brain
sciences
Article

Problems in Classifying Mild Cognitive Impairment
(MCI): One or Multiple Syndromes?
María del Carmen Díaz-Mardomingo 1, *, Sara García-Herranz 1 , Raquel Rodríguez-Fernández 2 ,
César Venero 3 and Herminia Peraita 1
1
2
3

*

Department of Basic Psychology I, National University of Distance Education, Juan del Rosal 10,
28040 Madrid, Spain; sgarcia@bec.uned.es (S.G.-H.); peraitaherminia@gmail.com (H.P.)
Department of Behavioural Sciences Methodology, National University of Distance Education,
Juan del Rosal 10, 28040 Madrid, Spain; rrodriguez@psi.uned.es
Department of Psychobiology, National University of Distance Education, Juan del Rosal 10,
28040 Madrid, Spain; cvenero@psi.uned.es
Correspondence: mcdiaz@psi.uned.es; Tel.: +34-913-988-201

Received: 16 June 2017; Accepted: 29 August 2017; Published: 1 September 2017

Abstract: As the conceptual, methodological, and technological advances applied to dementias have
evolved the construct of mild cognitive impairment (MCI), one problem encountered has been its
classification into subtypes. Here, we aim to revise the concept of MCI and its subtypes, addressing the
problems of classification not only from the psychometric point of view or by using alternative methods,
such as latent class analysis, but also considering the absence of normative data. In addition to the
well-known influence of certain factors on cognitive function, such as educational level and cultural
traits, recent studies highlight the relevance of other factors that may significantly affect the genesis
and evolution of MCI: subjective memory complaints, loneliness, social isolation, etc. The present
work will contemplate the most relevant attempts to clarify the issue of MCI categorization and
classification, combining our own data with that from recent studies which suggest the role of relevant
psychosocial factors in MCI.
Keywords: classification methods; mild cognitive impairment; neuropsychological assessment; social
factors; loneliness; subtypes

1. Introduction
Mild cognitive impairment (MCI) was initially described as a single syndrome in which the
individual displays: (a) subjective memory complaints, confirmed by a reliable informant; (b) objective
deficits in episodic memory tests with no impairment in daily living; and of course, (c) no dementia [1].
Since then, the concept of MCI has gradually diversified into distinct subtypes, with different
classifications arising according to its cognitive characteristics [1,2], clinical presentation [3],
and probable etiology [4]. In addition, longitudinal studies have revealed that not all types of MCI
evolve to dementia, as was initially thought, an issue that has yet to be fully resolved.
In terms of cognitive characteristics, MCI was initially defined solely on the basis of an assessment
of episodic memory [2], indicating that MCI was of an amnestic nature (aMCI). That is, cognitive
problems were only revealed as a function of episodic memory (as long as the score obtained in these
tests was 1.5 Standard Deviation—SD—below the mean) without taking into consideration alterations
to other cognitive functions. This very restrictive initial notion of MCI was extended when three
different MCI subtypes were proposed (amnestic, multidomain, and single domain MCI without
memory deficit) [5,6], which were later reclassified or subdivided into four subtypes depending on the
number of domains affected: single domain aMCI, multidomain aMCI, single domain non-amnestic
MCI (naMCI), and multidomain naMCI [7]. In 2004, it was proposed that MCI could be classified
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into three subtypes [3]: aMCI, multiple domain, and single non-memory domain. Moreover, it was
considered that MCI should be subdivided according to its distinct clinical presentation and/or
etiology: MCI due to cerebrovascular disease, MCI due to Parkinsonism disease (PD), MCI with
depressive symptomatology, or MCI with psychological and behavioral symptomatology. It was
explicitly qualified that although neurodegeneration may be the underlying etiology behind MCI,
the deterioration of memory could evolve as a consequence of other clinical conditions.
Currently, the majority of researchers employ the four subtypes of MCI described [7–12].
However, some researchers also take into account the amnestic alteration and its different modalities,
extending the classification of MCI according to the deterioration of other cognitive functions and
capacities (see Table 1): executive, language, and processing speed [8,13–17]. In addition to the
aforementioned subtypes, undifferentiated MCI characterizes individuals with subjective cognitive
complaints but with no cognitive impairment evident in cognitive tests [18]. Specifically, this fourth
classification was defined because, although it applies to individuals with cognitive impairment,
its characteristics do not match any of the three former types. Indeed, this group is that most affected
when taking a variation of 1.5-SD as the threshold instead of 1-SD. Two possible hypotheses have
been proposed to interpret this type of undifferentiated MCI: that it may subsequently progress
to Alzheimer’s disease (AD) or conversely, that it might be a subtype that evolves to normality.
Irrespective of the subtypes of MCI considered, it is clearly necessary to examine the subcomponents
or facets of executive function that are involved in greater depth (those affected in at least two of
these subtypes), information that is essential to characterize the different subtypes and to allocate
individuals to them [19].
Despite the increase to four subtypes of MCI proposed over the years, there are still authors who
prefer to use a classification that only considers two major groups in function of the status of episodic
memory, aMCI, and naMCI [20–24]. Similarly, in the COSMIC Study (Cohort Studies on Memory in
an International Consortium) that was the result of 11 international cohort studies [25], and despite
recognizing the enormous potential of the different MCI subtypes for both clinical diagnosis and
prognosis, objective MCI was classified as these two classic types.
Table 1. Sub-classification of the different MCI subtypes.
Cognitive Processes Evaluated

MCI Subtypes

Petersen [2]

References

Episodic memory

aMCI

Petersen et al. [5]

Episodic memory
Language
Executive function
Visuospatial skills

aMCI
Single non-memory domain MCI
Multiple domains, slight impairment MCI

Petersen [6]
Petersen & Negash [7]

Episodic memory
Language
Executive function
Visuospatial skills

Single domain aMCI
Multiple domain aMCI
Single domain naMCI
Multiple domain naMCI

Edmonds et al. [14]

Memory
Language
Attention
Executive function

aMCI
Dysnomic MCI
Dysexecutive MCI)
Cluster-Derived Normal (within normal limits
on cognitive testing)

Episodic memory
Language
Executive functioning
Processing speed
Visuo-construction

aMCI
dMCI (executive and processing speed deficits)
mx MCI (memory and language deficits)

Eppig et al. [15]
Libon et al. [16]
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Table 1. Cont.
References

Cognitive Processes Evaluated

MCI Subtypes

Rosenberg et al. [17]

Episodic memory recall
Language
Attention
Executive function
Visuospatial function

aMCI
exMCI
Both aMCI and exMCI
Neither aMCI nor exMCI

Mansbach et al. [18]

Verbal memory
Executive control functions
Attentional capacity

aMCI
Executive MCI
Multi-domain MCI
Undifferentiated MCI

Episodic verbal memory
Language
Executive function
Attention
Working memory

aMCI

Albert et al. [20]
Saunders & Summers [22]
Putcha & Tremont [24]

naMCI

Note: aMCI (amnestic MCI); naMCI (non-amnestic MCI); dMCI (dysexecutive MCI); mxMCI (mixed or
multi-domain MCI); exMCI (executive dysfunction-MCI); non-exMCI (no executive dysfunction-MCI).

Surprisingly, in a European Union (EU) report on MCI in longitudinal cohorts, there is no reference
to MCI subtypes [26]. Biological risk factors do appear and are considered distinct from the cognitive,
behavioral, or functional factors. In addition, this report grants importance to the need to assess
the cognitive aspects that are currently being poorly evaluated in greater depth, such as motor and
perceptual aspects or processing speed, which could represent early indicators of cognitive decline,
as well as the difference between modifiable risk factors and protective factors. A review of the concept
and vocabulary in AD only attended to the definition of aMCI [27], although it established—and
this is interesting for our purposes—that since the conceptualization of prodromal AD has changed,
MCI must focus on something much less specific.
Thus, we note a tendency in the current scientific literature to acknowledge the need to define
and characterize at least one new type of MCI, one that is less clearly differentiated and with no
apparent objective etiology, and that may be due to the interaction of many variables or factors but
that does not necessarily lead to dementia. Nevertheless, this must be addressed while explicitly
maintaining the objective classic typology of the four (or two) original sub-types of MCI as they can be
linked to biomarkers [28]. However, this does not seem to be consistent, at least not fully, with the
minor cognitive disorder named ‘Mild NeuroCognitive Disorder’ (mNCD) that was included by the
American Psychiatric Association (APA) in the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) [29]. Yet while this disorder is somehow related to MCI, the diagnostic agreement between
both conditions seems to be limited [30].
Etiology is another classification criterion that must be taken into account and in fact, it is
considered a determinant factor in the 2015 updated DSM-5 [31]. Indeed, the classification of MCI as
MCI-AD, vascular MCI, or MCI-Lewy body dementia has been proposed [4]. Similarly, the importance
of reclassifying individuals according to the degree of diagnostic certainty has also been raised:
possible MCI, when co-morbidities exist that may explain or contribute towards cognitive deficits
(e.g., cardiovascular diseases, a history of cranioencephalic trauma, infectious diseases, psychiatric
disorders, etc.), or probable MCI, when no such co-morbidities may influence diagnosis [32,33].
According to the evolutionary course of MCI, and in view of different longitudinal studies [11,34–38],
it has been verified that MCI can follow different evolutionary trajectories: (a) stable, with cognitive
impairment maintained across different domains over time without conversion to dementia or without
cognitive improvement; (b) unstable, with fluctuating changes over time between cognitive normality
and MCI; (c) remitting, with the recovery of normal cognitive function; and (d) progressive, those that
progress to dementia (see Figure 1).
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In studies that have based MCI diagnosis only on the performance of individuals in cognitive
screening, MCI has been diagnosed or detected in individuals yielding an unexpected performance
due to poor education, sensory deficits, etc., resulting in false positives [10,38,52]. In 2011, basic
clinical criteria for MCI were proposed by the Spanish Society of Neurology (SEN) [53] and by the
National Institute on Aging-Alzheimer’s Association workgroup (NIA-AA) [20], whereby cognitive
impairment must be detected across one or more domains. In this sense, assessment should include
tests that evaluate performance in cognitive domains other than memory, such as attention/executive
function, language, and visuoperceptual/visuoconstructional functions [54]. In addition, it is rare
to find a definition of the number of tests or subtests explicitly required to define deterioration in
a cognitive domain. Poor performance in a cognitive domain can be considered when the person fails
a single test, or execution in that domain may be assumed to be altered if there is deficient performance
in two or more tests that evaluate that same cognitive domain. The diversity of tests used to evaluate
such domains also poses a new problem as they are not all designed on the basis of the same theoretical
proposition. Hence, the extension, complexity, and number of subtests included may differ. This factor
greatly complicates any comparison of results between different studies, even when the tests used to
evaluate the different domains are explicitly indicated.
Although the assessment of verbal episodic memory is essential as it may be a central marker
for AD [55–57], and should therefore be included in studies employed to detect MCI, its assessment
is not always performed in the same way or with the same rigor. This variability in verbal episodic
memory assessment is related, in part, to the large number of tests available, which differ in the number
of items and the availability of cues for memory retrieval, as well as the degree of involvement of
executive and/or linguistic components. In addition to episodic memory, it is also necessary to assess
executive functioning, attentional ability, and processing speed in order to characterize the different
MCI subtypes [14,49,58,59]. Furthermore, the importance of assessing language ability should not
be overlooked, as verbal fluency tests (namely semantic fluency), as well as memory and executive
functioning tests, are significant predictors of future cognitive decline [60,61]. Regarding visuospatial
ability, research on visuoconstructive deficits is scarce even though this domain deteriorates early in
people with MCI who convert to AD [62,63].
It is therefore clear that the number and variety of neuropsychological instruments used to assess
MCI, and its theoretical conception, can help to determine the subtypes of this clinical entity. Hence,
it would be reasonable and helpful to be able to achieve guidelines that would clearly state which
cognitive domains and how many tests in each domain should be used to establish MCI subtypes [12].
The criteria could vary in terms of the number of tests (one or two) which the individual must
fail in a given cognitive domain (with a prior determination of the domains) and on the level of
performance or the cut-off point that defines deterioration in any test (1.0, 1.5 or 2 SD) [64]. There are
two classic operative criteria for MCI diagnosis based on the combination of both these criteria: the SD
and the number of tests to be considered. Firstly, the Petersen/Winblad conventional criteria adopt
a threshold of 1.5 SD below the mean and the failure of a single test per cognitive domain. Alternatively,
the Jak/Bondi criteria center on 1.0 SD below the mean and incorrect performance in two or more tests
per cognitive domain. Several studies have compared these criteria, such as a study to demonstrate
the effects of different operational definitions of MCI on prevalence estimates in older adults [65].
MCI prevalence in the sample was highly dependent on these variables, and varied from 11% to
92% of the sample. The use of a less severe impairment cut-off (1.0 SD) and the impairment in only
one test yielded higher rates of MCI. The Petersen/Winblad and Jak/Bondi criteria have also been
compared directly, whereby the Petersen/Winblad criteria classified 34% of participants as having
MCI, while the Jak/Bondi criteria classified only 24% as having MCI [10]. Therefore, it is evident that
the variability in the operative/diagnostic criteria of classification will affect the estimated prevalence
of MCI and the subtypes derived from it, with important psycho-social, clinical, and epidemiological
consequences, among others. Thus, the classification of MCI into subtypes is conditioned by multiple
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factors, including the amplitude of the neuropsychological assessment, the selection of tests, and the
cut-off points chosen.
There is little consensus on how the factors described above influence early MCI detection and
different approaches have tried to address this problem. We specifically started to design a battery of
tests in 2005, in line with other longitudinal studies that had a similar objective, in which the selection
of tests or subtests was based on those that were considered to be the most sensitive predictors for the
diagnosis of MCI at that time. Therefore, we selected the Verbal Learning Test Spain Complutense
(Test de Aprendizaje Verbal España Complutense—TAVEC) [66], a semantic and a phonemic verbal
fluency test [67], the Trail Making Test A and B [68], certain praxis [67], and Rey’s figure test [69], among
others. These tests evaluated five cognitive domains: learning and memory, attention and executive
function, constructive ability, praxis, and language (see Table 2) [70–72]. Our frame of reference for this
selection was the Buschke & Fuld memory test, the Visual Reproduction Test (VRT), certain verbal and
phonetic fluency tests, associated pair learning tests, and the Benton Test. Apart from the references
cited, the selection was also made by taking into account the time of application, the existence of
standard scales, and the use of the tests within our context. Subsequently, we reviewed and extended
the protocol to include an assessment of working memory through the Inverse Digits Test and the
Barcelona Test, as well as the Direct Digits Test to assess attention and another test to assess language
in its lexical aspect or modality: a naming test. Obviously, the sensitivity of the assessment increases if
there are a large number of tests, aiding the classification of MCI into different subtypes. However,
it may also be problematic evaluating a cognitive domain in a redundant manner with too many tests.
Table 2. Cognitive domains and tests.
Cognitive Domains

Tests

Episodic memory and learning

Verbal Learning Test Spain Complutense (Test de
Aprendizaje Verbal España Complutense—TAVEC) [66]
The Rey-Osterrieth complex figure [69]

Working Memory

Inverse Digits, Barcelona Test [67]

Language

Semantic and phonemic fluency, Barcelona Test [67]

Attention and Executive function

Direct Digits, Test Barcelona [67]
Comprehensive Trail-Making Test (CTMT), A and B [68]
Alternating graphs and loops, Barcelona Test [67]

Constructive praxis

The Rey-Osterrieth complex figure [69]
Praxis constructive graphics, Barcelona Test [67]

Ideomotor praxis

Mimicking the use of objects and Symbolic gestures of
communication, Barcelona Test [67]

In order to reduce the time required to apply the battery of tests, which was considered to be too
long, a factor analysis and a main components analysis were performed to see how the tests being
applied were conceptually grouped and which had more weight in the assessment. This exploratory
factor analysis highlighted two predominant cognitive dimensions: memory tests on the one hand;
and executive functions and praxis on the other hand [73]. In relation to the determination of the
cut-off points, a deterioration cut-off point of −1.5 SD was established in each of the tests, coinciding
with most of the literature reviewed and with more conventional criteria [6,70,74,75]. The results
based on these psychometric criteria allowed a sample of 140 individuals to be classified into three MCI
subtypes, yielding the following percentages: healthy individuals (46.71%), aMCI (6.42%), mMCI (22.14%),
and naMCI (25.71%).
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3. Problems Related to the Conceptualization and Operationalization of Maintaining the
Functionality of Activities of Daily Living
Although maintaining the functionality of activities of daily living (ADL) is an essential
neuropsychological criterion in the detection, diagnosis, and differentiation of MCI with respect
to dementia [5,29], it is not exempt from problems in terms of its conception, assessment, and the
thresholds of deterioration, as well as in terms of the relationship between cognitive and functional
impairment. Some of the issues that arise remain unresolved, including: what are functional or daily
life activities? Do these abilities refer to instrumental activities or to some basic activities as well? Is it
necessary to distinguish them according to subject variables, for example, socio-educational level or
age? And, are they involved equally in different MCI subtypes?
Firstly, it is unclear whether a consensus exists when referring to functional skills and to what
extent this concept has been modified, particularly as one of the essential criteria to differentiate
MCI from dementias was proposed to be that the individual should preserve independence in
functional abilities [2]. Currently, there are subtle deficiencies in instrumental ADL (IADL) in MCI [3],
as individuals initially present a deficit in activities like money management, transportation use,
medication management, etc., all of which require a higher cognitive level than more basic activities
such as personal grooming [76,77]. ADLs are usually evaluated through interviews and the scales
applied to the person with MCI and their next of kin are considered to be reliable tools. However,
as recently suggested [12], it may be useful to also include tests where the individual him/herself
performs ADLs of different levels of difficulty in order to establish more precise and operative criteria.
As occurs with cognitive assessment, it is necessary to reach a consensus on which scales, tests,
and questionnaires are sufficiently sensitive to detect alterations in functional activity, and whether
this information should be collected from both the individual and his or her immediate environment.
Likewise, the threshold or point at which the functionality of ADL is to be considered as deteriorated
in the individual with MCI must be established [24].
As MCI evolves, both cognitive and functional abilities will deteriorate in individuals who develop
dementia, and individuals with MCI who have impaired IADL are at higher risk of progressing to
that state [78]. The decrease in functional ability is associated with a decrease in the overall cognitive
functioning of the individual with MCI [8]. This raises the question of whether this deficit occurs in all
MCI subtypes and whether it happens to the same magnitude, which would make functional activity
useful in the diagnosis of MCI and its classification into subtypes. In this respect, the relationship
between the pattern of cognitive performance in neuropsychological tests and subtle deficits in
IADL was recently analyzed in a group of aMCI and naMCI subjects [24]. In addition, this study
incorporated a concept that will surely be analyzed in the forthcoming years: the degree of awareness
of the individual’s MCI deficit and its ability to predict the functional impairment of MCI subtypes.
The results showed that both executive functions and memory, together with the lack of deficit
awareness, predicted the early deterioration of the IADL in the MCI subtypes. This led to an estimation
of the patient’s prognosis, as well as to the design of individualized interventions [24].
An exhaustive review recently showed the existence of a large variety of instruments to evaluate
IADL in subjects with MCI [76], although originally most of these instruments were designed for
patients suffering from dementia. While informant-report rating questionnaires are more frequently
used than performance-based tests, the latter highlighted differences in IADL functioning between
subjects with MCI, patients with dementia, and cognitively healthy persons. Likewise, these tests
show which activities are consistently impaired in subjects with MCI, such us financial management
capacity [79]. In terms of the different MCI subtypes, deficits in IADL were more evident in aMCI
than in naMCI, and in multiple-domain MCI than in single-domain [76]. These findings are relevant
to determine the subtype of MCI, confirming that alterations in IADL are not homogeneous in the
different MCI subtypes. Therefore, we consider that an appropriate evaluation of MCI should not
only include a neuropsychological assessment, but also other factors related to IADL like financial
management capacity, preparing a balanced meal and the correct self-administration of medication [80].
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4. Analysis of Some of the Methods to Diagnose MCI and Its Possible Sub-Types
As different cut-off points can be adopted to establish impairment thresholds that identify deficits
in the performance of specific cognitive tests, metric criteria can be imprecise when identifying MCI
subjects, and even more when classifying them into subtypes. Several criteria have been frequently
applied when using SD as a reference measure: 1.0 SD, 1.5 SD, or even 2.0 SD. In the case of a perfectly
normal distribution, the probability that the score in a test is between 1.0 SD and −1.0 SD of the mean
is 68.26%. Hence, the probability that the score obtained falls outside that area is 31.74% and when
this range of exclusion is distributed between the two tails of a normal distribution, it can be said that
15.87% of the scores in that test would be −1.0 SD or more away from the mean. Therefore, as there
is a very high probability of a score falling into the exclusion zone, this criterion of −1.0 SD from
the mean would augment the number of cases with MCI and therefore increase the number of false
positives (individuals diagnosed with MCI when they are, in fact, cognitively healthy). This would
suggest that this cut-off has low specificity.
Alternatively, if 1.5 SD is used as the failure threshold, then 86.64% of the scores would be included
in the range of ±1.5 SD from the mean when the distribution is perfectly normal. This would exclude
13.36% of the total scores or 6.68% in each of the distribution tails. This criterion is less demanding than
the previous one, which could lead to a lower sensitivity in identifying MCI cases, thereby increasing
the probability of false negatives (individuals with MCI who are identified as healthy). In the less
frequent case of using 2.0 SD as the deterioration threshold, 95.44% of the scores in a test would be
included in the area of ±2.0 SD in normal distributions, which would leave only 4.56% below the
threshold. Following the same logic as that applied above, only 2.28% of the scores would be −2.0 SD
or more away from the mean and thus, this criterion can be considered as less sensitive to identify
cases of MCI as it only detects really low scores that are much more frequent in dementias than in MCI.
In general, any diagnostic criteria should be capable of detecting all cases, not only the severe
cases, but also the moderate or mild cases. However, this can pose a problem with MCI because if the
performance in a particular cognitive test is considered as a continuum, the criterion that unequivocally
detects the existence of a disorder (such as using 2.0 SD) probably identifies a case of dementia and
not MCI. Therefore, the focus should be placed on what might be considered as mild cases, for which
the choice of a cut-off point is not simple either. In this sense, it has been concluded that “more
strict cut-points on cognitive tests of −1.5 or −2 SDs below normative means generally trade modest gains in
specificity for larger losses in sensitivity, and several studies suggest that a cut-point for impairment of −1 SD
below normative means provides an optimal balance of sensitivity and specificity” [9,52,58,81].
On the other hand, it is important to note that the distribution of the scores has to be normal in
order to be able to use the SD as a reference measure. This is frequently not the case when working
with older populations, as the variability of this population’s scores increases considerably and their
scores are often not normally distributed. In these cases, it is more appropriate to use other metric
criteria, such as standardizing scores or percentiles, such as those being used at the Mayo Clinic (see in
the next paragraph).
In addition to being able to identify a specific and sensitive cut-off point to detect alterations in
the performance of neuropsychological tests that diagnose MCI, it is also of the utmost importance
to have scales or standardized data specific for older adults that, in addition to their age, take into
account their educational level and the population to which they belong. The number of years of
schooling is a fundamental moderating variable in the final outcome of most neuropsychological
tests [82,83], thus it is essential to consider it when elaborating standardized data. Depending on
the level of education of the individual, the same score in a test may or may not indicate a deficit.
Such differentiation is not possible if the cut-off (or SD) alone is taken into account. Researchers at the
Mayo Clinic have dedicated more than a decade to a program aimed at providing specific standardized
data for the neuropsychological assessment of older adults: Mayo’s Older Americans Normative
Studies—MOANS [84–87] and Mayo’s Older African American Normative Studies -MOAANS [88].
The normative procedures used in these two projects are: (a) the use of mid-point age intervals to
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maximize the information available at each age [89]; (b) the conversion of each raw score to a percentile
rank, such that each test’s raw score distribution at each mid-point age can be “normalized” by
assigning standard scores (i.e.,: mean = 10; SD = 3) based on the actual percentile ranks (see [81] for
a more extended explanation); and (c), linear regressions are applied to the normalized age corrected
MOANS scaled scores for each test to further adjust for education. In this way, the standardized
scores are based on percentiles and they avoid the aforementioned problems associated with normal
distributions. In Spain, the Spanish Multicenter Normative Studies (NEURONORMA Project) is
replicating the standardization on a Spanish population through a similar procedure to that used
at the Mayo Clinic but with different neuropsychological tests [90]. Currently, we are also working
on the creation of standardized scales for some of the tests that make up our assessment battery.
For example, we are working towards the standardization of the Spanish version of the California
Verbal Learning Test (CVLT) for use with older adults, known as TAVEC (Test de Aprendizaje Verbal
España-Complutense—Spain-Complutense Verbal Learning Test) [66], taking into account the number
of years of schooling as performed in the MOANS and NEURONORMA projects. This is being done
as there are no recent standardized data for this population that also take into account the variance
that the number of years of schooling may be introducing in the results of this test.
In addition to the more psychometric perspective discussed above, there is another set of statistical
methods that cannot be overlooked and that can be used to identify possible performance profiles,
that is, to classify individuals with MCI and distinguish them from healthy individuals. Within these
methods, cluster analysis should be highlighted as it is considered a multivariate statistical technique
focused on the classification of variables in function of the similarity between them. The advantages
of this type of analysis are that it is less restrictive and more flexible in its assumptions, it does not
require linearity or normality, and it also allows for categorical and not only quantitative variables.
Nevertheless, an important problem of this methodology is that, a priori, the groups or clusters are
unknown and it is the researcher who must determine the optimum number of clusters that the
population can be divided into [91]. In the case of MCI, this would pose the following problems:
(a) how many subtypes should be considered, two (amnesic and non-amnesic), three (aMCI, naMCI,
and mMCI), or even four or more subgroups; and (b), the discriminability or relevance of the tests
applied is fundamental in this type of method, as there may be tests that are more sensitive than others
when detecting possible alterations, affecting the clusters obtained. Both these problems require prior
decision-making. When this type of statistical analysis was used to analyze the groups aMCI, naMCI,
and mMCI, no clear limits were found between them (well-defined cognitive profiles of deterioration
were not identified), in contrast to when criteria were considered in a more purely psychometric
manner (e.g., SD) [70]. Nevertheless, cluster analyses have been used to determine different patterns
of episodic memory impairment in adults with memory complaints [92].
Due to the limitations of cluster analysis noted, latent class analysis (LCA) has been assessed
as an alternative classification method, as it provides less arbitrary criteria to determine the number
of groups in the population [93]. Specifically, it is based on the idea that an unobserved (latent),
discrete (categorical) variable describes the relationships between the variables manifested. In the
specific case of MCI, this technique would allow us to identify the relationships between the scores
in the different neuropsychological tests applied, assuming that the structure of the underlying
relationships between them is explained by a categorical, exhaustive, and mutually exclusive latent
variable like the subtype of MCI. As such, a LCA would try to identify each of the MCI subtypes
through the scores obtained in the neuropsychological tests. Indeed, it is noteworthy that three
subtypes of MCI were obtained when using an LCA (aMCI, naMCI, and mMCI) [94], corroborating the
existence of three types of profiles with cognitive impairment among older participants not identified
as being healthy.
The importance of the evolution of the disorder on the diagnosis of MCI cannot be overlooked,
as it is well-known that individuals may revert to normal, stabilize, or develop dementia. In this sense,
the importance of having specific and sensitive diagnostic criteria in order to reduce the number of false
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positive MCI diagnoses has been highlighted [38]. Therefore, a longitudinal assessment is fundamental
for this pathology and Latent Transition Analysis (LTA) is a useful method to identify possible changes
between groups over time. One example of this approach focused on using Markov transition models
to study diagnostic changes at different intervals between the baseline and follow-up assessments [95].
Accordingly, it was considered that “Longitudinal follow-up will determine whether varying diagnostic
criteria improves sensitivity and specificity of the MCI diagnosis as a predictor for dementia” [65].
Finally, despite taking into account the possible evolution of MCI by carrying out longitudinal
studies, it is known that interindividual variability is dissipated by working with the average scores
of the group, leading to a loss of precision in the diagnosis. Therefore, if an increase in the ability to
detect changes in the cognitive or functional performance of an individual is needed to accurately and
promptly diagnose MCI, it would be convenient to analyze the evolution that an individual shows in
the performance of tests over time, instead of focusing only on the average scores of the group obtained
on the basis of standardized criteria. For this reason, our tendency would be to apply hierarchical linear
models to study individual change in cognitive function.
5. Social Factors Associated to Mild Cognitive Impairment
As humans, we are social beings and we have an inherent need to belong to a social network [96].
It is well known that social support is critical for physical and psychological health [97], and that
social isolation, an objective measure of poor social integration, is related to increased morbidity and
mortality [98]. Social support not only involves network size and the frequency of social interactions,
but also the emotions of the person. Despite having a social network, a person may feel that he/she is
not satisfied with his/her social interactions and experience emotional isolation, presenting feelings
of loneliness [99]. Although social isolation and loneliness can occur at any time in life, it is more
prevalent in older adults [100].
There is now a growing interest in studying the contribution of social support to cognitive
function in older adults, e.g. [101–103]. Although some studies failed to identify an association
between social networks and cognitive function [104,105], there is now ample evidence indicating
that older individuals that maintain a good social support network and that participate more in social
activities show enhanced cognitive abilities and experience less cognitive deficits over time [106–108].
By contrast, negative social interactions, including unsympathetic behavior and rejection, are associated
with an increased incidence of naMCI [109]. Interestingly, the negative association between a lack of
social support and cognition in older people is stronger in women than in men [110].
Several studies have indicated that social isolation is a risk factor for cognitive decline in
aging [110,111]. In older individuals, loneliness is inversely related to different cognitive measures
independent of depression, including episodic, semantic and working memory, processing speed,
and visuospatial ability [112–114]. In addition, several prospective cohort studies have analyzed
whether loneliness is associated with age-related cognitive decline. Thus, in a 7.5-year longitudinal
study, greater emotional support predicted better cognitive function in older adults after controlling
for baseline cognitive function and known sociodemographic, behavioral, psychological, and health
status predictors of cognitive aging [106]. Subsequently, loneliness was shown to predict cognitive
decline over four to 12 years, although there was some discrepancy about the cognitive domains
affected [112,115–117]. Thus, while there are reports that loneliness is associated with a faster decline in
processing speed and delayed visual memory independently of depression and social contacts [112,115],
loneliness has also been proposed as a factor that predicts the incidence of aMCI (according to Petersen’s
criteria) [117]. Recently, it was observed that individuals considered at risk of MCI and dementia had
smaller network sizes and were involved in less community activities than individuals that had normal
cognitive function [118].
Prospective studies have also identified that leisure activity and sociodemographic factors are
relevant to MCI onset [119,120]. Thus, less participation in leisure activities (e.g., reading, writing,
crossword puzzles, board or card games, group discussions, or playing music) is related to an
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increased risk for aMCI in older individuals [121], while participation in leisure, social, and cognitive
activities increases cognitive reserves and delays the manifestation of MCI symptoms [122]. Moreover,
older adults with MCI participate less in leisure activities like reading, attending a senior university,
or using a computer, and show less physical, intellectual, and social interaction activities compared to
subjects with normal cognition [123]. Interestingly, activities stimulating cognition not only slow down
cognitive decline in normal adults, but also in patients with dementia [124,125]. In a recent randomized
controlled trial on older adults with MCI, a long-term leisure activity program that included dancing
and playing a musical instrument improved memory and general cognition when compared to a
health activity program [125]. Disruptions in social activities and feelings of loneliness are behavioral
symptoms that result from subtle neuropathological changes that may occur before MCI and dementia
commences. In fact, both impaired social cognition and diminished sociocognitive skills are evident in
prodromal dementia [126,127].
In summary, social isolation, loneliness, and less participation in leisure activities seem to be
important risk factors associated with the progression from normal cognition to MCI. The controversy
around the impact of these social factors in cognition may be due to the fact that some studies
use small samples or cross-sectional designs rather than longitudinal studies of large numbers of
subjects. Future studies should take into account these and other socio-demographic factors in order
to better understand their role in the appearance of certain MCI subtypes. In addition, it would be
interesting to determine whether the existence of feelings of loneliness in association with aging may
be a useful diagnostic criterion to identify “non-specific” MCI and/or other sub-types of MCI. Effective
interventions that promote access to social resources, social inclusion, and that support an active social
lifestyle in older adults represent a plausible strategy to not only reduce the risk for MCI, but also
to promote human and societal well-being. Undoubtedly, effective interventions for older adults
diagnosed with MCI are crucial issues to be addressed in aging care [80].
6. Conclusions
As we have seen throughout this review, MCI began to be considered as distinct sub-types in the
1990s, first as two sub-types, aMCI and naMCI, and then as three, by adding mMCI. Subsequently,
four subtypes were defined: single and multi-domain aMCI and naMCI [7]. However, since then,
additional MCI sub-types have not been identified and unfortunately, a consensus among experts
regarding the number and types of MCI has still to be reached. In fact, the entity itself is still
considered very heterogeneous and the DSM-5 criteria have not clarified the situation [128]. As a result,
only four subprofiles are currently considered, and in the last decade, there has apparently been little
or no evolution in this sense. It is unclear whether it makes sense to continue to refer to a global
and generic MCI today. We do not think this to be the case and that is why, in this paper, we have
proposed addressing this troublesome topic, analyzing the difficulties found in the attempts to describe
the subgroups or subtypes of MCI of every kind—conceptual, methodological, and operational—,
an approach that it is still not very common. In fact, even at present, some international consensus
groups fail to even mention the existence of subtypes of MCI [25,26]. Nevertheless, the need and
importance of addressing the possible subtypes or subgroups of MCI has been expressed [129], and of
even establishing criteria defining the possible MCI subtypes based on reversion or non-reversion to
normality [130].
In conjunction with a review of the current literature, we present some of the difficulties found
during our own research in this area. In an attempt to resolve these, we have proposed both conceptual
and operational guidelines that will help to clarify the issue of categorizing and classifying MCI. This no
doubt requires paying greater attention to variables that had not previously been taken into account,
or not systematically, as well as the introduction of other variables related to the diagnosis of MCI
(see also [30]). As such, we highlight the importance of some of the currently relevant and psychosocial
factors: social isolation and loneliness. In addition, and in line with others [131–133], we also stress
how a series of personal variables (educational level and cultural traits, factors related to personality,
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cognitive reserve) and some co-morbidities (even of a neuropsychiatric nature), could interact with
and be associated with certain manifestations of MCI.
Among the unresolved problems associated with MCI are that of the stability versus instability of
the syndrome, the lack of knowledge about certain etiologies and risk factors, or the successive stages
of a single process. In terms of mNCD, for which no distinct subtypes are defined, cognitive deficits
may be evident at the very early stages of certain neurodegenerative diseases (associated with LB or
frontotemporal dementia, AD, etc.) or due to other etiologies (AIDS, craneoencephalic trauma, etc.).
There are currently well-established biomarkers of several neurodegenerative diseases that help define
whether MCI is due to an underlying neurodegenerative disease. Nevertheless, future studies will be
necessary to find new biomarkers that identify the etiology of other undifferentiated and less specific
cognitive impairment disorders, helping us to define the construct both conceptually and operationally.
With regard to these potentially undifferentiated types of cognitive impairment, Subjective Cognitive
Impairment (SCI) should perhaps be mentioned, a construct that has replaced Subjective Memory
Impairment (SMI). SCI might represent an early sign preceding dementia, yet it is still used to achieve
unequivocal status in relation to MCI.
The discovery of blood-based biomarkers that might predict progression from MCI to a cognitive
disease has become an important focus of neurobiology research. For instance, plasma beta secretase
1 (BACE1) activity was recently shown to increase significantly in MCI that converted to probable
AD dementia after three years relative to patients with stable MCI [134]. This measurement showed
a high sensitivity (85%) and specificity (88%), indicating that plasma BACE1 activity could be a useful
biomarker to identify progression from MCI to AD. Yet if defining new biomarkers is necessary to
identify distinguishing criteria, better understanding the implication of affective symptoms—and not
only cognitive ones—is also crucial. Indeed, while classifying individuals with MCI into different
subtypes has relied almost exclusively on the number and type of cognitive processes or functions
affected, the current trend is to also introduce affective aspects and not just cognitive ones. This has led
to the analysis and study of negative affective symptoms, such as apathy, sadness, and psychomotor
slowness and passivity, further complicating this field [128]. A new construct was recently described,
Mild Behavioral Impairment (MBI), in which non-cognitive and strictly behavioral aspects are
considered in the framework of cognitive impairment in the elderly. Although MBI was not addressed
in this review as it cannot be currently related to the different subtypes of MCI, we should bear in
mind that cognitive and emotional aspects are interrelated. Hence, both aspects should probably be
integrated when adopting conceptual and methodological approaches to MCI.
Finally, it is absolutely necessary to reach a consensus about the tests, norms, scales, etc. to be
applied in the cognitive, functional, and affective evaluation of MCI, and regarding the thresholds and
cut-off points for deterioration, the selection of samples and the clinical criteria. Until such agreement
is reached, the very definition of MCI, its possible subtypes, prevalence, and incidence, as well as the
diagnosis of MCI, will continue to be problematic.
In conclusion, we believe that the attempts to categorize people with MCI on the basis of different
criteria are not in vain. Indeed, as we learn more about the evolution of the cognitive system in older
adults, we see that there are countless factors or variables that may affect its integrity or deterioration.
Therefore, an increasingly more precise and specific understanding of the risk factors, biomarkers,
co-morbidities, psychosocial factors, personality traits, etc. may help to systematize this field, which is
currently still far from this goal.
Author Contributions: H.P. conceived of and conceptualized of the review. Drafting of abstract, introduction and
discussion/conclusions. MC.D-M., drafting of Neuropsychological Assessment in Determining MCI Subtypes
(Section 2) and revising the work critically for important intellectual content. S.G-H. drafting of tables, graphs
and writing of introduction with support and editing from MC.D-M. and H.P. R.R-F. formulated the scoping
review methodology and drafting of methodological section (Section 4). C.V. drafting of Social Factors Associated
to Mild Cognitive Impairment (Section 5) and conclusions. All authors revised final approval of the version to
be published.
Conflicts of Interest: The authors declare no conflict of interest.

Brain Sci. 2017, 7, 111

13 of 19

References
1.
2.
3.

4.

5.

6.
7.
8.

9.
10.

11.

12.
13.

14.

15.

16.

17.

18.
19.

Petersen, R.C.; Smith, G.E.; Waring, S.C.; Ivnik, R.J.; Kokmen, E.; Tangelos, E.G. Aging, memory, and mild
cognitive impairment. Int. Psychogeriatr. 1997, 9, 65–69. [CrossRef] [PubMed]
Petersen, R.C.; Smith, G.E.; Waring, S.C.; Ivnik, R.J.; Tangalos, E.G.; Kokmen, E. Mild cognitive impairment:
Clinical characterization and outcome. Arch. Neurol. 1999, 56, 303–308. [CrossRef] [PubMed]
Winblad, B.; Palmer, K.; Kivipelto, M.; Jelic, V.; Fratiglioni, L.; Wahlund, L.; Nordberg, A.; Bäckman, L.;
Albert, M.; Almkvist, O. Mild cognitive impairment–beyond controversies, towards a consensus: Report
of the International Working Group on Mild Cognitive Impairment. J. Intern. Med. 2004, 256, 240–246.
[CrossRef] [PubMed]
Panza, F.; D’introno, A.; Colacicco, A.M.; Capurso, C.; Del Parigi, A.; Caselli, R.J.; Pilotto, A.; Argentieri, G.;
Scapicchio, P.L.; Scafato, E. Current epidemiology of mild cognitive impairment and other predementia
syndromes. Am. J. Geriatr. Psychiatry 2005, 13, 633–644. [CrossRef] [PubMed]
Petersen, R.C.; Doody, R.; Kurz, A.; Mohs, R.C.; Morris, J.C.; Rabins, P.V.; Ritchie, K.; Rossor, M.; Thal, L.;
Winblad, B. Current concepts in mild cognitive impairment. Arch. Neurol. 2001, 58, 1985–1992. [CrossRef]
[PubMed]
Petersen, R.C. Mild cognitive impairment as a diagnostic entity. J. Intern. Med. 2004, 256, 183–194. [CrossRef]
[PubMed]
Petersen, R.C.; Negash, S. Mild cognitive impairment: An overview. CNS Spectr. 2008, 13, 45–53. [CrossRef]
[PubMed]
Bangen, K.J.; Jak, A.J.; Schiehser, D.M.; Delano-Wood, L.; Tuminello, E.; Han, S.D.; Delis, D.C.; Bondi, M.W.
Complex activities of daily living vary by mild cognitive impairment subtype. J. Int. Neuropsychol. Soc. 2010,
16, 630–639. [CrossRef] [PubMed]
Busse, A.; Hensel, A.; Guhne, U.; Angermeyer, M.C.; Riedel-Heller, S.G. Mild cognitive impairment:
Long-term course of four clinical subtypes. Neurology 2006, 67, 2176–2185. [CrossRef] [PubMed]
Jak, A.J.; Preis, S.R.; Beiser, A.S.; Seshadri, S.; Wolf, P.A.; Bondi, M.W.; Au, R. Neuropsychological Criteria for
Mild Cognitive Impairment and Dementia Risk in the Framingham Heart Study. J. Int. Neuropsychol. Soc.
2016, 1–7. [CrossRef] [PubMed]
Lopez, O.L.; Becker, J.T.; Chang, Y.F.; Sweet, R.A.; DeKosky, S.T.; Gach, M.H.; Carmichael, O.T.; McDade, E.;
Kuller, L.H. Incidence of mild cognitive impairment in the Pittsburgh Cardiovascular Health Study-Cognition
Study. Neurology 2012, 79, 1599–1606. [CrossRef] [PubMed]
Petersen, R.C.; Caracciolo, B.; Brayne, C.; Gauthier, S.; Jelic, V.; Fratiglioni, L. Mild cognitive impairment:
A concept in evolution. J. Intern. Med. 2014, 275, 214–228. [CrossRef] [PubMed]
Delano-Wood, L.; Bondi, M.W.; Sacco, J.; Abeles, N.; Jak, A.J.; Libon, D.J.; Bozoki, A. Heterogeneity in
mild cognitive impairment: Differences in neuropsychological profile and associated white matter lesion
pathology. J. Int. Neuropsychol. Soc. 2009, 15, 906–914. [CrossRef] [PubMed]
Edmonds, E.C.; Delano-Wood, L.; Clark, L.R.; Jak, A.J.; Nation, D.A.; McDonald, C.R.; Libon, D.J.; Au, R.;
Galasko, D.; Salmon, D.P. Susceptibility of the conventional criteria for mild cognitive impairment to
false-positive diagnostic errors. Alzheimer’s Dement. 2015, 11, 415–424. [CrossRef] [PubMed]
Eppig, J.; Wambach, D.; Nieves, C.; Price, C.C.; Lamar, M.; Delano-Wood, L.; Giovannetti, T.; Bettcher, B.M.;
Penney, D.L.; Swenson, R. Dysexecutive functioning in mild cognitive impairment: Derailment in temporal
gradients. J. Int. Neuropsychol. Soc. 2012, 18, 20–28. [CrossRef] [PubMed]
Libon, D.J.; Xie, S.X.; Eppig, J.; Wicas, G.; Lamar, M.; Lippa, C.; Bettcher, B.M.; Price, C.C.; Giovannetti, T.;
Swenson, R. The heterogeneity of mild cognitive impairment: A neuropsychological analysis. J. Int.
Neuropsychol. Soc. 2010, 16, 84–93. [CrossRef] [PubMed]
Rosenberg, P.B.; Mielke, M.M.; Appleby, B.; Oh, E.; Leoutsakos, J.; Lyketsos, C.G. Neuropsychiatric symptoms
in MCI subtypes: The importance of executive dysfunction. Int. J. Geriatr. Psychiatry 2011, 26, 364–372.
[CrossRef] [PubMed]
Mansbach, W.E.; Mace, R.A.; Clark, K.M. Mild cognitive impairment (MCI) in long-term care patients:
Subtype classification and occurrence. Aging Ment. Health 2016, 20, 271–276. [CrossRef] [PubMed]
Brandt, J.; Aretouli, E.; Neijstrom, E.; Samek, J.; Manning, K.; Albert, M.S.; Bandeen-Roche, K. Selectivity of
executive function deficits in mild cognitive impairment. Neuropsychology 2009, 23, 607. [CrossRef] [PubMed]

Brain Sci. 2017, 7, 111

20.

21.
22.
23.

24.
25.

26.

27.

28.
29.
30.

31.
32.

33.

34.
35.
36.

37.

38.

14 of 19

Albert, M.S.; DeKosky, S.T.; Dickson, D.; Dubois, B.; Feldman, H.H.; Fox, N.C.; Gamst, A.; Holtzman, D.M.;
Jagust, W.J.; Petersen, R.C. The diagnosis of mild cognitive impairment due to Alzheimer’s disease:
Recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimer’s Dement. 2011, 7, 270–279. [CrossRef] [PubMed]
Greenaway, M.C.; Duncan, N.L.; Hanna, S.; Smith, G.E. Predicting functional ability in mild cognitive
impairment with the Dementia Rating Scale-2. Int. Psychogeriatr. 2012, 24, 987–993. [CrossRef] [PubMed]
Saunders, N.L.; Summers, M.J. Longitudinal deficits to attention, executive, and working memory in
subtypes of mild cognitive impairment. Neuropsychology 2011, 25, 237. [CrossRef] [PubMed]
Schmitter-Edgecombe, M.; Parsey, C.M. Cognitive correlates of functional abilities in individuals with mild
cognitive impairment: Comparison of questionnaire, direct observation, and performance-based measures.
Clin. Neuropsychol. 2014, 28, 726–746. [CrossRef] [PubMed]
Putcha, D.; Tremont, G. Predictors of independence in instrumental activities of daily living: Amnestic
versus non-amnestic MCI. J. Clin. Exp. Neuropsychol. 2016, 38, 991–1004. [CrossRef] [PubMed]
Sachdev, P.S.; Lipnicki, D.M.; Kochan, N.A.; Crawford, J.D.; Thalamuthu, A.; Andrews, G.; Brayne, C.;
Matthews, F.E.; Stephan, B.C.; Lipton, R.B. The prevalence of mild cognitive impairment in diverse geographical
and ethnocultural regions: The COSMIC collaboration. PLoS ONE 2015, 10, e0142388. [CrossRef] [PubMed]
Apostolo, J.; Holland, C.; O’Connell, M.D.; Feeney, J.; Tabares-Seisdedos, R.; Tadros, G.; Campos, E.;
Santos, N.; Robertson, D.A.; Marcucci, M. Mild cognitive decline. A position statement of the Cognitive
Decline Group of the European Innovation Partnership for Active and Healthy Ageing (EIPAHA). Maturitas
2016, 83, 83–93. [CrossRef] [PubMed]
Dubois, B.; Feldman, H.H.; Jacova, C.; Cummings, J.L.; DeKosky, S.T.; Barberger-Gateau, P.; Delacourte, A.;
Frisoni, G.; Fox, N.C.; Galasko, D. Revising the definition of Alzheimer’s disease: A new lexicon.
Lancet Neurol. 2010, 9, 1118–1127. [CrossRef]
Breitner, J. Observations on DSM-5 Mild Neurocognitive Disorder vs. its predecessor, Mild Cognitive
Impairment. Acta Psychiatr. Scand. 2015, 131, 15–17. [CrossRef] [PubMed]
American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders (DSM-5); American
Psychiatric Association: Washington, DC, USA, 2013.
Pírez, G.; Santabárbara, J.; Lopez-Anton, R.; Gracia-García, P.; Lobo, E.; De la Cámara, C.; Marcos, G.; Lobo, A.
Different subpopulations of mild cognitive impairment are identified by using Petersen’s or DSM-5 criteria.
Eur. J. Psychiatry 2017, 31, 80–86. [CrossRef]
American Psychological Association. Supplement to Diagnostic and Statistical Manual of Mental Disorders
(DSM-5-UPDATE); American Psychological Association: Washington, DC, USA, 2015.
Espinosa, A.; Alegret, M.; Pesini, P.; Valero, S.; Lafuente, A.; Buendía, M.; San José, I.; Ibarria, M.;
Tejero, M.A.; Giménez, J. Cognitive Composites Domain Scores Related to Neuroimaging Biomarkers
within Probable-Amnestic Mild Cognitive Impairment-Storage Subtype. J. Alzheimer’s Dis. 2017, 57, 447–459.
[CrossRef]
Lopez, O.L.; Kuller, L.H.; Becker, J.T.; Dulberg, C.; Sweet, R.A.; Gach, H.M.; DeKosky, S.T. Incidence of
dementia in mild cognitive impairment in the cardiovascular health study cognition study. Arch. Neurol.
2007, 64, 416–420. [CrossRef] [PubMed]
Díaz-Mardomingo, M.; García-Herranz, S.; Peraita-Adrados, H. Detección precoz del deterioro cognitivo leve y
conversión a la enfermedad de Alzheimer: Un estudio longitudinal de casos. Psicogeriatra 2010, 2, 105–111.
García-Herranz, S.; Díaz-Mardomingo, M.C.; Peraita, H. Evaluación y seguimiento del envejecimiento sano
y con deterioro cognitivo leve (DCL) a través del TAVEC. Anales de Psicología 2014, 30, 372–379. [CrossRef]
Loewenstein, D.A.; Acevedo, A.; Small, B.J.; Agron, J.; Crocco, E.; Duara, R. Stability of different subtypes of
mild cognitive impairment among the elderly over a 2- to 3-year follow-up period. Dement. Geriatr. Cogn. Disord.
2009, 27, 418–423. [CrossRef] [PubMed]
Kaduszkiewicz, H.; Eisele, M.; Wiese, B.; Prokein, J.; Luppa, M.; Luck, T.; Jessen, F.; Bickel, H.; Mosch, E.;
Pentzek, M.; et al. Study on Aging, Cognition, and Dementia in Primary Care Patients (AgeCoDe). Study
Group Prognosis of mild cognitive impairment in general practice: Results of the German AgeCoDe study.
Ann. Fam. Med. 2014, 12, 158–165. [CrossRef] [PubMed]
Klekociuk, S.Z.; Summers, J.J.; Vickers, J.C.; Summers, M.J. Reducing false positive diagnoses in mild
cognitive impairment: The importance of comprehensive neuropsychological assessment. Eur. J. Neurol.
2014, 21, 1330–1336. [CrossRef] [PubMed]

Brain Sci. 2017, 7, 111

39.

40.
41.

42.
43.
44.

45.
46.

47.

48.

49.

50.

51.
52.

53.

54.
55.
56.
57.

15 of 19

García-Herranz, S. Relevancia de los Test Neuropsicológicos de Evaluación de la Memoria Episódica y
de la Función Ejecutiva Como Marcadores en la Detección Precoz del Deterioro Cognitivo Ligero (DCL):
Seguimiento Longitudinal. Ph.D. Thesis, Universidad Nacional de Educación a Distancia (UNED), Madrid,
Spain, 2013.
Fratiglioni, L.; Winblad, B.; Von Strauss, E. Prevention of Alzheimer’s disease and dementia. Major findings
from the Kungsholmen Project. Physiol. Behav. 2007, 92, 98–104. [CrossRef] [PubMed]
Mitchell, J.; Arnold, R.; Dawson, K.; Nestor, P.J.; Hodges, J.R. Outcome in subgroups of mild cognitive
impairment (MCI) is highly predictable using a simple algorithm. J. Neurol. 2009, 256, 1500–1509. [CrossRef]
[PubMed]
Smith, G.E.; Bondi, M.W. Mild Cognitive Impairment and Dementia: Definitions, Diagnosis, and Treatment; Oxford
University Press: New York, NY, USA, 2013.
Petersen, R.C. Clinical practice. Mild cognitive impairment. N. Engl. J. Med. 2011, 364, 2227–2234. [CrossRef]
[PubMed]
Artero, S.; Ancelin, M.L.; Portet, F.; Dupuy, A.; Berr, C.; Dartigues, J.F.; Tzourio, C.; Rouaud, O.; Poncet, M.;
Pasquier, F.; et al. Risk profiles for mild cognitive impairment and progression to dementia are gender
specific. J. Neurol. Neurosurg. Psychiatry 2008, 79, 979–984. [CrossRef] [PubMed]
Migliacci, M.; Scharovsky, D.; Gonorazky, S. Deterioro cognitivo leve: Características neuropsicológicas de
los distintos subtipos. Revista de Neurología 2009, 48, 237–241. [PubMed]
Pusswald, G.; Moser, D.; Gleiß, A.; Janzek-Hawlat, S.; Auff, E.; Dal-Bianco, P.; Lehrner, J. Prevalence of
mild cognitive impairment subtypes in patients attending a memory outpatient clinic—Comparison of two
modes of mild cognitive impairment classification. Results of the Vienna Conversion to Dementia Study.
Alzheimer’s Dement. 2013, 9, 366–376. [CrossRef] [PubMed]
Ganguli, M.; Snitz, B.E.; Saxton, J.A.; Chang, C.H.; Lee, C.; Vander Bilt, J.; Hughes, T.F.; Loewenstein, D.A.;
Unverzagt, F.W.; Petersen, R.C. Outcomes of mild cognitive impairment by definition: A population study.
Arch. Neurol. 2011, 68, 761–767. [CrossRef] [PubMed]
Brodaty, H.; Aerts, L.; Crawford, J.D.; Heffernan, M.; Kochan, N.A.; Reppermund, S.; Kang, K.; Maston, K.;
Draper, B.; Trollor, J.N. Operationalizing the Diagnostic Criteria for Mild Cognitive Impairment: The Salience
of Objective Measures in Predicting Incident Dementia. Am. J. Geriatr. Psychiatry 2016, 25, 485–497. [CrossRef]
[PubMed]
Clark, L.R.; Delano-Wood, L.; Libon, D.J.; McDonald, C.R.; Nation, D.A.; Bangen, K.J.; Jak, A.J.; Au, R.;
Salmon, D.P.; Bondi, M.W. Are empirically-derived subtypes of mild cognitive impairment consistent with
conventional subtypes? J. Int. Neuropsychol. Soc. 2013, 19, 635–645. [CrossRef] [PubMed]
Silva, D.; Guerreiro, M.; Maroco, J.; Santana, I.; Rodrigues, A.; Bravo Marques, J.; de Mendonca, A.
Comparison of four verbal memory tests for the diagnosis and predictive value of mild cognitive impairment.
Dement. Geriatr. Cogn. Dis. Extra 2012, 2, 120–131. [CrossRef] [PubMed]
Valls-Pedret, C.; Molinuevo, J.L.; Rami, L. Diagnóstico precoz de la enfermedad de Alzheimer: Fase prodrómica
y preclínica. Rev. Neurol. 2010, 51, 471–480. [PubMed]
Jak, A.J.; Bondi, M.W.; Delano-Wood, L.; Wierenga, C.; Corey-Bloom, J.; Salmon, D.P.; Delis, D.C.
Quantification of five neuropsychological approaches to defining mild cognitive impairment. Am. J.
Geriatr. Psychiatry 2009, 17, 368–375. [CrossRef] [PubMed]
Olazarán Rodríguez, J.; Molinuevo Guix, J.L. Deterioro Cognitivo Ligero. In Guía oficial para la práctica clínica en
demencias: Conceptos, criterios y recomendaciones; Molinuevo, J.L., Peña-Casanova, J., Eds.; Prous Science, SAU;
Thomson Reuters: Barcelona, Spain, 2009; pp. 15–22.
Lopez, O.L. Mild cognitive impairment. Contin. Lifelong Learn. Neurol. 2013, 19, 411. [CrossRef] [PubMed]
Albert, M.S.; Moss, M.B.; Tanzi, R.; Jones, K. Preclinical prediction of AD using neuropsychological tests.
J. Int. Neuropsychol. Soc. 2001, 7, 631–639. [CrossRef] [PubMed]
Dubois, B.; Albert, M.L. Amnestic MCI or prodromal Alzheimer’s disease? Lancet Neurol. 2004, 3, 246–248.
[CrossRef]
Dubois, B.; Feldman, H.H.; Jacova, C.; DeKosky, S.T.; Barberger-Gateau, P.; Cummings, J.; Delacourte, A.;
Galasko, D.; Gauthier, S.; Jicha, G. Research criteria for the diagnosis of Alzheimer’s disease: Revising the
NINCDS–ADRDA criteria. Lancet Neurol. 2007, 6, 734–746. [CrossRef]

Brain Sci. 2017, 7, 111

58.

59.
60.

61.

62.

63.
64.

65.

66.
67.
68.
69.
70.
71.

72.

73.
74.

75.
76.

77.
78.

16 of 19

Bondi, M.W.; Edmonds, E.C.; Jak, A.J.; Clark, L.R.; Delano-Wood, L.; McDonald, C.R.; Nation, D.A.;
Libon, D.J.; Au, R.; Galasko, D. Neuropsychological criteria for mild cognitive impairment improves
diagnostic precision, biomarker associations, and progression rates. J. Alzheimer’s Dis. 2014, 42, 275–289.
Serra, L.; Bozzali, M.; Cercignani, M.; Perri, R.; Fadda, L.; Caltagirone, C.; Carlesimo, G.A. Recollection and
familiarity in amnesic mild cognitive impairment. Neuropsychology 2010, 24, 316. [CrossRef] [PubMed]
Molinuevo, J.L.; Gómez-Anson, B.; Monte, G.C.; Bosch, B.; Sánchez-Valle, R.; Rami, L. Neuropsychological
profile of prodromal Alzheimer’s disease (Prd-AD) and their radiological correlates. Arch. Gerontol. Geriatr.
2011, 52, 190–196. [CrossRef] [PubMed]
Venneri, A.; Gorgoglione, G.; Toraci, C.; Nocetti, L.; Panzetti, P.; Nichelli, P. Combining neuropsychological
and structural neuroimaging indicators of conversion to Alzheimer’s disease in amnestic mild cognitive
impairment. Curr. Alzheimer Res. 2011, 8, 789–797. [CrossRef] [PubMed]
Ahmed, S.; Brennan, L.; Eppig, J.; Price, C.C.; Lamar, M.; Delano-Wood, L.; Bangen, K.J.; Edmonds, E.C.;
Clark, L.; Nation, D.A. Visuoconstructional impairment in subtypes of mild cognitive impairment. Appl.
Neuropsychol. Adult 2016, 23, 43–52. [CrossRef] [PubMed]
Salmon, D.P.; Bondi, M.W. Neuropsychological assessment of dementia. Annu. Rev. Psychol. 2009, 60, 257–282.
[CrossRef] [PubMed]
Schinka, J.A.; Loewenstein, D.A.; Raj, A.; Schoenberg, M.R.; Banko, J.L.; Potter, H.; Duara, R. Defining mild
cognitive impairment: Impact of varying decision criteria on neuropsychological diagnostic frequencies and
correlates. Am. J. Geriatr. Psychiatry 2010, 18, 684–691. [CrossRef] [PubMed]
Trittschuh, E.H.; Crane, P.K.; Larson, E.B.; Cholerton, B.; McCormick, W.C.; McCurry, S.M.; Bowen, J.D.;
Baker, L.D.; Craft, S. Effects of varying diagnostic criteria on prevalence of mild cognitive impairment in
a community based sample. J. Alzheimer’s Dis. 2011, 25, 163–173.
Benedet, M.J.; Alejandre, M.Á. TAVEC: Test de Aprendizaje Verbal España-Complutense: Manual; TEA Ediciones:
Madrid, Spain, 1998.
Peña-Casanova, J.; Esparcia, A.J.; Saladié, D.G.; Olmos, J.G. Normalidad, semiología y patología neuropsicológicas:
Programa integrado de exploración neuropsicológica “Test Barcelona”; Masson: Barcelona, Spain, 1991.
Reynolds, C.R. Comprehensive Trail Making Test (CTMT); Pro-Ed: Austin, TX, USA, 2002.
Rey, A. Test de Copia y de Reproducción de Memoria de Figuras Geométricas Complejas; TEA: Madrid, Spain, 2003.
Díaz, M.C.; Peraita, H. Detección precoz del deterioro cognitivo ligero de la tercera edad. Psicothema 2008,
20, 438–444.
Peraita, H.; García-Herranz, S.; Díaz-Mardomingo, C. Evolution of specific cognitive subprofiles of mild
cognitive impairment in a three-year longitudinal study. Curr. Aging Sci. 2011, 4, 171–182. [CrossRef]
[PubMed]
García-Herranz, S.; Díaz-Mardomingo, M.C.; Peraita, H. Neuropsychological predictors of conversion to
probable Alzheimer disease in elderly with mild cognitive impairment. J. Neuropsychol. 2015, 10, 239–255.
[CrossRef] [PubMed]
Díaz, M.C.; Chacón, J.; Martínez, R.; Peraita, H. Stability of the cognitive dimensions of a battery of
neuropsychological tests. Psicothema 2012, 24, 587–593.
Fischer, P.; Jungwirth, S.; Zehetmayer, S.; Weissgram, S.; Hoenigschnabl, S.; Gelpi, E.; Krampla, W.; Tragl, K.H.
Conversion from subtypes of mild cognitive impairment to Alzheimer dementia. Neurology 2007, 68, 288–291.
[CrossRef] [PubMed]
Lopez, O.L.; Becker, J.T.; Sweet, R.A. Non-cognitive symptoms in mild cognitive impairment subjects.
Neurocase 2005, 11, 65–71. [CrossRef] [PubMed]
Jekel, K.; Damian, M.; Wattmo, C.; Hausner, L.; Bullock, R.; Connelly, P.J.; Dubois, B.; Eriksdotter, M.;
Ewers, M.; Graessel, E. Mild cognitive impairment and deficits in instrumental activities of daily living:
A systematic review. Alzheimer’s Res. Ther. 2015, 7, 17. [CrossRef] [PubMed]
Njegovan, V.; Man-Son-Hing, M.; Mitchell, S.L.; Molnar, F.J. The hierarchy of functional loss associated with
cognitive decline in older persons. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2001, 56, 638–643. [CrossRef]
Peres, K.; Chrysostome, V.; Fabrigoule, C.; Orgogozo, J.M.; Dartigues, J.F.; Barberger-Gateau, P. Restriction
in complex activities of daily living in MCI Impact on outcome. Neurology 2006, 67, 461–466. [CrossRef]
[PubMed]

Brain Sci. 2017, 7, 111

79.

17 of 19

Triebel, K.L.; Martin, R.; Griffith, H.R.; Marceaux, J.; Okonkwo, O.C.; Harrell, L.; Clark, D.; Brockington, J.;
Bartolucci, A.; Marson, D.C. Declining financial capacity in mild cognitive impairment A 1-year longitudinal
study. Neurology 2009, 73, 928–934. [CrossRef] [PubMed]
80. Fang, M.L.; Coatta, K.; Badger, M.; Wu, S.; Easton, M.; Nygård, L.; Astell, A.; Sixsmith, A. Informing
understandings of mild cognitive impairment for older adults: Implications from a scoping review. J. Appl.
Gerontol. 2015, 36, 808–839. [CrossRef] [PubMed]
81. Taylor, M.J.; Heaton, R.K. Sensitivity and specificity of WAIS–III/WMS–III demographically corrected factor
scores in neuropsychological assessment. J. Int. Neuropsychol. Soc. 2001, 7, 867–874. [PubMed]
82. Callahan, C.M.; Hall, K.S.; Hui, S.L.; Musick, B.S.; Unverzagt, F.W.; Hendrie, H.C. Relationship of age,
education, and occupation with dementia among a community-based sample of African Americans.
Arch. Neurol. 1996, 53, 134–140. [CrossRef] [PubMed]
83. Marcopulos, B.A.; McLain, C.A. Are our norms “normal”? A 4-year follow-up study of a biracial sample of
rural elders with low education. Clin. Neuropsychol. 2003, 17, 19–33. [CrossRef] [PubMed]
84. Ivnik, R.J.; Malec, J.F.; Smith, G.E.; Tangalos, E.G.; Petersen, R.C.; Kokmen, E.; Kurland, L.T. Mayo’s Older
Americans Normative Studies: WAIS-R norms for ages 56 to 97. Clin. Neuropsychol. 1992, 6, 1–30. [CrossRef]
85. Ivnik, R.J.; Smith, G.E.; Lucas, J.A.; Tangalos, E.G.; Kokmen, E.; Petersen, R.C. Free and cued selective
reminding test: MOANS norms. J. Clin. Exp. Neuropsychol. 1997, 19, 676–691. [CrossRef] [PubMed]
86. Smith, G.E.; Ivnik, R.J. Normative Neuropsychology. Mild Cognitive Impairment; Oxford: New York, NY, USA, 2003;
pp. 63–88.
87. Steinberg, B.A.; Bieliauskas, L.A.; Smith, G.E.; Ivnik, R.J.; Malec, J.F. Mayo’s Older Americans normative
studies: Age-and IQ-adjusted norms for the auditory verbal learning test and the visual spatial learning test.
Clin. Neuropsychol. 2005, 19, 464–523. [CrossRef] [PubMed]
88. Lucas, J.A.; Ivnik, R.J.; Willis, F.B.; Ferman, T.J.; Smith, G.E.; Parfitt, F.C.; Petersen, R.C.; Graff-Radford, N.R.
Mayo’s Older African Americans Normative Studies: Normative data for commonly used clinical
neuropsychological measures. Clin. Neuropsychol. 2005, 19, 162–183. [CrossRef] [PubMed]
89. Pauker, J.D. Constructing overlapping cell tables to maximize the clinical usefulness of normative test data:
Rationale and an example from neuropsychology. J. Clin. Psychol. 1988, 44, 930–933. [CrossRef]
90. Peña-Casanova, J.; Blesa, R.; Aguilar, M.; Gramunt-Fombuena, N.; Gomez-Anson, B.; Oliva, R.; Molinuevo, J.L.;
Robles, A.; Barquero, M.S.; Antunez, C.; et al. NEURONORMA Study Team Spanish Multicenter Normative
Studies (NEURONORMA Project): Methods and sample characteristics. Arch. Clin. Neuropsychol. 2009,
24, 307–319. [CrossRef] [PubMed]
91. Kaufman, L.; Rousseeuw, P.J. Finding Groups in Data: An Introduction to Cluster Analysis; John Wiley & Sons:
New York, NY, USA, 2005.
92. Campos-Magdaleno, M.; Facal, D.; Juncos-Rabadán, O.; Braña, T.; Pereiro, A.X. Cluster subtypes of the
Spanish version of the California Verbal Learning Test in a sample of adults with subjective memory
complaints. J. Clin. Exp. Neuropsychol. 2014, 36, 317–333. [CrossRef] [PubMed]
93. Vermunt, J.K.; Magidson, J. Technical Guide for Latent GOLD 4.0: Basic and Advanced; Statistical Innovations Inc.:
Belmont, MA, USA, 2005.
94. Peraita, H.; Chacón, J.; Díaz-Mardomingo, C.; Martínez-Arias, R. Profiles of mild cognitive impairment
(MCI) in the elderly. Span. J. Psychol. 2015, 18, E90. [CrossRef] [PubMed]
95. Facal, D.; Guàrdia-Olmos, J.; Juncos-Rabadán, O. Diagnostic transitions in mild cognitive impairment by use
of simple Markov models. Int. J. Geriatr. Psychiatry 2015, 30, 669–676. [CrossRef] [PubMed]
96. Baumeister, R.F.; Leary, M.R. The need to belong: Desire for interpersonal attachments as a fundamental
human motivation. Psychol. Bull. 1995, 117, 497. [CrossRef] [PubMed]
97. Hawkley, L.C.; Cacioppo, J.T. Loneliness matters: A theoretical and empirical review of consequences and
mechanisms. Ann. Behav. Med. 2010, 40, 218–227. [CrossRef] [PubMed]
98. Sampson, E.L.; Bulpitt, C.J.; Fletcher, A.E. Survival of community-dwelling older people: The effect of
cognitive impairment and social engagement. J. Am. Geriatr. Soc. 2009, 57, 985–991. [CrossRef] [PubMed]
99. Bassuk, S.S.; Glass, T.A.; Berkman, L.F. Social disengagement and incident cognitive decline in
community-dwelling elderly persons. Ann. Intern. Med. 1999, 131, 165–173. [CrossRef] [PubMed]
100. Nicholson, N.; Molony, S.; Fennie, K.; Shellman, J.; McCorkle, R. Predictors of Social Isolation in Community
Living Older Persons. Ph.D. Thesis, Yale University, New Haven, CT, USA, Unpublished work, 2010.

Brain Sci. 2017, 7, 111

18 of 19

101. Fratiglioni, L.; Paillard-Borg, S.; Winblad, B. An active and socially integrated lifestyle in late life might
protect against dementia. Lancet Neurol. 2004, 3, 343–353. [CrossRef]
102. Cacioppo, J.T.; Cacioppo, S.; Capitanio, J.P.; Cole, S.W. The neuroendocrinology of social isolation.
Annu. Rev. Psychol. 2015, 66, 733–767. [CrossRef] [PubMed]
103. Pillemer, S.C.; Holtzer, R. The differential relationships of dimensions of perceived social support with
cognitive function among older adults. Aging Ment. Health 2016, 20, 727–735. [CrossRef] [PubMed]
104. Hultsch, D.F.; Hertzog, C.; Small, B.J.; Dixon, R.A. Use it or lose it: Engaged lifestyle as a buffer of cognitive
decline in aging? Psychol. Aging 1999, 14, 245. [CrossRef] [PubMed]
105. Aartsen, M.J.; Smits, C.H.; van Tilburg, T.; Knipscheer, K.C.; Deeg, D.J. Activity in older adults: Cause
or consequence of cognitive functioning? A longitudinal study on everyday activities and cognitive
performance in older adults. J. Gerontol. B Psychol. Sci. Soc. Sci. 2002, 57, 153–162. [CrossRef]
106. Seeman, T.E.; Lusignolo, T.M.; Albert, M.; Berkman, L. Social relationships, social support, and patterns of
cognitive aging in healthy, high-functioning older adults: MacArthur studies of successful aging. Health Psychol.
2001, 20, 243. [CrossRef] [PubMed]
107. Fratiglioni, L.; Hui-Xin, W.; Ericsson, K.; Maytan, M.; Winblad, B. Influence of social network on occurrence
of dementia: A community-based longitudinal study. Lancet 2000, 355, 1315. [CrossRef]
108. James, B.D.; Wilson, R.S.; Barnes, L.L.; Bennett, D.A. Late-life social activity and cognitive decline in old age.
J. Int. Neuropsychol. Soc. 2011, 17, 998–1005. [CrossRef] [PubMed]
109. Wilson, R.S.; Boyle, P.A.; James, B.D.; Leurgans, S.E.; Buchman, A.S.; Bennett, D.A. Negative social
interactions and risk of mild cognitive impairment in old age. Neuropsychology 2015, 29, 561. [CrossRef]
[PubMed]
110. Zunzunegui, M.V.; Alvarado, B.E.; Del Ser, T.; Otero, A. Social networks, social integration, and social
engagement determine cognitive decline in community-dwelling Spanish older adults. J. Gerontol. B Psychol.
Sci. Soc. Sci. 2003, 58, S93–S100. [CrossRef] [PubMed]
111. Tilvis, R.; Pitkala, K.H.; Jolkkonen, J.; Strandberg, T. Social networks and dementia. Lancet 2000, 356.
[CrossRef]
112. O’luanaigh, C.; O’connell, H.; Chin, A.; Hamilton, F.; Coen, R.; Walsh, C.; Walsh, J.; Caokley, D.;
Cunningham, C.; Lawlor, B. Loneliness and cognition in older people: The Dublin Healthy Ageing study.
Aging Ment. Health 2012, 16, 347–352. [CrossRef] [PubMed]
113. Boss, L.; Kang, D.; Branson, S. Loneliness and cognitive function in the older adult: A systematic review.
Int. Psychogeriatr. 2015, 27, 541–553. [CrossRef] [PubMed]
114. Gow, A.J.; Corley, J.; Starr, J.M.; Deary, I.J. Which social network or support factors are associated with
cognitive abilities in old age? Gerontology 2013, 59, 454–463. [CrossRef] [PubMed]
115. Shankar, A.; Hamer, M.; McMunn, A.; Steptoe, A. Social isolation and loneliness: Relationships with cognitive
function during 4 years of follow-up in the English Longitudinal Study of Ageing. Psychosom. Med. 2013,
75, 161–170. [CrossRef] [PubMed]
116. Tilvis, R.S.; Kahonen-Vare, M.H.; Jolkkonen, J.; Valvanne, J.; Pitkala, K.H.; Strandberg, T.E. Predictors of
cognitive decline and mortality of aged people over a 10-year period. J. Gerontol. A Biol. Sci. Med. Sci. 2004,
59, 268–274. [CrossRef] [PubMed]
117. Lobo, A.; López-Antón, R.; De-La-Cámara, C.; Quintanilla, M.Á.; Campayo, A.; Saz, P. Non-cognitive
psychopathological symptoms associated with incident mild cognitive impairment and dementia,
Alzheimer’s type. Neurotox. Res. 2008, 14, 263–272. [CrossRef] [PubMed]
118. Kotwal, A.A.; Kim, J.; Waite, L.; Dale, W. Social Function and Cognitive Status: Results from a US Nationally
Representative Survey of Older Adults. J. Gen. Intern. Med. 2016, 31, 854–862. [CrossRef] [PubMed]
119. Kryscio, R.J.; Schmitt, F.A.; Salazar, J.C.; Mendiondo, M.S.; Markesbery, W.R. Risk factors for transitions from
normal to mild cognitive impairment and dementia. Neurology 2006, 66, 828–832. [CrossRef] [PubMed]
120. Verghese, J.; Cuiling, W.; Katz, M.J.; Sanders, A.; Lipton, R.B. Leisure activities and risk of vascular cognitive
impairment in older adults. J. Geriatr. Psychiatry Neurol. 2009, 22, 110–118. [CrossRef] [PubMed]
121. Verghese, J.; LeValley, A.; Derby, C.; Kuslansky, G.; Katz, M.; Hall, C.; Buschke, H.; Lipton, R.B. Leisure
activities and the risk of amnestic mild cognitive impairment in the elderly. Neurology 2006, 66, 821–827.
[CrossRef] [PubMed]

Brain Sci. 2017, 7, 111

19 of 19

122. Lojo-Seoane, C.; Facal, D.; Juncos-Rabadán, O. ¿Previene la actividad intelectual el deterioro cognitivo?
Relaciones entre reserva cognitiva y deterioro cognitivo ligero. Revista Española de Geriatría y Gerontología
2012, 47, 270–278. [CrossRef] [PubMed]
123. Li, X.; Ma, C.; Zhang, J.; Liang, Y.; Chen, Y.; Chen, K.; Wang, J.; Zhang, Z.; Wang, Y. Prevalence of and
Potential Risk Factors for Mild Cognitive Impairment in Community-Dwelling Residents of Beijing. J. Am.
Geriatr. Soc. 2013, 61, 2111–2119. [CrossRef] [PubMed]
124. Ball, K.; Berch, D.B.; Helmers, K.F.; Jobe, J.B.; Leveck, M.D.; Marsiske, M.; Morris, J.N.; Rebok, G.W.;
Smith, D.M.; Tennstedt, S.L. Effects of cognitive training interventions with older adults: A randomized
controlled trial. JAMA 2002, 288, 2271–2281. [CrossRef] [PubMed]
125. Doi, T.; Verghese, J.; Makizako, H.; Tsutsumimoto, K.; Hotta, R.; Nakakubo, S.; Suzuki, T.; Shimada, H.
Effects of Cognitive Leisure Activity on Cognition in Mild Cognitive Impairment: Results of a Randomized
Controlled Trial. J. Am. Med. Dir. Assoc. 2017, 18, 686–691. [CrossRef] [PubMed]
126. Wilson, R.S.; Krueger, K.R.; Arnold, S.E.; Schneider, J.A.; Kelly, J.F.; Barnes, L.L.; Tang, Y.; Bennett, D.A.
Loneliness and risk of Alzheimer disease. Arch. Gen. Psychiatry 2007, 64, 234–240. [CrossRef] [PubMed]
127. Bediou, B.; Ryff, I.; Mercier, B.; Milliery, M.; Henaff, M.; d’Amato, T.; Bonnefoy, M.; Vighetto, A.; Krolak-Salmon, P.
Impaired social cognition in mild Alzheimer disease. J. Geriatr. Psychiatry Neurol. 2009, 22, 130–140. [CrossRef]
[PubMed]
128. Lopez-Antón, R.; Santabarbara, J.; De-la-Cámara, C.; Gracia-García, P.; Lobo, E.; Marcos, G.; Pirez, G.; Saz, P.;
Haro, J.; Rodríguez-Mañas, L. Mild cognitive impairment diagnosed with the new DSM-5 criteria: Prevalence
and associations with non-cognitive psychopathology. Acta Psychiatr. Scand. 2015, 131, 29–39. [CrossRef]
[PubMed]
129. Tang, E.Y.; Brayne, C.; Albanese, E.; Stephan, B.C. Mild cognitive impairment definitions: More evolution
than revolution. Spec. Rep. Neurodegener. Dis. Manag. 2015, 5, 11–17. [CrossRef] [PubMed]
130. Portet, F.; Ousset, P.J.; Visser, P.J.; Frisoni, G.B.; Nobili, F.; Scheltens, P.; Vellas, B.; Touchon, J. MCI Working
Group of the European Consortium on Alzheimer’s Disease (EADC) Mild cognitive impairment (MCI)
in medical practice: A critical review of the concept and new diagnostic procedure. Report of the MCI
Working Group of the European Consortium on Alzheimer’s Disease. J. Neurol. Neurosurg. Psychiatry 2006,
77, 714–718. [PubMed]
131. Sachs-Ericsson, N.; Blazer, D.G. The new DSM-5 diagnosis of mild neurocognitive disorder and its relation
to research in mild cognitive impairment. Aging Ment. Health 2015, 19, 2–12. [CrossRef] [PubMed]
132. Yoo, S.W.; Han, C.E.; Shin, J.S.; Seo, S.W.; Na, D.L.; Kaiser, M.; Jeong, Y.; Seong, J. A network flow-based
analysis of cognitive reserve in normal ageing and Alzheimer’s disease. Sci. Rep. 2015, 5, 10057. [CrossRef]
[PubMed]
133. Lojo-Seoane, C.; Facal, D.; Guàrdia-Olmos, J.; Juncos-Rabadán, O. Structural model for estimating the
influence of cognitive reserve on cognitive performance in adults with subjective memory complaints.
Arch. Clin. Neuropsychol. 2014, 29, 245–255. [CrossRef] [PubMed]
134. Shen, Y.; Wang, H.; Sun, Q.; Yao, H.; Keegan, A.P.; Mullan, M.; Wilson, J.; Lista, S.; Leyhe, T.; Laske, C.
Increased Plasma Beta-Secretase 1 May Predict Conversion to Alzheimer’s Disease Dementia in Individuals
With Mild Cognitive Impairment. Biol. Psychiatry 2017. [CrossRef] [PubMed]
© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

