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Abstract
The construct of mild cognitive impairment (MCI) has evolved over the past 10 years since the
publication of the new MCI definition at the Key Symposium in 2003, but the core criteria have
remained unchanged. The construct has been extensively used worldwide, both in clinical and
research settings, to define the grey area between intact cognitive functioning and clinical
dementia. A rich set of data regarding occurrence, risk factors, and progression of MCI has been
generated. Discrepancies between studies can be mostly explained by differences in the
operationalization of the criteria, differences in the setting where the criteria have been applied,
selection of subjects, and length of follow-up in longitudinal studies.

Major controversial issues that remain to be further explored are: algorithmic versus clinical
classification, reliability of clinical judgment, temporal changes in cognitive performances, and
predictivity of putative biomarkers.

Some suggestions to further develop the MCI construct include the tailoring of the clinical criteria
to specific populations and to specific contexts. The addition of biomarkers to the clinical
phenotypes is promising but requires deeper investigation. Translation of findings from the
specialty clinic to the population setting, although challenging, will enhance uniformity of
outcomes.

More longitudinal population-based studies on cognitive aging and MCI need to be performed to
clarify all these issues.
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Introduction
In the last decade much effort in the field of ageing and dementia has been devoted to the
early clinical diagnosis of dementing disorders with the aim of identifying signs and
symptoms that could be used as reliable predictive markers of disease development. Such
identification, as within other areas of medicine, would allow the implementation of
research to verify whether and which interventions at the early stages may change the
natural history of the disorder. Multiple definitions have been proposed to capture the
intermediate stage between healthy ageing with slight cognitive changes and dementia [1–
4]. Of these clinical labels by far the most successful and enduring has been the term mild
cognitive impairment (MCI) [3]. MCI was introduced as a clinical entity more than 20 years
ago, and since then groups of individuals with this diagnosis have been intensively
investigated from many perspectives including clinical, imaging, genetic, pathological and
epidemiological [5].

The current articulation of the concept of MCI intends to identify this intermediate stage of
cognitive impairment that is often, but not always, a transitional phase from cognitive
changes of normal ageing to those typically found in dementia. The term MCI was
introduced in the late 1980s by Reisberg and colleagues to characterize subjects who were at
this intermediate stage; the identification of these subjects was based on the Global
Deterioration Scale, when criteria for Stage 3 were fulfilled [5]. Petersen et al. in 1999
further developed the concept by proposing criteria based on an observational study of
ageing [6]. This development was stimulated first by the clinical awareness of the existence
of a grey zone of cognitive impairment that was not captured by any clinical definition and
by the rising awareness of dementia as an important area of public health. Further, it was
reinforced by the emerging clinical need of something beyond the binary diagnosis of the
presence or absence of dementia, which could allow an earlier diagnosis and secondary
prevention if new treatments were proved efficacious at these early stages.

Further development came some years later with the convening of a Key Symposium on this
topic in 2003, which led to the publication of international criteria for MCI and broadening
of the construct from earlier versions that had focused only on memory impairment [7, 8]. In
response to a large body of evidence which suggested that a redefinition of the concept was
required, the original articulation was revised. In the international criteria, MCI became a
much broader construct referring to a clinical syndrome with multiple clinical profiles due to
a variety of aetiologies. The assumption was that the new criteria would identify all
individuals at the intermediate cognition stage and have a greater clinically utility. In the
new definition, the initial purpose of MCI, directed specifically towards the detection of
underlying Alzheimer’s disease (AD), was restricted to a subtype of MCI.

Since the publication of the international criteria, numerous studies have used the new MCI
definition to collect or identify individuals in the early stages of cognitive impairment; these
criteria have provided additional clinical features and genetic background, as well identified
predictors of progression and pathological outcome [9, 10]. Many thousands of studies have
been reported over the years including randomized controlled trials of a variety of
medications mostly focused on MCI on the AD spectrum [11–14]. The concept has moved
rapidly outside the research field providing clinicians with a helpful intermediate diagnosis,
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often for watchful waiting. Clinical research in this area has also influenced the development
of new clinical criteria for practitioners [15].

In spite of all this attention, there has been and remains a considerable amount of
controversy surrounding MCI. It has often been stated that MCI is heterogeneous and
unstable, which are valid criticisms if the entity is only considered as a pre-AD dementia
state. However, the current criteria are much broader with the consequence that
heterogeneity will be much greater and predictive value lower, if specific subtypes are not
taken into account. In addition, many other factors influence the meaning of the MCI label
and its use in research and clinical activity, which has led to significant inconsistencies and
disagreement with regard to the findings of different studies. Major factors include: (i)
settings in which the criteria are used, (ii) age of subjects, (iii) operational criteria; (iv)
implementation of the diagnostic criteria; (iv) retrospective versus prospective data
collection; (v) algorithmic versus clinical application of the criteria; (vi) blindness with
respect to previous diagnoses; (vii) length of follow-up of subjects when assessing outcome;
and (viii) stability of the construct. These controversial issues will be the focus of the
present review.

Definitions of MCI: evolution of a clinical concept
The first clinical criteria for MCI were proposed by a group of investigators from the Mayo
Clinic in the late 1990s [6]. The criteria were derived from the clinical observation of signs
and cognitive performance in patients in a longitudinal study of ageing and dementia in the
community. While the study was designed to characterize normal ageing and dementia, it
became apparent that a sizeable group of subjects were ‘in between’ and the concept of MCI
was thus introduced to better describe these subjects. As shown in Table 1, the original
Mayo Clinic MCI criteria required the presence of memory complaints corroborated by
objective deficits on tests of episodic memory, in individuals who did not have dementia.
Furthermore, to be classified as having MCI, general cognitive functioning needed to be
preserved, as well as the capability to perform daily life activities independently (Table 1).
This first definition of MCI was clearly focused on memory problems which were regarded
as prodromal signs of incipient AD (parallelling the purpose of an early detection, as in the
case of other medical disorders). Mild deficits in cognitive domains other than memory were
allowed, but isolated deficits in non-memory domains were not taken into account. When
these criteria were investigated by other researchers and in other settings, it became clear
that not all forms of MCI evolve into AD and that other underlying causes can lead to MCI.
Thus, a broader conceptualization became necessary.

To reach an agreement on the clinical characterization of MCI, an international consensus
conference was held in 2003. The discussion at the first Key Symposium on MCI led to the
formulation of revised core criteria for this condition [7]. The expanded Mayo Clinic criteria
for MCI were no longer focused on memory impairment alone but were broadened to
include impairment in other areas of cognitive functioning [8]. The additional cognitive
syndromes now included in the definition of MCI also led to clarification of the ‘essentially
preserved general cognitive functioning criterion (Table 1).

More recently, the National Institute on Aging and the Alzheimer’s Association (NIA-AA)
charged a workgroup with the task of re-discussing MCI criteria along the AD spectrum
[16]. The NIA-AA proposed criteria for the specific definition of MCI due to AD (see
following section), but the core clinical criteria overlap with those proposed by the 2003
MCI Key Symposium (Table 1).
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Newly proposed entity
The American Psychiatric Association has recently published new criteria for dementia in
the fifth edition of the Diagnostic and Statistical Manual for Mental Disorders (DSM-5),
which recognize the pre-dementia stage of cognitive impairment. The condition, which has
many of the features of MCI, is termed mild neurocognitive disorder (NCD) [15]. Mild
NCD recognizes subtle features of cognitive impairment that are distinct from ageing but do
not represent dementia. Futhermore, mild NCD concerns the initial phases of cognitive
disorders and precedes major NCD which is analogous to the previous diagnosis of
dementia. The criteria for mild NCD closely resemble the expanded core MCI criteria
outlined in Table 1, including the following features:(i) clinical concern raised by the patient
or an informant, or observations made by the clinician, (ii) cognitive impairment in one or
more cognitive domains preferably relative to appropriate normative data for that individual,
(iii) preservation of functional independence and (iv) no dementia [15]. These criteria are in
line with previously described MCI criteria and, while no definite neuropsychological cut-
off scores are recommended, there is the implication that neuropsychological testing can be
very helpful in making the diagnosis. The DSM-5 approach involves the characterization of
the syndrome, mild or major NCD, and then a subsequent task of determining its aetiology,
such as AD, frontotemporal degeneration, Lewy body disorders or vascular cognitive
impairment. This approach suggests that biomarkers are likely to be incorporated into the
decision process, but most are not validated at present for use in routine clinical practice and
remain areas of major research interest.

Operationalization of MCI
According to current definitions [7, 8, 15, 16], clinical data suggesting a change in cognitive
abilities is necessary for being classifed as MCI. This information is generally gathered
through questions asked to the person examined or to the next of kin. The subjective
cognitive complaint then needs to be confirmed by objective cognitive measures, such as
neuropsychological test batteries. Objective cognitive impairment is defined as a poor
performance in one or more cognitive measures, which suggests deficits in one or more
cognitive areas or domains. There is no gold standard to specify which neuropsychological
test battery to use, but it is important that all the main cognitive areas are examined.
Typically, executive functions, attention, language, memory and visuospatial skills are taken
into account. Regarding the report of cognitive complaints and objective cognitive
impairment, the clinical diagnosis of MCI overlaps with the diagnosis of dementia. The two
syndromes differ in the further requirement for MCI cases to have preserved independence
in functional abilities. This is usually investigated by means of a thorough interview with the
person and with the next of kin, and registered in terms of activities of daily living (ADL)
and instrumental activities of daily living (IADL) scales. Very mild problems in
instrumental ADL are generally consistent with MCI, while basic ADL should be preserved.
Finally, individuals who are still functionally independent will also be classified as ‘not
demented’, which is another prerequisite for the MCI classification. For a correct
classification of MCI, it is also relevant that the diagnosis of dementia is accurate and
follows standard criteria.

MCI subtypes
Although available instruments or markers to discriminate aetiological subtypes of MCI are
still far from being accurate, several promising attempts to classify cognitive impairment
according to its aetiology have been made. The first comprehensive clinical
conceptualization of MCI subtypes was presented together with the revised Mayo Clinic
criteria for MCI [8]. Patients with MCI ascertained according to the core clinical criteria
(Table 1) could be classified into one of two categories: amnestic MCI (a-MCI) if
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performance on neuropsychological tests of episodic memory was poor, and non-amnestic
MCI (na-MCI) in the case of poor performance on neuropsychological tests covering
cognitive domains other than memory, such as executive functions, language or visuospatial
abilities. The impairment could be restricted to one cognitive domain (MCI single domain)
or to multiple domains (MCI multiple domains), and thus a patient could be classified in one
of four possible clinical subtypes: (i) a-MCI–single domain, (ii) a-MCI–multiple domain,
(iii) na-MCI–single domain and (iv) na-MCI–multiple domain. The clinical characterization
could integrate information coming from the anamnesis as well as from laboratory tests and
neuroimaging, when available, to guide the clinician in formulating hypotheses regarding
the progression of the cognitive impairment syndromes. Specifically, the central idea was
that, through the combination of clinical subtypes and putative aetiologies, it could be
possible to predict the type of dementia that MCI patients would develop [8].

Recently, the NIA-AA workgroup defined research criteria for MCI due to AD to determine
the aetiology of cases of MCI previously ascertained according to the core clinical criteria
[16]. This should provide a guideline for investigators when using the suggested biomarkers
of AD pathology in predicting possible MCI progression. The NIA-AA workgroup also
clearly specified that biomarkers remain uninformative for the definition of MCI, which
needs to be assessed based on core clinical criteria [7, 8, 15, 16]. However, for research
purposes (e.g. in clinical trials) the use of biomarkers could aid in identifying aetiological
MCI subtypes by differentiating between MCI due to AD and MCI that is unlikely to be due
to AD. Currently two main sets of biomarkers can help in formulating this clinical judgment:
biomarkers of amyloid-beta (Aβ) deposition and of neuronal injury. According to the NIA-
AA workgroup [16], valid indicators of Aβ deposition are: (i) cerebrospinal fluid
concentrations of Aβ42 (CSF Aβ42) and (ii) positron emission tomography (PET) amyloid
imaging; valid indicators of neuronal injury are: (i) CSF tau/phosphorylated tau, (ii)
hippocampal volume or medial temporal atrophy by volumetric measures or visual rating,
(iii) rate of brain atrophy, (iv) fluoro-deoxyglucose (FDG) PET imaging and (v) SPECT
perfusion imaging. The NIA-AA notes that some neuroimaging techniques such as
functional magnetic resonance imaging (MRI), MRI perfusion, magnetic resonance
spectroscopy, and diffusion tensor imaging are not sufficiently validated to be included as
biomarkers at present. In conclusion, by combining information from these two types of
biomarkers, evidence of amyloid deposition and neuronal injury, it will be possible to
weight the probability of identifying MCI due to AD pathology (see Table 2).

Similarly to the aetiological approach proposed by Petersen in 2004 [8], the recent DSM-5
criteria [15] use a two-step procedure which includes first classifying the subjects clinically
as having mild-NCD or major-NCD and then attempting to determine the underlying
aetiology of the clinical syndrome. The subsequent aetiological categories include AD,
frontotemporal dementia, vascular cognitive impairment, dementia with Lewy bodies,
Parkinson’s disease, Huntington’s disease, HIV/AIDS, traumatic brain injury and substance
abuse. There are various criteria to be employed in making the aetiological diagnoses of
each of these categories. For AD, the biomarkers are considered but only for future possible
use. Neuropathological population-based studies have long shown the development of
considerable pathology in individuals who do not express clinical dementia (see below), and
these findings are being suggested by emerging biomarker studies, therefore the validity of
these biomarkers is still unproven.

In summary, Fig. 1 shows a comparison of the current criteria for MCI. The original MCI
clinical criteria from the 2003 Key Symposium [7, 8] are reproduced at the top of the figure
and divide the clinical spectrum into a-MCI and na-MCI. The DSM-5 criteria for mild NCD
are essentially the same as the Key Symposium criteria and encompass a-MCI and na-MCI
[15]. MCI due to AD criteria are divided into three categories, uncertain, intermediate and
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high, reflecting the probability that the clinical syndrome, essentially outlined above as the
MCI criteria from the Key Symposium, are due to underlying AD [16]. The uncertain
category refers to the clinical criteria alone or to conflicting and unhelpful biomarkers, if
available. At the intermediate level, in addition to the clinical syndrome of MCI from the
Key Symposium, biomarker data are available and positive for either the presence of Aβ by
PET or CSF or evidence of neurodegeneration as depicted by atrophy on MRI,
hypometabolism on FDG PET or the presence of elevated total or phosphorylated tau in the
CSF. The high probability of MCI due to AD results from a combination of both evidence of
Aβ and neurodegeneration. Finally, prodromal AD relates to only the amnestic portion of the
MCI clinical criteria, and it is augmented by evidence of Aβ either from PET scanning or
CSF or the presence of an abnormal tau/Aβ ratio in the CSF.

Current knowledge
Prevalence—During the last decade, an increasing number of studies have been conducted
in an attempt to estimate the prevalence of MCI in the general population. Initially the
frequency of MCI in the population was underestimated, as well as its incidence among
individuals with healthy cognitive functioning. Indeed, the first round of epidemiological
investigations of MCI adopted the original Mayo Clinic MCI criteria which were restricted
to isolated memory impairment. In more recent studies the expanded MCI criteria have been
used, producing considerably higher estimates. From the major population-based studies
using the expanded Mayo Clinic criteria [17–32], the average prevalence of MCI is 18.9%
(see Table 3), which is almost three times higher than the prevalence of 7% derived from the
major population-based studies of a-MCI reported in a recent review [33]. Similarly,
average incidence rates using the expanded MCI criteria are 47.9 (range 21.5–71.3) per 1000
person-years, which is more than three times higher than the value of 15.2 (range 8.5–25.9)
per 1000 person-years derived by averaging incidence rates of a-MCI from major
population-based studies [33].

Risk factors—The study of the possible factors that can promote or predict the
development of MCI and the different subtypes is relatively new to dementia research and
most of the available information has been collected during the last 10 years. Also, it is often
unclear whether identified factors are true hazards for MCI or merely predictors of its
occurrence, including reverse causation.

As expected, the major risk factors associated with cognitive decline and dementia, i.e. older
age and lower level of education, have also been repeatedly associated with MCI [34].
However, there is no strong agreement on the extent of the association. This is probably due
to the fact that neuropsychological test scores used in the MCI classification are generally
corrected for age and education. Moreover, MCI is by definition often a transitory state and
the setting in which the case series are collected can also impact on risk profiles.

There is also no strong agreement regarding the effect of gender on MCI occurrence;
however, some recent findings point towards a possible association with male gender [35,
36]. The association between MCI and the well-known ε4 allele of the AD susceptibility
gene APOE has been widely investigated and findings have been generally consistent with
results for dementia and AD [37–39]. However, a strong genetic base of MCI is not
supported by concordance studies among twins, which showed no difference in level of
concordance between monozygotic and dizygotic twins [40]. The presence of comorbidities
is another widely studied variable in relation to MCI [41, 42]. In particular, the association
between MCI and vascular diseases was assessed in several studies, with mixed results.
Indeed, while cross-sectional studies have often demonstrated increased odds of MCI in
individuals with vascular diseases such as stroke [43–46] or heart disease [43, 47], the
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majority of prospective studies showed no association [48–50]. A similar pattern can be
observed for diabetes, with the findings of cross-sectional studies suggesting an association
[45, 46, 51] and the majority of prospective studies showing no association with incident
MCI [48, 50, 52]. A possible explanation for these discrepant findings can be identified in
competing outcomes, i.e. the elevated risk among patients with vascular disease of death or
progression to dementia during the follow-up interval and before MCI can be detected.
Neuropsychiatric symptoms are common in individuals with MCI and in particular
depression has been extensively studied as a possible risk factor/predictor of MCI [53–55].
Regarding environmental exposures/lifestyle, physical activity is currently considered a key
factor in the prevention of MCI [56], as for dementia and cognitive decline, although the
degree of preventive potential is unknown and as yet few prospective studies of physical
activity and cognitive functioning have been conducted. Moreover, a careful review of the
current evidence suggests that sustained physical, social and cognitive activities can all
contribute to postponing or preventing MCI [57, 58], and therefore prospective studies to
investigate the combined effect, as well as the individual contribution of each of these
factors, are warranted.

Neuropathology—According to a comprehensive review including 162 studies of MCI,
the pathological profile of MCI is heterogeneous and many lesions seem to be on a
continuum between dementia and cognitively intact individuals [59]. Indeed, it has been
frequently observed that neuropathological alterations are present even in persons who do
not manifest any cognitive impairment, particularly in older age groups [59]. This can
explain why no definitive profile that characterizes the state of MCI has been identified by
neuropathological studies. In addition, the above discussion of MCI due to AD and more
general MCI is relevant here insofar as uniform pathology would not be expected in the
broader definition of MCI.

Pathological changes observed in MCI are similar to those observed in dementia and in the
cognitively intact elderly. In fact, as noted above, a single neuropathological substrate would
not be anticipated because MCI can represent a variety of conditions. This is similar to
dementia itself; there is no single pathological explanation because it represents multiple
substrates. Even in cases that do not fulfill all MCI criteria, often labelled pre-MCI, the
neuropathological profile was similar to that observed in cases with confirmed AD, similar
to findings reported in a-MCI and expanded MCI [59]. Selection bias may have been part of
the difficulty in identifying MCI profiles. Studying the neuropathology of MCI, because of
its transitory status and the phenomenon of terminal decline in cognition is very
problematic. The largest population-based studies which include brain donation have only
been able to identify small numbers of such intermediate states for study. Combining data
from those who have died with a similar cognitive profile will allow to assemble larger
sample sizes with standard neuropathological measures. This will be valuable to establish
the degree of heterogeneity and hence utility of the clinical definitions in relation to the
ambition to move towards prevention.

Neuroimaging—Neuroimaging with its various structural and functional modalities has
provided evidence of neurobiological changes across the trajectory of normal ageing–MCI–
dementia, and AD in particular [60]. Structural MRI studies have identified the key areas of
atrophy: the medial temporal lobe, reflecting entorhinal and hippocampal volume loss, and
the posterior cingulate [61]. Furthermore, longitudinal studies have shown that acceleration
of the annual rate of hippocampal atrophy as well as rates of cortical atrophy and ventricular
expansion are good predictors of AD progression in MCI subjects [62, 63]. However, a
recent review of previous studies on the progression towards AD in MCI subjects revealed
accuracy figures between 56% and 82% [64].
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FDG PET studies have shown substantial impairment in temporoparietal and posterior
cingulate association cortices in MCI subjects who progress rapidly to dementia, and AD in
particular [65]. Using amyloid-labelling ligands, such as the most popular C-11 Pittsburgh
compound B, PET enables molecular imaging of regional cerebral patterns of amyloid
pathology and has shown increased Aβ burden in progressive MCI, particularly in the lateral
frontal cortex, posterior cingulate cortex, regions of the medial and lateral parietal lobe, and
the lateral temporal lobe [66, 67]. Both MRI and FDG PET are surrogate markers of
neuronal degeneration in a model of temporal evolution of disease-specific pathology
proposed by Jack et al. [68, 69]. According to this hypothesis, amyloid biomarkers show
abnormalities earlier than markers for neuronal degeneration, possibly 10–20 years before
first symptom occurrence. In comparative studies in which different biomarkers were
combined in a prediction model of MCI, FDG-PET together with episodic memory test was
a strong predictor of the clinical transition to AD, whereas CSF biomarkers primarily
reflected rate of longitudinal cognitive decline independent of disease severity [70, 71]. In
logistic regression models combining clinical information with MRI imaging, CSF proteins
and FDG PET, the latter added the most prognostic information [72].

Finally, NIA-AA criteria were used recently in a population-based sample of 450
cognitively normal persons who underwent a complete assessment including neuroimaging
and CSF [73]. While 43% of subjects did not fulfill criteria for preclinical AD and had
negative markers, 31% were in preclinical stages 1–3 and 23% were classified as having
suspected non-AD pathophysiology (SNAP), which is characterized by normal amyloid
biomarkers but abnormal biomarkers of neuronal injury. In a recent study of MCI by the
same group from the Mayo Clinic Study of Aging, 14% of all MCI subjects were biomarker
negative, and 14% were positive for amyloid alone, 43% for amyloid plus neuronal injury
and 29% for neuronal injury alone (MCI-SNAP) [74]. Most of the progression to dementia
was predicted by the amyloid plus neuronal injury or neuronal injury alone. Correlative
clinicopathological studies have revealed the existence of multiple pathologies which
contribute to determining cognitive function during the life course [75–77]. Therefore, it is
plausible to expect that a combination of different imaging modalities and biomarkers
performs better in terms of diagnostic classification accuracy at the group but also at the
individual level when interpreted in the context of presenting clinical symptoms.

Treatment—Currently, there is no pharmacological treatment that is recommended for
MCI. Indeed, although during the last 10–15 years a great effort has been made to
individuate compounds capable of slowing down cognitive decline in subjects with MCI,
none of these agents has proven effective. A recent systematic review, including nine
randomized clinical trials (RCTs) and a total of 5149 persons with MCI, reported essentially
no effect of cholinesterase inhibitors (donezepil, galantamine and rivastigmine) on cognitive
test scores or on the progression to dementia within 3 years [78]. The findings of one study
of vitamin E and donepezil suggested a positive effect of donepezil up to 12 months, and up
to 36 months in ApoE4 carriers, but overall the rate of progression to Alzheimer’s disease
after three years was not lower among patients treated with donepezil than among those
given placebo [11]. Similarly, a systematic review on the efficacy of vitamin E for the
treatment of MCI, including three RCTs and a total of 1167 participants with MCI, reported
no substantial evidence that vitamin E is of benefit in the treatment of MCI [79]. One of the
studies included in the review actually found that, even in subjects for whom vitamin E was
effective in lowering oxidative stress markers, there was no significant difference in the
percentage change in mini-mental state examinationcore between those with MCI and
control subjects [80].

Considering the negative results of multiple RCTs using cholinesterase inhibitors and the
lack of RCTs using memantine in MCI, there is no support from regulatory or clinical
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practice guidelines for the use of cholinesterase inhibitors or memantine in MCI. This is in
contrast to the common practice of prescribing these drugs to subjects with MCI in some
parts of the world. The need to do something useful for the patient cannot replace the lack of
evidence for benefit and potential harm of using such drugs.

There is some evidence of a possible benefit on MCI from non-pharmacological
interventions, such as cognitive training and physical exercise, activities that may be
neuroprotective or compensatory. A recent review showed how several studies demonstrated
the efficacy of cognitive training in MCI measured as improved performances in tests of
global cognitive functioning, memory and meta-memory [81, 82]. A limitation of these
findings is the small sample sizes of the individual studies. Only seven RCTs were identified
by a systematic review [82], with a total of 296 MCI subjects who were cognitively treated.
Most of these studies in fact included samples of fewer than 50 individuals; therefore,
replication of the findings in larger RCTs is warranted.

A rapidly growing body of evidence suggests that exercise, specifically aerobic exercise,
may attenuate cognitive impairment [57]. A systematic review of the effect of aerobic
exercise on cognitive performance in individuals with neurological disorders found modest
improvements in attention and processing speed, executive function and memory [83].
Therefore, as for the case of cognitive training, larger RCTs specifically in subjects with
MCI, are warranted to confirm or refute these preliminary results. In particular, there is a
strong need for evidence regarding the combined effect of multiple non-pharmacological
interventions on MCI evolution and ongoing multidomain RCTs of MCI are particularly
relevant [84]. A further possibility is to combine pharmacological and non-pharmacological
interventions and evaluate whether their joint effect has more therapeutic value than the
individual treatments alone. Such studies could also be combined with therapeutic trials.

MCI: controversial issues
As demonstrated above, current knowledge of MCI is limited by inconsistent findings. In
many ways the rapid uptake of this research diagnosis into clinical settings has been
premature. However, this uptake does reflect a clinical need, given the high awareness of
cognitive disorders in populations of the Western world. Clinicians are quick to recognize
persons with such cognitive features but have not known how to classify them. Variability in
epidemiological estimates, lack of agreement in the identification of risk and progression
factors, lack of specific pathological and clinical markers and difficulties in finding effective
treatments are good examples of the limitations of this field. Many of these differences are
accounted for by the lack of a population framework in which to interpret the results and
determine their true value for ageing populations [85]. We have tried to identify the major
causes of these limitations, as discussed below and summarized in Table 4.

Source of subjects
Several studies have shown that the characterization of subjects with MCI and their outcome
can be influenced by the setting in which the criteria are applied. For example, subjects
attending a memory disorders or dementia clinic or an AD centre are likely to have
significant cognitive impairment at the time of assessment. That is, the likelihood that they
will be cognitively impaired with either MCI or dementia is much higher than if subjects
from the community were assessed in an epidemiological study [85]. As such, MCI
prevalence is much higher in referral clinics than in the general population, and the rates of
progression to greater degrees of cognitive impairment or dementia are also much higher
[86]. Positive predictive value is strongly influenced by this prevalence. In general, the
progression rate to dementia in many referral clinics is in the range of 10–15% per year,
whereas progression rate in the general population, prospectively sampled in
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epidemiological studies, tends to be around 5–10% per year [86]. This not only implies the
obvious lack of comparability among studies based on different types of population, but the
issue of the breadth of the construct of MCI is also relevant here. In the clinic setting, the
subset of individuals with MCI is more likely to be on the AD pathophysiological spectrum;
whereas in the community setting, MCI due to any aetiology is more likely to be found. In
addition, the MCI detected in the clinic setting is more likely to be due to a single entity,
whereas multiple comorbidities are common in the community. In other words, it seems that
the MCI construct identifies different clinical syndromes depending on the populations to
which the criteria are applied. At the community level, a larger spectrum, probably of the
same clinical syndrome, is captured by the current MCI criteria and this obviously will
affect prognostic outcomes. Further, in the specialized clinical setting it is likely that the
selection of MCI subjects is driven not only by severity of the symptoms, but also by other
factors such as presence of other dementia cases in the family, educational level of the
subjects, and presence of serious comorbidities. A major challenge for future research is to
overcome this ambiguity by at least identifying the setting in which the criteria might be
applied. This implies that researchers need to articulate clearly the potential value of MCI
diagnosis, considering the evolving heterogeneous state in the general population and the
more specific aims for individuals within diverse clinical settings.

Age of subjects
The age of the subjects involved in a research study can have an important impact on the
nature of the underlying aetiology of the MCI and on the occurrence and progression rate
[22, 26, 36]. For example, middle-aged subjects diagnosed with MCI are most likely to have
a single aetiological entity such as early-onset AD. In even younger populations, conditions
such as HIV/AIDS, traumatic brain injury and psychiatric disorders can be relatively more
common. However, when MCI is detected in persons of 70 years of age and above – and
even more so in those of 80 years and above – a degenerative or a mixed aetiology is more
likely to be inferred. Most of the epidemiological studies focused on older populations have
reported a preponderance of AD-type clinical characterization, and neuropathological data
have shown that mixed AD/vascular features are more common than pure AD
chartacteristics [87, 88]. Indeed, MCI criteria are less problematic when applied to younger
patients but given that the younger age groups are at lower risk of incident dementia, any
assessment will have reduced positive predictive value, despite good sensitivity and
specificity.

Finally, in very old populations, MCI may be due to several causes including systemic
disorders, brain tumours, subdural haematoma, multiple morbidities, medications,
psychiatric disorders and terminal decline. This implies that the MCI construct should
include a list of possible causes, preferably age-related, that should be excluded when the
research aim is to estimate the likelihood of progression of MCI to AD or other dementias.
However, for clinical purposes the inclusion of these forms in the MCI definition is essential
and very relevant to the identification of those forms of MCI in the general population that
can be successfully treated.

Implementation of MCI criteria
Several of the MCI studies conducted around the world have used a similar set of criteria, as
outlined above. However, the manner in which the criteria have been implemented has
varied greatly. This is not surprising as the characterization of subjects with MCI can depend
heavily on the cognitive measurements employed, the norms used, age and education as well
as cultural contexts. Therefore, if different instruments are used in various studies,
prevalence and incidence estimates as well as rates of progression will differ considerably.
Some studies, such as RCTs, use a specific cut-off score on a cognitive screening test for
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enrolment, and the chosen cut-off value can influence the estimated rate of progression [11–
13]. Observational studies also employ variable criteria and therefore estimated figures can
vary considerably. As an example, it is clear to both clinicians and researchers that the
characterization of the groups is influenced by the specific cut-off scores that are employed
to make the distinctions between a-MCI versus na-MCI or single- versus multiple-domain
MCI. However this situation is not different from that of other clinical entities involving
cognitive impairment. That is, there is no standard set of measuring instruments or cut-off
scores for most of the cognitive disorders encountered in clinical practice including
dementia, AD, frontotemporal degeneration, dementia with Lewy bodies and vascular
cognitive impairment. Therefore, while this is a source of variability in MCI, it is not unique
to MCI as a clinical diagnosis.

It is evident that lack of specific operational criteria leads easily to variability in research
and even more when the MCI criteria are applied in the clinical daily routine. While it is
difficult to identify a specific cognitive battery for MCI, it is reasonable to develop
guidelines to better clarify which cognitive domains and how many tests for each domain
should be used. Similar effort should be made with regard to functional impairment. It
seems possible that in the near future there may be agreement between researchers and
clinicians to identify a core, culturally generalizable, set of principles of specific and explicit
value with further standardization and norm generation for particular populations and
population subgroups.

Retrospective versus prospective data collection
In the early years of MCI research, databases from population-based studies including
information already collected within the cohorts were used to identify MCI cases applying
the available criteria for MCI derived from the clinical setting. The retrospective application
of MCI criteria to already collected information has been hampered by the need to adopt a
particular algorithm to categorize subjects, particularly with cognitive instruments. Many
clinical cohorts were not recruited with an emphasis on the milder end of the cognitive
spectrum, thus providing a less than ideal base for the study of MCI. Some earlier studies
included MCI equivalents according to the Cambridge Mental Disorders of the Elderly
Examination, CAMDEX) minimal dementia criteria. However, all these approaches have
subtle differences and even a difference of a single point on the cut-off value will have
major effects on prevalence estimates of this varying concept. This is not different from the
dementia literature in which different diagnostic criteria show hugely different prevalence
estimates depending on how and which criteria are used. Recent prospective cohort studies
[89, 90] as well as follow-up studies from specialized memory clinics have enhanced the
reliability of MCI diagnoses.

Algorithmic versus clinical application of criteria
As mentioned above, algorithmic categorizations of subjects with MCI was a necessity when
applying the criteria retrospectively, i.e. to previously collected data from clinical cohorts. In
addition, using algorithms prospectively can be useful but may also give rise to variability
among different centres if different cut-off scores are used to categorize individual subjects.
However, even the clinical application of the criteria without specified cut-off values is
affected by the same, or sometimes even greater, imprecision. The use of a standardized
procedure has the advantage of objectively characterizing subjects and promoting
repeatability, features that are essential to clinical trials (and to any decision based on
standardized criteria, such as eligibility for medications or insurance coverage), but is at
odds with much usual clinical practice. That is, as mentioned above, clinical practice
involves the incorporation of a clinical history, neurological examination, psychiatric
examination and neuropsychological testing to make a final judgment. While cognitive and
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functional measures can be very helpful in making this determination, they often only
influence the final clinical judgment; while clinical judgment may not be suitable for
repeatability, it more closely simulates actual practice involving diagnosing individuals from
a variety of backgrounds and with varying degrees of cognitive impairment. Also, it should
be noted that in many of the RCTs cited above, there was good agreement between many
centres in the diagnosis of MCI due to AD. However, research on the variability between
medical practitioners in the clinical diagnosis of dementia even in the specialized setting is
vast and it is likely the MCI diagnosis is not to be an exception. Clinical judgment is related
to many factors: specialization within the medical and allied professions, subspecialization,
length of experience and whether clinicians follow patients over extended periods to
determine the disease course, and the settings in which individual practitioners work. The
challenge for the future is to be able to incorporate all these important clinical aspects in a
detailed structured and standardized procedure in which the clinical history and temporal
changes are the major focus.

Blindedness
An important feature in evaluating the outcome of subjects with MCI relates to the degree to
which the observers making the ultimate diagnosis were aware of previous diagnoses. The
appraisal of previous clinical diagnoses is likely to influence subsequent diagnoses; in
longitudinal prospective cohort studies, while this knowledge does simulate clinical practice
more accurately, it also complicates the ability to develop independent predictors of
subsequent progression. On the other hand, studies that are designed to treat each ‘subject
encounter’ as an independent assessment, with no knowledge of previous evaluations
(blindedness), allow for the independent assessment of each predictor variable. However,
blindedness of the clinicians also leads to increased variability in following the longitudinal
course of subjects. That is, subjects who are at the threshold of subtle impairment may be
classified as having MCI on one occasion, normal on the next and subsequently MCI again.
This is to be expected given the mild nature of the impairment. Similar determinations are
seen in other areas of medicine, such as labile hypertension preceding the actual diagnosis of
hypertension and glucose intolerance preceding the diagnosis of diabetes mellitus.

Length of follow-up
Several of the early studies focusing on the longitudinal outcome of subjects with mild MCI
demonstrated a great deal of instability in rates of progression. Some studies showed as high
as a 40% reversion to normal rate in patients diagnosed with MCI [91]. Most factors that can
explain instability of the construct have been discussed above with respect to setting,
recruitment, blindedness and the nature of the clinical diagnosis, but length of follow-up is
also an important variable. Recently, it has been documented that the stability of the
diagnosis improves with longer follow-up periods, which will be influenced by age, attrition
and mortality effects [89]. That is, subjects who may ‘bounce around’ in the early diagnostic
period may later declare themselves as having cognitive impairment. As noted above, these
findings are not unexpected and, due to the subtle nature of the early impairment, the length
of follow-up ultimately determines that many of the subjects who apparently ‘reverted’ in
fact subsequently ‘converted’ and ultimately were shown to have cognitive impairment.
Two recent studies showed that any diagnosis of MCI, even if followed by a reversion to
normal, led to an increased risk of subsequently developing dementia [89, 92]. However, not
all studies have been able to confirm this finding [93]. The reversion to intact cognitive
function, when detected in older populations (older than middle age, 65–70) from the
community, may also be the result of the inclusion of those MCI cases due to treatable
causes of cognitive impairment such as side effects of drugs, depression and comorbidity.
However, this is what would be expected considering that not all MCI conditions are
predicted to progress. As stated above, better definition of exclusion criteria in the MCI

Petersen et al. Page 12

J Intern Med. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



construct depending on the aims of the research or the target of the clinical work will help to
reduce such variability and disagreement.

Conclusions
Notwithstanding the known open controversies within the field of MCI research (see Table
4), at present several points of general consensus can be identified:

1. There is an interval between optimal cognitive functioning and clinical dementia
when individuals experience cognitive decline and, more often than in the past, can
seek medical advice and prognostic counselling;

2. Those subjects referring to specialized clinical settings, and to a lesser extent even
to primary care physicians, are a selected group of individuals who are not
representative of the large spectrum of cognitive deficits preceding dementia
diagnosis which can be detected in the general population;

3. Not all those who experience cognitive decline, especially in advanced ages, will
develop AD, and some classified as having MCI will not even progress to clinically
defined dementia. A large proportion of these individuals may have cognitive
decline due to causes other than neurodegeneration, such as depression, anxiety,
drug use, medical comorbidities and other treatable conditions. The identification
of different types of MCI, with their particular aetiological pathways, is made
easier by new diagnostic criteria [15] and by some promising biomarkers [16]
which are available for testing in different clinical settings.

There are numerous challenges for the future. Some suggestions for further development of
the MCI concept include:

1. Evaluating all studies of longitudinal cognition, using state-based analysis imposed
on continuous longitudinal data [94–96] to assess the consistencies;

2. Creating frameworks and models which incorporate the setting and recruitment
practices so that the findings can be interpreted with regard to specific populations.
This is particularly important for older populations, as the identification of ‘poor’
performance is subject to major challenges which include educational and
comorbid conditions affecting performance, and use of test norms often established
in younger populations;

3. Conducting frequent deep phenotyping studies of specific populations and
integration in the population framework;

4. Testing clinical judgement in a blind manner to verify the inter- and intra-rater
reliability taking into account recruitment, setting and attrition;

5. Assessing temporal changes in cognitive performances, posing follow-up of the
individual as a crucial part of the clinical diagnosis of MCI;

6. Contextualizing the construct by identifying possible clinical and research
utilization, including prognostic counselling, support and follow-up costs,
healthcare planning, drug development, investigation and recruitment into specific
trials;

7. Conducting more longitudinal population-based studies on cognitive ageing and
MCI to clarify these issues.
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Fig. 1.
Comparison of current criteria for mild cognitive impairment (MCI). The criteria outlined in
blue were proposed at the Key Symposium in 2003 [7, 8]. Other criteria include those of the
fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [15] and
MCI due to Alzheimer’s disease (AD) [16]. Aβ amyloid-beta; MRI,magnetic resonance
imaging; FDG PET, fluorodeoxyglucose positron emission tomography; tau, tau protein.
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Table 2

NIA-AA MCI aetiological subtypes based on biomarkers

MCI due to AD Biomarkers of Aβ deposition Biomarkers of neuronal injury

Intermediate likelihood
Positive Untested

Untested Positive

High likelihood Positive Positive

Unlikely Negative Negative

NIA-AA, National Institute on Aging-Alzheimers Association workgroup; MCI, mild cognitive impairment; AD, Alzheimer’s disease; Aβ,
amyloid-beta.
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Table 4

Summary of major controversial issues for mild cognitive impairment (MCI) research

SUBJECTS IMPLEMENTATION OF CRITERIA DATA COLLECTION

Source
Memory clinic vs. community

Age
Middle aged vs. elderly

What test battery?
What cut-off?
What norms?

Prospective
vs.

retrospective case finding

CLASSIFICATION BLINDEDNESS FOLLOW-UP

Standardized algorithm
vs.

clinical judgment

Awareness
vs.

blindedness (to clinical history)

Short-term
vs.

long-term predictivity
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