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ABSTRACT
Purpose of Review: The term mild cognitive impairment (MCI) is used to describe
older subjects with demonstrable cognitive impairment who have not crossed the
threshold for dementia. Because patients with MCI have an increased risk of
developing dementia, especially Alzheimer disease (AD), there is significant interest
in the clinical characterization of these subjects and in understanding the
pathophysiology of the transition from MCI to AD.
Recent Findings: The MCI syndrome, as an expression of an incipient disorder that
may lead to dementia, is extremely heterogeneous and may coexist with systemic,
neurologic, or psychiatric disorders that can cause cognitive deficits. Recent clinical
criteria were designed to take into account the different forms of clinical presentation
of the syndrome, and introduced the possible contribution of biomarkers to the clinical
diagnosis. Bedside diagnosis of MCI can be difficult, since patients who report having
cognitive problems may have normal scores in global cognitive scales or in brief neu-
ropsychological instruments.
Summary: This article presents the evolution of the clinical concept of MCI, the
operationalization of its current definitions, the development of biomarkers that can
help to identify an underlying neurodegenerative process as the etiology of the
syndrome, and its proposed treatments.
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INTRODUCTION
Aging is associated with cognitive de-
cline,1,2 and older subjects can have
demonstrable cognitive impairment
without crossing the threshold for de-
mentia. This condition has been termed
‘‘mild cognitive impairment’’ (MCI), and
these patients have an increased risk of
developing dementia, especially Alzhei-
mer disease (AD).3Y6 Studies conducted
in referral clinics have shown that pa-
tients with MCI progress to AD at a rate
of 10% to 15% per year,5,7 and 80% of
these patients have converted to AD af-
ter approximately 6 years of follow-up.5

The identification and classification
of MCI can be a major challenge. The
MCI syndrome, as an expression of an
incipient neurodegenerative disorder
that may lead to dementia, is extremely

heterogeneous and may coexist with
systemic, neurologic, or psychiatric dis-
orders that can cause cognitive deficits.
In addition, data from community-based
studies have shown a greater variability
in the clinical course of the syndromes
than that observed in referral clinics:
some patients with MCI progress to
dementia, some remain stable, some
improve over time,8,9 and some who
return to normal can go back to MCI
and eventually develop dementia.10

This article discusses the evolution of
the clinical concept of MCI, the
operationalization of the current defini-
tion of MCI, the development of bio-
markers that can help to identify an
underlying neurodegenerative process
as the etiology of the syndrome, and its
treatment.
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MILD COGNITIVE IMPAIRMENT
CRITERIA
Initially, the criteria for MCI followed two
conceptual models: one associated only
withmemory deficits, and the other with
a broader range of deficits (memory and
other areas of cognition). Because mem-
ory deficits are the clinical hallmark of
AD, most of the criteria developed to
characterize MCI required the presence
of memory deficits in isolation.11Y15

However, other clinicians felt that the
memory-centered definition of MCI was
too restrictive because it did not cap-
ture other cognitive problems that often
occur in the elderly.16,17 For example,
the International Psychogeriatric Associ-
ation and the World Health Organiza-
tion proposed the term ‘‘age-associated
cognitive decline’’ (AACD) to describe
subjects with a wider range of cognitive

deficits.16 In addition, longitudinal stud-
ies showed that patients with MCI with
or without memory deficits can prog-
ress to AD,18 and epidemiologic studies
showed that the prevalence of the MCI
syndrome with isolated memory deficits
was lower than that observed in subjects
who presented with a wider range of
cognitive problems.10 Table 7-111Y17,19Y22

shows the different diagnostic criteria
used to identify subjects with MCI.

The most recent criteria for MCI en-
compassed all possible cognitive mani-
festations of the syndrome and four
subgroups have been proposed: deficits
only in memory functions; memory
deficits plus deficits in another cognitive
domain; deficits in a single nonmemory
domain; and deficits in more than one
nonmemory domain.21,22 This has ex-
panded the knowledge of the MCI

KEY POINTS

h Patients with mild
cognitive impairment
are at risk of developing
dementia, especially
Alzheimer disease.

h The mild cognitive
impairment syndrome is
not restricted to memory
deficits, and these
patients can present
with a much broader
cognitive syndrome,
which may not include
memory impairments.

TABLE 7-1 Criteria Developed to Characterize Cognitive
Impairments in Nondemented Elderly Subjects

Criteria Year

Benign senescent forgetfulness14 1962

Age-associated memory impairment12 1986

Late-life forgetfulness11 1989

Mild cognitive impairment19 1991

Mild cognitive declinea20 1993

Age-associated cognitive decline16 1994

Age-related cognitive decline17 1994

Mild neurocognitive declinea17 1994

Cognitive impairment no dementia13,26 1995

Mild cognitive impairment15 1996

Modified mild cognitive impairment (four subtypesb)21 2004

Modified mild cognitive impairment (three subtypesc)22 2004

Diagnostic guidelines for mild cognitive impairment due to Alzheimer
disease from the National Institute on Aging and Alzheimer’s Associationd24

2011

a Criteria developed to identify mild cognitive deficits in subjects with neurologic or medical disorders.
b (1) Deficits in memory functions, (2) deficits in memory functions plus another cognitive domain,
(3) deficits in a single nonmemory domain, and (4) deficits in more than one nonmemory domain.

c (1) MCI amnestic, (2) MCI multiple domain, and (3) MCI single nonmemory domain.
d Evidence of lower performance in one or more cognitive domains (ie, memory, executive
functions, language, visuospatial functions) for the patient’s age and education level.
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syndrome and allowed examination of
the relationship between MCI syn-
dromes and other dementias that do
not have memory deficits. For example,
the MCI with isolated executive deficits
has been reported to be associated with
cerebrovascular disease and a predictor
of vascular dementia.23

The National Institute on Aging and
Alzheimer’s Association (NIA-AA)
criteria for MCI were created to charac-
terize a syndrome that is most likely
associated with AD pathology.24 The
purpose of these criteria was to identify
subjects in the pre-AD state, and they
require that patients with MCI must
have impairments in one or more cog-
nitive domains. Although the criteria
emphasized the presence of memory
deficits as the central characteristic of
the syndrome that can progress to AD,
they recognized that there are forms of
AD (eg, visual or language variants) that
do not have memory deficits in their
early stages. In addition, the syndrome
should not be present in the context of
vascular, traumatic, or other causes of
mild CNS dysfunction. However, while
these criteria maximized the likelihood
that subjects with MCI who participate
in prevention trials for AD or other
research studies will have an underlying
AD pathology, the use of the criteria in
clinical practice is difficult. MCI subjects
with multiple disease processes that can
affect cognition can progress to AD,18

and not all AD patients have memory
loss at initial presentation;25 usually, mild
nonmemory function deficits are difficult
to detect with brief cognitive evaluations
(Case 7-1).

Operationalization of Mild
Cognitive Impairment Criteria
The MCI syndrome is centered on the
presence of an abnormal neuropsy-
chological performance associated with
other signs and symptoms26 (Table 7-2),
specifically: (1) complaints of cognitive

deficits (or awareness of cognitive prob-
lems); (2) deficits in memory or other
cognitive domain function demonstra-
ble by testing; and (3) intact activities of
daily living (ADLs), although mild prob-
lems in instrumental activities of daily
living (IADLs) could be present. The
majority of the published criteria ex-
clude cases with other medical condi-
tions that may cause cognitive deficits.26

Complaints of memory deficits. A
certain level of concern about their
cognitive problems should be present
in these patients, which in turn moti-
vates the visit to a memory clinic.
Indeed, all of the criteria for MCI require
that the patient report having cognitive
problems, and studies conducted with
subjects who have no dementia have
shown that complaints of cognitive
problems were predictors of incident
dementia.7,27 However, there are stud-
ies that have not identified complaints
of cognitive problems as risk factors for
dementia,28 and mood-related com-
plaints were found to be better pre-
dictors of cognitive decline.29 A study
conducted in a German population
found that subjects who reported
memory problems and were worried
about these problems had an increased
risk of progressing to dementia com-
pared to those who did not report or
worry about memory problems.30

Examination of the types of subjects
enrolled in MCI studies is critical to
understand the validity of complaints of
memory problems as a predictor of
dementia and as a component of the
syndrome. The fact that subjects request
evaluations through specialized clinics is
an indication that they or their families
or physicians have noticed cognitive
problems. By contrast, population-based
studies identify a more heterogenous
group, including those whose symp-
toms are minimal; those who think that
their cognitive problems are not rele-
vant, in spite of the presence of a more
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advanced syndrome; those with a more
advanced syndrome who do report
cognitive problems (similar to those
seen in referral clinics); and those with
multiple comorbidities that explain
the presence of cognitive problems.
Therefore, the subjects seen in referral
clinics are likely to have a more ad-
vanced disease (possibly related to
neurodegeneration) than those identi-
fied in population-based studies. The
NIA-AA MCI guidelines have addressed

this issue and stated that the subjective
cognitive complaints or reports of cog-
nitive change can come from the pa-
tient, an informant, or the physician
observing the patient.

Neuropsychological assessment.
Detailed cognitive assessments are the
most important tool in the diagnosis of
MCI and its subgroups, since these
patients tend to perform normally in
global cognitive measures such as the
Mini-Mental State Examination.31 The

Case 7-1
A 65-year-old manwith 16 years of education presented with a 2-year history
of progressive memory problems that affected his job performance. His
colleagues had not noticed these problems, nor had his wife reported him
having any cognitive problems at home. He had recently been diagnosed
with hypertension, but his vital signs were normal. He denied any symptoms
of major depression. The results of his neurologic examination were normal,
and his Mini-Mental State Examination (MMSE) score was 29/30 (he forgot
the floor on which the doctor’s office was located in the orientation subtest).
His clock-drawing test results were normal, and his verbal fluency for animals
was 11. Laboratory tests and brain MRI showed no abnormalities. Because
of the patient’s concerns about his progressive memory problems, he was
referred for a comprehensive neuropsychological assessment. The test
showed that his memory functions were 1.5 standard deviations (SD) below
the mean adjusted for people of his age and education level, and his
executive functions were between 1.0 and 1.5 SD below the mean. He had
normal language, visuospatial, and visuoconstructional functions.

Two years later, the patient retired from his job due to the worsening in
his cognition, and his wife noticed problems in his instrumental activities of
daily living (eg, the patient forgot to pay bills and got lost while driving).
His MMSE score dropped to 25/30, and his comprehensive cognitive
evaluation showed deficits in memory, language, and executive functions,
consistent with a dementia syndrome, most likely Alzheimer disease.

Comment. This is a highly educated man who noticed that his cognitive
functions were severe enough to interfere with his occupational affairs.
Initially, his wife and colleagues did not detect these problems, and the brief
neuropsychological evaluation conducted at the neurologist’s office was
within normal limits. However, detailed cognitive assessment by a
neuropsychologist revealed the presence of memory and executive function
deficits. This patient presentedwith thememory plus other cognitive domain
subtype of mild cognitive impairment (MCI), which later progressed to
dementia. This case illustrates two important aspects of the clinical diagnosis
of MCI: (1) it is difficult to detect the syndrome with bedside cognitive
instruments, especially in highly educated people; and (2) additional
cognitive evaluations are an important tool to detect not only impaired
cognitive domains during the MCI stage, but also during the early stages of
Alzheimer disease.
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neuropsychological battery should
cover a range of areas of cognition and
must be sensitive enough to detect MCI
subgroups as well as the possible
contributions of other disease pro-
cesses (eg, cerebrovascular disease) to
the manifestation of the syndrome.
Although no consensus has been
reached about the components of the
neuropsychological battery to identify
MCI, the battery should include tests
that can clearly identify performance in
at least four cognitive domains: mem-
ory, language, attention/executive, and
visuoperceptual/visuoconstructional
functions. This represents a limitation
to the bedside diagnosis of the syn-
drome, since extensive cognitive evalu-
ations are difficult to perform in a busy
clinical practice. Consequently, these

patients should be referred for neuro-
psychological evaluation.

Memory loss predicts progression to
AD in the amnestic formofMCI.3,7,15,32,33

However, there have been studies dem-
onstrating that verbal fluency, atten-
tional, and executive function deficits
are also predictors of dementia,8,34 and
others found the severity of deficits in
memory and verbal fluency8 or executive
function35 in MCI to be the best pre-
dictors of incident AD. In addition,
patients with MCI who presented with
a demonstrable progression of their
deficits were shown to be more likely
to develop dementia than those whose
deficits remained stable.19 Indeed, the
NIA-AA guidelines stated that support for
the diagnosis of MCI could be provided
by evidence of a decline on serial testing.

TABLE 7-2 Components of the Mild Cognitive Impairment Syndrome
Associated With Alzheimer Disease Required by the
Majority of the Criteria

Signs and Symptoms Comments

Complaints of cognitive deficits Some patients with early mild cognitive
impairment do not report cognitive
deficits

Global measures of cognition could
be within normal limits

For example, the Mini-Mental State
Examination

Cognitive deficits identified by
neuropsychological testing

Deficits inmemory and nonmemory tests

Evidence of progression in cognitive
testing supports the diagnosis

Preservation of activities of daily
living

Some instrumental activities of daily
living could be impaired

Absence of neurologic, psychiatric,
or systemic disorders that may cause
cognitive deficits

Patients with mild cognitive impairment
with comorbid conditions (for example,
metabolic disorders, depression) can also
progress to Alzheimer disease. Similarly,
Alzheimer disease pathology can coexist
with other neurologic disorders
(eg, Parkinson disease and strokes).

Dementia has been excluded For example, impairments in at least two
cognitive domains are severe enough to
interfere with the patient’s instrumental
activities of daily living or activities of
daily living. Clinical judgement is
recommended in borderline cases.
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The overall prevalence of MCI in the
general elderly population ranges from
2% to 20%,6,9 and the neuropsycholog-
ical definition of MCI has been instru-
mental in the determination of the
prevalence of the syndrome in epide-
miologic studies. The MCI memory-only
subtype has a lower prevalence (eg, 2%
to 4%)9 compared to the much broader
MCI definition that includes all subtypes
(eg, 18% to 21%).6 The prevalence of
the MCI syndrome is very dynamic, and
it has been reported that up to 30% to
55% of the cases can return to normal
during follow-up,9 although 19% to 20%
is a more conservative estimate.10 The
MCI memory-only subtype is more fre-
quent in specialized referral clinics and
consequently has been the most exten-
sively examined MCI syndrome in neu-
roimaging and biomarker studies.

Activities of daily living. Patients
with MCI should have normal ADLs (eg,
getting dressed or controlling sphinc-
ters), although they can have mild def-
icits in IADLs (eg, problems in job
performance, forgetting to pay a bill).
However, the determination of abnor-
mal IADLs can be difficult in an older
population. For example, subjects who
remain active in their careers (eg, physi-
cians) may report mild changes affecting
their professional activities. By contrast,
subjects with sedentary lifestyles after
retirement (or with lower-skill jobs that
they have practiced throughout their
lives), who perform activities that do
not require significant intellectual chal-
lenge, may not report IADL problems
(Case 7-2). These examples represent
the two extremes generally encountered
in clinical practice: high-functioning pa-
tients may be overly sensitive in reporting
IADL deficits, whereas less challenged
subjects may be unaware of changes. Fi-
nally, it has been shown that the neuro-
psychological characteristics of the MCI
syndrome can be present in subjects
who do not report memory deficits.36

Comorbid conditions. There are
several neurologic, systemic, and psychi-
atric syndromes that can cause cognitive
impairment (eg, depression, vascular
disease).37,38 The distinction of MCI
groups based on the possible etiology
of the cognitive deficits is essential to
identify a syndrome that has increased
likelihood of progression to AD. How-
ever, the reality is that patients with
MCI with multiple comorbidities are
the most common in clinical practice
and progress to AD at the same rate as
those without comorbidities.18 Conse-
quently, even in the presence of a dis-
ease process that could explain the MCI
syndrome, it could be an underlying
neurodegenerative process that will
eventually lead to the dementia symp-
toms. In this case, the biomarkers have a
critical role in identifying AD pathology
in patients with MCI with comorbid
conditions. Figure 7-1 shows that the
majority of the MCI cases detected in
the general population had medical
processes that can explain the presence
of cognitive deficits.6 In addition, other
neurodegenerative disorders that cause
dementia either in isolation or in com-
bination with AD pathology can develop
an MCI syndrome before progressing to
dementia (eg, Parkinson disease).

BIOMARKERS
The use of CSF and neuroimaging bio-
markers can improve the identification
of AD pathology in patients with MCI
and predict the likelihood of progression
to dementia, especially within a relatively
short period.39Y42 The altered pattern of
CSF protein levels usually seen in pa-
tients with AD can also be seen in those
with MCI (especially in those who will
convert to AD): high levels of tau or
phosphorylated tau (P-tau) with de-
creased amyloid-$42 (A$42) protein
levels.41 However, because there is a
great variability in the tau and A$42
levels in patients with AD,43 negative

KEY POINTS

h The prevalence of mild
cognitive impairment in
the general elderly
population ranges from
2% to more than 20%.

h The mild cognitive
impairment syndrome
with memory-only
deficits is less prevalent
than mild cognitive
impairment with a
much broader cognitive
syndrome in the
general population.

h The mild cognitive
impairment syndrome,
as an expression of
an incipient
neurodegenerative
disorder that may lead to
dementia, is extremely
heterogeneous and may
coexist with systemic,
neurologic, or psychiatric
disorders that can cause
cognitive deficits.

h Approximately 20% of
patients with diagnosis
of mild cognitive
impairment return to
normal cognition on
follow-up examination.

h Patients with mild
cognitive impairment
can present with mild
deficits in instrumental
activities of daily living.

h Increased CSF
phosphorylated tau and
decreased A$-42
protein levels increase
the short-term risk of
conversion to Alzheimer
disease in mild cognitive
impairment patients.
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CSF studies may not completely ex-
clude the presence of AD pathology in
patients with MCI. In addition, CSF
studies are an important tool to exclude
other disease processes that can cause
cognitive problems (eg, infections).

Table 7-3 shows the proposed
NIA-AA biomarker criteria to grade the
certainty that the MCI syndrome is due

to AD. However, the authors cautioned
against the use of biomarkers as pre-
dictors of incident dementia until more
experience is gained, and recommended
their use only for research purposes or in
special clinical cases. A recent report
found that single-marker models were
as effective as multiple-marker models,
and their accuracy was only 64%.44 It is

Case 7-2
A 78-year-old woman with 12 years of education presented for evaluation
with a 3-year history of cognitive decline associated with symptoms of
major depression. According to her family, she had depression associated
with cognitive problems, which had worsened over the past 6 months.
She had depressed mood, apathy, anxiety, crying spells, suicidal ideation,
insomnia, and lack of appetite; she had lost 15 pounds in 1 year. She also
had short-term memory problems and difficulty managing her finances
and using the pillbox for her daily medication. However, the effects of her
cognitive problems on her activities of daily living were difficult to
determine, since she did not do much at home because of her depressed
mood and lack of motivation. She had a history of breast cancer (treated
with mastectomy), coronary artery disease, glaucoma, and arthritis, but
no history of depression or other psychiatric illness. The patient was
medicated with sertraline 25 mg/d for her symptoms of depression 3
months ago. Her laboratory test results were normal and MRI of her brain
showed mild atrophy. No infarcts or white matter lesions were noted.

On examination, the patient looked tearful and had minimal
bradykinesia. Her Mini-Mental State Examination (MMSE) score was 24 (1/3
recall and 1/5 in attention subtests). Her clock-drawing test results were
normal, and verbal fluency for animals was 7. Her Hamilton Depression
Rating Scale score was 20; she met criteria for major depression.

Because of the severity of the patient’s depression, sertraline was
gradually increased to 150 mg/d. She was re-examined 6 months after
her initial examination, after she had remained stable on sertraline 150 mg/d
for a month. Her MMSE score was 30, her clock-drawing test results were
normal, and her verbal fluency for animals was 14. Her Hamilton Depression
Rating Scale score was 5; she met criteria for major depression in full
remission.

Comment. This patient developed late-life major depression that was
severe enough to affect her cognition and instrumental activities of daily
living. She initially presented with the memory plus other cognitive
domain subtype of mild cognitive impairment (MCI). After treatment with
antidepressant medication, her cognition and depression improved, and
she returned to normal. This case illustrates that late-life mood disorders
can cause an MCI syndrome, and with proper treatment these patients can
return to normal. However, close follow-up of the symptoms of depression
and its treatment is recommended, since they may return; repeat cognitive
evaluations on an annual basis are also recommended, since depressed
mood has been identified as a risk factor for incident Alzheimer disease.
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also critical to understand that the
presence of the APOE*E4 allele is not
diagnostic but should be considered a
risk factor for AD.

Structural MRI
The visual determination of regional
or global atrophy in MCI cases is

difficult because brain structure can
vary greatly in elderly subjects.45

Quantitative analyses have shown that
hippocampal and other brain regions
are different in patients with MCI than
in people who are cognitively normal.46

Patients with AD can be differentiated
from normal subjects based on the
volume of medial temporal lobe struc-
tures,47,48 although it is more difficult
to differentiate MCI from normal aging.
A study of hippocampal volumes con-
ducted in 166 subjects (55 with AD, 43
with MCI, and 62 controls) found that
hippocampal volumes could differenti-
ate AD from controls in 92% of the
cases, but there were no differences
between controls and MCI.47 By con-
trast, other studies have shown that
patients with MCI can have smaller
hippocampal volumes compared to
controls.49 While the amnestic type
had a greater volume loss in the
hippocampus and amygdala compared
to normal subjects, the MCI type
with impairments in multiple cognitive
domains had a greater volume loss in
the parietal, superior temporal, and
frontal regions, with less involvement
of the hippocampus.50

TABLE 7-3 The National Institute on Aging and Alzheimer’s
Association Criteria for Biomarker Certainty That the
Mild Cognitive Impairment Syndrome is Caused by
Alzheimer Disease

b High Likelihood
The core clinical symptoms and both amyloid-$a and neuronal damageb

biomarkers are present

b Intermediate Likelihood
The core clinical symptoms and a single positive biomarker (either amyloida

deposition or neuronal damageb) are present

b Unlikely to Be Due to Alzheimer Disease
The core clinical symptoms are present andneither types of biomarkers are positive

a Amyloid markers identified by CSF or amyloid ligand scans.
b Neuronal damage identified by CSF, MRI, or fluorodeoxyglucose positron emission tomography
(PET) scans.
Data from Alberts MS, et al, Alzheimers Dement.24 www.alzheimersanddementia.com/article/
S1552-5260(11)00104-X/fulltext.

FIGURE 7-1 Prevalence of mild cognitive impairment
(MCI) in the Pittsburgh Cardiovascular Health
Study according to the presence of comorbid

conditions. Probable MCI is indicated when the etiology of
the MCI syndrome was most likely associated with a
neurodegenerative process. Possible MCI is indicated when
the etiology of the MCI syndrome could be secondary to
medical (eg, cancer), psychiatric (eg, depression), or neurologic
(eg, stroke) processes.

Reprinted with permission from Lopez OL, et al, Arch Neurol.6 B 2003,
American Medical Association. All rights reserved. archneur.jamanetwork.
com/article.aspx?articleid=784823.

418 www.aan.com/continuum April 2013

Mild Cognitive Impairment

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

www.alzheimersanddementia.com/article/S1552-5260(11)00104-X/fulltext
www.alzheimersanddementia.com/article/S1552-5260(11)00104-X/fulltext
archneur.jamanetwork.com/article.aspx?articleid=784823
archneur.jamanetwork.com/article.aspx?articleid=784823


Hippocampal51,52 and other cere-
bral structure53Y57 volumes can predict
the development of AD in subjects
with MCI, and those who progressed
to AD had smaller entorhinal, superior
temporal, and occipitotemporal corti-
ces and anterior cingulate gyrus vol-
umes compared to those who did not
progress.53,54 Changes over time in
hippocampal and entorhinal cortex
volumes have been reported in sub-
jects with MCI who progressed to
dementia compared to those who
did not,58Y60 as well as an accelerated
expansion of the lateral ventricles.61

Functional Imaging
Clinical fluorodeoxyglucose positron
emission tomography (FDG-PET) and
single-photon emission computed to-
mography (SPECT) studies show the
‘‘classic’’ AD pattern in subjects with
MCI whose cognitive symptoms are
thought to be related to an incipient
AD-related dementia.39 The FDG-PET
scan has shown a good correlation with
cognitive measures in patients with
MCI,62 with a sensitivity of 92% and a
specificity of 89% to predict conversion
to AD.63 Although the SPECT scan can
be a useful tool to identify regions of
hypoperfusion in MCI cases, it has
shown little predictive value.64 Func-
tional MRI studies are usually conducted
in research settings and have found that
subjects with MCI have a greater activa-
tion of the hippocampus compared to
normal controls and subjects with AD in
memory tasks.65 Studies that used exec-
utive tasks found increased activation in
the parietal lobes, with decreased acti-
vation in the prefrontal cortex and
anterior cingulate gyrus.66 Perfusion
MRI studies have shown that subjects
with MCI have increased cerebral blood
flow in anterior cingulate, basal ganglia,
and hippocampal regions and decreased
cerebral blood flow in the precuneus
and temporal-parietal regions.67

Amyloid Ligands
The approval by the US Food and Drug
Administration (FDA) of florbetapir in
2012 has brought to the market an
important tool for the diagnosis of AD,
although it was recommended only for
the differential diagnosis of AD.68 The
use of clinical amyloid ligands in normal
subjects or those with MCI should be
avoided, since there is a dearth of
longitudinal information that would
allow prediction of incident dementia
in amyloid-positive subjects or of
whether amyloid-negative subjects can
progress to AD syndromes.

The combination of multiple neu-
roimaging techniques has permitted
improved examination of the patho-
physiology of the transition from MCI
to dementia. The finding that amyloid
deposition detected with carbon-11
Pittsburgh Compound B (PiB) precedes
structural changes in subjects with MCI
suggests that the amyloid deposition
occurs first, which is followed by neuro-
nal loss.69 In addition, there is a positive
correlation between PiB deposition and
brain metabolism, as measured with
FDG-PET, suggesting the presence of
a compensatory process in the MCI
state.70 A recent study in cognitively
normal subjects showed that PiB depo-
sition was associated with increased
PET metabolism, gray matter volume
loss, and visual memory measures.71

These studies indicated the presence
of concomitant pathologic and (com-
pensatory) physiologic mechanisms in
subjects destined to develop AD, and
that amyloid deposition has already
started to exert its effect on brain
function before subjects reach the MCI
state (Case 7-3).

TREATMENT
There is no consensus about the
pharmacologic and nonpharmacologic
treatment of MCI. Because the MCI
syndrome is considered the earliest

KEY POINTS

h Decreased metabolism
in temporal-parietal
regions, including the
precuneus (detected with
fluorodeoxyglucose-PET),
and increased amyloid
deposition (detected with
amyloid ligands) increase
the risk of conversion to
Alzheimer disease.

h Biomarker studies
should be interpreted
with caution. Although
they indicate that
Alzheimer disease
pathology is present,
they do not provide
information about when
the patient will progress
to an Alzheimer disease
clinical dementia.
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manifestation of AD (in those patients
with underlying AD pathology as the
cause of their MCI), and cholinesterase
inhibitors (ChEIs) are used to treat
patients with AD, several studies exam-

ined whether ChEIs can improve cogni-
tion in patients with MCI and prevent
the conversion from MCI to AD. The
use of donepezil in subjects with MCI
during a 48-week period showedmodest

Case 7-3
An 80-year-old man with 12 years of education presented with a 3-year
history of progressive memory problems, which started approximately 1 year
after he had a stroke. His wife had also noticed mild problems with his
instrumental activities of daily living (eg, the patient forgot to pay bills and
had difficulty with hobbies). He had a history of hypertension and coronary
artery disease, but his vital signs were normal. He denied any symptom of
major depression. The neurologic examination showed mild weakness in his
left arm, sequelae of the stroke. His Mini-Mental State Examination (MMSE)
score was 27/30 (2/5 in attention subtests). The results of his clock-drawing
test were borderline, and his verbal fluency for animals was 12. Laboratory
test results were normal. MRI of his brain showed mild atrophy and a 3- to
4-mm infarct in the right caudate nucleus. A comprehensive neuropsychological
assessment showed that his executive functions were 1.5 standard deviations
(SD) below the mean adjusted for people of his age and education level,
and his memory function was between 1.0 and 1.5 SD below the mean. The
patient had read about the use of biomarkers in the clinical diagnosis of
dementia and expressed concerns about the possible neurodegenerative
etiology of his problems. Therefore, his neurologist requested a
fluorodeoxyglucose positron emission tomography (FDG-PET) scan, which
showed decreased metabolism in the right basal ganglia and in the
temporoparietal cortex, including the posterior cingulate gyrus, bilaterally.

One year later, the patient’s wife noted progression of his difficulties in
instrumental activities of daily living (eg, getting lost while driving).
However, the results of his MMSE and other tests performed at the office
remained unchanged. The neuropsychological examination showed that
his executive function deficits remained stable, but there was progression
in his memory deficits, although they remained 1.0 and 1.5 SD below the
mean. The neurologist prescribed a cholinesterase inhibitor.

Comment. This is a patient with a history of cerebrovascular disease who
presented with a memory plus other domain subtype of mild cognitive
impairment (MCI). Because of the presence of an abnormal FDG-PET that
showed an Alzheimer disease pattern, and the reported worsening of his
instrumental activities of daily living, he was initiated on dementia
medication. This case illustrates the complexity of the clinical aspects of the
MCI diagnosis and management: (1) the bedside examination showed that
this patient had the nonmemory single-domain MCI subtype, while the
more extensive cognitive assessment showed a memory plus other domain
subtype, which suggests that the sensitivity of the cognitive battery defined
the MCI type; (2) although the patient’s family perceived a worsening of his
performance on instrumental activities of daily living, the cognitive testing
was not indicative of dementia, but it led the treating neurologist to initiate
dementia treatment; (3) the presence of an abnormal biomarker (FDG-PET)
was not associated with imminent conversion to dementia, although it
supported the decision to initiate treatment.
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improvements,72,73 and three large-
scale studies showed that ChEIs failed
to prevent conversion from MCI to
AD.74Y76 A 3-year double-blind study
that examined the effects of 2000 IU of
vitamin E daily or 10 mg of donepezil
daily on conversion from MCI to AD
found that vitamin E had no benefit in
patients with MCI. Although donepezil
was associated with a lower rate of
progression to AD during the first year
of treatment, the rate of progression to
AD was similar among the treated and
placebo arms at the end of the study.74

ChEIs have shown benefits in sub-
jects with MCI and symptoms of depres-
sion.77 However, the use of ChEIs in
subjects with major depression with
or without cognitive deficits should be
carefully weighed. Recent studies con-
ducted in elderly patients with late-life
major depression showed that done-
pezil improved cognition but increased
the rates of major depression (44% with
donepezil versus 12% without it) and
did not prevent progression to demen-
tia compared to placebo.78

Studies that examined whether anti-
inflammatory therapies prevent AD in
MCI (ie, rofecoxib) or in mixed pop-
ulations that included normal and MCI
subjects (ie, celecoxib or naproxen)
showed no benefits.79,80 Similarly, Gingko
biloba showed no benefits preventing
dementia in mixed populations.81,82 Ob-
servational studies have shown that cog-
nitive83 and physical activity decreased
the risk of dementia and MCI,84,85 and
physically active subjects had higher
brain volumes later in life.84 However,
the effects of physical activity or cognitive
interventions on cognition still have to be
tested in large-scale studies. Although the
literature has suggested that current AD
therapies are not effective in preventing
the conversion from MCI to dementia,
these treatments should be discussed
with patients since placebo-controlled
studies with ChEIs in MCI have shown a

modest symptomatic response. It is im-
portant to point out that all of the
prevention trials using ChEIs were con-
ducted in subjects with amnestic MCI,
and there are no studies on the other
clinical forms of MCI.
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