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Abstract.
Background: In Alzheimer’s disease, in addition to memory, attention has been given to cognitive testing due to its interface
and connection with memory.
Objective: The aim of this study is to take a global view of executive functions and place the concept within the theoretical
framework of Alzheimer’s disease dementia, verifying their role in the cognitive functioning of the human mind, as well as
how they are compromised in this pathology.
Methods: An initial search was carried out in databases such as PubMed, ScienceDirect, and Web of Science. The guiding
question presented at the end of the introduction was elaborated from the PICO/PIO/PEO strategy. The selected articles,
therefore, answered the guiding question, were made available in full, and published in the period from 2000 to 2020. Studies
without specific methodology and which correlated with other diseases or other types of dementia were excluded. To meet
the objective, an integrative literature review was adopted.
Results: The results indicate that, although the tests to verify the performance of cognitive functions have their limitations,
they bring some evidence that they have been compromised, especially when analyzed periodically during the development
of dementia.
Conclusion: It is concluded that there is an interference of executive functions in function of Alzheimer’s and that memory
and attention are the most evident in this type of dementia.
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INTRODUCTION

The term cognition has a Latin origin (Latin cog-
nitio, -onis, the action of knowing), related to the
ability to understand the world. It is a mental fac-
ulty of obtaining knowledge, hence the correlation
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with knowing. The term is not new and dates to the
Middle Ages [1].

The terms of the Cognition family initially appear
in the literature only in the 17th and 19th centuries [1].
What is not known for certain is how these terms first
appear in the literature. In another perspective, cogni-
tion is understood as a form of mental representation
based on perception [2]. However, cognitive pro-
cesses do not end with representation. They are also
geared toward the transformation, storage, retrieval,
and use of the input data that comes to mind. In other
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words, human cognition refers to the ability to pro-
cess information received from different external
sources, and this consists of different processes such
as learning, attention, memory, language, reason-
ing and interpretation, and decision making, which
are part of human development. Cognitive Psychol-
ogy includes thinking, memory, perception, problem
solving, intelligence, language, and creativity [3].

Cognition is understood, within Psychology, in
terms of information processing and the functional
level that tries to explain behavior through elements
of the environment, which can influence it [4]. In an
operational view, cognition refers, at its root, to activ-
ities through which sensory input is referred to as
mental operations. If you think about the representa-
tional character, so that the external representations
signify the output elements, it is also possible to think
about cognition being also affected by cultural issues
or phenomena [5]. This implies a cognitive view
of how people represent information and how these
representations are processed. The human cognition
was like computer programming [6]. Cognitive per-
formance is usually defined in terms of functioning
domains [7].

This ability to perform tasks or the set of cogni-
tive skills is what they call executive function (EF).
Usually, they are considered as the set of func-
tions capable of allowing a human being to perform
actions. The term is considered as the ability to for-
mulate objectives, plan, and execute [8]. So, any
damage or loss of these functions compromises the
individual’s capacity for independence and to have a
productive life.

In the history of Neuropsychology, EF received
several definitions [9]. They are also called execu-
tive control or cognitive control [10]. There are other
synonyms for the term such as executive functioning,
executive skill, among others [11]. Often, the term
“cognitive functions” is also used in place of EFs.
However, the cognitive functions concern how much
knowledge, skill, and intellectual equipment a person
has [8].

The term EF is the most used because it refers
to the ability to perform tasks. EFs have to do with
how much the person can do. In an assessment, the
responsible professional investigates which skills are
preserved and which are deteriorated.

In neuropsychological assessments, conditions are
assessed, that is, whether the individual still main-
tains cognitive abilities preserved or if there is any
deterioration. The evaluation consists of an analy-
sis of: 1) pre-morbidity; 2) general intellectual level;

3) memory; 4) language; 5) calculation; 6) problem
solving; 7) alertness and attention; and 8) visual and
spatial perception. The fundamental areas of cogni-
tive functions are intelligence, memory, and language
[12].

By the 1940s, life expectancy in Brazil was no
more than 46 years of age. According to informa-
tion released by the Brazilian Institute of Geography
and Statistics (2020), in 2019, the estimate reaches
76 years of age, with equally superior quality when
compared to the 40s. As the population ages, there is
a gradual increase in dementias. “Dementia” is a set
of diseases that develop from the death of brain nerve
cells (neurons) or the loss of their functions [13].

“Dementia” process leads to a series of changes in
memory, thought formulation, and other basic behav-
iors of the individual. Also, Alzheimer’s disease (AD)
is the most common type of dementia, whose onset
occurs through an unconscious preclinical stage with
mild cognitive impairment (MCI), progressing to a
severe state with progressive and irreversible injuries.

The diagnosis of dementia is made considering the
deficit of memory and other cognitive function asso-
ciated with a social and occupational commitment
[14]. The diagnosis requires assessment of cognitive
abilities. AD is defined as a type of dementia of degen-
erative cause, predominantly cortical, from a neuro
functional anatomy point of view, whose evolution
brings changes in multiple cognitive functions.

The symptoms of AD can vary between affected
individuals [15]. The most common complaints,
however, are related to memory decline, language dis-
orders, loss of the ability to solve everyday activities,
and deficiency of other cognitive skills.

At the beginning of the onset of AD, it is nor-
mal to complain about forgetfulness related to recent
events. This is because the part of the brain primar-
ily affected is responsible for the formation of new
memories [13]. Then, as the disease progresses, other
regions are affected, which explains the extent of the
symptoms.

The definitive diagnosis shows the deposition of
amyloid-� (A�) protein—abnormal and insoluble,
which cannot be removed by the cells, neuritic
plaques—accumulation of dead cells around the amy-
loid protein, and neurofibrillary plaits in the nervous
tissue [16]. A� and tau biomarkers are primary indi-
cators of AD [17].

At the clinical level, mental state assessment tests
are applied, which consist of simple questions and
tasks that help in the diagnosis of dementia. The
very commonly used test in some countries is the
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Mini-Mental State Examination (MMSE), whose
assessment can be performed in a simplified and
quick way in the offices [18].

Following the clinical criteria for diagnosing AD,
the diagnosis comprises a series of observations
such as progressive deterioration of specific cognitive
functions, such as language (aphasia), motor skills
(apraxia), and perception (agnosia); impaired activi-
ties of daily living and altered patterns of behavior;
family history of similar disorders, particularly if con-
firmed neuropathologically; in addition to laboratory
results [19].

Changes in the brain occur in the presence of neu-
ropathologies and cognitive decline [20, 21]. These
neuropathological changes are common in the aging
process even among adults with normal cognition
[22]. However, it is in AD that such declines are more
pronounced, affecting cognition [23] and the decline
in executive functioning [24].

The decline in memory in aging is the result of a
series of factors that influence EFs and the memory
system. Memory problems are more visible in tasks
that require a higher level of attention and control
processes, which suggests a correlation between the
system of functions. It is known that, in AD, some
cognitive domains are more affected than others. For
example, long-term memory and working memory
(WM) are the most affected, while vocabulary mean-
ing and priming effect remain intact [25, 26].

Adults with MCI have problems with WM and EF
[27]. In the case of AD, these problems are more pro-
nounced compared to those normally associated with
aging. MCI can lead to AD in many cases. There are
indications that there may be a reversal, towards a
recovery of cognitive function at the beginning of the
impairments [27, 28]. Other studies, however, point
out that AD is an irreversible syndrome, character-
ized by a slow and progressive cognitive decline that
interferes with the essential functions of daily life
[29].

EF correlates with memory because, for it to func-
tion well, there is a processing that involves it as the
strategic elaboration during memorization and the
guiding search in data recovery [24]. These mental
faculties correspond to human cognition.

EF refers to a set of processes that include
awareness, processing and evaluation, planning, task
execution and self-monitoring, and regulation [30].
Individuals with AD have a deterioration in EFs,
affecting all these processes [27].

The key question is to understand how physiolog-
ical changes cause changes in the cognitive domains

and how they interact with each other. Therefore,
the objective of this study is to investigate the level
of impairment of EFs by AD, which is the most
compromised function, and how the MMSE assesses
cognitive competences.

Understanding EFs in the literature

The term EF comprise a set of several cognitive
processes [31]. Through EFs, it is possible to observe
the subject’s intellectual behavior [8], as well as to
analyze intelligence, the use of verbal components,
sensory modalities, perception, response, memory,
concept formation, and reasoning activities. It is in
this sense, therefore, that EFs are linked to mental
faculties. Although they are typically distinct oper-
ations, EFs are not isolated functions, but that they
result from an interaction between various parts of
the brain [9]. EFs are as a multidimensional system
[32].

EFs refer to a cognitive domain that holds several
competencies [33]. EFs include a variety of skills that
range from objective to targeted behavior, strategic
selection, monitoring information, and planning the
sequencing of actions [34]. EFs allow the individual
to work with ideas, think before acting, adapt to new
situations, avoid temptations, and stay focused [35].

EFs have not only received attention in the litera-
ture on AD but have also been part of the diagnosis of
the disease [31]. The commitment of EFs to AD has
been widely discussed [27, 31, 35]. In the type of AD
dementia, progressive cognitive decline is observed,
including loss of memory, language, or EF and subse-
quent decline in social function in activities of daily
living.

There is a certain dysfunction in EFs relatively at
the beginning of AD, especially concerning to exec-
utive attention [36]. A pattern of neuropsychological
test series includes many analyses of the EFs, such
as WAIS-R Digit Symbol Substitution, Digit Span
Backwards, Trails A and B, and clock-drawing, all of
which involve more than one cognitive domain, but
all related to attentional control.

The executive care network is the most prominent
factor in AD, which states that attention seems to be
significantly affected [36]. So, there is importance
of attention and its correlation with memory in the
act of reading and the cognitive aspects of reading in
patients with AD [25].

However, it is worth remembering that although
people close to AD patients report that in addition
to recent memory problems, the focus of atten-
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tion decreases with the disease, first of all, episodic
memory is affected in AD, with atrophy associ-
ated with limbic regions and subsequently other
functions. In addition to episodic memory, prob-
lems of semantic memory and WM can also be
included [37].

As attention is complex and indispensable for
memorization, it can be considered a reasonable
explanation for the correlation between memory and
attention [35]. More recent studies have drawn atten-
tion to the correlation between the two functions. AD
is a neurodegenerative disease that has a progressive
cognitive deficit and believes that several rarer vari-
ants of AD present apparent memory preservation
[38]. In fact, studies on AD care require more guid-
ance. So, the memory is the most recognized and
evident characteristic in AD, but describes those other
cognitive deficits such as aphasia, cognitive dysfunc-
tion, apathy, or personality change have also been
frequently discussed in the literature.

It is worth remembering that it is necessary to con-
sider attention deficiencies as a vital component to
trace the cognitive profile in AD. The attention can
be a precursor to mild amnestic cognitive impair-
ment in people at risk for AD [31]. Memory problems
may appear later. The increased interest in EF studies
is because many cognitive tests useful in predicting
which elderly people will develop dementia include
executive control requirements. For them, episodic
memory is the cognitive domain most affected in AD.

In the case of EFs, the greatest perception is
for deficits in problem-solving, planning, and orga-
nizing behavior and ideas, abstraction, judgment,
cognitive flexibility, decision making, WM, and
self-monitoring. However, in neuropsychological
assessments, what is usually evaluated is attention,
concentration, stimulus selection, abstraction capac-
ity, control, and WM. In general, neuropsychological
assessments include observations, interviews, and
psychological tests.

The attention and executive deficit are frequent
and disabling symptoms in MCI, assessed with neu-
ropsychological tests ranging from simple processing
speed tasks to complex problem-solving tasks [39].
As they are symptoms, they may be an indication for
a future memory deficit.

EFs are linked to a series of activities. There
are three main EFs: inhibition, inhibitory control,
including self-control and selective attention and col-
lective inhibition, WM, and cognitive flexibility [10].
Inhibitory control refers to the ability to control atten-
tion, behavior, thoughts, and/or emotions. Without it,

the subject is driven to impulses, having no control
over his actions.

The inhibitory control of attention (control of inter-
ference at the level of perception) allows the selection
process, that is, it refers to the ability to choose and
suppress attention to other stimuli. With this control,
the subject can pay attention to something accord-
ing to his intention. It is a control of attention or
attentional inhibition [10]. With this ability, it is pos-
sible to resist unwanted thoughts or memories and
resist interference. The self-control is the aspect of
inhibitory control that involves mastery over behav-
ior and emotions and is directly linked to WM. In this
regard, self-control is about resisting situations and
not acting on impulse, which can be related to dis-
cipline, maintaining focus, as well as knowing how
to wait.

The self-control is like what cancels or inhibits the
automatic, habitual or innate, behaviors, impulses,
emotions, or desires [40]. They also emphasize that
the ability to exercise self-control over one’s thoughts
and behaviors is crucial for several situations, such as
motor control (staying in a position, when necessary),
control over immediate temptation at the expense
of something later, emotional control in the face of
contexts that they demand not to act on impulse.
Concerning neural bases, the right ventrolateral pre-
frontal cortex (rVLPFC) is a neural region commonly
recruited in many different forms of self-control.

Another important function is WM, which involves
keeping the information in mind and working with it
mentally. In other words, it consists of keeping the
information in mind and manipulating it. So, mathe-
matical operations, reordering and reorganizing items
in a list, instructions in action plans, relating informa-
tion are specific to WM [10]. Without it, the reasoning
would not be possible.

Asking people to rearrange the items they heard is
an excellent exercise for measuring WM [10]. WM
is a limited capacity system that allows you to tem-
porarily process, store and manipulate information
in conscious awareness, such as memorizing a phone
number while preparing to dial it, recording a spoken
phrase while processing the meaning. Patients with
deficits in WM may report distraction and concentra-
tion problems [41].

WM decreases with aging, related to the decline
in cognitive processing [42, 43]. Researchers often
use complex tasks to assess WM, such as counting
interval or reading interval [10]. However, he contests
that these tasks require more subcomponents of EFs
than of WM alone. In this regard, the EFs evaluation
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process is questioned. After all, there is no consensus
on which components of EFs a task requires.

Cognitive flexibility is the third core of EFs. It
consists of the ability to change perspective, either
spatially, when the individual changes the perspec-
tive of an object, for example, or interpersonal, when
evaluating a point of view from another perspective.
To change the perspectives, it is necessary to inhibit or
disable the previous one and load a distinct perspec-
tive into the WM [10]. Thus, cognitive flexibility is
related to inhibitory control. Tests that involve verbal
and semantic fluency work with this flexibility, when
the subject must mentally elaborate a list of items
with the same letter, for example, or how many uses
the same word can contain, or alternating names [10,
44].

Patients with AD frequently showed deficits in
a variety of standard tests of EF and attention [37].
Besides, the patients with AD also tend to have
deficits in tests of immediate conversation recall
[45]. It is necessary to include tests of WM, attention,
and EFs in the same study so that it is possible to
draw clearer relationships between assessments of
dementias.

The cognitive decline, related to aging, also affects
aspects of language comprehension and production,
and affirm that simpler linguistic skills such as object
naming involve extensive brain networks [46]. Con-
sequently, they consist of skills that can be easily
interrupted, which makes linguistic competence an
indicator of mental dysfunction. The diagnosis of AD
is made with observations and examinations.

The language disorders are common symptoms at
the beginning of AD, especially about the difficulty
of finding words [38]. In general, EFs tests assess
cognition globally in terms of attention, constructive
visual skills, language, and memory. However, some
studies draw attention to the need for a deeper and
more comprehensive analysis [47]. The level of edu-
cation, and socioeconomic showed differences in test
results [34, 47]. This shows that EFs should be better
analyzed considering correlational factors.

Clinical examinations include the MMSE for cog-
nitive screening; Blessed Dementia Scale for clinical
symptoms and social function; the Hamilton Depres-
sion Scale for the severity of depression; the Current
State Examination for anxiety, depression, delusions,
and hallucinations; and the Hachinski Scale to esti-
mate the probability of multi-infarct dementia [48].
A complete psychiatric evaluation is necessary to
exclude the various psychiatric disorders. In addition,
a thorough examination of the sensory and motor

systems (including cranial nerves, tone, reflexes,
coordination, gait, and proprioception) is necessary
to exclude other neurological disorders. Cognitive
screening tests are important to assist in the diagnosis
of AD, as well as to evaluate the evolution [49].

The tests commonly used to detect dementias
are Montreal Cognitive Assessment [50]; MMSE or
Mini-Cog; Interview-based assessments; Informant’s
Questionnaire on Cognitive Decline in the Elderly
or Quick Dementia Rating System. Regarding these
tests, they usually capture memory deficiency, how-
ever, other important domains, such as attention and
EF, may not be well-identified. This is unfortunate
because changes in the resolution of executive prob-
lems and decision-making can be one of the first signs
of MCI and AD.

The neurobiological bases of AD and the role of
the MMSE

AD is characterized as a disease of individuals of
advanced age. Normally, the incidence increases from
the age of 65, and the appearance of symptoms in
younger groups is unusual [51]. It is a neurodegen-
erative disease whose causes are not yet well defined
[52]. Neurological impairment starts from cerebral
atrophy in the medial temporal lobes, then dissem-
inated to the temporal, medial, and lateral parietal
lobes, in addition to the lateral frontal cortex [53].

Several aspects can be observed in the pathogene-
sis of AD. To understand them, it is necessary to know
that the normal aging process progresses with the
accumulation of neuritic plaques, in small amounts,
in the nervous tissue. These are also called senile
plaques or neurofibrillary tangles [54]. However,
patients with AD express an abnormal accumulation
of this substance, the cause of which is not yet fully
explained. In view of this, some theories have been
drawn up over the years to elucidate the origin of
nervous tissue impairment [55].

The amyloid cascade hypothesis that defends the
idea that AD is a proteinopathy, caused by increased
production and abnormal deposition of A� pro-
tein [56]. Thus, if such production is prevented
or reversed, it becomes possible to interrupt the
progress of the disease, which justifies the adoption
of immunotherapy against A� [57]. Another well-
studied hypothesis is genetics. In cases of early AD,
the responsible genes were identified present on chro-
mosomes 14, 1, and 21.

On chromosome 21, for example, an excess
amount of the amyloid precursor protein (APP) gene
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was detected, which results in excess amyloid pro-
duction in the brain [58]. In addition, there is evidence
of mutations in APP genes between groups with
familial AD. This investigation in members of fami-
lies with familial AD enabled the discovery of other
genes involved in the etiopathogenesis, presenilins
[59]. An individual who inherits any of the muta-
tions in the genes for presenilins 1 or 2, will certainly
develop AD before the age of 65 [13].

Given the above, it is known that excess A� pro-
tein is harmful to the individual. However, it is not
yet known the extent of the problems that its accu-
mulation can provide. The transfer of information,
from the communication between neurons, is com-
promised by the excess substance, which culminates
in cell death [13]. The tau protein, also accumulated
in the described pathology, blocks the transport of
essential nutrients for the functions of neurons, caus-
ing early cell death.

It is important to highlight the long pre-
symptomatic period between the onset of bio-
chemical changes and the development of clinical
symptoms and signs of AD. A study shows patients
being diagnosed at age 82, but with complaints
reported 16 years ago [60]. This suggests that the
early epidemiological survey makes it possible to
monitor the influence of external and internal factors
on the trajectory of the decline. Therefore, AD should
be suspected in any individual of advanced age, from
the age of 65, who presents a progressive decline in
some cognitive domain or impairment in the exer-
cise of their basic functions. The MMSE is still an
investigative tool for AD to check the condition of
cognitive functions [61]. The literature already points
out other ways of evaluating EFs by neuroimaging
that are more accurate. But these techniques are still
considered to be expensive.

Neuroimaging technologies and the neural
underpinnings of EFs

With advances in neuroimaging technologies sev-
eral research studies have been investigate the neural
underpinnings of EF. EF has long been associated
with the prefrontal cortex (PFC) and involves sep-
arable elements of WM, inhibitory control, and set
shifting. The substrates of EF have been extensively
researched in recent years, spurred by the increased
use of neuroimaging techniques normally to devel-
opmental psychologists [62].

With neuroimaging techniques would enable the
many unanswered questions surrounding the devel-

opment of the PFC and the associated cognitive
functions to be answered. While methods such as
electroencephalography (EEG) and functional mag-
netic resonance imaging (fMRI) continue to provide
many benefits to the developmental researcher, each
comes with a set of limiting factors. Advances
in functional near-infrared spectroscopy (fNIRS)
technology in more recent years have helped to signif-
icantly shape the study of the developing brain. One of
the three commonly used neuroimaging techniques is
EEG. As a non-invasive method of measuring direct
electrical activity in the brain, EEG is useful in uncov-
ering the neural underpinnings of cognitive functions.
It provides information about functional connectivity
between brain regions during cognitive tasks EEG
provides information about the size and frequency of
a neuronal signal (power). However, the poor spatial
resolution of this technology means it is difficult to
discriminate the origin of neuronal signals, and so
source localization with EEG is not as accurate as
with other techniques, such as fMRI.

fMRI records the blood-oxygen-level-dependent
(BOLD) response that occurs during neuronal firing.
It is offering an indirect measurement of neu-
ronal activity. Its excellent spatial resolution enables
researchers to produce images of spatially localized
brain activation. Generally, it is expensive. fNIRS is
a neuroimaging technique generally used with infant
research. fNIRS involves placing a cap containing
sources and detectors of near-infrared light on the
participant’s head [63].

Using fNIRS is possible to measure the changes
in concentration of oxygenated and deoxygenated
hemoglobin in specific active regions in response
to a stimulus. As fNIRS produces better spatial
localization than EEG, it allows for more accurate
measurement of activity in brain structures associ-
ated with behaviors and functions the near-infrared
light cannot reach subcortical regions in children and
adults. So, fNIRS technology is unable to provide
information about the contribution of active subcor-
tical areas [62].

The evidence of a meta-analysis demonstrates the
existence of common neural activation across all EF
tasks [64]. As a consequence, researchers have been
able to measure neural activation that was previously
difficult to measure, This, along with the increasing
use of age appropriate and well-validated behavioral
tasks, has allowed a broadened understanding of EF
during early development [62].

Key questions about the development and neu-
ral substrates of EF remained unanswered: to what
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extent is the PFC involved in different cognitive func-
tions and their associated behavioral tasks? What
other brain regions are involved? What are the dif-
ferent developmental profiles of the neural system
that underlies each cognitive function?

About the model of EF, for some researchers’ atten-
tion may be a necessary first-step towards exhibiting
EF skills. Major model of attention proposed by Pos-
ner and Rothbart describes an executive attention
network as having an important association with EF
parietal areas displayed strong connectivity to lat-
eral/medial frontal areas [65]; areas that have been
previously implicated in both the executive attention
network and EF [66].

A unified model known as the ‘adaptive neu-
ral coding framework’ was proposed to explain the
structure of EF, claiming that EF is a unitary, domain-
general construct [67]. This function recruits the same
specialized frontal pathway (mid-dorsolateral PFC,
mid-ventrolateral PFC, and the ACC) in different
ways depending on task demands for a range of chal-
lenging cognitive tasks.

The frontal and parietal cortices have been iden-
tified as core neural substrates of WM from infancy
onwards, and subcortical structures have also been
shown to be involved note that the connectivity

between frontal and parietal cortices, and the net-
work they form, are also important in facilitating the
development of WM [68].

Some researchers have put forward the idea that
attention may be a necessary first-step towards
exhibiting EF skills and many of them describe atten-
tional control as a core component of WM [68].
They also describe an executive attention network as
having an important association with EF [62]. The
prefrontal cortex undoubtedly still plays a major role
in EF across development.

Attention as an EF can be briefly described as
the ability to focus on and maintain that focus
on a given stimulus while filtering out or ignoring
the input being offered by background distractions.
Neuroimaging, particularly using positron emission
tomography (PET) and fMRI, provides extensive
information about neuronal correlates of attention.

Neuroimaging has emerged as a powerful tool for
understanding both the neural structure and func-
tion of cognitive processes. As such, EF has become
a fruitful area of investigation using neuroimag-
ing techniques. Functional imaging methods such as
fMRI and PET have shown areas of physiological
and metabolic activation during EF tasks (Fig. 1).
Structural methods such as MRI and diffusion tensor

Fig. 1. MRI across Alzheimer’s disease phenotypes. A) Memory (typical amnestic); arrow indicates hippocampal atrophy. B) Language
(logopenic variant primary progressive aphasia); arrows highlight left temporal-parietal atrophy. C) Visual-spatial (posterior cortical atrophy);
arrow indicates parieto-occipital atrophy. D) Executive (also known as dysexecutive); arrows indicate frontoparietal atrophy. E) Motor
(corticobasal syndrome); asterisk highlights greater left than right hemisphere atrophy, and arrow indicates atrophy around the motor cortex.
F) Behavioral; arrows point to greater temporal than frontal atrophy. R, right; L, left. Reprinted from Lancet Neurology, Vol 20, Graff-Radford
et al., New insights into atypical Alzheimer’s disease in the era of biomarkers, 222–234, 2021 [69], with permission from Elsevier.
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imaging (DTI) have shown localized areas of volume
change or loss of white matter integrity in those who
have EF deficits.

Several measures of EF were used. Many studies
used a combination of tests or a formal battery though
some isolated one test of EF to study. Functional neu-
roimaging methods (fMRI and PET/SPECT) tended
to employ single tests of EF whereas structural meth-
ods (MRI, DTI) included multiple tests. On structural
MRI, typical AD atrophy begins in the medial-
temporal lobe and spreads to the lateral-temporal and
parietal cortices. In atypical AD, atrophy is usually
most prominent in regions corresponding to clinical
symptoms, often sparing the hippocampus early in
the disease.

Behavioral research indicates that MCI adults
show cognitive deficits in WM, central EF, and
attentional resources. Also, cognitive changes are
discernible early during AD pathogenesis and MCI.
The literature show that the detection of WM
deficits through behavioral, functional, and structural
changes amongst nonimpaired, MCI, and AD adults.

Region-specific neural activation in response to
a memory task is analyzed through neuroimaging
techniques including fMRI and PET, as shown in
Fig. 2. These neuroimaging methods depict recruit-
ment of specific brain regions during a WM task,
demonstrating that activation of the PFC, parietal
regions, cingulate gyrus, and hippocampus are asso-
ciated with WM processing in nonimpaired young
adults. These neuroimaging tools allow researchers
to compare brain activity during WM tasks of differ-
ent populations to uncover similarities and contrasts
between the selected groups.

MCI is often characterized by slight but notice-
able deficits in attention, learning and memory, EF,
processing speed, and semantic language. It was pre-
viously believed that amnestic MCI had the highest
rate of conversion to AD given the profound episodic
memory deficits in AD; however, recent findings
suggest that early impairments in visual episodic
memory, EF, semantic language/memory, attention,
and WM are also strong predictors of progression
from MCI to AD [27].

The earliest pathological changes in AD can be
identify. Using CN elderly from the Alzheimer’s Dis-
ease Neuroimaging Initiative database, two studies
used the discordance between CSF A�42 levels and
florbetapir PET to investigate early stages of A�
deposition [70] (Fig. 3).

The A� deposition may have direct effects on
neuronal function and viability. A� deposition may

Fig. 2. Correlates of memory retrieval in young adults converge
with the same regions that show metabolic change in Alzheimer’s
disease. (Left) fMRI retrieval success effects are plotted for the
medial surface of the cortex, showing regions more active when
healthy, young adults correctly remember items from their past.
(Right) The correlation between Alzheimer’s disease severity and
FDG-PET resting glucose metabolism is plotted for a sample of
nearly 400 patients. Brighter colors represent regions showing
reduced metabolism as the disease becomes more severe. Note
the strong correlation between impairment and hypometabolism
near precuneus extending into posterior cingulate and retrosple-
nial cortex. The correspondence is notable, as the retrosplenial
cortex has dense reciprocal projections to the hippocampus and
parahippocampal gyrus. Retrieval success effects and metabolism
differences may thus be reflecting function (Left) and dysfunction
(Right) of cortical networks subserving memory. Reprinted from
Neuron, Vol 44, Buckner, Memory and executive function in aging
and AD: multiple factors that cause decline and reserve factors that
compensate, 195–208, 2004 [24], with permission from Elsevier.

facilitate the spread of tau leading to neurodegener-
ation. A� accumulation is believed to be the initial
pathology of the most common type of neurological
disease leading to dementia, AD. Abnormal levels of
A� are associated with longitudinal cognitive decline
in healthy elderly and progression to AD demen-
tia in subjects with MCI [71]. Another recourse is
a Quick Test of Cognitive Speed (AQT)-color and
form score, which is a sensitive test for attention and
EF to account for non-AD specific cognitive impair-
ment. AQT can used alone and as a ratio with the
delayed word recall test and MMSE orientation and
memory. Also, the studies show predominantly exec-
utive EF and relatively spared hippocampal atrophy
but widespread cortical atrophy particularly in the
parietal lobe.

Recent studies have shown that neuroimage anal-
ysis is more reliable and sensitive than traditional
cognitive assessment in detecting the presence of
early AD [72]. Generally, other forms of cognitive
assessment were used too. They analyze different
domains of cognition: 1) the MMSE, Alzheimer’s
Disease Assessment Scale cognitive subscale 13, and
Global Clinical Dementia Rating Scale to reflect
global cognitive function; 2) the Rey Auditory Verbal
Learning Test (RAVLT), including 5-minute layered
recall (RAVLT-immediate recall), 30-minute delayed
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Fig. 3. Regions of A� accumulation from longitudinal voxelwise analyses in ADNI. a shows the regions where A� fibrils start to accumulate
by comparing the annual florbetapir SUVR rate during 2 years between early stage A� accumulators (CSF+/PET–, n = 59) and non-
accumulators (CSF–/PET–, n = 218). The lateral and medial projections in a show that the most significantly increased accumulation rate
among the early A� accumulators was located in the posterior cingulate cortex, the precuneus, and the medial orbitofrontal cortex. A
PET-data-derived ROI of these early-accumulating A� regions is available at http://biofinder.se. b confirms the regions in a without biases
from a specific CSF A�42 cut-off. Here, we performed voxelwise correlations between annual florbetapir SUVR rates and CSF A�42 levels
in A� PET negative individuals (n = 277). To contrast the early stage A� regions, c shows the regions with significantly increased annual
SUVR rate in late stage A� accumulators (CSF+/PET+, n = 191) compared with non-accumulators (CSF–/PET–). A widespread pattern of
A� accumulation is seen in these non-demented CSF+/PET + subjects. Voxelwise two-sample t-tests were used and all analyses in a–c are
adjusted for age and gender. The significant threshold was set at p < 0.001. The red and yellow colors illustrate significant t values according
to the scale on the left. Reproduced with permission under a Creative Commons Attribution 4.0 International License, from Palmqvist et al.,
Nat Commun 8, 1214 (2017) [70].

recall (RAVLT-delayed recall), and yes-no recogni-
tion (RAVLT-recognition), to reflect memory; 3) the
Trail Making Test-A and B to reflect attention/EF; 4)
animal fluency and the 30-item Boston Naming Task
to reflect language function; 5) the Functional Assess-
ment Questionnaire and Neuropsychiatric Inventory
to reflect psychosocial function [73].

In short, neuroimaging has emerged as a power-
ful tool for understanding both the neural structure
and function of cognitive processes. So, EF has
been investigated too using neuroimaging techniques.
Functional imaging methods such as fMRI and PET
have shown areas of physiological and metabolic acti-
vation during EF tasks. Structural methods such as
MRI and DTI have shown localized areas of volume
change or loss of white matter integrity in those who
have EF deficits (Fig. 4).

METHODS

The present work fits into an integrative literature
review model since it uses a research method that
gathers data extracted from a specific search, in an
organized way. Such a method is the basis of clini-
cal practice based on scientific evidence (PBE) and
allows for a deeper understanding of the researched
theme, in addition to presenting the main needs for
study and scientific production in each theme [75].

Therefore, for the preparation of the work, the fol-
lowing steps were followed, based on literature [75]:
choice of theme and elaboration of the research ques-
tion; establishment of inclusion and exclusion criteria

Fig. 4. Amyloid deposition in Alzheimer’s disease. PET images of
the medial surface show retention of Pittsburg Compound-B (PIB),
an amyloid-imaging tracer, in a normal control subject (Left) and
an individual with Alzheimer’s disease (Right). PIB retention is
prominent in posterior parietal regions near posterior cingulate and
retrosplenial cortex (A) and in frontal cortex (B). The presence of
substantial amyloid burden in posterior regions that overlap mem-
ory networks, as shown in Fig. 2, suggests a mechanism by which
amyloid toxicity might disrupt memory. Correspondence among
regions showing retrieval success effects, metabolism difference in
Alzheimer’s disease, and amyloid burden extends to lateral pari-
etal regions (data not shown) as well as to measures of cortical
atrophy (e.g., see [74]). Reprinted from Neuron, Vol 44, Buckner,
Memory and executive function in aging and AD: multiple factors
that cause decline and reserve factors that compensate, 195–208,
2004 [24], with permission from Elsevier.

for studies; categorization of selected studies; anal-
ysis and interpretation of results; presentation of the
review and synthesis of knowledge.

The guiding question presented at the end of the
introduction was elaborated from the PICO/PIO/PEO
strategy, whose letters indicate: Patient/Problem,
Intervention, Comparison, and “Outcomes” (out-
come) to PICO; PIO: Population/Problem/Patient,
Outcome; PEO: Population/Problem/Patient, Expo-

http://biofinder.se
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sure, Outcome. This strategy allows a complete
search on the research platforms, directing the ques-
tion to obtain keywords that point out answers [76].
Therefore, the guiding question of this study was:
What is the impairment of EFs in AD dementia? The
next step refers to the crossing of data. For that, an
extraction of data from the articles found was carried
out, to minimize the obtaining of irrelevant informa-
tion about the theme in focus. The selected articles,
therefore, answered the guiding question, were made
available in full and published in the period from
2000 to 2020. The logical Booleans, which include
the search details were: (“Alzheimer disease” [MeSH
Terms] OR (“Alzheimer” [All Fields] AND “dis-
ease” [All Fields]) OR “Alzheimer disease” [All
Fields] OR “Alzheimer” [All Fields]) AND (“cog-
nition” [MeSH Terms] OR “cognition” [All Fields]
OR (“cognitive” [All Fields] AND “functions” [All
Fields]) OR “cognitive functions” [All Fields]) AND
(“cognition” [MeSH Terms] OR “cognition” [All
Fields]). In all selected databases, the following
search keys were used: Alzheimer AND executive
functions AND cognition; Alzheimer AND executive
functions; Alzheimer AND cognition. The consul-
tation sample was determined using the following
inclusion criteria: 1) scientific articles with publi-
cation date between 2010 and 2020; 2) scientific
articles published in journals with blind peer review;
3) empirical and descriptive articles; 4) the lan-
guage used was English. In this case, priority was
given to articles in the English language; 5) original
research and review articles were included, whose
theme answered the guiding question.

Studies without specific methodology and which
correlated with other diseases or other types of
dementia were excluded. To meet the objective, an
integrative literature review was adopted. This is a
type of review that includes several distinct types
of research. This method allows the synthesis of
selected studies to be made to draw a panorama about
a specific phenomenon. It signals possible gaps and
provides a more comprehensive view of knowledge.

The analysis of the integrative review descriptively
took place. A comparative table was used for the
synthesis of the data, containing the following organi-
zation: author, objective, type of study, main results,
and conclusions.

The integrative review literature is a method that
aims to synthesize results obtained in research on
a topic or issue, in a systematic, orderly, and com-
prehensive manner. A systemic literature review,
a well-planned review to answer specific research

questions using a systematic methodology and expla-
nation to identify, select, and critically evaluate the
results of studies included in the literature review, was
also used.

A systematic review attempts to collate all rele-
vant evidence that fits pre-specified eligibility criteria
to answer a specific research question. PRISMA was
used as a basis for reporting systematic reviews of
other types of research. PRISMA-P is intended to
guide the development of protocols of systematic
reviews and meta-analyses.

RESULTS

The analysis of the literature data of the integrative
review (IRL) was elaborated in a descriptive way. A
table was used to extract and synthesize data from
each primary study included in the review (Table 1).
This chart contains the following information: title,
objectives, study design and main findings.

Bibliometric research, based on the search keys
applied in each of the databases consulted, resulted
in a total of: PubMed - search key - Alzheimer and
executive functions and cognition 40,770 articles;
PubMed - Alzheimer and executive functions 15,365
articles; PubMed - Alzheimer and cognition 34,569
articles; Science Direct - Alzheimer and executive
functions 13,810 articles; Science Direct - Alzheimer
and executive functions and cognition 9,068 arti-
cles; Science Direct - Alzheimer and cognition 29773
articles; Web of Science - Alzheimer and executive
functions 2,114 articles; Web of Science - Alzheimer
and executive functions and cognition 878 articles;
Web of Science - Alzheimer and executive functions
2,841 articles; Web of Science - Alzheimer and cog-
nition 8,486 articles. The data indicate that there is a
greater presence of articles involving the theme in the
PubMed database, probably because it is a database
more focused on the medical field. It was observed
that the most refined search took place in: Alzheimer
and executive functions, with fewer articles, but with
a greater degree of precision and utilization.

Figure 5 shows PRISMA protocol used to describe
quantitatively the selected studies by the inclusion
and exclusion criteria.

When associated with the Cognition search key,
the number of findings is greater because it involves a
broader theme. Alzheimer’s keys and executive func-
tions allow for more refined targeting.

The search also indicated that there have been
numerous studies on the subject in the last ten years,
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Table 1
Integrative review literature in chronological order

Citation/Year Objective Type of study Main findings

Lezak (1982) [8] Describe that EFs are important to detect the proper
functioning of the cognitive system

Descriptive
study

EFs are essential for independent, creative, and socially constructive behavior. EFs
comprise the mental capacities needed to formulate goals, plan how to achieve
them and execute plans effectively.

Lezak (1982) [8] Show the capabilities of EFs Descriptive
study

EFs are crucial to normal behavior. Although they tend to be vulnerable to brain
damage, they are often overlooked in neuropsychological and neurological
examinations. Reasons why there are few formalized examination procedures for
assessing EFs.

McKhann et al. (1984) [19] Propose criteria that can serve as a guide for the
diagnosis of AD.

Descriptive
study

Medical criteria for diagnosing AD include insidious onset and progressive
impairment of memory and other cognitive functions. There are no motor, sensory
or coordination deficits at the beginning of the disease. The diagnosis cannot be
determined by laboratory tests. These tests are especially important in identifying
other probable causes of dementia that must be ruled out before the diagnosis of
AD.

McKhann et al. (1984) [19] Address medical history, clinical examination,
neuropsychological testing, and laboratory
assessments

Descriptive
study

Neuropsychological tests provide confirmatory evidence of the diagnosis of
dementia and help to assess the course and response to therapy.

Posner et al. (1992) [6] Show that cognition is a computational process Descriptive
study

Cognition involves all the processes by which input is transformed, reduced,
worked out, stored, retrieved, and used.

Cipolotti & Warrington (1995) [12] Provide an overview of the main methods for
assessing cognitive function and an outline of what
can promote a European assessment.

Descriptive
study

Patients with brain problems have deficiencies in memory, language, perception,
thinking, action, and other functions.

Stern (2002) [20] Develop a coherent theoretical explanation of the
cognitive reserve

Descriptive
study

The concept of reserve is highly relevant for investigating variability in individual
performance and for understanding how the brain responds to challenges and
pathologies.

Baddeley & Wilson (2002) [45] Studying an episodic buffer to determine whether
the pattern of results reported [45] generalizes other
samples of organic amnesia

Experimental
study

It is possible that the WMS immediate recall of the logical memory passage
exceeds what is available in the episodic buffer and is driven by what is
remembered from the long-term episodic memory.

Alcorn & Washburn (2003) [3] Present that cognition concerns a series of mental
functions.

Descriptive
study

Cognition comprises faculties such as memory and thought, among others, and
emotions.

Buckner (2004) [24] Show the physiological changes that cause memory
decline.

Descriptive
study

The decline in memory in aging arises from multiple processes associated with age.

Brandimonte et al. (2006) [2] Attest that cognition comes from representation Descriptive
study

Studies on cognition reveal a correlation with the act of processing data.

Bottino et al. (2006) [14] To present studies on dementias and
neuropsychiatric disorders in the elderly. Improve
behaviors and practices in geriatric neuropsychiatry

Descriptive
study

The diagnosis of dementia is made considering memory deficit and another
cognitive function associated with social and occupational impairment. Diagnosis
requires assessment of cognitive abilities.

Jack et al., 2010 [17] Propose a model that relates the stage of the disease
to the biomarkers of AD. Provide a framework for
testing hypotheses that relates the temporal changes
in AD biomarkers to the clinical stage of the disease
and to each other

Experimental
study

The temporal relationships between biomarkers and the clinical stage of the
disease constitute a series of testable hypotheses.

(Continued)
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(Continued)

Citation/Year Objective Type of study Main findings

Van der Elst et al., 2011 [44] Establish the normal range of performance in AVF
and DF tests

Experimental
study

The scores of the structured tests AVF and DF increased linearly as a function of
age, while the relationship between age and the scores of the unstructured DF test
was curvilinear (that is, the improvement in the test scores was much more
pronounced for younger children than for older children)

Diamond (2012) [10] It describes that EFs comprise inhibition, inhibitory
control, including self-control and selective
attention and collective inhibition, WM, and
cognitive flexibility.

Observational
study

EFs can also be considered as executive control

Thies & Bleiler (2012) [13] Define dementia. and providing information to
increase understanding of the impact of AD on
public health. Topics covered include incidence,
prevalence, mortality rates, health care costs and
costs of care and effect on caregivers and society.
The report also explores the problems that arise
when people with AD and other dementias live
alone. The characteristics, risks and unmet needs of
this population are described.

Descriptive
study

AD involves nerve cell death in some areas and loss of cognitive functions.

Stopford et al. (2012) [37] Compare WM, attention, and executive testing
performance in AD patients (a ‘typical’ group with
early onset with memory deficits, perceptual-spatial
language and function and an “amnesic” group) and
frontotemporal dementia

Observational
study

The study confirmed earlier findings of impaired WM, attention, and executive
task performance in AD. The data highlight the prominence of WM deficits in
early AD, confirming that they are a prominent symptom

Reinvang et al. (2012) [39] Indicate that, in a relatively young population of
MCI, investigated with comprehensive
neuropsychological tests, eMCI is a common
variant.

Descriptive
study

In the identification of brain changes underlying eMCI (impairment in EFs), fiber
integrity should be emphasized as measured with DTI, as well as the cortical
thinning of the frontal lobe.

Fiore et al. (2012) [42] Examines the ability of YA and OA to update
information on verbal and visuospatial memory
tasks.

Experimental
study

The performance of the participants was higher in the verbal task than in the
visuospatial one. However, regardless of the task domain, an age-related decline in
update performance was found. In addition, the analysis of the serial positions
suggested that, in the update procedure, the participants were not actively trying to
maintain the items, preferring to adopt a low effort strategy, “based on recency”.
The use of this type of strategy is more evident in older participants, as
demonstrated both in the accuracy performance and in the proportion of intrusion
errors.

Fournet et al. (2012) [43] Present normative data for STM and WM verbal and
visuospatial tasks for a sample of mentally and
physically healthy elderly

Experimental
study

The data reveal the main effects of age, level of education and gender on STM and
WM performance of OA. Equation-based normalization can therefore be used to
take these factors into account. The results provide a set of cutoff scores for five
standardized tasks that can be used to determine the presence of STM disability or
WM in the elderly.
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Stopford et al. (2012) [37] Compare WM, attention, and executive testing
performance in AD patients (a ‘typical’ group with
early onset with memory deficits, perceptual-spatial
language and function and an “amnesic” group) and
frontotemporal dementia

Experimental
study

The data highlight the prominence of WM deficits in early-onset AD, confirming
that they are a prominent symptom of these patients, and dissociable from classic
amnesia traditionally associated with AD. The results point to the need for caution
in assuming that the impaired performance in AD in tests of WM and attention
necessarily imply a central executive commitment to frontal lobe substrate.

Chaney (2013) [1] Indicate the history of cognition and its origin Descriptive
study

Cognition comes from the Middle Ages

Bender & Beller (2013) [5] Point out how culture can affect cognitive processes
in many ways, based on instances of numerical
cognition, ethnobiological reasoning, and theory of
mind.

Descriptive
study

Internal cognitive processes are affected by culture-specific external
representations; they are affected by the culture-dependent content to be
processed; and are affected more generally by people’s cultural backgrounds.

Uehara et al. (2013) [11] Evidence of divergences in the definition of EF,
review and point out the main theories and models,
in addition to classic approaches that influenced the
definition of the concept of EF.

Descriptive
study

The EFs can be seen as a prism, which can be seen through its countless faces,
from its various angles. In contrast, there is no consensus on a formal definition.

Cohen et al. (2013) [40] Review studies on incidental self-control in three
domains: affect, behavior, and pain. Among them,
we researched studies using a variety of
experimental paradigms, including affection
labeling, emotional expression interference, threat to
intimate relationships, visual masking, and placebo
manipulations.

Descriptive
study

Self-control is like a muscle and can be tired (or trained) in several domains (for a
review, see [77]), literary neuroimaging structure commonly points to the
involvement of rVLPFC in many different forms of self-control.

Rahimi & Kovacs (2014) [22] Show the prevalence of mixed brain pathologies
reported in recent studies.

Observational
study

The development of biomarkers can be a useful tool in assessing the causes of
dementia. However, it is necessary to be aware that concomitant pathologies can
influence the results of these tests.

Silva (2014) [25] Demonstrate the influence of memory on the
reading of patients with AD

Observational
study

Until a certain stage of AD, patients keep reading. However, as the disease
progresses, the reading process decays and reduces itself to mechanical reading.

Silva (2014) [26] Demonstrate that the priming effect is maintained
during AD.

Observational
and
experimental
study

The priming effect is maintained because the development of AD is gradual, and
flashes of memory occur in the patients’ language.

Karr et al. (2018) [9] Apply performance-based tests of EFs and
re-analyze summary data to identify best fit models

Experimental
study

The results show some evidence of greater one-dimensionality of the EF among
samples of children/adolescents and both unity and diversity among samples of
adults.

Verlinde et al. (2015) [60] Investigate trajectories of cognition and daily
functioning in preclinical dementia

Experimental
study

The incident dementia has a long preclinical trajectory of decline in cognition and
daily functioning, which already begins 16 years before the clinical diagnosis.

Kirova et al. (2015) [27] Analyze the decline in WM through normal aging,
MCI, and AD to highlight the behavioral and
neurological differences that distinguish these three
stages to guide future research on MCI diagnosis,
cognitive therapy, and AD prevention

Descriptive
study

OA have less WM capacity than YA.

Rabinovici et al. (2015) [41] Review the executive / attention deficiency as an
important aspect of MCI or pre-MCI in terms of
symptom manifestation and importance for disease
progression

Descriptive
study

In a relatively young population of MCI investigated with comprehensive
neuropsychological tests, eMCI is a common variant. Dysfunctions may remain
undetected, even if a complete neuropsychological examination is performed.

(Continued)
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Citation/Year Objective Type of study Main findings

Faria et al. (2015) [47] To present a systematic review of the most used
instruments for assessing EFs in elderly people with
distinct levels of education in clinical and
experimental research.

Descriptive
study

The study identified the tests and domains of EFs most frequently used in the past
five years by research groups around the world to assess the elderly. These results
can guide future research and assist in the construction of evaluation protocols for
the evaluation of EFs, considering the distinct levels of education and
sociodemographic profiles of the elderly in Brazil.

De Houwer et al. (2016) [4] Point out that within cognitive psychology,
cognition is typically defined in terms of
information processing. And within functional
psychology, cognition is conceptualized in terms of
behavior. Next, we point out that both perspectives
are not mutually exclusive.

Descriptive
study

Cognition has a procedural character

Blanco Martin et al. (2016) [35] Demonstrate that EF is present in aMCI and whether
low scores on EF tests are related to progression to
AD or other type of dementia

Experimental
study

Dysexecutive syndrome is a broad concept that is not limited to the frontal lobes
and can be found in the initial stages of aMCI. Dysexecutive syndrome has a
negative impact on the patient’s autonomy and can have prognostic value.

Apostolova (2016) [38] Discuss recent advances in the diagnosis and
treatment of AD.

Descriptive
study

Although it is now possible to diagnose AD in the initial stages and even in the
pre-symptomatic stages, we still lack preventive drugs or disease modifiers that
can alter its course. The effect of AD on individual patients and their families and
caregivers is devastating.

Moreira et al. 2017 [49] Present the effectiveness of the treatment and
development of new drugs. In this study, we present
the first acetylcholine/ oxygen hybrid enzymatic fuel
cell for self-powered detection at the acetylcholine
plasmid site, which is based on the combination of
an enzymatic anode with a Pt cathode.

Experimental
study

The results open new horizons for the diagnosis of AD at the place of care and
provide a potentially attractive alternative to established methods that require
laborious and time-consuming sample treatments and expensive instruments

Karr et al. (2018) [9] Summarize confirmatory factor analysis in tests
based on the performance of EFs and reanalyze the
summary data to identify the most appropriate
models.

Experimental
study

The constructions most often represented in published EF measurement models
include inhibition, update/WM, and displacement.

Cacciaglia et al., 2018 [34] Perform an unbiased voxel analysis of the
associations between regional GMV and WMV and
performance in both cognitive domains in a sample
of 463 individuals

Experimental
study

The variability in their morphological properties, and not just in their activation
patterns, affects EM and EFs, respectively. Aging reverses these associations and
supports previously advanced theories of cognitive neurodevelopment.

Caccigllia et al. 2018 [34] To determine the structural correlates of the brain of
EM and EFs in cognitively healthy middle-aged
individuals, analyzing GMV and WMV, using an
impartial total cerebral voxel approach

Experimental
study

Larger regions of the brain are typically associated with greater processing
capacity and, consequently, lead to a better performance of the functions they
mediate [78]. In addition, it would be expected to find larger volumes predicting
better memory performance, given the close relationship between cognitive decline
and cerebral atrophy observed in patients with AD, as well as in normal aging.
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Sørensen & Nielsen et al. 2018 [61] Use a set of SVMs that combine packaging with
replacement and feature selection. SVM is the most
used algorithm for multivariate classification of
dementia.

Experimental
study

Sets of methods that use scholarship and resource selection can improve the
performance of the SVM class commonly applied in classifying dementia.

Harvey (2019) [7] Defend the idea that cognitive performance is
typically conceptualized in terms of functioning
domains. These domains are hierarchical

Descriptive
study

Cognitive functions are interconnected in domains.

Wennberg et al. (2019) [23] Investigate whether pathologies are associated with
cognitive and motor ante-mortem function,
depression, magnetic resonance volumetric
measurements or apolipoprotein.

Experimental
study

Some pathologies related to dementia are associated with worse performance in
clinical measures and cerebral atrophy in intact elderly people

Abufalia et al., 2019 [31] Show that O-LOAD can exhibit reduced executive
performance evidenced by increased errors and
reduced strategy use in an episodic memory task.

Experimental
study

Observed memory difficulties may be partly associated with executive deficits,
suggesting an interaction between memory and EFs. Losses in process scores were
observed before the clinical decline in neuropsychological scores in this risk
cohort and can be useful cognitive markers of preclinical LOAD.

Delpak & Talebi (2020) [15] To evaluate the relationship between seven areas of
cognitive function in the MMSE test with age,
gender, and education level.

Descriptive
study

According to the other results, aging, female gender, and lower educational level
cause patients to get lower scores on the MMSE test

Stern et al. (2020) [21] Develop consensus definitions for cognitive reserve,
cerebral reserve, and brain maintenance. Evaluate
measures used to implement these concepts in
research environments and develop guidelines for
research that explore or use these concepts.

Descriptive
study

Research involving cognitive reserve should note the inclusion of three
components - the state of the brain (reflecting brain change or pathology), results
of clinical or cognitive performance: a socio-behavioral proxy (i.e., an index of
exposure over life / pre-morbid capacity) a functional brain measurement.

Hunter et al. (2020) [30] Compare the balance between people with AD,
healthy OA and healthy YA and 2) to quantify the
interaction of visual acuity and EF in postural
stability.

Experimental
study

Individuals with poorer visual acuity had worse EF, and those with poorer EF had
poorer balance control. These results highlight the importance of assessing not
only vision and balance, but also EF, especially in elderly people with AD.

Amanzio et al. (2020) [33] This study focuses on reducing self-awareness in
neurological disorders, such as AD, behavioral
frontotemporal dementia and acquired brain injuries.

Descriptive
study

Executive metacognitive dysfunction and impaired MPFC, outlined through the
neurocognitive model, can help to understand how the central executive system
can contribute to AD-related self-awareness disorders

Eyigoz et al. (2020) [46] Use classification methods to predict the future
onset of AD in cognitively normal individuals
through automated linguistic analysis.

Experimental
study

It is possible to predict the future onset of AD using language samples obtained
from cognitively normal individuals.

AD, Alzheimer’s disease; aMCI, amnestic mild cognitive impairment; AVF, Animal Verbal Fluency; DF, Design Fluency; DTI, diffusion tensor imaging; EF, executive function; EM, episodic
memory; eMCI, early mild cognitive impairment; GMV, gray matter volume; LOAD, late onset Alzheimer’s disease; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination;
MPFC, medial prefrontal cortex; O-LOAD, offspring of patients with LOAD; OA, older adults; rVLPFC, right ventrolateral prefrontal cortex; STM, short-term memory; SVMs, support vector
machines; WM, working memory; WMS, Wechsler Memory Scale; WMV, white matter volume; YA, young adults.
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Fig. 5. PRISMA 2009 flow diagram. Source: Moher et al., 2009 [79].

which suggests that there are still discussions and
gaps to be filled. It was observed that the theme
involves several elements of human cognition, which
makes the complex subject surrounded by interface
investigations.

More recent studies have pointed out a greater
concern with the correlation between attention and
Alzheimer’s regarding the involvement of EFs in the
presence of AD, which suggests a need for inves-
tigation of future works to deepen these questions.
The articles were selected according to the criteria
established in the methodology chapter.

DISCUSSION

With the studies it is possible to conclude that the
EFs make up the diagnostic evaluation of AD, being

still well discussed in the literature. There was no
evidence of modification of application and content
of analysis of EFs. The MMSE is still widely used as
one of the analysis resources.

The results also demonstrate that the EF tasks used
in addition to the screening tool, the MMSE, enabled
to distinguish the difference between the average
score of the AD group as opposed to another groups.
In future research prospects lies the need using an
efficient method for the early screening of AD and
accessible.

For a long time, EFs have created a lot of inter-
est by their simplicity and the attractiveness of their
discriminatory efficiency for the different dementia
states, from early to advanced stage. It would be
interesting to combine the tests with which it was
possible to distinguish the groups studied to verify
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their discriminating power in a battery combining
them.

The literature points out that there is a lot of com-
plexity around EFs, including controversies, so much
so that it concerns the nomenclature, as well as the
way of investigating elements such as attention and
WM in the analysis of EFs, a lot due to the complexity
that involves them.

In more recent studies, there is a greater concern
for attention, leading to believe in the review made in
this study that it is one of the most evident elements
in AD, in addition to WM, which deserves further
investigation in research future. It was also observed
that all selected studies pointed to the impairment of
EFs in AD and that the cognitive elements considered
are not isolated, but there is a correlation between
them, regarding cognitive functional dependence.
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Ouro Preto, and Federal University of Rio Grande do
Norte.

FUNDING

This study was not funded.

CONFLICT OF INTEREST

The authors have no conflict of interest to report.

REFERENCES

[1] Chaney DW (2013) An overview of the first use of the terms
cognition and behavior. Behav Sci (Basel) 3, 143-153.

[2] Brandimonte, MA, Bruno N, Collina S (2006) Cognition.
In Psychological concepts: An international historical per-
spective, 1st ed, Pawlik K, d’Ydewalle G, eds. Taylor &
Francis, London, UK.

[3] Alcorn MB, Washburn AM (2003) Cognitive psychology. In
Magill’s Encyclopedia of Social Science: Psychology, Vol.
1, 2nd ed, Piotrowskim NA, Irons-Georges T, eds. Salem
Press, Pasadena, CA.

[4] De Houwer J, Barnes-Holmes D, Barnes-Holmes Y (2016)
What is cognition? A functional-cognitive perspective.
Based on: Hays SC, Hofmann SG, eds. Core Processes of
cognitive behavioral therapies. Harbinger, Oakland, CA.
https://www.researchgate.net/publication/308749950 What
is Cognition A FunctionalCognitive Perspective#fullText

FileContent. Accessed February 6, 2021.
[5] Bender A, Beller S (2013) Cognition is... fundamentally

cultural. Behav Sci (Basel) 3, 42-54.
[6] Posner M. I, Bourke P, Neisser U (1992) Cognitive psychol-

ogy. Am J Psychol 105, 621-626.

[7] Harvey P (2019) Domains of cognition and their assessment.
Dialogues Clin Neurosci 21, 227-237.

[8] Lezak, MD (1982) The problem of assessing executive func-
tions. Int J Psychol 17, 281-297.

[9] Karr JE, Areshenkoff CN, Rast P, Hofer SM, Iverson GL,
Garcia-Barrera MA (2018) The unity and diversity of execu-
tive functions: A systematic review and re-analysis of latent
variable studies. Psychol Bull 144, 1147-1185.

[10] Diamond A (2012) Executive functions. Ann Rev Psychol
64, 135-168.

[11] Uehara H, Charchat-Fichman, H, Landeira-Fernandez J
(2013) Funções executivas: Um retrato integrativo dos prin-
cipais modelos e teorias desse conceito. Rev Neuropsicol
Latinoamericana 5, 25-37.

[12] Cipolotti L, Warington EK (1995) Neuropsychological
assessment. J Neurol Psychiatry 58, 655-664.

[13] Thies W, Bleiler L (2012) Alzheimer’s disease facts and
figures. Alzheimers Dement 8, 131-168.

[14] Bottino C, Lals J, Blay SL (2006) Demência e transtornos
cognitivos em idosos. Guanabara Koogan, Rio de Janeiro.

[15] Delpak A, Talebi M (2020) On the impact of age, gender,
and educational level on cognitive function in Alzheimer’s
disease: A quantitative approach. Arch Gerontol Geriatr 89,
104090.

[16] Yao T, Sweeney E, Nagorski J, Shulman JM, Allen GI
(2020) Quantifying cognitive resilience in Alzheimer’s dis-
ease: The Alzheimer’s Disease Cognitive Resilience Score.
PLoS One 15, e0241707.

[17] Jack CR Jr, Knopman DS, Jagust WJ, Shaw LM, Aisen PS,
Weiner MW, Petersen RC, Trojanowski JQ (2010) Hypo-
thetical model of dynamic biomarkers of the Alzheimer’s
pathological cascade. Lancet Neurol 9, 119-128.

[18] Melo DM, Barbosa AJG (2015) O uso do Mini-Exame do
Estado Mental em pesquisas com idosos no Brasil: Uma
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