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Abstract
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Mild cognitive impairment (MCI) is associated with an increased risk of developing dementia. This is clinically relevant overt dementia
can be prevented if treatment strategies are devised for MCI. Neuropsychological deficits in this condition are very common and are
important clinically for treatment and outcomes. We aimed to review various neuropsychological deficits in MCI. Further, we have
presented the current evidence for nosological status, neuroanatomical basis, and clinical outcome of this heterogeneous construct.
All published papers on the topic of neuropsychological deficits in MCI on Medline and other databases were reviewed. A wide range
of memory and executive function deficits are common in MCI patients. However, several studies are limited by either improper designs
or inadequate sample sizes. Several neuropsychological impairments like memory function and executive functions can be diagnosed
in MCI. The evidence base for the exact neuroanatomical basis of MCI is not robust yet. However, given the wide range of outcomes,
controversies and debates exist regarding the nosological significance of the deficits. Hence, more studies are needed to specifically

locate the impairments and further delineate the construct of MCI.
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Introduction

Dementia is been increasingly recognized as the leading cause
of morbidity in elderly and includes Alzheimer’s disease (AD),
vascular dementia, parkinsonian dementia, and lewy body
dementia. Mild cognitive impairment (MCI) represents a
transitional state between healthy aging and dementia and
is characterized by cognitive impairments that are out of
proportion to the age of the individual. However, they do not
meet the commonly accepted criteria for dementia. Studies
have suggested that individuals with MCI tend to progress to
dementia over a period of time.
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In this review, we have presented the neuropsychological
dimension of MCI by focusing on various cognitive deficits,
their progression, and their patho-physiological mechanisms.
For simplification, we have not included other domains of
MCI like co-morbidities and neurochemistry, although these
aspects are equally important from the cognitive perspectives.
We have included the controversial issues of nomenclature
and diagnostic confusions and have attempted to give
neuropsychological answers to these controversies.

For the purpose of review, Medline, Pub Med, and Google
search for English language literature was carried out for
the past 15 years (1998-Present) using MeSH heading “mild
cognitive impairment/analysis” and additional search terms
like “classification,” “physiology,” “pathology,” “radiography,”
“memory,” “executive function,” “outcome,” “amnestic MCI,”
“nonamnestic MCI,” “therapy,” etc.

"o ” o

The papers were evaluated for results, relevance, and
originality of findings or approach. Thereafter, the information
derived was collated and critically evaluated for the purpose
of the review.
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Names and Concepts — The Issue of Heterogeneity

The introduction of the term and concept of MCI by Petersen,
was followed by a series of controversies regarding the same,
which was generally believed to represent a transitional state
between normal aging and dementia.[" Specifically, the criteria
were criticized for their inability to adequately encompass the
spectrum of cognitive deficits often observed in patients with
milder forms of cognitive impairment. Several researchers
are of the view that MCI could be a heterogeneous construct
neuropsychologically rather than a single homogeneous
clinical syndrome.?® Although MCI is currently one of the
most widely studied concepts in the dementia literature,
many differences and inconsistencies exist regarding its
definitions and concepts used in different studies, and there
is clearly a need for better characterization and clarification
of the concept as a whole.[*®! Petersen et al., proposed three
different MCI subtypes (amnestic, multiple-domain, and
single non-memory domain) in an attempt to provide a better
classification to this rather heterogeneous group of cognitive
deficits.”?! These groups were later re-divided to include
two major subgroups (amnestic and nonamnestic MCI), with
further subdivisions within each (single- and multiple-domain).

A community-based study in Kolkata, India, determined
the rates of prevalence of amnestic MCI to be 6.04% and
that of multiple-domain subtype to be at 8.85%, with males
having a preponderance of amnestic MCI and female having
multiple-domain MCL!!

Given the uncertainty inherent in the current clinical concept
of MCI, along with the significance of better accuracy in
identifying and detecting prodromes of different dementia
syndromes clinically, it is imperative that MCI be defined
with more clarity and to decipher whether the diagnosis
primarily represents a risk factor for only AD or whether
MCI is more accurately described as being composed of a
heterogeneous construct that includes different pathologies,
neuropsychological profiles, and/or neurological markers.'*"*?!

Although this need seems to be urgent, strangely enough,
there is a relative dearth of studies attempting to empirically
validate and verify the existence of the recently proposed MCI
subtypes. It has been postulated that MCI possibly represents a
heterogeneous group of individuals with different pathologies
and neuropsychological profiles."""*! It was expected that MCI
would not represent a homogeneous population and, instead,
would be better characterized as a heterogeneous group
based on neuropsychological scores. Specifically, Petersen and
Morris (2005) hypothesized that the following two major groups
emerging from the data have to be (1) a subgroup demonstrating
a neuropsychological profile consistent with amnestic
MCI (specific cognitive deficits in memory) and (2) a subgroup
with a cognitive profile consistent with the nonamnestic subtype
of MCI (mild impairments in non-memory domains such as
executive functioning or speed of processing).! If the groups
significantly differed on neuropsychological test results as well
as on neuroimaging findings like white matter lesions, then these
can indicate different underlying pathologies and contribute to
improving our clinical characterization of the MCI construct.

Cognitive Deficits in Mild Cognitive Impairment:
Memory

The accepted criteria for MCl include the presence of a memory
complaint, impaired performance on age-adjusted memory
tasks, intact general cognitive function, an absence of significant
functional repercussions, and an absence of dementia.l"! Given
the seminal role of memory impairment as the first basic criteria
for MCI, the figures for prevalence necessitate extrapolation
from non-amnesic, which averaged 16.77% (17-38%) in different
studies.™

Nature of deficit

Memory deficits are the core problems in MCI. These memory
deficits are not only important for treating MCI but also
because cases of amnestic MCI (65-80%) convert to Alzheimer’s
dementia at a rate of 38 per 100 person-years.!">' It is however
difficult to derive a universal equation of these memory
problems given the various types of memory-related functions
and diversity in the classification prevalent in the literature.
Conceptually, for encoding of any form of memory, attention
is the most important prerequisite. It is being increasingly
recognized that attention deficits are prevalent in MCI.
A direct impact of these attention deficits is on the working
memory and other neuropsychological functioning of both
AD and MCI. Saunders and Summers found that MCI group
displayed deficits in attention processing, working memory,
and semantic language along with impairments in verbal
and visual memory."”! Similar deficits in WM and executive
attention functions have been observed in AD and MCI by
Belleville et al.¥

One of the most prevalent memory deficit encountered in
amnestic MCI is the reduction in episodic memory that has
adverse consequences on functioning of the subjects. Irish
et al., (2011) attempted to study the relevance and impact of
deficits in episodic memory, especially about routine events
using a plethora of tasks relevant to daily functioning.!"!
They found impairment in measures of acquisition, delayed
recall (story-memory), and associative memory (face-name
pairings), followed by everyday memory (for everyday
mundane events) and spatial memory tasks (route learning and
recall). Further, delayed associative memory performance at the
baseline was a potential predictor of subsequent conversion to
AD on exploratory logistic regression analyses revealed that
delayed associative memory performance at baseline was a
potential predictor of subsequent conversion to AD.

Information that needs to be remembered is rapidly lost over
time in MCI, as demonstrated by poorer performance on longer
retention intervals in the Brown—-Peterson (BP) procedure
and inter-trial forgetting of items on a word list learning task,
although the extent of the deficit in MCI is not as extreme as
in AD.[8201

Prospective memory (PM) is another important cognitive
domain that can serve as an early sign of memory failure in
MCI-AD. While retrospective memory is the ability to recall
information or events from the past, PM is the ability to
remember and perform an intended action at an appropriate
point in the future.?"
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Remembering to do a designated task in future such as taking
medication, paying bills by due date, and visiting doctor on
the day of appointment are examples of PM. PM is relevant for
social functioning, treatment adherence, and all instrumental
activities of daily living.[?*!

PM may be a more pronounced deficit than retrospective failure
in MCI, probably reflecting the greater self-initiated retrieval
demands involved in the PM task used. The relationship
between the prospective retrieval and retrospective memory
functioning in MCI has been studied and both the prospective
component and the retrospective component are impaired in
MCI.? Declarative memory dysfunction results in impairment
of retrospective memory, while deficits in executive abilities or
reflexive mechanisms explain the impairment in PM.

Both familiarity based memory and recollection have been
found to be impaired in amnestic MCL.»! A well-designed
study was conducted by Alqarabel.? His results indicated that
recollection decreases with age and neurological status, while
familiarity remains stable in the elderly normal controls (NC).
In contrast, both recollection and familiarity are deficient
in MCI. Alqarabel found that specific encoding situation
generated deficits in recollective and familiarity mechanisms of
retrieval occur in subjects with MCI. Other amnestic cognitive
deficits in MCI include impairment in fluid intelligence,
working memory, semantic fluency, design fluency, and
category fluency.””?! Not all of these are strictly memory
deficits and include elements of executive dysfunction as well.

Verbal learning memory is another domain that has been studied
in detail in MC patients. Ribeiro et al., (2007) used the California
verbal learning test to details memory performance in MCI
patients and compared them with normal and AD patients.?*!
They found that less semantic clustering was found in the MCI
group, but both MCI and controls showed benefit from semantic
cueing. Poorer semantic clustering and lower strategy use as
well as decreased control beliefs to compensate memory deficits
have also been found. These studies show that MCI patients
have difficulties in all the stages of verbal memory processing
including acquisition, consolidation, and recall stages.

These memory deficits are not limited to the amnestic MCI,
but are also present in non-amnestic MCI, albeit at lower
intensities. In individuals with non-amnestic MCI, episodic
memory and other cognitive domains were impaired.?*? The
PM Test (PMT) event-based PM, the Symbol Digit Modalities
Test Accidental Memory, Stick test (ST) [visuo-constructional
memory, and Working Memory components] were impaired;
however, these were better than the impairments seen in
amnestic MCI. However, semantic memory was affected to a
degree comparable with that in amnestic MCL.

However, subjects with MCI are often aware of their memory
deficits.® They are also able to assess the demands of an
externally driven meta-memorial situation adequately and also
update memory self-knowledge accurately based on experience.
Preserved metamemory skills can be utilized to design targeted
behavioral interventions involving compensatory strategies for
daily issues related to memory deficits.

Cognitive Deficits in Mild Cognitive Impairment:
Executive Functions

Executive functions are a group of highly interrelated
functions that include planning, initiation, and regulation
of behavior, working memory, response inhibition, and
task switching.?*** The lack of standardized operational
definition has had adverse consequences for both research and
clinical practice.l*!

Impairment in frontally mediated behaviors is widely prevalent
in MCI and may be found prior to any decline in daily
functioning.*! The huge differences in prevalence figures for
executive MCI (3-30%) is due to the differences in recruitment
criteria and assessment methods.*”*!

The significance and nosological status of executive dysfunction
in MCI is open to debate. In recent years, there have been
several perspectives on the conceptualization of executive
dysfunction in aging/MCI. Details of these concepts are out
of the scope of this review. However, it is important to be
aware of different perspectives. Different theories postulate
that the executive function deficits can be considered as one
of the following:

e Variant of normal ageing—Change in the frontostriatal
network supporting executive functions may occur as a
part of healthy aging*4!

e Distinct subtype of MCI— Attention/executive MCI
subtypes is regarded as a distinct predementia subtypel**!

e Early symptom or prodromal stage —Executive MCI may
represent an earlier phase of Alzheimer’s dementia separate
from amnestic MCI and may remain unnoticed as both
attention and executive deficits contribute to the observed
memory deficit!*!

e Indicator for type of subsequent dementia— Subjects with
multiple-domain MCI with executive dysfunction leading
dementia are less likely to have an Alzheimer’s-type
dementia and are more likely to have cerebrovascular disease,
stroke, vascular dementia, and other dementias.[**s/ EF is a
weak cognitive marker of cerebrovascular disease in MCI,
whereas episodic memory is more robustly associated to
MCI-AD

e Prognostic marker — The prognostic predictability
of executive dysfunction is controversial. Executive
dysfunction may have adverse impact on the activities of
daily living and enhance the risk of conversion from MCI
to AD.[*! Further, conversion from MCI to AD after 2 years
is better predicted by baseline test of executive function
and functional capacity than biomarkers like MRI or CSF
examination.”

Nature of deficit

The question of the exact nature of executive function deficit in
MCI remains to be clarified. In contrast to the well-established
finding of memory deficits in MCI, the executive function
tests have revealed no-deficits on some studies to global
impairments of EFs in others.5'%2 Zheng et al., found that both
overall EF and all of the core EF components in the Miyake
model of EF (working memory, task switching, and response
inhibition) were significantly impaired in amnestic MCI
patients, regardless of whether they had shown obvious clinical
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executive dysfunction. This is perhaps the only study that has
evaluated the overall executive functioning of such patients.

A study designed exclusively to find out the selectivity
of executive function deficits in MCI patients revealed
impairment in planning/problem-solving and working
memory, but not in judgment, among the MCI patients.>!
This was true even among those with a pure amnestic-MCI,
which showed least deficits.

Other studies have also found impaired cognitive planning
in MCI (on trail-making, verbal fluency tests, Porteus maze
test), but no deficits in pre-potent response inhibition (no-go
accuracy, two aspects of the Stroop effect, and negative
priming).” However, Traykov et al., in 2007 reported deficits
in response inhibition and task switching as well as cognitive
rigidity in MCI, as evidenced by perseverations on Modified
Card Sorting Test and lower performance on the Stroop test.
51 Similarly, Perry et al., reported specific problems with
response inhibition and attention switching in a group of
patients who were only impaired on episodic memory tests. !

Deficits in problem solving/planning and working memory
are found in all MCI groups, even in single-domain amnestic
MCI with more severe deficits in multiple-domain MCI
subjects.® Similarly, EF deficits were found in pure amnestic
MCI patients by Kramer et al., wherein they found that the
MCI group performed less well than the normal control
group, but better than the AD group on fluency of design
and category fluency, modified trail tasks, and the Stroop
interference condition.?!

MCI individuals with executive dysfunction also have
poorer verbal memory performance, suggesting complex
interrelationship between memory and executive function.

Subjects with amnestic MCI also have complex visuospatial
executive dysfunction that can be explained by deficits in the
formulation of initial strategy during early visual learning
and online maintenance of task rules.’®

Even subjects with amnestic MCI, irrespective of any
clinically apparent executive dysfunction, have significant
and comparable impairment in executive function tasks (the
stop-signal task, the keep-track task, 2-back task, and
the more-odd shifting task), suggesting that all the chief
components of executive function (working memory,
task switching, and response inhibition) suffer similar
impairment.k

A day-to-day application of executive functions in MCI
patients was tested by Griffith et al., who evaluated the
financial abilities of such patients using the Financial
Capacity Instrument. Relative to controls, the MCI group
demonstrated impairments in episodic memory, executive
function, semantic knowledge, written arithmetic, and spatial
attention, which were revealed by impairments in the domains
of conceptual knowledge, financial transactions, and in overall
financial capacity. At the same time, control and MCI groups
performed significantly better than patients with AD on most
financial capacity and cognitive measures.

Other Cognitive Impairments

In addition, the memory deficits subjects with MCI show
deficits in abstract thinking.[*!

Further subjects with MCI also exhibit deficits in visual personal
familiarity and recognition of facial emotional expression.
They also have impairment in accessing contextual knowledge
that aids in delineation of general concepts or identification of
an object or a person."! Such deficits lead to impaired social
cognition and may adversely impact the patients’ efficacy in
handling complex situations and tasks.

Pathology and pathophysiology of mild cognitive
impairment

In spite of the ever-growing efforts laid on identifying the
candidates of MCI and its progression to AD, much less is
known about its pathology and pathophysiology. In a recent
study by Yan et al., the results from mGCA showed decreased
effective connectivity among the middle temporal gyrus,
hippocampus (HC), and fusiform gyrus, as well as between
the precuneus/posterior cingulate cortex (PreCN/PCC) and
HC in patients with amnestic MCL!*! In a study by Liu et al.,
the participants with MCI (persisting MCI) showed accelerated
sulcal widening, especially in the superior frontal and superior
temporal sulci.l The sulcal morphology of subjects who
reverted clinically from MCI to NC was more consistent with
stable NC than with persisting MCIL.

Nho et al., observed strong associations between ADNI-Mem
and atrophy of medial and lateral temporal lobe. Reduced
ADNI-Exec scores were associated with advanced GM and
cortical atrophy across broadly distributed regions, especially
in the bilateral parietal and temporal lobes.[®™ On evaluation
of ADNI-Exec adjusted for ADNI-Mem associations between
GM density and cortical thickness, specifically in the bilateral
parietal, temporal, and frontal lobes were found. These
associations emerged strongest in patients with MCI and AD
during within-group analyses.

Recent evidence indicates that neurofibrillary tangles (NFT)
density is also greater in MCI than in normal cognitive aging,
although no differences in the density of amyloid plaques
were observed.[®! The distribution of NFTs is primarily
limited to the HC and entorhinal cortex in the early stages
of these cases and gradually becomes more widespread with
disease progression.l” ! Furthermore, NFT density in the
medial temporal lobe is strongly correlated with memory
dysfunction.®! A recent study report comprising of individuals
who were followed longitudinally until death found a
significantly higher tangle counts in the nucleus basalis of
Meynert in subjects who had converted from cognitively
normal to MCI than in cognitively NC.[*!

Subjects with executive dysfunction MCI have thinning
in bilateral dorsolateral prefrontal and posterior cingulate
cortices.’”) Furthermore, they have more white matter
radial and mean diffusivity in regions underlying medial
orbitofrontal, rostral middle frontal, caudal anterior cingulate,
posterior cingulate, and retrosplenial and entorhinal cortices.
The inhibition/switching performance are associated with
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white matter radial and mean diffusivity underlying superior
frontal, rostral middle frontal, lateral/medial orbitofrontal,
and retrosplenial cortices, while caudal middle frontal cortical
thickness was associated with attention and divided attention.”!

Ancelin et al., indicated that the use of anti-cholinergic drugs
can also lead to a clinical picture similar to MCI, with poor
performance on attention, reaction time, narrative recall,
delayed non-verbal memory, visuospatial construction, and
language tasks.” Although these subjects are not at increased
risk for dementia, still caution is advised before using
anticholinergic drugs in elderly people and before prescribing
acetyl cholinesterase in subjects with MCI who are already
receiving anticholinergic agents.

Neuroimaging Studies in MCI

Several studies in recent years have also focused on
neuroimaging findings in different neuroimaging modalities by
using different computational techniques in subjects with MCL
These are too extensive to be subsumed in a single segment
and, in fact, merit a separate review, similar to the review by
Schuff and Zhu."” We have presented some pertinent research
work and opinions on this domain.

Several studies have demonstrated structural changes in the
brain on MRI imaging in MCI. These include reduction in
volumes of HC and entorhinal cortex with reductions lying
between NC and AD."*7 Reduction in the volume of the CA1
and subiculum subregions of the HC is a good predictor of
MCI progressing to AD.¢]

In addition, the rate of reduction in the volume of HC and
entorhinal cortex is more rapid in MCI than in NC.I77#]

Follow-up studies using voxel-based morphometry (VBM)
measurement on serial MRI scans in subjects with MCI have
revealed that loss of grey matter volumes is seen in anterior HC,
amygdale, and entorhinal cortex early in the course of disease
and progresses to the entire HC, temporoparietal, amygdala, and
even frontal lobe regions as the subjects convert to frank AD.74

Fan et al., studied the pattern of atrophy across different regions
of the brain in subjects with MCI and AD using a non-linear
multivariate analysis technique called high-dimensional pattern
classification.®™ About an overwhelming two-thirds of the
subjects showed extensive brain atrophy across several regions
of the brain, while about one-third had findings similar to
healthy controls. The ones who had extensive brain involvement
similar to AD also showed a more rapid decline in mini-mental
state examination in follow-up over a year, thereby yielding a
useful marker for assessing prognosis in MCL

A comprehensive study on MCI by Mridula et al., showed
that nearly 70% had abnormalities on magnetic resonance
imaging (MRI) with vascular lesions in more than one-third,
diffuse atrophy in about one-fifth, and medial temporal lobe
atrophy in one-sixth of the subjects.[*

Some researchers have also attempted to study the subtypes
of MCI on neuroimaging. A study by Griffith et al., focused
on volumetric assessments on MRI in amnestic MCI subjects

and found that reduced volumes of HC, angular gyrus, and
precuneus were correlated with impaired performances on
neuropsychological tests.®®!

However, structural changes on MRI are not specific to MCI
and may occur in other neurodegenerative diseases and chronic
vascular compromise.#4#]

Hence, some researchers advocate use of non-invasive
multimodal MRI techniques for structural, functional,
metabolic, and hemodynamic assessment of the brain as a
surrogate biomarker to assess MCI and risk for MCI and
AD in cognitively intact individuals; the heterogeneity and
non-specificity of findings limits such clinical application
currently.®!

While, traditionally, studies have focused on grey matter
deficits, white matter alterations have also emerged as focus of
interest with the emergence of diffusion tensor imaging (DTI)
with significant findings demonstrated in regions such as the
HC, thalamus, posterior cingulum bundle, regions in posterior
white matter, para HC, and temporal, frontal, and parietal
lobes. 8791

The neuroimaging findings on DTI have been found to also
correlate with lobar specific cognitive functions changes like
episodic memory and executive functions.?

Goldstein et al., investigated the association of integrity of
white matter in medial temporal lobe on DTI and memory."!
They found that, although loss of integrity of white matter
in medial temporal lobe has been associated with impaired
performance, the discrimination did not categorical indicate
toward unconscious use of alternative encoding strategies
such as image visualization of verbal information material and
verbal encoding of designs.

In a remarkable study, DTT of cingulum fiber bundle was found
to increase the diagnostic specificity of MCI to 75% from the
63% accuracy conferred by reduced hippocampal volume alone
on structural MRLFY

[18F]-2-fluoro-2-deoxy-Dglucose-positron emission
tomography (PET) studies regarding cerebral metabolic rate
of glucose consumption (CMR glu) have found substantial
CMRglu reduction in MCI in the HC limbic system, medial
thalamus, and posterior cingulated, corresponding to the
reduction in volumes seen on structural MRL4%!

Single-photon emission computed tomography (SPECT)
studies on cerebral blood flow (CBF) in MCI have revealed
diminished CBF in the parietal cortex, PCC, and precuneus
in MCI with high rates of CBF decline in the HC and para
HC gyrus on serial SPECT studies MCI, especially in those
progressing to frank AD.F?¢l

Outcome of MCI

It is a well-known fact that not all MCI patients progress to
florid AD. The religious orders study, for example, performed
postmortem biopsies and found that, of the 134 patients
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diagnosed with MCI, 54.4% had pathologically diagnosed AD,
19.4% had mixed pathologies, and 39.1% had gross macroscopic
infarcts.*”!

Of the 179 persons diagnosed with probable AD, nearly
half (45.8%) had mixed pathologies, most commonly AD with
macroscopic infarcts, neocortical Lewy body disease, or a
combination of the two.

Thus, identification of the factors that facilitate this progression
is of utmost importance for application of both pharmacological
and non-pharmacological therapies. Recently, much stress has
been laid on the identification of the factors that prevent and
facilitate the progression of MCI to AD. Recognition of MCI
as a transition phase between healthy ageing and dementia is
important in the investigation of treatments aimed at secondary
prevention of dementia.

People with MCI progressed to dementia in several studies at
very different rates, with an average conversion rate of 10%
per year. This suggests a linear progression of conversion to
dementia over time.[>100101]

Petersen reported that, after approximately 6 years, 80% of the
MCI cohort has progressed to dementia.!

Most of the current knowledge stems from clinical samples.
This study utilized a representative general population for
sampling and examined the evolution of MCI to dementia over
an observation period of 6 years.

Ganguli ef al., found that, as compared to clinical samples,
community based samples were less likely to worsen (0-3%
progressed to CDR rating >1 and <20% developed severe
cognitive impairment and more likely to improve or reverted
to normal (6-53%) or stay stable (29-92%) over a follow-up
period of 1 year."

Huey et al., state that single-domain executive MCI has a better
outcome than amnestic MCI and that executive dysfunction in
multiple-domain MCI does not independently increase the risk
of progression to dementia.*’!

Subjects with MCI may also progress to non-AD outcomes
such as vascular dementia, especially if they have subcortical
microvascular disease, mild parkinsonian signs at baseline,
non-amnestic MCI, multi-cognitive deficit MCI, vascular
comorbidity, signs of vascular disease on brain imaging, mood
disorders and behavioral symptoms. %1%

Subjects with MCI may also go on to develop other
neurodegenerative disorders like lewy body disease.!'!
Furthermore, nearly one-third of the subjects with MCI may
have potentially treatable causes like hypothyroidism, normal
pressure hydrocephalus, vitamin B12 deficiency, and subdural
hematoma.

A meta analysis of 41 robust inception cohort studies by
Mitchell et al., revealed that the average annual conversion rate
to dementia is 5-10% and that most subjects do not progress to
dementia even on a follow-up of up to 10 years.""”!

In the meta analysis, the annual rate of conversion to dementia,
Alzheimer’s dementia, and vascular dementia was 9.6%, 8.1%,
and 1.9%, respectively, in specialist clinical settings and 4.9%,
6.8%, and 1.6% in community studies.

Several studies also report that as many as 33-55% actually
improve and revert to normal cognition over time. Sachdev
et al., investigated factors associated with reversion of MCI to
normal cognition or the good prognostic factors.!'%!

The data derived from prospective, population-based Sydney
Memory and Ageing Study sample revealed that higher
complex mental activity, greater openness to experience,
better vision, better smelling ability, larger combined volume
of the left HC and left amygdala, and a larger drop in
diastolic blood pressure between baseline and follow-up was
associated with reversion to normal cognition, while presence
of multiple-domain MCI, a moderately or severely impaired
cognitive domain or an informant-based memory complaint
were poor prognostic markers for MCI. The association of
fall in diastolic blood pressure is significant, as it suggests
that a tighter control of vascular factors may be promising
intervention for MCI. In addition, intervention programs
incorporating cognitively enriching experiences may also be
beneficial.

Conclusion

MCI is characterized by a variety of neuropsychological
impairments including but not limited to memory function
and executive functions. The classification of MCI has valid
neurobiological underpinnings, but needs more discriminatory
research regarding the exact nosological status and prognostic
significance. The evidence base for the exact neuroanatomical
basis of MCI comprises of neuropathological and neuroimaging
investigations, but it is not robust yet. However, to address
the controversy and debate regarding various aspects of MCI,
better-designed systematic studies are required before the
translation into clinical applications can be devised.

References

1. Petersen RC, Doody R, Kurz A, Mohs RC, Morris JC, Rabins PV,
et al. Current concepts in mild cognitive impairment. Arch Neurol
2001;58:1985-92.

2. Ritchie K, Touchon J. Mild cognitive impairment: Conceptual basis
and current nosological status. Lancet 2000;335:225-8.

3. Milwain E. Mild cognitive impairment: Further caution. Lancet
2000;355:1018.

4. Davis HS, Rockwood K. Conceptualization of mild cognitive
impairment: A review. Int J Geriatr Psychiatry 2004;19:313-9.

5. DeCarli C. Mild cognitive impairment: Prevalence, prognosis,
aetiology and treatment. Lancet Neurol 2003;2:15-21.

6. Kavé G, Heinik J. Neuropsychological evaluation of mild
cognitive impairment: Three case reports. Clin Neuropsychol
2004;18:362-72.

7. Petersen RC, Morris JC. Mild cognitive impairment as a clinical
entity and treatment target. Arch Neurol 2005;62:1160-3.

8. Petersen RC. MCI as a useful clinical concept. Geriatr Times
2004a; 5:1-3.

9. Petersen RC. Mild cognitive impairment as a diagnostic entity.
J Intern Med 2004;256:183-94.

10. Das SK, Bose P, Biswas A, Dutt A, Banerjee TK, Hazra AM, et al.
An epidemiologic study of mild cognitive impairment in Kolkata,

Annals of Indian Academy of Neurology, July-September 2013, Vol 16, Issue 3



316

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Yanhong, et al.: Mild cognitive impairment in adults: A neuropsychological review

India. Neurology 2007;68:2019-26.

Bowler JV. The concept of vascular cognitive impairment. J Neurol
Sci 2002;203-204:11-5.

Looi JC, Sachdev PS. Diagnosis and management of vascular
dementia. Med Today 2000a; 1:16-24.

Rockwood K, Davis H, MacKnight C, Vandorpe R, Gauthier S,
Guzman A, et al. The consortium to investigate vascular
impairment of cognition: Methods and first findings. Can J Neurol
Sci 2003;30:237-43.

Sudo FK, Alves CE, Alves GS, Ericeira-Valente L, Tiel C,
Moreira DM, et al. Dysexecutive syndrome and cerebrovascular
disease in non-amnestic mild cognitive impairment: A systematic
review of the literature. Dement Neuropsychol 2012;6:145-51.
Yaffe K, Petersen RC, Lindquist K, Kramer J, Miller B. Subtype of
mild cognitive impairment and progression to dementia and death.
Dement Geriatr Cogn Disord 2006;22:312-9.

Maioli F, Coveri M, Pagni P, Chiandetti C, Marchetti C,
Ciarrocchi R, et al. Conversion of mild cognitive impairment to
dementia in elderly subjects: A preliminary study in a memory and
coghnitive disorder unit. Arch Gerontol Geriatr 2007;44 Suppl 1:233-41.
Saunders NL, Summers MJ. Attention and working memory
deficits in mild cognitive impairment. J Clin Exp Neuropsychol
2010;32:350-7.

Belleville S, Chertkow H, Gauthier S. Working memory and control
of attention in persons with Alzheimer’s disease and mild cognitive
impairment. Neuropsychology 2007;21:458-69.

Irish M, Lawlor BA, Coen RF and O’Mara SM. Everyday episodic
memory in amnestic mild cognitive impairment: A preliminary
investigation. BMC Neurosci 2011;12:80.

Moulin CJ, James N, Freeman JE, Jones RW. Deficient acquisition
and consolidation: Intertrial free recall performance in Alzheimer’s
disease and mild cognitive impairment. J Clin Exp Neuropsychol
2004;26:1-10.

Spindola L, Brucki SM. Prospective memory in alzheimer’s
disease and mild cognitive impairment. Dement Neuropsychol
2011;5:64-8.

Chasteen AL, Park DC, Schwarz N. Implementation intentions and
facilitation of prospective memory. Psychol Sci 2001;12:457-61.
Smith G, Della Sala S, Logie RH, Maylor EA. Prospective
and retrospective memory in normal ageing and dementia:
A questionnaire study. Memory 2000;8:311-21.

Costa A, Caltagirone C, Carlesimo GA. Prospective memory
impairment in mild cognitive impairment: An analytical review.
Neuropsychol Rev 2011;21:390-404.

Wolk DA, Mancuso L, Kliot D, Arnold SE, Dickerson BC.
Familiarity-based memory as an early cognitive marker of preclinical
and prodromal AD. Neuropsychologia 2013;51:1094-102.
Algarabel S, Fuentes M, Escudero J, Pitarque A, Peset V,
Mazon JF, et al. Recognition memory deficits in mild cognitive
impairment. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn
2012;19:608-19.

Economou A, Papageorgiou, SG, Karageorgiou C, Vassilopoulos D.
Nonepisodic memory deficits in amnestic MCI. Cogn Behav Neurol
2007;20:99-106.

Kramer JH, Nelson A, Johnson JK, Yaffe K, Glenn S, Rosen HJ,
et al. Multiple cognitive deficits in amnestic mild cognitive
impairment. Dement Geriatr Cogn Disord 2006;22:306-11.
Ribeiro F, Guerreiro M, De Mendonca A. Verbal learning
and memory deficits in Mild Cognitive Impairment. J Clin Exp
Neuropsychol 2007;29:187-97.

Hutchens RL, Kinsella GJ, Ong B, Pike KE, Clare L, Ames D, et al.
Relationship between control beliefs, strategy use and memory
performance in amnestic mild cognitive impairment and healthy
aging. J Gerontol B Psychol Sci Soc Sci 2013. [Epub ahead of
print]

Wang B, Guo Q, Zhao Q, Hong Z. Memory deficits for non-amnestic
mild cognitive impairment. J Neuropsychol 2012;6:232-41.
Lezak MD, Howieson DB, Loring DW. Neuropsychological
Assessment, 4" ed. New York: Oxford University Press; 2004.
p. 5-10.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Seelye AM, Schmitter-Edgecombe M, Flores J. Episodic memory
predictions in persons with amnestic and nonamnestic mild
cognitive impairment. J Clin Exp Neuropsychol 2010;32:433-41.
Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A,
Wager TD. The unity and diversity of executive functions and their
contributions to complex “frontal lobe” tasks: A latent variable
analysis. Cogn Psychol 2000;41:49-100.

Pa J, Possin KL, Wilson SM, Quitania LC, Kramer JH,
Boxer AL, et al. Gray matter correlates of set-shifting among
neurodegenerative disease, mild cognitive impairment, and
healthy older adults. J Int Neuropsychol 2010;16:640-50.

Ready RE, Ott BR, Grace J, Cahn-Weiner DA. Apathy and
executive dysfunction in mild cognitive impairment and Alzheimer’s
disease. Am J Geriatr Psychiatry 2003;11:222-8.

Grambaite R, Selnes P, Reinvang |, Aarsland D, Hessena E,
Gjerstade L, et al. Executive dysfunction in mild cognitive
impairment is associated with changes in frontal and cingulate
white matter tracts. J Alzheimer’s Dis 2000;27:453-62.

Jak AJ, Bangen KJ, Wierenga CE, Delano-Wood L, Corey-Bloom J,
Bondi MW. Contributions of neuropsychology and neuroimaging
to understanding clinical subtypes of mild cognitive impairment.
Int Rev Neurobiol 2009;84:81-103.

Reinvang |, Grambaite R, Espeseth T. Executive dysfunction in
MCI: Subtype or early symptom. Int J Alzheimer’s Dis 2012;1-8.
Buckner RL. Memory and executive function in aging and AD:
Multiple factors that cause decline and reserve factors that
compensate. Neuron 2004;44:195-208.

Head D, Snyder AZ, Girton LE, Morris JC, Buckner RL.
Frontal-hippocampal double dissociation between normal aging
and Alzheimer’s disease. Cereb replace Cortex 2005;15:732-9.
Whitwell JL, Petersen RC, Negash S, Weigand SD, Kantarci K,
Ilvnik RJ, et al. Patterns of atrophy differ among specific subtypes
of mild cognitive Impairment. Arch Neurol 2007;64:1130-8.
Saunders NL, Summers MJ. Longitudinal deficits in attention,
executive and working memory in subtypes of mild cognitive
impairment. Neuropsychology 2011;25:237-48.

Storandt M. Cognitive deficits in the early stages of Alzheimer's
disease. Curr Dir Psychol Sci 2008;17:198-202.

Gainotti G, Ferraccioli M, Vita MG, Marra C. Patterns of
neuropsychological impairment in MCI patients with small
subcortical infarcts or hippocampal atrophy. J Int Neuropsychol
Soc 2008;14:611-9.

Knopman DS, Roberts RO, Geda YE, Boeve BF, Pankratz VS,
Cha RH, et al. Association of prior stroke with cognitive function
and cognitive impairment: A population-based study. Arch Neurol
2009;66:614-9.

Huey ED, Manly JJ, Tang MX, Schupf N, Brickman AM,
Manoochehri M, et al. Course and etiology of dysexecutive MCI
in a community sample. Alzheimers Dement 2013.

Busse A, Hensel A, Gihne U, Angermeyer MC, Riedel-Heller SG.
Mild cognitive impairment long-term course of four clinical
subtypes. Neurology 2006;67:2176-85.

Royall DR, Lauterbach EC, Kaufer D, Malloy P, Coburn KL,
Black KJ. Committee on Research of the American Neuropsychiatric
Association. The cognitive correlates of functional status: A review
from the Committee on Research of the American Neuropsychiatric
Association. J Neuropsychiatry Clin Neurosci 2007;19:249-65.
Gomar JJ, Bobes-Bascaran MT, Conejero-Goldberg C, Davies P,
Goldberg TE. Alzheimer’s Disease Neuroimaging Initiative. Utility
of combinations of biomarkers, cognitive markers, and risk factors
to predict conversion from mild cognitive impairment to Alzheimer
disease in patients in the Alzheimer’s disease neuroimaging
initiative. Arch Gen Psychiatry 2011;68:961-9.

Bisiacchi PS, Borella E, Bergamaschi S, Carretti B, Mondini S.
Interplay between memory and executive functions in normal and
pathological aging. J Clin Exp Neuropsychol 2008;30:723-33.
Zheng D, Dong X, Sun H, Xu Y, Ma Y, Wang X. The overall
impairment of core executive function components in patients
with amnestic mild cognitive impairment: A cross-sectional study.
BMC Neurol 2012;12:138.

Annals of Indian Academy of Neurology, July-September 2013, Vol 16, Issue 3



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Yanhong, et al.: Mild cognitive impairment in adults: A neuropsychological review 317

Brandt J, Aretouli E, Neijstrom E, Samek J, Manning K, Albert MS,
et al. Selectivity of executive function deficits in mild cognitive
impairment.Neuropsychology 2009;23:607-18.

Zhang Y, Han B, Verhaeghen P, Nilsson LG. Executive functioning
in older adults with mild cognitive impairment: MCI has effects on
planning, but not on inhibition. Neuropsychol Dev Cogn B Aging
Neuropsychol Cogn 2007;14:557-70.

Traykov L, Raoux N, Latour F, Gallo L, Hanon O, Baudic S, et al.
Executive functions deficit in mild cognitive impairment. Cogn
Behav Neurol 2007;20:219-24.

Perry RJ, Watson P, Hodges JR. The nature and staging of
attention dysfunction in early (minimal and mild) Alzheimer’s
disease: Relationship to episodic and semantic memory
impairment. Neuropsychologia 2000;38:252-71.

Chang YL, Jacobson MW, Fennema-Notestine C, Hagler DJ Jr,
Jennings RG, Dale AM. McEvoy LK and Alzheimer’s Disease
Neuroimaging Initiative. Level of executive function influences
verbal memory in amnestic mild cognitive impairment and predicts
prefrontal and posterior cingulate thickness. Cereb Cortex
2010;20:1305-13.

Papp KV, Snyder PJ, Maruff P, Bartkowiak J, Pietrzak RH.
Detecting subtle changes in visuospatial executive function and
learning in the amnestic variant of mild cognitive impairment. PLoS
One 2011;6:€21688.

Griffith HR, Belue K, Sicola A, Krzywanski S, Zamrini E, Harrell L,
et al. Impaired financial abilities in mild cognitive impairment:
A direct assessment approach. Neurology 2003;60:449-57.
Sudo FK, Alves GS, Alves CE, Lanna ME, Ericeira-Valente L,
Moreira DM, et al. Impaired abstract thinking may discriminate
between normal aging and mild cognitive impairment. Arq
Neuropsiquiatr 2010;68:179-84.

Jurjanz L, Donix M, Amanatidis EC, Meyer S, Poettrich K,
Huebner T, et al. Visual personal familiarity in amnestic mild
cognitive impairment. PLoS One 2011;6:e20030.

Varjassyova A, Hofinek D, Andel R, Amlerova J, Laczé
J, Sheardova K, et al. Recognition of facial emotional expression
in amnestic mild cognitive impairment. J Alzheimers Dis
2013;33:273-80.

Yan H, Zhang Y, Chen H, Wang Y, Liu Y. Altered effective
connectivity of the default mode network in resting-state
amnestic type mild cognitive impairment. J Int Neuropsychol Soc
2013;19:400-9.

Liu J, Yin C, Xia S, Jia L, Guo Y, Zhao Z, et al. White matter
changes in patients with amnestic mild cognitive impairment
detected by diffusion tensor imaging. PLoS One 2013;8:€59440.
Nho K, Risacher SL, Crane PK, DeCarli C, Glymour MM, Habeck
C, etal. Alzheimer’s Disease Neuroimaging Initiative-ADNI. Voxel
and surface-based topography of memory and executive deficits in
mild cognitive impairment and Alzheimer’s disease. Brain Imaging
Behav 2012;6:551-67.

Guillozet al, Weintraub S, Mash DC, Mesulam MM. Neurofibrillary
tangles, amyloid, and memory in aging and mild cognitive
impairment. Arch Neurol 2003;60:729-36.

Delacourte A, David JP, Sergeant N, Buee L, Wattez A,
Vermersch P, et al. The biochemical pathway of neurofibrillary
degeneration in aging and Alzheimer’s disease. Neurology
1999;52:1158-65.

Mesulam MM. Neuroplasticity failure in Alzheimer’s disease:
Bridging the gap between plaques and tangles. Neuron
1999;24:521-9.

Mesulam M, Shaw P, Mash D, Weintraub S. Cholinergic nucleus
basalis tauopathy emerges early in the aging-MCI-AD continuum.
Ann Neurol 2004;55:815-28.

Ancelin ML, Artero S, Portet F, Dupuy AM, Touchon J, Ritchie K.
Non-degenerative mild cognitive impairment in elderly people
and use of anticholinergic drugs: Longitudinal cohort study. BMJ
2006;332:455-9.

Schuff N, Zhu XP. Imaging of mild cognitive impairment and early
dementia. Br J Radiol 2007;80:S109-14.

Du AT, Schuff N, Amend D, Laakso MP, Hsu YY, Jagust WJ,

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

et al. Magnetic resonance imaging of the entorhinal cortex and
hippocampus in mild cognitive impairment and Alzheimer’s
disease. J Neurol Neurosurg Psychiatry 2001;71:441-7.

Convit A, De Leon MJ, Tarshish C, De Santi S, Tsui W, Rusinek H,
et al. Specific hippocampal volume reductions in individuals at risk
for Alzheimer’s disease. Neurobiol Aging 1997;18:131-8.

Jack CR Jr, Petersen RC, Xu YC, O’Brien PC, Smith GE, Ivnik RJ,
et al. Prediction of AD with MRI-based hippocampal volume in
mild cognitive impairment. Neurology 1999;52:1397-403.
Pennanen C, Kivipelto M, Tuomainen S, Hartikainen P,
Hanninen T, Laakso MP, et al. Hippocampus and entorhinal
cortex in mild cognitive impairment and early AD. Neurobiol Aging
2004;25:303-10.

Apostolova LG, Dutton RA, Dinov ID, Hayashi KM, Toga AW,
Cummings JL, et al. Conversion of mild cognitive impairment to
Alzheimer disease predicted by hippocampal atrophy maps. Arch
Neurol 2006;63:693-9.

Jack CR Jr, Shiung MM, Gunter JL, O’'Brien PC, Weigand SD,
Knopman DS, et al. Comparison of different MRI brain atrophy
rate measures with clinical disease progression in AD. Neurology
2004;62:591-600.

Cardenas VA, Du AT, Hardin D, Ezekiel F, Weber P, Jagust WJ,
et al. Comparison of methods for measuring longitudinal brain
change in cognitive impairment and dementia. Neurobiol Aging
2003;24:537-44.

Whitwell JL, Przybelski SA, Weigand SD, Knopman DS, Boeve BF,
Petersen RC, et al. 3D maps from multiple MRl illustrate changing
atrophy patterns as subjects progress from mild cognitive
impairment to Alzheimer’s disease. Brain 2007;130:1777-86.
Chetelat G, Landeau B, Eustache F, Mezenge F, Viader F,
de la Sayette V, et al. Using voxel-based morphometry to map
the structural changes associated with rapid conversion in MCI:
A longitudinal MRI study. Neuroimage 2005;27:934-46.

Fan Y, Batmanghelich B, Clark CM, Davatzikos C. Alzheimer’s
Disease Neuroimaging Initiative. Spatial patterns of brain
atrophy in MCI patients, identified via high-dimensional pattern
classification, predict subsequent cognitive decline. Neuroimage
2008;39:1731-43.

Mridula KR, Alladi S, Shailaja M, SantoshiK, Subhash K. Mild cognitive
impairment: Characterization of clinical, Neuropsychological,
imaging profile and outcome, Abstracts of Alzheimer’s and
Related Disorders Society of India XIV National Conference
27-28 September; 2008. p. 52.

Griffith HR, Stewart CC, Stoeckel LE, Okonkwo OC, den
Hollander JA, Martin RC, et al. Magnetic resonance imaging
volume of the angular gyri predicts financial skill deficits in people
with amnestic mild cognitive impairment. J Am Geriatr Soc
2010;58:265-74.

Barnes J, Whitwell JL, Frost C, Josephs KA, Rossor M,
Fox NC. Measurements of the amygdala and hippocampus in
pathologically confirmed Alzheimer disease and frontotemporal
lobar degeneration. Arch Neurol 2006;63:1434-9.

Fein G, Di Sclafani, V, Tanabe J, Cardenas V, Weiner MW,
Jagust WJ, et al. Hippocampal and cortical atrophy predict
dementia in subcortical ischemic vascular disease. Neurology
2000;55:1626-35.

Lin AL, Laird AR, Fox PT, Gao JH. Multimodal MRI neuroimaging
biomarkers for cognitive normal adults, amnestic mild
cognitive impairment, and Alzheimer’s disease. Neurol Res Int
2012;2012:907409.

Fellgiebel A, Wille P, Muller MJ, Winterer G, Scheurich A,
Vucurevic G, et al. Ultrastructural hippocampal and white matter
alterations in mild cognitive impairment: A diffusion tensor imaging
study. Dement Geriatr Cogn Disord 2004;18:101-8.

Fellgiebel A, Muller MJ, Wille P, Dellani PR, Scheurich A,
Schmidt LG, et al. Color-coded diffusion-tensor-imaging of
posterior cingulate fiber tracts in mild cognitive impairment.
Neurobiol Aging 2005;26:1193-8.

Rose SE, McMahon KL, Janke AL, O'Dowd B, de Zubicaray G,
Strudwick MW, et al. Diffusion indices on magnetic resonance

Annals of Indian Academy of Neurology, July-September 2013, Vol 16, Issue 3



318

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Yanhong, et al.: Mild cognitive impairment in adults: A neuropsychological review

imaging and neuropsychological performance in amnestic
mild cognitive impairment. J Neurol Neurosurg Psychiatry
2006;77:1122-8.

Medina D, Detoledo-Morrell L, Urresta F, Gabrieli JD, Moseley M,
Fleischman D, et al. White matter changes in mild cognitive
impairment and AD: A diffusion tensor imaging study. Neurobiol
Aging 2006;27:663-72.

Huang J, Auchus AP. Diffusion tensor imaging of normal appearing
white matter and its correlation with cognitive functioning in mild
cognitive impairment and Alzheimer’s disease. Ann N Y Acad Sci
2007;1097:259-64.

Zhang Y, Schuff N, Jahng GH, Bayne W, Mori S, Schad L, et al.
Diffusion tensor imaging of cingulum fibers in mild cognitive
impairment and Alzheimer disease. Neurology 2007;68:13-9.
Goldstein FC, Mao H, Wang L, Ni C, Lah JJ, Levey Al. White
matter integrity and episodic memory performance in mild cognitive
impairment: A diffusion tensor imaging study. Brain Imaging Behav
2009;3:132-41.

De Santi S, de Leon MJ, Rusinek H, Convit A, Tarshish CY,
Roche A, et al. Hippocampal formation glucose metabolism and
volume losses in MCI and AD. Neurobiol Aging 2001;22:529-39.
Nestor PJ, Fryer TD, Smielewski P, Hodges JR. Limbic
hypometabolism in Alzheimer’'s disease and mild cognitive
impairment. Ann Neurol 2003;54:343-51.

Kogure D, Matsuda H, Ohnishi T, Asada T, Uno M, Kunihiro T,
et al. Longitudinal evaluation of early Alzheimer’s disease using
brain perfusion SPECT. J Nucl Med 2000;41:1155-62.

Huang C, Wahlund LO, Svensson L, Winblad B, Julin P. Cingulate
cortex hypoperfusion predicts Alzheimer’s disease in mild
cognitive impairment. BMC Neurol 2002;2:9.

Huang C, Eidelberg D, Habeck C, Moeller J, Svensson L,
Tarabula T, et al. Imaging markers of mild cognitive impairment:
Multivariate analysis of CBF SPECT. Neurobiol Aging
2007;28:1062-9.

Bennett DA, Schneider JA, Arvanitakis Z, Wilson RS. Overview
and findings from the religious orders study. Curr Alzheimer Res
2012;9:628-45.

100.Bruscoli M, Lovestone S. Is MCI really just early

dementia? A systematic review of conversion studies. Int
Psychogeriatr 2004;16:129-40.

101. Panza F, D’Introno A, Colacicco AM, Capurso C, Del Parigi A,

Caselli RJ, et al. Current epidemiology of mild cognitive impairment
and other predementia syndromes. Am J Geriatr Psychiatry
2005;13:633-44.

102. Ganguli M, Snitz BE, Saxton JA, Chang CC, Lee CW, Vander

Bilt J, et al. Outcomes of mild cognitive impairment by definition:
A population study. Arch Neurol 2011;68:761-7.

103. Meyer JS, Xu G, Thornby J, Chowdhury MH, Quach M. Is mild

cognitive impairment prodromal for vascular dementia like
Alzheimer’s disease? Stroke 2002;33:1981-5.

104. Mauri M, Corbetta S, Pianezzola C, Ambrosoni E, Riboldazzi G,

Bono G. Progression to vascular dementia of patients with mild
cognitive impairment: Relevance of mild parkinsonian signs.
Neuropsychiatr Dis Treat 2008;4:1267-71.

105. Zanetti M, Ballabio C, Abbate C, Cutaia C, Vergani C,

Bergamaschini L. Mild cognitive impairment subtypes and vascular
dementia in community-dwelling elderly people: A 3-year follow-up
study. J Am Geriatr Soc 2006;54:580-6.

106. Jicha GA, Parisi JE, Dickson DW, Johnson K, Cha R, lvnik RJ, et al.

Neuropathologic outcome of mild cognitive impairment following
progression to clinical dementia. Arch Neurol 2006;63:674-81.

107. Mitchell AJ, Shiri-Feshki M. Rate of progression of mild cognitive

impairment to dementia: Meta-analysis of 41 robust inception
cohort studies. Acta Psychiatr Scand 2009;119:252-65.

108.Sachdev PS, Lipnicki DM, Crawford J, Reppermund S,

Kochan NA,Trollor JN, et al. Sydney Memory, Team. Factors
predicting reversion from mild cognitive impairment to normal
cognitive functioning: A population-based study. PLoS One
2013;8:€59649.

How to cite this article: Yanhong O, Chandra M, Venkatesh D.
Mild cognitive impairment in adult: A neuropsychological review.
Ann Indian Acad Neurol 2013;16:310-8.

Received: 01-05-13, Revised: 29-05-13, Accepted: 07-07-13

Source of Support: Nil, Conflict of Interest: Nil

Staying in touch with the journal

1)

2)

Table of Contents (TOC) email alert

Receive an email alert containing the TOC when a new complete issue of the journal is made available online. To register for TOC alerts go to

www.annalsofian.org/signup.asp.

RSS feeds

Really Simple Syndication (RSS) helps you to get alerts on new publication right on your desktop without going to the journal’s website.
You need a software (e.g. RSSReader, Feed Demon, FeedReader, My Yahoo!, NewsGator and NewzCrawler) to get advantage of this tool.
RSS feeds can also be read through FireFox or Microsoft Outlook 2007. Once any of these small (and mostly free) software is installed, add

www.annalsofian.org/rssfeed.asp as one of the feeds.

Annals of Indian Academy of Neurology, July-September 2013, Vol 16, Issue 3



