporting this, the trials with MCI patients observed that increased intakes of 

DHA and EPA improved memory performance and reduced the risk of progression to 

dementia.
(207–210)

 Some other studies have related that, despite little or no evidence of 

improvement in moderate or severe AD, there were positive effects in patients with mild or 

very mild AD, showing that omega-3 fatty acids may be beneficial in disease onset, when 

there is slight impairment of brain function.
(211,212)   

 

From this it can be concluded that there is an important role for omega-3 fatty acids 

in the prevention of memory decline conditions in early stages of impairment or in healthy 

adults. This can be reached particularly by an increased dietary intake, since there are still 

no consensual models of the specificities of its supplementation.  

Adding to this, studies suggest that omega-3 may be more effective when used in 

conjunction with antioxidants.
(210,213)

 

B-group vitamins 

B-group vitamins are a group of organic compounds which are essential for the 

normal physiological functioning of several body processes. Since they are not synthesized 

endogenously, these vitamins must to be obtained from dietary sources like cereal grains, 

vegetables, meat, dairy and eggs. In the brain, B-complex vitamins seem to have a 

particular impact on physiological functioning, related to their general metabolic functions, 
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effects on genomic and non-genomic methylation, and important roles in neurochemical 

synthesis.
(214)

 

According to the predominant theory in this area, the homocysteine hypothesis, the 

role of the B-group vitamins in the age-related cognitive impairment is related to an amino-

acid called homocysteine. It states that hyperhomocysteinemia may contribute to the 

cognitive decline pathophysiology by direct neurotoxic and vascular mechanisms, since 

homocysteine is a known risk factor for vascular disease.
(215,216) 

Therefore, an increased 

plasma homocysteine level has revealed to be a strong, independent risk factor for the 

development of cognitive decline and dementia.
(217,218)

 

Since there is much evidence that the homocysteine serum level can be lowered by 

high intake of folic acid (vitamin B9), vitamin B12 and B6, the prospect that these 

vitamins supplementation could lower the risk of dementia has been raised.
(219–221)

 

However, although the vitamin supplement regimes are effective in reducing homocysteine 

levels, there is no consistent and systematic evidence of a significant effect on cognitive 

function or cognitive aging.
(222–224)

 

Nonetheless, there is also effective evidence that the total B-vitamins intake is 

associated with better cognitive function in cognitively impaired elderly individuals 

suffering from AD and MCI.
(215,220,221)

 

The findings on this theme are discrepant and controversial. What is supposed is 

that, despite sharing metabolic pathways, homocysteine, vitamin B12, B6 and folate are 

differently related to specific cognitive endings.
(225)

 More than that, it appears that the full 

range of the eight B-complex vitamins work inter-linked at the cellular level, defining 

themselves as essential for multiple aspects of brain function.
(214)

 Therefore, treatments 

containing all of the B-group vitamins should be more effective than small sub-groups of B 

vitamins, and so multivitamin research needs to be addressed, counterbalancing the 

tendency of the studies to be only focused on B6, B9 and B12 vitamins.
(226)

 

Also, as happens with other compounds, B-vitamins, as a group and individually, 

also work intricately in concert with other vitamins, minerals and micronutrients, and so an 

investment is needed in the potential multi-nutritional intervention of the full-range 

components of a balanced diet.
(227)

 In order to achieve correct and proven application of B-

complex supplementation treatment for the memory decline field, further and broader 

studies are necessary. 
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Gingko Biloba 

Extracts of the leaves of ginkgo biloba have a long history of being used as a 

traditional medicine for various health disorders as they are a known regulator of the 

organism’s general physiological status in response to stressors. The mechanisms of action 

in the brain are thought to be based on the gathering of several components of the extract, 

like flavonoids, terpene lactones, and ginkgolic acids, and include increasing blood supply 

by dilating blood vessels and reducing platelet aggregation, improving cerebral glucose 

utilization, improving neurotransmitter systems and reducing the density of oxygen free 

radicals.
(228,229) 

 

This has been the case of much interest and a base for multiple studies with many 

different outcomes. Some have shown negative results stating that ginkgo biloba provides 

no measurable beneficial effects in memory in adults with healthy cognitive function
(229–

231)
, and also that there is no evidence that confers benefits in neither individuals with 

MCI
(232,233)

 nor in mild to moderate dementia.
(234)

 

Nonetheless, more recent studies have found that ginkgo biloba, especially the 

extract EGb761 in high doses (240mg/day), appears to be more effective than placebo in 

the treatment of dementia, stabilizing or slowing the decline.
(235–237)

 Other studies revealed 

that it also has a significant effect at promoting episodic memory function in MCI 

patients
(237,238)

 and at improving free recall of appointments in middle-aged healthy 

adults.
(239)

 More than that, a 20-year study reported that cognitive decline in a non-

demented elderly population was lower in subjects who consistently used EGb761 

extract.
(240)

 In addition, it appears to be safe in use with no excess side effects.  

Further study is still needed especially in what concerns the bases of using ginkgo 

biloba as a preventive intervention, however it reveals to probably be a promising and 

valuable supplement. 

 

Physical Exercise 

Physical exercise has a long-term health-promoting effect, being known for an 

increase in life expectancy and in the overall quality of life by many different 

mechanisms.
(241)

 In the brain, evidence supports the role of exercise in modifying 
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metabolic, structural, and functional dimensions of the brain and in preserving cognitive 

performance, conveying a protective effect against cognitive decline in aging and AD.
(242)

 

It is also recognized that exercise training promotes extensive vascular changes in 

both the peripheral and cerebral vasculature, such as improving organ blood flow, 

inducting antioxidant pathways, and enhancing angiogenesis and endothelial regeneration. 

Vascular dysfunction is profoundly involved in neurodegenerative processes, therefore, 

modifying these vascular risk factors could effectively have a decisive role in slowing the 

trajectory of age-related memory decline.
(243)

 More than that, it is also believed that an 

important influence in enhancing neurogenesis and improving synaptic plasticity exists, 

especially in the hippocampus and medial temporal lobe, brain areas that are important for 

learning and memory.
(243,244)

 

This is proved by many clinical trials involving exercise interventions that 

demonstrate positive effects on cognitive performance. Despite some other trials that show 

minimal or no effect
(245,246)

, there is much evidence that exercise is valuable for brain’s 

performance and consequently memory function, which contributes to attenuate cognitive 

decline and even to delay the onset of dementia in the elderly.
(242,247–253)

 

However, it remains to be established to what extent exercise interventions in old 

age can improve brain plasticity beyond just the preservation of function. Divergent 

evidence suggests altered effects from different structuration, intensity and duration of the 

exercise programs, some assessing the beneficial effects of short-term exercise
(254)

, while 

others declare the benefit of resistance training.
(255)

 It is suggested that different types of 

programs should be selectively aimed at different populations according to age, presence 

and stage of MCI or AD pathology, vascular and metabolic risk factors, physical capacity 

and genetic variability.
(244)

 

Although further and detailed research is needed, physical exercise interventions 

targeting brain health improvement through neuroprotective mechanisms, especially when 

combined with other nutritional, pharmacological and cognitive training interventions
(256–

258)
, show promise for preserving cognitive performance and effectively prevent age-

related memory decline. 
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Cognitive Training 

As it was observed earlier, studies suggest that mentally active individuals are at a 

lower risk of cognitive decline and dementia in old age.
(259,260)

 Therefore, taking this into 

account, there could exist intensive programs of specific cognitive training that may be 

able to improve the cognitive abilities of the individual and help preventing age-related 

memory impairments. 

Different types of programs with different focuses have been developed and, 

generally, in healthy individuals, cognitive training resulted in improved performance on 

levels of memory and cognitive function, with these effects still present years after the 

intervention, which positively predicts a decrease in the pace of cognitive aging.
(261–265)

 

Given the probable assumption that training will not improve functioning in patients with 

progressive conditions, fewer studies have been carried out in patients with MCI or AD, 

however, the so called cognitive rehabilitation revealed to be effective at least in delaying 

the continuous progression of cognitive impairment.
(266–268)

 

At the structural level, cognitive training in healthy adults has been associated with 

augmented brain volume, cortical thickness and density of white matter tracts, while at the 

functional level, improved brain metabolism and patterns of increased and decreased task-

related brain activation were exhibited.
(269)

 

However, it is not yet clearly established by what mechanisms do training acts on 

cognitive aging. Furthermore, one of the main difficulties is the recurrent failure of brain 

training to transfer benefits to untrained abilities, since the benefits are often only related to 

a specifically targeted skill.
(261)

 Cognitive performance on daily life activities is 

understandably the main goal of an effective training program, and recent results suggest 

an improvement in the generalization and transfer of benefits of programs that incorporate 

perceptual speed and accuracy functions while strongly engaging individually adapted 

neuromodulatory systems and not neglecting attention and reward.
(270–272)

 Related to that, 

some studies show advantages in errorless techniques in learning novel associations, 

contrasting to errorful techniques.
(273,274)

 

 Nevertheless, many of the published intervention studies show major limitations in 

the coherence of design or analysis methods, which challenge the definitive conclusions 

about the efficacy of training in everyday activities.
(275) 
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 Many recent studies also address the synergistic effects of simultaneous cognitive 

training and physical exercise on cognition in older adults, features that contribute 

differentially to improving brain health, offering greater potentials on daily life 

functioning, which usually involves the recruitment of multiple abilities and resources.
(276–

279)
 Additionally, the combination of age-specific brain non-invasive stimulation protocols 

during cognitive training, which may potentially facilitate cognitive and brain plasticity 

and play a significant role in improving or delaying cognitive decline in old age, has also 

been studied.
(280)

 

It is becoming an inherent statement that cognitive training could be an active and 

valuable preventive intervention in age-related cognitive decline. However, its role in 

combined interventions, inserted in a global active lifestyle, should not be neglected since 

the cognitive training programs still have a weaker effect when acting just by 

themselves.
(281) 

 

 

Non-Invasive Brain Stimulation and Deep Brain Stimulation 

Non-Invasive Brain Stimulation (NIBS) is a technique which involves altering 

neural activity by inducing long-term after effects on cortical excitability and neuronal 

plasticity emulating long-term potentiation and long-term depression.
(282)

 The two most 

commonly used techniques in humans are repetitive transcranial magnetic stimulation 

(rTMS) and transcranial direct current stimulation (tDCS). This is a safe method, that can 

be used throughout an entire lifespan
(283)

 and which can have many benefits compared to 

other types of interventions, like avoiding systemic side-effects. 

Some studies have uncovered beneficial effects from NIBS interventions on 

cognition and brain functions in MCI, by avoiding or reversing cognitive deficits
(284–286)

, 

and other early trials have also showed that there could be a promising effect of NIBS on 

the cognitive function in both physiological and pathological aging.
(287)

 However, no 

definitive conclusions on the efficacy and specificity of NIBS can be advanced at this 

stage, especially regarding preventive interventions. 

In relation to Deep Brain Stimulation (DBS), this involves the intervention over 

pathological brain states using continuous and direct electrical current, which is applied 

focally and directly in the neural elements. Early clinical data in some patients with AD 
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suggests that DBS may be connected with stabilization or improvement in memory and 

cognitive impairment.
(288,289)

 Despite DBS being reversible, adjustable and titratable, it is 

still an invasive intervention that carries many potential ethical dilemmas related to a 

possible use in the prevention of cognitive decline.  

 

 In conclusion, despite the need for further and more detailed research on all the 

addressed interventions, beneficial effects were especially found in the increased intake of 

ginkgo biloba, antioxidants, omega-3 fatty acids and the full range of B-group vitamins, 

with the best effects encountered in their combined inclusion in the diet instead of specific 

supplementation. More than that, physical exercise combined with cognitive training, 

probably together with non-invasive brain stimulation techniques, have proven to play a 

significant role as interventions for the prevention of physiological and pathological 

cognitive and memory decline. 
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Conclusion 

 

Memory is certainly one of the most complex processes in our brain and organism. 

Therefore, the current knowledge about the correct mechanisms of its formation and 

decline is still limited, based only on sometimes consistent or controversial theories. 

Subsequently, the effect of different factors on the development and vicissitudes of the 

memory processes is still hardly known. 

Furthermore, memory decline has been mainly studied in the context of its 

pathological behavior, mostly being just addressed the Alzheimer’s disease, however, even 

in this dementia, and despite the hugely expensive research, truly effective treatments have 

yet to be found. Network based therapies, in contrast with the customary single target 

based approaches, have shown significant outcomes, revealing successful therapeutic 

systems that are even able to reverse the cognitive decline of AD.
(11,12)

 

In what concerns physiological age-related memory decline, having common and 

contrasting features with pathological neurodegeneration, effective treatments have yet to 

be explored, however, preventive interventions have proven to be increasingly relevant in 

the cognitive aging. 

Beneficial effects have been found in lifestyle changes. Modifications in the diet 

are believed to play a significant role against cognitive impairment progression, 

particularly with the inclusion of ginkgo biloba, as well as an high intake of multiple 

antioxidants (being the most studied vitamin E), together with omega-3 fatty acids and the 

full range of B-complex vitamins. Physical exercise is also known to have a health-

promoting effect by many different mechanisms and, in the brain, is notorious its effect in 

the prevention of cognitive decline, especially when combined with other interventions. 

Cognitive training effectively results in long-term improved performance on levels of 

memory and cognitive function and, in combination with non-invasive brain stimulation 

techniques, it could be seen as a promising influence as a preventive intervention. 

Therefore, it has become gradually more evident that a full lifestyle nutrition and 

physical activity plan, with adaptations based on the individual’s specific impairments, as 

well as age, sex, biochemical, hormonal and genetic variations, physical and intellectual 

background and capacity, presence of risk factors, pathologies and other variables; together 
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with some punctual particular interventions like cognitive training and brain stimulation, 

represents the present and the future of prevention, and even treatment, in the cognitive 

decline field. 

With that said, further research is required in order to substantiate the true 

effectiveness of these interventions and to provide detailed strategies of how to correctly 

apply them as concrete measures in the prevention the age-related memory decline. 
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