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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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*Does	not	meet	criteria	(DSM	IV,	ICD	10)	for	a	demen%a	syndrome		

(i)  	Memory	complaint,	preferably	corroborated	by			
an	informant		

(ii) 	Objec2ve	memory	impairment	for	age		
(iii) 	Rela%vely	preserved	general	cogni2on	for	age	
(iv) 	Essen%ally	intact	ac2vi2es	of	daily	living	
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typical prodromal stage of dementia due
to AD, but other phenotypes can also
lead to this type of dementia, such as
logopenic aphasia, posterior cortical at-
rophy (also known as the visual variant),
or a frontal lobeYdysexecutive presenta-
tion of AD.9 The essential feature of this
portrayal is that not all MCI is early AD.

The Key Symposium criteria pre-
vailed in the field and influenced the
development of several randomized
controlled trials for possible interven-
tion.10Y14 In 2011, the National Insti-
tute on Aging (NIA) and the Alzheimer’s
Association convened workgroups to
develop criteria for the entire AD spec-
trum.1,9,15,16 The criteria for MCI due
to AD essentially adopted the Key Sym-

posium criteria while making some of
the diagnostic features more explicit.
These criteria also added biomarkers
for underlying AD pathophysiology in
an attempt to refine the underlying
etiology and, hence, predict outcome.
These criteria did not differentiate be-
tween amnestic and nonamnestic MCI.

At approximately the same time, the
Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition
(DSM-5) was being developed.17 For
the general category of neurocogni-
tive disorders, the criteria now include
a predementia phase called mild
neurocognitive disorder. Once again,
the construct is very similar to the
Key Symposium criteria for MCI and

KEY POINTS
h Traditionally, amnestic

mild cognitive impairment
is the typical prodromal
stage of dementia due to
Alzheimer disease, but
other phenotypes can
also lead to this type of
dementia, such as
logopenic aphasia,
posterior cortical atrophy
(also known as the visual
variant), or a frontal
lobeYdysexecutive
presentation of
Alzheimer disease.

h Not all mild cognitive
impairment is early
Alzheimer disease.

FIGURE 2-1 Key Symposium criteria. First Key Symposium criteria demonstrating the syndromic phenotypes
and how they can be paired with possible etiologies to assist the clinician in making a diagnosis.

AD = Alzheimer disease; DLB = dementia with Lewy bodies; FTD = frontotemporal dementia;
MCI = mild cognitive impairment; VCI = vascular cognitive impairment.

Modified with permission from Petersen RC, Continuum (Minneap Minn).8 journals.lww.com/continuum/Fulltext/2004/02000/
MILD_COGNITIVE_IMPAIRMENT.3.aspx. B 2004, American Academy of Neurology.
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the presence of subjective memory complaints may also
be too restrictive. Many patients with borderline demen-
tia deny symptoms of memory loss and impaired aware-
ness of cognitive deficits has been recently described in
MCI.32 In practice, reports of impairment from family
members or other informants often substitute for subjec-
tive complaints by the patient.
Regardless of how these conceptual and taxonomic prob-
lems are resolved, the successful implementation of 
MCI as a diagnostic category would seem to depend on
the development of a precise set of definitional rules.
Nevertheless, despite nearly 10 years of clinical research,
a single universally recognized standard has yet to
emerge. In general, the difficulty in formulating an oper-
ational definition for MCI reflects tension between pre-
cisely enumerated rules using cut-scores on staging instru-
ments or psychometric tests and broader criteria that are
more conceptual in nature.The former strategy results in
a diagnosis that can be established more reliably, but may
be too narrow in scope and too complex for routine clin-
ical purposes.The latter strategy, however, may allow too
much flexibility of interpretation and result in criteria that
are harder to implement consistently. Inevitably, a com-
promise solution will need to be reached, but some inves-
tigators may argue that existing constructs based on semi-
structured clinical interviews such as GDS stage 3 or
CDR stage 0.5 should form the main basis for diagnosis.
Despite the lack of universally accepted diagnostic crite-

ria, an increasing number of groups have been reporting
research on MCI populations defined using the classifi-
cation schemes described above or variations of these
methods. The diagnosis is typically made when the clini-
cal context, imaging data, and laboratory results exclude
structural, toxic/metabolic, ischemic, or primary psychi-
atric factors in favor of neurodegenerative processes as
the most likely causative mechanism. Regardless of the
specific criteria employed, clinicians with experience
diagnosing dementia are probably more in agreement
than not when characterizing such patients as nonde-
mented, but cognitively impaired. It is therefore likely
that samples of MCI patients, particularly when defined
in dementia research centers, share enough attributes to
give the diagnosis overall “face validity.”

Prevalence of MCI

For a comprehensive treatment of epidemiological charac-
teristics of MCI see the article by Ritchie in this issue.33 The
prevalence of MCI in older adults has been difficult to
determine.This is due, in part, to the lack of consensus on
diagnostic criteria for MCI that can be applied in epidemi-
ological studies, the discrepancies in the age ranges exam-
ined, and the demographic characteristics of the samples
employed. Due to the protracted time course of MCI and
because the population of persons with dementia undergoes
an accelerated rate of attrition due to death, the prevalence
of persons with MCI at risk for AD is expected to outnum-
ber cases actually diagnosed with AD.A review of popula-
tion-based investigations of MCI prevalence has observed
widely varying rates across studies.34 An estimate of the
prevalence rate of MCI can be derived from data reported
on elderly from the Canadian Study of Health and Ageing.15

On the basis of pooled samples of community and institu-
tional Canadian elderly aged 65 years and older, the esti-
mated prevalence of CIND was 16.8%.This compared with
a prevalence of 8.0% for all types of dementia combined.
Since CIND is comprised of a number of categories, includ-
ing circumscribed memory impairment, depression, drug
use, mental retardation, etc, it is likely that it is more inclu-
sive than current definitions of MCI.The category of cir-
cumscribed memory impairment (the most frequent cate-
gory of CIND) is probably less inclusive than current
definitions of MCI,and has a prevalence of 5.2%.Therefore,
the prevalence rate of MCI can be estimated to be between
5.2% and 16.8%.Yesavage et al35 have employed a Markov
model to estimate the most likely prevalence of MCI at spe-

S t a t e  o f  t h e  a r t

354

Figure 3. European Alzheimer’s Disease Consortium (EADC)/Alzheimer’s
Disease Cooperative Study (ADCS) consensus on mild cognitive
impairment (MCI) subtypes.30 In this scheme, amnestic MCI con-
sists of cases either with memory impairment alone, or accom-
panied with deficits in other cognitive areas. Similarly, non-
amnestic MCI includes individuals with a deficit in a single
nonmemory domain and cases with impairment in multiple non-
memory domains.
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portrayal is that not all MCI is early AD.
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FIGURE 2-1 Key Symposium criteria. First Key Symposium criteria demonstrating the syndromic phenotypes
and how they can be paired with possible etiologies to assist the clinician in making a diagnosis.

AD = Alzheimer disease; DLB = dementia with Lewy bodies; FTD = frontotemporal dementia;
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Modified with permission from Petersen RC, Continuum (Minneap Minn).8 journals.lww.com/continuum/Fulltext/2004/02000/
MILD_COGNITIVE_IMPAIRMENT.3.aspx. B 2004, American Academy of Neurology.
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Position Paper

Research criteria for the diagnosis of Alzheimer’s disease: 
revising the NINCDS–ADRDA criteria
Bruno Dubois*, Howard H Feldman*, Claudia Jacova, Steven T DeKosky, Pascale Barberger-Gateau, Jeff rey Cummings, André Delacourte, 
Douglas Galasko, Serge Gauthier, Gregory Jicha, Kenichi Meguro, John O’Brien, Florence Pasquier, Philippe Robert, Martin Rossor, Steven Salloway, 
Yaakov Stern, Pieter J Visser, Philip Scheltens

The NINCDS–ADRDA and the DSM-IV-TR criteria for Alzheimer’s disease (AD) are the prevailing diagnostic 
standards in research; however, they have now fallen behind the unprecedented growth of scientifi c knowledge. 
Distinctive and reliable biomarkers of AD are now available through structural MRI, molecular neuroimaging with 
PET, and cerebrospinal fl uid analyses. This progress provides the impetus for our proposal of revised diagnostic 
criteria for AD. Our framework was developed to capture both the earliest stages, before full-blown dementia, as well 
as the full spectrum of the illness. These new criteria are centred on a clinical core of early and signifi cant episodic 
memory impairment. They stipulate that there must also be at least one or more abnormal biomarkers among 
structural neuroimaging with MRI, molecular neuroimaging with PET, and cerebrospinal fl uid analysis of amyloid β 
or tau proteins. The timeliness of these criteria is highlighted by the many drugs in development that are directed at 
changing pathogenesis, particularly at the production and clearance of amyloid β as well as at the hyperphosphorylation 
state of tau. Validation studies in existing and prospective cohorts are needed to advance these criteria and optimise 
their sensitivity, specifi city, and accuracy. 

Background
For research purposes, the diagnosis of Alzheimer’s 
disease (AD) is based on the criteria of the Diagnostic 
and Statistical Manual of Mental Disorders, fourth 
edition (DSM-IV-TR)1 and the National Institute of 
Neurological Disorders and Stroke–Alzheimer Disease 
and Related Disorders (NINCDS–ADRDA) working 
group.2 These accepted criteria are fulfi lled in a two-
step diagnostic process where there is initial 
identifi cation of a dementia syndrome and then the 
application of criteria based on the clinical features of 
the AD phenotype. The DSM-IV-TR criteria require the 
presence of both a memory disorder and impairment in 
at least one additional cognitive domain, both of which 
interfere with social function or activities of daily living 
(ADL).1 ADL impairment has come to defi ne the 
threshold for the diagnosis of dementia beyond 
the identifi cation of a cognitive abnormality. The 
NINCDS–ADRDA clinical criteria of probable AD do 
not require evidence of interference with social or 
occupational functioning but they include the 
specifi cation that the onset of AD is insidious and that 
there is a lack of other systemic or brain diseases that 
may account for the progressive memory and other 
cognitive defi cits. The currently accepted criteria 
support a probabilistic diagnosis of AD within a clinical 
context where there is no defi nitive diagnostic 
biomarker. A defi nite diagnosis of AD is only made 
according to the NINCDS–ADRDA criteria when 
there is histopathological confi rmation of the clinical 
diagnosis. 2

Since the publication of the NINCDS–ADRDA criteria 
in 1984, the elucidation of the biological basis of AD has 
advanced greatly, allowing an unprecedented under-
standing of the disease process. The clinical phenotype 
of AD is no longer described in exclusionary terms, but 

can be characterised more defi nitively on a phenotypic 
basis. Distinctive markers of the disease are now 
recognised including structural brain changes visible on 
MRI with early and extensive involvement of the medial 
temporal lobe (MTL), molecular neuroimaging changes 
seen with PET with hypometabolism or hypoperfusion 
in temporoparietal areas, and changes in cerebrospinal 
fl uid biomarkers. A driving force behind this emerging 
identity of AD has been the intense research interest in 
characterising the earliest stages of AD that predate the 
crossing of the dementia threshold, defi ned by functional 
disability. Prodromal AD (see glossary, panel 1) must be 
distinguished within the broad and heterogeneous state 
of cognitive functioning that falls outside normal ageing.3 
This state has been described by a wide range of 
nosological terms including age-associated memory 
impairment, age-related cognitive decline, age-associated 
cognitive decline, mild cognitive disorder, mild 
neurocognitive disorder, cognitively impaired not 
demented, and mild cognitive impairment.4–9 Mild 
cognitive impairment (panel 1) is the most widely used 
diagnostic term for the disorder in individuals who have 
subjective memory or cognitive symptoms, objective 
memory or cognitive impairment, and whose activities 
of daily living are generally normal. Progression to 
clinically diagnosable dementia occurs at a higher rate 
from mild cognitive impairment than from an 
unimpaired state, but is clearly not the invariable clinical 
outcome at follow-up.10 A more refi ned defi nition of AD 
is still needed to reliably identify the disease at its earliest 
stages.

The case for revising the research criteria for AD 
diagnosis
There are several factors that highlight the need to update 
the current research criteria for AD.
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Revising	the	NINCDS–ADRDA	criteria:		
IWG	criteria,	2007		

•  Prodromal	AD	(Clinical	+	biomarkers)	
–  Subjec%ve/objec%ve	memory	impairment,	preserved	func%on				

	 	 	 	 	 		Plus		
–  At	least	one	or	more	abnormal	biomarkers	among	

•  Pathophysiological	markers	
–  Cerebrospinal	fluid	analysis:	Aβ-42,	t-tau,	p-tau	
–  Amyloid	PET		

•  Topographical	markers		
–  Structural	neuroimaging:	hippocampal	atrophy		
–  FDG	PET:	hypometabolism	

•  Gene%c	study		
–  AD	autosomal	dominant	muta%on	on	chromosome	1,	14,		or	21)	

Dubois	B	et	al.	Lancet	Neurol	2007;6(8):734-46.	



CSF	biomarkers	

Blennow K, Hampel H. Lancet Neuro 2003 

Aβ1-42	ê	

t-tau	é	
p-tau	é	

Pathophysiological	markers	



Amyloid	PET	imaging	

1Leinonen	et	al.	Acta	Neuropathologica	Communica%ons	2014	

Amyloid	ligands	
•  11C-Piesburgh	Compound	B	
(PiB)		

•  Fluorine-18-labeled		
–  18F-florbetapir	
–  18F-flutemetamol	
–  18F-florbetaben		

Pathophysiological	markers	



Structural	MRI	

Normal	 AD		

Bilateral	hippocampal	atrophy	

Topographical	markers		



FDG-PET	imaging	

Jagust	W,	et	al.	Neurology	2007;	69:	871–77.		
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AD	

Hypometabolism	in	lateral	temporal-parietal,	
posterior	cingulate,	precuneus	

Topographical	markers		



•  Alzheimer’s	disease	(AD)	
•  Prodromal	AD	(predemen%a	stage):	episodic	memory	loss,	not	effects	

func%on	+	AD	biomarkers	
•  AD	demen%a:	episodic	memory	loss,	effects	func%on	+	AD	biomarkers	
•  Typical	AD	
•  Atypical	AD	
•  Mixed	AD:	AD	+	clinical/biomarkers	of	other	disorders	(Vascular/LBD)	
•  Preclinical	states	of	AD		

–  Asymptoma%c	at	risk	for	AD:	evidence	of	amyloidosis	in	the	brain	
–  Presymptoma%c	AD	(will	develop	AD):	monogenic	AD	muta%on	

•  Alzheimer’s	pathology:	SP,	NFT,	synap%c	loss,	vascular	amyloid	deposits	
•  Mild	cogni%ve	impairment:		

–  Memory	/	not	memory	presenta%on	
–  Absence	of	func%onal	impairment	
–  Nega%ve/undone	AD	biomarkers		

IWG	criteria:	New	lexicon	for	AD,	2010		

Dubois	B	et	al.	Lancet	Neurol	2010;9(11):1118-27.	
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Advancing research diagnostic criteria for Alzheimer’s 
disease: the IWG-2 criteria
Bruno Dubois, Howard H Feldman, Claudia Jacova, Harald Hampel, José Luis Molinuevo, Kaj Blennow, Steven T DeKosky, Serge Gauthier, 
Dennis Selkoe, Randall Bateman, Stefano Cappa, Sebastian Crutch, Sebastiaan Engelborghs, Giovanni B Frisoni, Nick C Fox, Douglas Galasko, 
Marie-Odile Habert, Gregory A Jicha, Agneta Nordberg, Florence Pasquier, Gil Rabinovici, Philippe Robert, Christopher Rowe, Stephen Salloway, 
Marie Sarazin, Stéphane Epelbaum, Leonardo C de Souza, Bruno Vellas, Pieter J Visser, Lon Schneider, Yaakov Stern, Philip Scheltens, 
Jeff rey L Cummings

In the past 8 years, both the International Working Group (IWG) and the US National Institute on Aging–Alzheimer’s 
Association have contributed criteria for the diagnosis of Alzheimer’s disease (AD) that better defi ne clinical 
phenotypes and integrate biomarkers into the diagnostic process, covering the full staging of the disease. This 
Position Paper considers the strengths and limitations of the IWG research diagnostic criteria and proposes advances 
to improve the diagnostic framework. On the basis of these refi nements, the diagnosis of AD can be simplifi ed, 
requiring the presence of an appropriate clinical AD phenotype (typical or atypical) and a pathophysiological 
biomarker consistent with the presence of Alzheimer’s pathology. We propose that downstream topographical 
biomarkers of the disease, such as volumetric MRI and fl uorodeoxyglucose PET, might better serve in the 
measurement and monitoring of the course of disease. This paper also elaborates on the specifi c diagnostic criteria 
for atypical forms of AD, for mixed AD, and for the preclinical states of AD.

Introduction
In 2007, the International Working Group (IWG) for New 
Research Criteria for the Diagnosis of Alzheimer’s Disease 
(AD) provided a new conceptual framework that proposes 
to anchor the diagnosis of AD on the presence of 
biomarkers.1 A goal of these diagnostic criteria, and of the 
subsequent National Institute on Aging–Alzheimer’s 
Association (NIA–AA) criteria,2 has been to expand 
coverage of the full range of disease stages, from the 
asymptomatic through the most severe stages of dementia. 
Potentially, their most important practical application is to 
allow earlier intervention in the prodromal stages of the 
disease and to facilitate research studies into secondary 
prevention of AD in the preclinical states. As we learn 
more through the research application of these criteria, 
common ground is being found for the eventual 
development of a universal set of criteria that truly 
captures the essence of AD.

In parallel, research into biomarkers has helped to 
clarify the potential value of each marker in the diagnosis 
of AD. Data highlight the value of cued recall measures 
for the assessment of episodic memory impairment; the 
relevance of atrophy of the hippocampus and related 
structures has been revisited; the value, relation with 
pathology, and signifi cance of CSF biomarkers are better 
known; and interpretation of data from amyloid PET 
imaging has improved, its correlation with pathology 
clarifi ed, and new ligands have been introduced. The 
objectives of the proposed revision are to clarify, in the 
context of this consensus framework, how the criteria 
can be applied, maintaining the principle of a high 
specifi city. Our aims are as follows: (1) to present a new 
diagnostic algorithm for typical AD; (2) to advance the 
diagnostic criteria for atypical AD; (3) to refi ne the 
diagnostic criteria for mixed AD; (4) to elaborate the 
criteria for the diagnosis of the preclinical states of AD; 

and (5) to diff erentiate the biomarkers of AD diagnosis 
from those of AD progression.

Conceptual advances of the new criteria
AD has traditionally been defi ned as a type of dementia, a 
notion brought into existence with the publication of 
criteria from the National Institute of Neurological and 
Communicative Disorders and Stroke–Alzheimer’s 
Disease and Related Disorders Association (NINCDS–
ADRDA) in 1984.3 Two major tenets of these criteria were 
as follows: (1) the clinical diagnosis of AD could only be 
designated as “probable” while the patient was alive and 
could not be made defi nitively until Alzheimer’s pathology 
had been confi rmed post mortem; and (2) the clinical 
diagnosis of AD could be assigned only when the disease 
had advanced to the point of causing signifi cant functional 
disability and met the threshold criterion of dementia. 
The absence at that time of clinical criteria for the other 
dementias and the lack of biomarkers resulted in a low 
specifi city in diff erentiation of AD from other dementias.4

In 2007, the IWG for New Research Criteria for the 
Diagnosis of AD provided a new conceptual framework 

that moved AD from a clinicopathological to a 
clinicobiological entity.5 These 2007 IWG criteria 
proposed that AD could be recognised in vivo and 
independently of dementia, in the presence of two 
requisite features. The fi rst was a core clinical phenotypic 
criterion that required evidence of a specifi c episodic 
memory profi le characterised by a low free recall that is 
not normalised by cueing.5 This memory profi le diff ers 
from that observed in patients with non-AD disorders, 
such as frontotemporal dementias, progressive 
supranuclear palsy, Huntington’s disease, major 
depression, or even normal ageing, in which the frontal-
related retrieval defi cit is normalised by the cueing 
procedure.6–9 This pattern was secondarily shown to 
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Advancing research diagnostic criteria for Alzheimer’s 
disease: the IWG-2 criteria
Bruno Dubois, Howard H Feldman, Claudia Jacova, Harald Hampel, José Luis Molinuevo, Kaj Blennow, Steven T DeKosky, Serge Gauthier, 
Dennis Selkoe, Randall Bateman, Stefano Cappa, Sebastian Crutch, Sebastiaan Engelborghs, Giovanni B Frisoni, Nick C Fox, Douglas Galasko, 
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Marie Sarazin, Stéphane Epelbaum, Leonardo C de Souza, Bruno Vellas, Pieter J Visser, Lon Schneider, Yaakov Stern, Philip Scheltens, 
Jeff rey L Cummings

In the past 8 years, both the International Working Group (IWG) and the US National Institute on Aging–Alzheimer’s 
Association have contributed criteria for the diagnosis of Alzheimer’s disease (AD) that better defi ne clinical 
phenotypes and integrate biomarkers into the diagnostic process, covering the full staging of the disease. This 
Position Paper considers the strengths and limitations of the IWG research diagnostic criteria and proposes advances 
to improve the diagnostic framework. On the basis of these refi nements, the diagnosis of AD can be simplifi ed, 
requiring the presence of an appropriate clinical AD phenotype (typical or atypical) and a pathophysiological 
biomarker consistent with the presence of Alzheimer’s pathology. We propose that downstream topographical 
biomarkers of the disease, such as volumetric MRI and fl uorodeoxyglucose PET, might better serve in the 
measurement and monitoring of the course of disease. This paper also elaborates on the specifi c diagnostic criteria 
for atypical forms of AD, for mixed AD, and for the preclinical states of AD.

Introduction
In 2007, the International Working Group (IWG) for New 
Research Criteria for the Diagnosis of Alzheimer’s Disease 
(AD) provided a new conceptual framework that proposes 
to anchor the diagnosis of AD on the presence of 
biomarkers.1 A goal of these diagnostic criteria, and of the 
subsequent National Institute on Aging–Alzheimer’s 
Association (NIA–AA) criteria,2 has been to expand 
coverage of the full range of disease stages, from the 
asymptomatic through the most severe stages of dementia. 
Potentially, their most important practical application is to 
allow earlier intervention in the prodromal stages of the 
disease and to facilitate research studies into secondary 
prevention of AD in the preclinical states. As we learn 
more through the research application of these criteria, 
common ground is being found for the eventual 
development of a universal set of criteria that truly 
captures the essence of AD.

In parallel, research into biomarkers has helped to 
clarify the potential value of each marker in the diagnosis 
of AD. Data highlight the value of cued recall measures 
for the assessment of episodic memory impairment; the 
relevance of atrophy of the hippocampus and related 
structures has been revisited; the value, relation with 
pathology, and signifi cance of CSF biomarkers are better 
known; and interpretation of data from amyloid PET 
imaging has improved, its correlation with pathology 
clarifi ed, and new ligands have been introduced. The 
objectives of the proposed revision are to clarify, in the 
context of this consensus framework, how the criteria 
can be applied, maintaining the principle of a high 
specifi city. Our aims are as follows: (1) to present a new 
diagnostic algorithm for typical AD; (2) to advance the 
diagnostic criteria for atypical AD; (3) to refi ne the 
diagnostic criteria for mixed AD; (4) to elaborate the 
criteria for the diagnosis of the preclinical states of AD; 

and (5) to diff erentiate the biomarkers of AD diagnosis 
from those of AD progression.

Conceptual advances of the new criteria
AD has traditionally been defi ned as a type of dementia, a 
notion brought into existence with the publication of 
criteria from the National Institute of Neurological and 
Communicative Disorders and Stroke–Alzheimer’s 
Disease and Related Disorders Association (NINCDS–
ADRDA) in 1984.3 Two major tenets of these criteria were 
as follows: (1) the clinical diagnosis of AD could only be 
designated as “probable” while the patient was alive and 
could not be made defi nitively until Alzheimer’s pathology 
had been confi rmed post mortem; and (2) the clinical 
diagnosis of AD could be assigned only when the disease 
had advanced to the point of causing signifi cant functional 
disability and met the threshold criterion of dementia. 
The absence at that time of clinical criteria for the other 
dementias and the lack of biomarkers resulted in a low 
specifi city in diff erentiation of AD from other dementias.4

In 2007, the IWG for New Research Criteria for the 
Diagnosis of AD provided a new conceptual framework 

that moved AD from a clinicopathological to a 
clinicobiological entity.5 These 2007 IWG criteria 
proposed that AD could be recognised in vivo and 
independently of dementia, in the presence of two 
requisite features. The fi rst was a core clinical phenotypic 
criterion that required evidence of a specifi c episodic 
memory profi le characterised by a low free recall that is 
not normalised by cueing.5 This memory profi le diff ers 
from that observed in patients with non-AD disorders, 
such as frontotemporal dementias, progressive 
supranuclear palsy, Huntington’s disease, major 
depression, or even normal ageing, in which the frontal-
related retrieval defi cit is normalised by the cueing 
procedure.6–9 This pattern was secondarily shown to 
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and validated. In July, 2008, more than 50 participants with 
academic or pharmaceutical experience, primarily from 
Europe and North America, participated in a meeting 
during the International Conference on Alzheimer’s 
Disease (ICAD; Chicago, IL, USA) aimed at reviewing the 
ongoing validation studies and aggregating data on the 
new research criteria. On July 13, 2009, the International 
Working Group hosted a featured research symposium at 
the 2009 ICAD meeting (in Vienna, Austria) on how the 
new criteria might be implemented within research 
studies. Following on from the interest and discussions 
generated at these meetings concerning the consequences 
of the proposed conceptual framework, a clarifi cation and 
a restatement of the defi nition of AD and related states 
seemed necessary, and the International Working Group 
recognised the timeliness of an initiative to further 
elaborate a new lexicon. 

This paper was developed through a three-step process: 
(1) The leaders of the International Working Group (BD, 
HHF, and PS) developed the broad conceptual coverage 
and a comprehensive fi rst draft that was addressed to all 
members of the International Working Group and to 
other members who have been active since the 2007 
publication (GF, HH, MS, LCdS). (2) Each member of 
the International Working Group was asked to comment 
and respond to the draft; all comments were collated and 
the lead authors engaged in discussions within the group 
by use of electronic communication reconciling diff ering 
viewpoints to reach a fi nal consensus. This process led to 
the broadening of several important areas, including the 
inclusion of mixed AD and a fi rmer elaboration of 
atypical AD. Finally, (3) the resulting manuscript was 
further circulated to all coauthors for their fi nal validation 
and interest in being part of the authorship of this 
Position Paper. 

Alzheimer’s disease 
Currently, clinicians use the term AD to refer to a clinical 
entity that typically presents with a characteristic 
progressive amnestic disorder with subsequent appearance 
of other cognitive, behavioural, and neuropsychiatric 
changes that impair social function and activities of daily 
living.1 The initial presentation can also be atypical, with 
non-amnestic focal cortical cognitive symptoms.9 In most 
cases, clinicians make this diagnosis of AD with varying 
degrees of confi dence on the basis of their understanding 
and weight of evidence for a typical or atypical phenotypic 
presentation. To address this diagnostic uncertainty, the 
1984 NINCDS–ADRDA criteria stipulated that diagnosis 
of AD during life could only be “probable”, whereas a 
“defi nite” diagnosis required post-mortem histo-
pathological confi rmation.3 Additionally, the diagnosis of 
probable AD could be made only when the severity 
threshold for dementia was reached and when other 
causes of dementia had been excluded by biological and 
neuroimaging examination. However, as noted, the term 
AD has also been used by researchers to refer to the 

pathological process alone. As a consequence, the original 
clinicopathological duality traditionally inherent in the 
term AD has gradually eroded. 

Over the past two decades, it has become increasingly 
possible to identify in-vivo evidence of the specifi c 
neuropathology of AD by use of validated and disease-
specifi c biomarkers.10–12 This reliable identifi cation of AD 
biomarkers supports a major change in the 
conceptualisation and diagnosis of AD, because both 
clinical and in-vivo biological manifestations of the 
disease can now be integrated into the diagnosis. 
Laboratory and neuroimaging biomarkers are very highly 
correlated with the neuropathological lesions of AD.13–17 
These biomarkers can be divided into pathophysiological 
and topographical markers (table 1). 

Pathophysiological markers correspond to the two 
aetiological degenerative processes that characterise 
Alzheimer’s pathology: the amyloidosis path to neuritic 
plaques and the tauopathy path to neurofi brillary tangles.18 
They include CSF measures of reduced concentrations of 
amyloid β, increased total tau, and increased phospho-
tau,13,14,16,17,19–22 and amyloid PET scanning with Pittsburgh 
compound B (PiB)15,23,24 or other radioligands (fl orbetaben, 
¹⁸F-AV-45, etc).25,26 CSF biomarkers (low amyloid β and, 
even more specifi cally, abnormal ratio of tau to amyloid β)27 
are associated with very high rates of progression from 
amnestic mild cognitive impairment (MCI) to AD 
dementia,21,28 and have shown a consistently high 
sensitivity and specifi city in predictive models.27–30 High 
mean cortical binding values for PiB-PET are predictive 
of cognitive decline and development of AD clinical signs 
in cognitively normal elderly individuals.31,32 In-vivo 
pathophysiological markers correlate very well with their 
respective neuropathological lesions, including CSF 
amyloid β and PiB-PET with senile plaques,15–17,19 and total 
tau and phospho-tau with neurofi brillary tangles.13,14,17,19 

Topographical markers are used to assess the less 
specifi c and downstream brain changes that correlate 
with the regional distribution of Alzheimer’s pathology 
and include medial temporal lobe atrophy33–37 and reduced 
glucose metabolism in temporo-parietal regions on 
fl uorodeoxyglucose PET.38 These markers are valuable 

Pathophysiological 
markers

Topographical 
markers

Cerebrospinal fl uid 

Amyloid β42 Yes No

Total tau, phospho-tau Yes No

PET 

Amyloid tracer uptake Yes No

Fluorodeoxyglucose No Yes

Structural MRI

Medial temporal atrophy No Yes

AD=Alzheimer’s disease.

Table 1: Categorisation of the current, most-validated AD biomarkers

IWG-2	Criteria,	2014		

Dubois	B	et	al.	Lancet	Neurol	2010;9(11):1118-27.	



Temporal	evolu%on	of	criteria	for	MCI	


Petersen	RC.	Con%nuum	(Minneap	Minn)	2016;	22(2):	404-18	




The diagnosis of dementia due to Alzheimer’s disease:
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Abstract The National Institute on Aging and the Alzheimer’s Association charged a workgroup with the
task of revising the 1984 criteria for Alzheimer’s disease (AD) dementia. The workgroup sought to
ensure that the revised criteria would be flexible enough to be used by both general healthcare pro-
viders without access to neuropsychological testing, advanced imaging, and cerebrospinal fluid mea-
sures, and specialized investigators involved in research or in clinical trial studies who would have
these tools available. We present criteria for all-cause dementia and for AD dementia. We retained
the general framework of probable AD dementia from the 1984 criteria. On the basis of the past
27 years of experience, we made several changes in the clinical criteria for the diagnosis. We also
retained the term possible AD dementia, but redefined it in a manner more focused than before. Bio-
marker evidence was also integrated into the diagnostic formulations for probable and possible AD
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Abstract The National Institute on Aging and the Alzheimer’s Association charged a workgroup with the
task of developing criteria for the symptomatic predementia phase of Alzheimer’s disease (AD), re-
ferred to in this article as mild cognitive impairment due to AD. Theworkgroup developed the follow-
ing two sets of criteria: (1) core clinical criteria that could be used by healthcare providers without
access to advanced imaging techniques or cerebrospinal fluid analysis, and (2) research criteria that
could be used in clinical research settings, including clinical trials. The second set of criteria incorpo-
rate the use of biomarkers based on imaging and cerebrospinal fluid measures. The final set of criteria
for mild cognitive impairment due to AD has four levels of certainty, depending on the presence and
nature of the biomarker findings. Considerable work is needed to validate the criteria that use bio-
markers and to standardize biomarker analysis for use in community settings.
! 2011 The Alzheimer’s Association. All rights reserved.

Keywords: Mild cognitive impairment; AD dementia; Diagnosis

1. Introduction

The National Institute on Aging and the Alzheimer’s As-
sociation convened a working group to revise the diagnostic

criteria for the symptomatic predementia phase of Alz-
heimer’s disease (AD).Details of the selection and the charge
to the working group are outlined in the Introduction to the
revised criteria for AD that accompanies this article [1].
The present article summarizes the recommendations of the
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Abstract The pathophysiological process of Alzheimer’s disease (AD) is thought to begin many years
before the diagnosis of AD dementia. This long “preclinical” phase of AD would provide a critical
opportunity for therapeutic intervention; however, we need to further elucidate the link between the
pathological cascade of AD and the emergence of clinical symptoms. The National Institute on
Aging and the Alzheimer’s Association convened an international workgroup to review the bio-
marker, epidemiological, and neuropsychological evidence, and to develop recommendations to
determine the factors which best predict the risk of progression from “normal” cognition to
mild cognitive impairment and AD dementia. We propose a conceptual framework and operational
research criteria, based on the prevailing scientific evidence to date, to test and refine these models

*Corresponding author. Tel.: 1 1-617-732-8085; Fax: 11-617-264-5212.
E-mail address: reisa@rics.bwh.harvard.edu

1552-5260/$ - see front matter ! 2011 The Alzheimer’s Association. All rights reserved.
doi:10.1016/j.jalz.2011.03.003

Alzheimer’s & Dementia 7 (2011) 280–292
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Due	to	AD		



NIA-AA	Criteria	of		
MCI	due	to	AD,	2011	




NIA-AA	MCI	due	to	AD	criteria,	2011		
incorpora%ng	biomarkers	

Diagnos%c	category	
1.  MCI	–	core	clinical	criteria	
2.  MCI	due	to	AD	–	intermediate	likelihood	
3.  MCI	due	to	AD	–	high	likelihood	
4.  MCI	–	unlikely	due	AD	

M.S.	Albert	et	al.	/	Alzheimer’s	&	Demen%a	7	(2011)	270–279	




Biomarkers	of	Aβ	deposi%on		
•  Low	CSF	Aβ42		
•  PET	amyloid	imaging	

Biomarkers	of	neuronal	injury	
•  Hight	CSF	tau/p-tau		
•  Structural	MRI	–	medial	temporal	atrophy	
•  Func%onal	imaging		

•  FDG-PET	imaging	–	hypometabolism	
•  SPECT	perfusion	imaging	-	hypoperfusion	

M.S.	Albert	et	al.	/	Alzheimer’s	&	Demen%a	7	(2011)	270–279	


NIA-AA	MCI	due	to	AD	criteria,	2011		
incorpora%ng	biomarkers	
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MCI	likelihood	due	
to	AD		

NIA-AA	MCI	due	to	AD	criteria,	2011		
incorpora%ng	biomarkers	



DSM-5, 2013	

Major neurocognitive 
disorder	

Minor neurocognitive 
disorder	

A.	Significant	cogni%ve	decline	in	>	1	
cogni%ve	domains	based	on:	
-  Concern	of	the	individual,	

informant,	or	clinician;	and	
-  A	substan%al	impairment	in	

cogni%ve	performance		
B.	Interfere	with	independence	in	
everyday	ac%vi%es		
C.	Not	delirium	
D.	Not	beeer	explained	by	another	
mental	disorder	

A.	Modest	cogni%ve	decline	in	>	1	
cogni%ve	domains	based	on:	
-  Concern	of	the	individual,	
informant,	or	clinician		

-  A	modest	impairment	in	cogni%ve	
performance		

B.	Do	not	interfere	with	
independence	in	everyday	ac%vi%es	
C.	Not	delirium	
D.	Not	beeer	explained	by	another	
mental	disorder	

American	Psychiatric	Associa%on.	DSM-5,	2013.	



establish criteria prior to labeling the
participants as having MCI are more
reliable and valid. Studies that apply
MCI criteria to previously collected data
can generate a variety of figures based
on the cutoff scores that are used to
define MCI. Therefore, since MCI is a
clinical diagnosis informed by neuro-
psychological data, a prospective study
is preferred when interpreting epide-
miologic data.

Numerous international studies have
been completed involving several
thousand subjects, and these studies
tend to estimate the overall preva-
lence of MCI in the 12% to 18% range

in persons over the age of 60 years.21Y26

The Mayo Clinic Study of Aging, which
is a population-based study in Olmsted
County, Minnesota, found the overall
prevalence of MCI to be 16% in resi-
dents age 70 years and older.27 MCI is
clearly an age-related condition, and
to the extent that the evaluation sug-
gests a degenerative etiology, AD is
most likely.30

A similar situation pertains to the
normal cognition to MCI transition,
with certain methodological issues
lending themselves to some of the
variation. Several longitudinal epidemi-
ologic studies have followed cognitively

KEY POINTS
h The multiple sets of

criteria referring to mild
cognitive impairment
actually contain many of
the same elements and
are quite similar to the
original Key
Symposium criteria.

h Numerous international
studies have been
completed involving
several thousand
subjects, and these
studies tend to estimate
the overall prevalence
of mild cognitive
impairment in the
12% to 18% range in
persons over the age
of 60 years.

FIGURE 2-3 Comparison of common criteria used to characterize mild cognitive impairment
(MCI) in various publications. The biomarkers for amyloid-" (A") or tau could
be derived from either positron emission tomography (PET) imaging or CSF to

accompany the clinical syndromes described above.

AD = Alzheimer disease; CSF = cerebrospinal fluid; DSM-5 = Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition; FDG-PET = fluorodeoxyglucose positron emission tomography;
MRI = magnetic resonance imaging.

Reprinted with permission from Petersen RC, et al, J Intern Med.4 onlinelibrary.wiley.com/doi/10.1111/j.1365-
2796.2004.01388.x/full#b36. B 2014 The Association for the Publication of the Journal of Internal Medicine.
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Non-degenera%ve/treatable	e%ologies	
of	MCI		

•  Depression	or	other	disorders	of	mood		
•  Medica%ons:	an%cholinergics,	an%histamines,	
benzodiazepines,	and	nonbenzodiazepine	Z-class	of	
seda%ve	hypno%cs		

•  Endocrine	dysfunc%on:	hypothyroidism	
•  Nutri%onal	deficiency:	vitamin	B12	deficiency		
•  Alcohol	and	other	recrea%onal	drug	use	
•  Sleep	disorders:	OSA	
•  Other	medical	problems:	uremia,	hepa%c	
encephalopathy			



Prevalence	of	MCI		

In contrast with the impaired awareness of deficits commonly present in patients
with Alzheimer disease, younger patients with MCI are often troubled by their symp-
toms.89,94,95 However, as the patient ages and develops more overt disease, including
Alzheimer disease, informant-reported symptoms over self-reported symptoms pre-
dominate.96 As with dementia, mood and behavioral symptoms are more common
in patients with MCI than in cognitively unimpaired, age-matched controls.97–102 The
prevalence of depression ranges from 25% to 40%103; other common symptoms
include irritability, anxiety, aggression, and apathy.99 Patients with MCI and behavioral
symptoms may be more impaired on cognitive measures than those without behav-
ioral symptoms.99

Population-based studies comparing MCI and patients with Alzheimer disease find a
similar range of neuropsychiatric symptoms, with patients with Alzheimer disease hav-
ing them in somewhat higher frequency and severity.100,104,105 The end stage for nursing
home patients is often the overt manifestation of behavioral symptoms, although this
population continues to receive antidepressant therapy and treatment with atypical an-
tipsychotics, although in lesser numbers and amounts than a decade ago.
Cognitive impairment may be a presenting symptom of depression, so-called pseu-

dodementia. Depression may also be an early manifestation of cognitive impairment.
A number of population-based studies have found an association between various
measure of depression and the presence of MCI.97,106,107 However, follow-up data
have yielded somewhat mixed results:

Fig. 1. Mild cognitive impairment (MCI) is common. (Practice guideline update: Mild cogni-
tive impairment [patient summary]. Minneapolis, MN: American Academy of Neurology;
Epub 2017 Dec 27. https://www.aan.com/Guidelines/Home/GetGuidelineContent/883. Ac-
cessed August 16, 2018. ª 2017 American Academy of Neurology Institute. Reproduced
with permission.)

Fig. 2. Dementia risk in people with mild cognitive impairment (MCI). (Practice guideline
update: Mild cognitive impairment [patient summary]. Minneapolis, MN: American
Academy of Neurology; Epub 2017 Dec 27. https://www.aan.com/Guidelines/Home/
GetGuidelineContent/883. Accessed August 16, 2018. ª 2017 American Academy of
Neurology Institute. Reproduced with permission.)
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MCI	is	common	star%ng	at	age	60	–	64	y	
prevalence	increases	with	age	and	lower	educa%onal	level		

Neurology®	2018;90:126-135	



Prognosis	of	MCI	

Front.	Med.,	30	October	2017		



Reversion	to	normal	aging		
•  In	approximately	16%	of	individuals	with	MCI,	
cogni%on	reverts	to	normal	in	a	year.	

•  The	predictors	of	reversions	are		
–  less	severe	symptoms	

– an	absence	of	apolipoprotein	E4	(ApoE4)	

– absence	of	involvement	of	episodic	memory	
problems	


– aeribu%on	to	a	medical	or	psychiatric	condi%on	


Koepsell	TD,	Monsell	SE.	Neurology	2012;79(15):1591–1598	

MCI	reversion	group	have	higher	change	to	develop	
demen%a	than	normal	aging		



MCI	stability	

•  About	34%	of	individuals	with	MCI	are	
cogni%vely	stable	at	the	end	of	3	years	auer	
diagnosis.		

•  Predictors	of	stability	include		
– beeer	neuropsychological	test	results	(especially	
in	speed	of	menta%on	and	memory	recall)	

– younger	age	at	diagnosis	
– an	absence	of	ApoE4		

Clem	MA,	et	al.	Cogn	Behav	Neurol	2017;30(01):8–15	



Conversion	to	demen%a		

In contrast with the impaired awareness of deficits commonly present in patients
with Alzheimer disease, younger patients with MCI are often troubled by their symp-
toms.89,94,95 However, as the patient ages and develops more overt disease, including
Alzheimer disease, informant-reported symptoms over self-reported symptoms pre-
dominate.96 As with dementia, mood and behavioral symptoms are more common
in patients with MCI than in cognitively unimpaired, age-matched controls.97–102 The
prevalence of depression ranges from 25% to 40%103; other common symptoms
include irritability, anxiety, aggression, and apathy.99 Patients with MCI and behavioral
symptoms may be more impaired on cognitive measures than those without behav-
ioral symptoms.99

Population-based studies comparing MCI and patients with Alzheimer disease find a
similar range of neuropsychiatric symptoms, with patients with Alzheimer disease hav-
ing them in somewhat higher frequency and severity.100,104,105 The end stage for nursing
home patients is often the overt manifestation of behavioral symptoms, although this
population continues to receive antidepressant therapy and treatment with atypical an-
tipsychotics, although in lesser numbers and amounts than a decade ago.
Cognitive impairment may be a presenting symptom of depression, so-called pseu-

dodementia. Depression may also be an early manifestation of cognitive impairment.
A number of population-based studies have found an association between various
measure of depression and the presence of MCI.97,106,107 However, follow-up data
have yielded somewhat mixed results:

Fig. 1. Mild cognitive impairment (MCI) is common. (Practice guideline update: Mild cogni-
tive impairment [patient summary]. Minneapolis, MN: American Academy of Neurology;
Epub 2017 Dec 27. https://www.aan.com/Guidelines/Home/GetGuidelineContent/883. Ac-
cessed August 16, 2018. ª 2017 American Academy of Neurology Institute. Reproduced
with permission.)

Fig. 2. Dementia risk in people with mild cognitive impairment (MCI). (Practice guideline
update: Mild cognitive impairment [patient summary]. Minneapolis, MN: American
Academy of Neurology; Epub 2017 Dec 27. https://www.aan.com/Guidelines/Home/
GetGuidelineContent/883. Accessed August 16, 2018. ª 2017 American Academy of
Neurology Institute. Reproduced with permission.)
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For	MCI	aged	>=	65,	demen%a	risk	are		
7.5%	in	the	1st	year,	15%	in	the	2nd		year	and	20%	risk	in	the	3rd		year	

Neurology®	2018;90:126-135	

Demen%a	risk	in	people	with	MCI		



Predictors	of	MCI	progression	

•  MCI	severity	and	subtype	
•  Cardiovascular	risks	factors		
•  Biomarkers	of	AD	pathology	
•  Non-cogni%ve	prodrome	of	demen%a		

– Olfactory	dysfunc%on	
– Slow	gait	–	motoric	cogni%ve	risk	syndrome	
	



Predictors	of	MCI	progression	
•  MCI	severity	and	subtypes	

– Amnes%c	subtype		

	
	
– Severity	of	cogni%ve	dysfunc%on	(>1.5	SD)	

Semin	Neurol	2019;39:179–187.				Liesbeth	Aerts,	et	al.	Neurology,	June	06,	2017;	88		



•  Cardiovascular	risk	factors		
– hypertension,	diabetes,	smoking,	cerebrovascular	
disease,	hypercholesterolemia,	metabolic	syndrome		

Predictors	of	MCI	progression	

Diabetes	or	pre-
diabetes	accelerated	
the	progression	from	
MCI	to	demen%a	by	an	
average	of	3.18	years		

Diabetes	2010	Nov;	59(11):	2928-2935	

Diabetes	

Non-diabetes	



•  Biomarkers	of	AD	pathology		
– Gene%c:	ApoE4,	AD	muta%on	
– CSF	biomarkers	
– Neuroimaging	

•  Structural	MRI	
•  FDG-PET,	SPECT,	fMRI	
• Amyloid		

Predictors	of	MCI	progression	



Apolipoprotein	E	(APOE)	epsilon	4	(ε4)		

•  Carriers	of	ApoE4	genotype	are	more	likely	to	
progress	rapidly	

•  However,	ApoE4	can	be	found	in	normal	
individuals	

•  In	clinical	prac%ce	APOE	tes%ng	does	not	add	
significantly	to	the	diagnos%c	evalua%on		

Petersen	RC.	Con%nuum	(Minneap	Minn)	2016;	22(2):	404-18	




Biomarkers	of	AD	pathology	
•  CSF	biomarkers	

–  Low	Aß42	levels		
–  Elevated	total	tau	and	
phosphorylated	tau	protein		

–  Low	ra%o	of	Aß42	to	tau		
•  Structural	imaging	

–  Temporal	lobe	and	
hippocampal	atrophy	

•  Func%on	imaging		
–  FDG-PET:	hypometabolism	
in	temporal	area	

–  Amyloid	PET:	posi%ve		

MCI	individuals	with	one	of	the	AD	
biomarkers	have	an	increased	risk	for	
progressing	more	rapidly	than	those	

subjects	with	the	same	clinical	
phenotype	but	normal	biomarkers	



•  Asymptoma%c	amyloid	deposi%on	is	common	in	
older	(e.g.,	>	75	years)	individuals	and	may	not	
be	related	to	a	pa%ent’s	presen%ng	symptoms	

•  Posi%ve	result	may	cause	psychological	impact	
as	predic%ve	value	is	uncertain		

Amyloid	PET	and	CSF	biomarkers	
in	MCI	

Alzheimers	Dement.	2013	Jan;	9(1):	e–1-16.	



Indica%on	to	use	amyloid	imgaing	
a)  A	cogni%ve	complaint	with	objec%vely	

confirmed	impairment	
b)  Alzheimer’s	disease	as	a	possible	diagnosis,	but	

when	the	diagnosis	is	uncertain	auer	a	
comprehensive	evalua%on	by	a	demen%a	expert	

c)  When	knowledge	of	the	presence	or	absence	of	
amyloid-beta	pathology	is	expected	to	increase	
diagnos%c	certainty	and	alter	management.	

Alzheimers	Dement.	2013	Jan;	9(1):	e–1-16.	



•  Non-cogni%ve	prodrome	of	demen%a	
– Olfactory	dysfunc%on		
– Motoric	cogni%ve	risk	(MCR)	syndrome		

Predictors	of	MCI	progression	



•  Brief	Smell	Iden%fica%on	Test	(BSIT)	in	adults	aged	70-89	
–  Normal	baseline	cogni%on	(n=1430)	
–  MCI	(n=221)	

•  3	years	F/U:	pa%ents	with	amnes%c	MCI	in	the	lowest	
quar%le	of	olfactory	func%on	had	5-fold	higher	risk	of	
progression	to	AD	demen%a	compared	with	those	in	the	
highest	quar%le.	(auer	adjus%ng	for	baseline	cogni%ve	
scores	and	other	risk	factors)	

•  Olfactory	dysfunc%on	has	been	iden%fied	as	a	predictor	of	
subsequent	AD	demen%a,	in	both	normal	cogni%on	/	MCI	

Copyright 2015 American Medical Association. All rights reserved.

Association Between Olfactory Dysfunction and Amnestic
Mild Cognitive Impairment and Alzheimer Disease Dementia
Rosebud O. Roberts, MB, ChB; Teresa J. H. Christianson, BS; Walter K. Kremers, PhD; Michelle M. Mielke, PhD;
Mary M. Machulda, PhD; Maria Vassilaki, MD, PhD; Rabe E. Alhurani, MBBS; Yonas E. Geda, MD;
David S. Knopman, MD; Ronald C. Petersen, MD, PhD

IMPORTANCE To increase the opportunity to delay or prevent mild cognitive impairment
(MCI) or Alzheimer disease (AD) dementia, markers of early detection are essential. Olfactory
impairment may be an important clinical marker and predictor of these conditions and may
help identify persons at increased risk.

OBJECTIVE To examine associations of impaired olfaction with incident MCI subtypes and
progression from MCI subtypes to AD dementia.

DESIGN, SETTING, AND PARTICIPANTS Participants enrolled in the population-based,
prospective Mayo Clinic Study of Aging between 2004 and 2010 were clinically evaluated at
baseline and every 15 months through 2014. Participants (N = 1630) were classified as having
normal cognition, MCI (amnestic MCI [aMCI] and nonamnestic MCI [naMCI]), and dementia.
We administered the Brief Smell Identification Test (B-SIT) to assess olfactory function.

MAIN OUTCOMES AND MEASURES Mild cognitive impairment, AD dementia, and longitudinal
change in cognitive performance measures.

RESULTS Of the 1630 participants who were cognitively normal at the time of the smell test,
33 died before follow-up and 167 were lost to follow-up. Among the 1430 cognitively normal
participants included, the mean (SD) age was 79.5 (5.3) years, 49.4% were men, the mean
duration of education was 14.3 years, and 25.4% were APOE ε4 carriers. Over a mean 3.5
years of follow-up, there were 250 incident cases of MCI among 1430 cognitively normal
participants. We observed an association between decreasing olfactory identification, as
measured by a decrease in the number of correct responses in B-SIT score, and an increased
risk of aMCI. Compared with the upper B-SIT quartile (quartile [Q] 4, best scores), hazard
ratios (HRs) (95% CI) were 1.12 (0.65-1.92) for Q3 (P = .68); 1.95 (1.25-3.03) for Q2 (P = .003);
and 2.18 (1.36-3.51) for Q1 (P = .001) (worst scores; P for trend <.001) after adjustment for sex
and education, with age as the time scale. There was no association with naMCI. There were
64 incident dementia cases among 221 prevalent MCI cases. The B-SIT score also predicted
progression from aMCI to AD dementia, with a significant dose-response with worsening
B-SIT quartiles. Compared with Q4, HR (95% CI) estimates were 3.02 (1.06-8.57) for Q3
(P = .04); 3.63 (1.19-11.10) for Q2 (P = .02); and 5.20 (1.90-14.20) for Q1 (P = .001). After
adjusting for key predictors of MCI risk, B-SIT (as a continuous measure) remained a
significant predictor of MCI (HR, 1.10 [95% CI, 1.04-1.16]; P < .001) and improved the model
concordance.

CONCLUSIONS AND RELEVANCE Olfactory impairment is associated with incident aMCI and
progression from aMCI to AD dementia. These findings are consistent with previous studies
that have reported associations of olfactory impairment with cognitive impairment in late life
and suggest that olfactory tests have potential utility for screening for MCI and MCI that is
likely to progress.

JAMA Neurol. doi:10.1001/jamaneurol.2015.2952
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Abnormality	of	Gait	as	a	Predictor	of	
Non-Alzheimer's	Demen%a	

N	Engl	J	Med.	2002	Nov	28;347(22):1761-8	

hazard	ra%o,	3.46		
[95%	Cl,	1.86	to	6.42]	

hazard	ra%o,	1.07		
[95%	CI,	0.57	to	2.02]	



Motoric	cogni%ve	risk	(MCR)	
syndrome		

•  MCR	syndrome	=	
subjec%ve	cogni%ve	
complaints	and								
slow	gait	>	1	SD	

•  The	pooled	prevalence	
of	MCR	among	older	
adults	is	9.7%	

•  MCR	also	predicted	
demen%a	in	the	pooled	
sample	(adjusted	
Hazard	Ra%o	1.9)	

Verghese	J,	et	al.	Neurology	2014;	83:	718-726	


HR	1.9,	(95%	CI	1.5–2.3)	



Treatment	

•  Pharmacological	treatment	
•  Non-pharmacological	treatment	



Practice recommendations
Section A: Recommendations for assessing
for MCI
Recommendation A1

Rationale

Appropriate diagnosis of MCI is important because
MCI becomes increasingly common as individuals age and is
associated with an increased risk of progression to dementia,

suggesting that this condition reflects a pathologic disease state
rather than normal cognitive aging. Appropriate diagnosis of
MCI is important in order to assess for reversible causes of
cognitive impairment, to help patients and families understand
the cause of their cognitive concerns, and to discuss the
prognostic possibilities with the provider so they can plan ac-
cordingly, although sharing the diagnosis must be balanced
with the potential harm of anxieties from diagnosing a patient
with a condition that may not progress. Ascribing cognitive
symptoms to normal agingwithout an assessment forMCImay

Table 1 Evidence and conclusions for pharmacologic treatments for mild cognitive impairment (MCI)

Agent Classification of evidence Conclusion

Donepezil 3 Class II studies (Petersen 2005,e10

Doody 2009,e11 Salloway 2004e12)
In patients with MCI, donepezil use over 3 years is possibly ineffective for reducing the
chances of a progression to possible or probable Alzheimer dementia (low confidence in
the evidence, single Class II study [Petersen 2005e10]). In patients withMCI, it is unknown
whether donepezil slows progression on various cognitive scales (very low confidence in
the evidence based on 2 Class II studies with limited precision and small magnitude of
effect) (Doody 2009,e11 Salloway 2004e12). Study CIs could not exclude an important
effect and the ADAS-Cog changewas statistically significant but not clinicallymeaningful.

Galantamine 2 Class II studies (Winblad 2008,e13 both
studies reported in 1 article)

In patients with MCI, galantamine use over 24 months is probably ineffective for
reducing progression to dementia (moderate confidence in the evidence based on 2
Class II studies).

Rivastigmine 1 Class II study (Feldman 2007e14) In patientswithMCI, rivastigmine use up to 48months is possibly ineffective for reducing
the rate of progression to possible or probable Alzheimer dementia (low confidence in
the evidence based on a single Class II study).

Flavonoid-
containing drink

1 Class II study (Desideri 2012e15) In patients with MCI, there is insufficient evidence to support or refute the cognitive
benefits of a drink with high-dose flavonoids (about 990 mg) on an integrated measure
(cognitive z score) of overall cognitive function at 8 weeks (very low confidence in the
evidence based on a single Class II study with CIs including unimportant effects;
evidence of a dose response was also unclear).

Homocysteine-
lowering B vitamins

1 Class II study (Smith 2010e16) In patients with MCI, there is insufficient evidence to support or refute the use of
homocysteine-lowering therapies in patients with MCI (very low confidence in the
evidence based on a single Class II study with decreased confidence in the evidence
owing to use of a primary endpoint with unclear clinical significance).

Transdermal
nicotine patch

1 Class I study (Newhouse 2012e9) Six months of transdermal nicotine (15 mg/d) use possibly improves cognitive test
performance but not Clinical Global Impression of Change in patients with aMCI who do
not smoke (low confidence in the evidence based on 1 Class I study with decreased
confidence in the evidence owing to uncertain clinical significance of the outcome of hit
reaction time).

Piribedil 1 Class III study (Nagaraja 2001e19) Data are insufficient to support or refute an effect of piribedil on cognitive measures in
MCI (very low confidence in the evidence based on 1 Class III study).

Rofecoxiba 1 Class II study (Thal 2005e17) Rofecoxib possibly increases the risk of progression to AD in patients with MCI (low
confidence in the evidence based on 1 Class II study).

Tesamorelin
injections

1 Class II study (Baker 2012e18) In patients with MCI, treatment with tesamorelin injections over 20 weeks is possibly
effective to improve performance on various cognitive measures (low confidence in the
evidence based on 1 Class II study).b

V0191 1 Class III study (Dubois 2012e20) Data are insufficient to support or refute an effect of V0191 use on ADAS-Cog response
rates in patients withMCI (very low confidence in the evidence based on 1Class III study).

Vitamin E 1 Class II study (Petersen 2005e10) In patients with MCI, use of vitamin E 2,000 IU daily is possibly ineffective for reducing
progression to AD (low confidence in the evidence based on a single Class II study).

Vitamin E +
vitamin C

1 Class III study (Naeini 2014e21) In patients with MCI, combined use of oral vitamin E 300 mg and C 400 mg daily over 12
months is of uncertain efficacy (very low confidence in the evidence based on 1 Class III
study).

Abbreviations: AD = Alzheimer disease; ADAS-Cog = Alzheimer’s Disease Assessment Scale–cognitive subscale; aMCI = amnestic mild cognitive impairment;
CI = confidence interval.
References cited here can be found in the e-references (links.lww.com/WNL/A50) for the guideline summary article.
a Rofecoxib was removed from themarket worldwide in September 2004. There are no data onwhether other anti-inflammatorymedications are effective or
harmful in patients with MCI.
b It is unclear from this study whether this is effect is sustained beyond 20 weeks.
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Abstract
Objective
To update the 2001 American Academy of Neurology (AAN) guideline on mild cognitive
impairment (MCI).

Methods
The guideline panel systematically reviewed MCI prevalence, prognosis, and treatment articles
according to AAN evidence classification criteria, and based recommendations on evidence and
modified Delphi consensus.

Results
MCI prevalence was 6.7% for ages 60–64, 8.4% for 65–69, 10.1% for 70–74, 14.8% for 75–79,
and 25.2% for 80–84. Cumulative dementia incidence was 14.9% in individuals with MCI older
than age 65 years followed for 2 years. No high-quality evidence exists to support pharmaco-
logic treatments for MCI. In patients with MCI, exercise training (6 months) is likely to
improve cognitive measures and cognitive training may improve cognitive measures.

Major recommendations
Clinicians should assess for MCI with validated tools in appropriate scenarios (Level B).
Clinicians should evaluate patients with MCI for modifiable risk factors, assess for functional
impairment, and assess for and treat behavioral/neuropsychiatric symptoms (Level B). Clini-
cians should monitor cognitive status of patients with MCI over time (Level B). Cognitively
impairing medications should be discontinued where possible and behavioral symptoms treated
(Level B). Clinicians may choose not to offer cholinesterase inhibitors (Level B); if offering,
they must first discuss lack of evidence (Level A). Clinicians should recommend regular
exercise (Level B). Clinicians may recommend cognitive training (Level C). Clinicians should
discuss diagnosis, prognosis, long-term planning, and the lack of effective medicine options
(Level B), and may discuss biomarker research with patients with MCI and families (Level C).
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Cholinesterase	inhibitors	for		
mild	cogni%ve	impairment	Cholinesterase inhibitors for mild cognitive impairment

(Review)

Russ TC, Morling JR

This is a reprint of a Cochrane review, prepared and maintained by The Cochrane Collaboration and published in The Cochrane Library
2012, Issue 9

http://www.thecochranelibrary.com

Cholinesterase inhibitors for mild cognitive impairment (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Cochrane Database of Systematic Reviews 2012, Issue 9 

9	studies,	5149	MCI	individuals	
-  4	Donepezil	
-  3	Galantamine	
-  2	Rivas%gmine		



Figure 2. Conversion to dementia at one year.

Figure 3. Conversion to dementia at two years.

Figure 4. Conversion to dementia at three years.

However, even if this is accepted as weak evidence of an effect,
there was clear evidence, based on 4207 people, of increased ad-
verse events in the drug groups compared to placebo (RR 1.09;
95% CI 1.02 to 1.16; Figure 5). There was no evidence of an in-
creased risk of serious adverse events (Figure 6) but people taking

cholinesterase inhibitors reported more gastrointestinal side effects
including diarrhoea (RR 2.10; 95% CI 1.30 to 3.39), nausea (RR
2.97; 95% CI 2.57 to 3.42) and vomiting (RR 4.42; 95% CI 3.23
to 6.05). No studies reported arrhythmias directly but there was
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MCI	conversion	to	demen%a	in	1,	2	and	3	years		

0.69 (0.47 , 1.0) 

0.67 (0.55 , 0.83) 

0.84 (0.70 , 1.02) 

Favor experimental Favor control 

1st	year	

2nd	year	

3rd	year	



Any	adverse	events	

Serious	adverse	events	

1.09 (1.02 , 1.16) 

0.97 (0.86 , 1.10) 

Favor experimental Favor control 

Cochrane Database of Systematic Reviews 2012, Issue 9 



Cholinesterase	inhibitors	(ChEIs)	for	MCI	

•  No	strong	evidence	of	a	beneficial	effect	on	the	
progression	to	demen%a	at	one,	two	or	three	years	
(only	two	studies	reported	reduced	risk	ra%o	for	
conversion	at	two	years)		

•  No	effect	on	cogni%ve	test	scores	
•  More	adverse	events	in	the	ChEIs	groups		

–  GI:	diarrhea,	nausea,	vomi%ng	
–  Other:	leg	cramps/muscle	spasm,	headache,	syncope	or	
dizziness,	insomnia,	abnormal	dream	

•  But	no	more	serious	adverse	events	or	deaths	
–  Cardiac	problems	were	no	more	likely	in	either	group		

Neurology®	2018;90:126-135	



Flavonoid-containing	drink	

•  90	elderly	with	MCI	randomized		
					cocoa	flavanols	for	8	weeks	

–  High	dose	=	990	mg/d	
–  Intermediate	dose	=	520	mg/d		
–  Low	dose	=	45	mg/d	of		

•  High	flavanols	group	had	significant	beeer	score	on	Trail	
Making	Test	A,	TMT	B	and	verbal	fluency	test	

	
•  However,	there	is	insufficient	evidence	to	support	or	refute	

the	cogni%ve	benefits	of	a	drink	with	high-dose	flavonoids	
with	very	low	confidence	in	the	evidence	based	on	a	single	
Class	II	study	with	CIs	including	unimportant	effects	

Desideri	et	al,	Hypertension.	2012	Sep;60(3):794-801.	

An%-inflammatory	
An%oxidant		

Insulin	signaling	pathway	

Phytonutrients	
plant-based		



Homocysteine-lowering	B	vitamins		
•  Homocysteine	is	a	risk	factor	for	brain	atrophy,	cogni%ve	

impairment	and	demen%a		
•  B	vitamins	can	reduce	plasma	homocysteine	
•  168	MCI	par%cipants	x	24	months		

–  85	in	ac%ve	treatment	group		
(folic	acid,	vitamin	B12,	vitamin	B6)	
–  83	receiving	placebo	

•  Mean	rate	of	brain	atrophy	per	year														
–  0.76%	[0.63–0.90]	in	ac%ve	group	
–  1.08%	[0.94–1.22]	in	the	placebo	group		
					(P = 0.001)	

•  Homocysteine	lowering	B	vitamins	may	 	 	 	 	 	 	
	reduce	rate	of	brain	atrophy	in	MCI		

•  Insufficient	evidence	and	unclear	clinical	significance.		
	 Smith	AD,	et	al.	PLoS	One.	2010	Sep	8;5(9):e12244	



Transdermal	nico%ne	patch		
•  Nico%ne	improves	performance	in	smokers	on	cogni%vely	

demanding	aeen%onal	tasks		
•  Nico%ne	improved	cogni%ve	func%on	in	AD	subjects	
•  64	nonsmoking,	amnes%c	MCI	were	randomized	to	

–  34		transdermal	nico%ne	(15	mg	/d)	vs	33	placebo	x	6	months		
•  Ac%ve	group	possibly	improves	cogni%ve	test	performance											

(hit	reac%on	%me)	but	not	Clinical	Global	Impression	of	Change	


Newhouse	P,	et	al.	Neurology.	2012	Jan	10;78(2):91-101	

for adverse events than placebo-treated subjects (0)
(!2[1] ! 3.79; p ! 0.05). No withdrawal symptoms
were reported by subjects or informants nor were any
subjects reported to be continuing to use nicotine
after the study was completed.

Subject- and informant-completed behavioral mea-
sures. OASR and OABCL. The self-rated Worries and
Anxiety subscales showed significant (F2,86 ! 3.48,
p ! 0.04 and F2,86 ! 3.14, p ! 0.05) interactions
with the nicotine-treated group showing improved
scores by day 182. There was a strong trend (F2,86 !
2.74, p ! 0.07) for nicotine to improve scores in the
DSM-oriented dementia subscale (consisting of
items from the OASR commonly associated with a
DSM dementia diagnosis). The informant-completed
OABCL showed lower ratings on the Anxiety/De-

pression subscale (F2,90 ! 5.00, p ! 0.009) for pla-
cebo treatment. The Beck Depression Inventory
showed no significant treatment effect (p ! 0.72) or
interactions (p ! 0.50).

DISCUSSION This study demonstrated that trans-
dermal nicotine treatment for 6 months improved
cognitive performance in subjects with amnestic
MCI. The primary cognitive outcome (Connors
CPT) showed a significant nicotine-induced im-
provement with an effect size of 0.78 which com-
pares favorably to a previous study of nicotine in
AAMI34 in which the effect size was 0.53 at 4 weeks
on the same measure. Several secondary cognitive
measures showed significant nicotine-induced im-
provement including psychomotor speed and atten-

Figure 2 Primary efficacy variables

(A) Continuous Performance Task: hit reaction time standard error change over interstimulus intervals, change from base-
line (n ! 67). Nicotine treatment significantly improved performance on this measure (F1,57 ! 14.96, p ! 0.0003) com-
pared to placebo treatment. (B) Clinical Global Impression of Change (CGIC). CGIC all categories (n ! 67): there was no
statistical difference between treatments in the distribution of subjects rated improved or not improved (p ! 0.13).
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Insufficient	evidence	-	uncertain	clinical	significance	of	”hit	reac%on	%me”		

Clinical	Global	Impression	of	Change	Hit	reac%on	%me	



From: Randomized Study of the Dopamine Receptor Agonist Piribedil in the 
Treatment of Mild Cognitive Impairment 

American Journal of Psychiatry 2001 Sep;158(9):1517-9 

Significant group effect on change from day 0 (t=2.83, df=49, p<0.01). 

90-day	randomized	double-blind	study	in	60	MCI	baseline	MMSE	21-25		
									piribedil	(50	mg/d)	vs	placebo	

19	(63.3%)	of	piribedil	group	and	eight	
(26.7%)	of	placebo	had	increases	in	MMSE	
scores,	to	26	or	more.		
	
The	response	rate	and	the	mean	increase	
in	MMSE	scores	were	significantly	greater	
with	piribedil.	

Piribedil	=	Dopamine	agonist		

Age-related	decrease	in	dopamine	D(2)	receptors	is	associated	with	
cogni%ve	decline	in	healthy	elderly	individuals	

Data	are	insufficient,	very	low	confidence	
in	the	evidence	based	on	1	Class	III	study		



Rofecoxib	–	selec%ve	COX-2	inhibitors	
•  Inflammatory	mechanisms	have	been	implicated	in	AD	and	

might	be	mediated	via	the	COX-2	enzyme.	

•  4-year	randomized	controlled	study	of	MCI	pa%ents	aged	>	65		

–  Rofecoxib	25	mg	daily	(N	=	725)	vs	placebo	(N=	732)		

•  The	es%mated	annual	AD	diagnosis	rate	was	

–  6.4%	in	the	rofecoxib	group		
–  4.5%	in	the	placebo	group							(p	=	0.011)	

•  No	difference	in	cogni%ve	outcome	and	global	func%on		
	

•  Rofecoxib	possibly	increases	the	risk	of	progression	to	AD	in	
pa%ents	with	MCI		


Neuropsychopharmacology.	2005	Jun;30(6):1204-15.	



Tesamorelin	injec%ons		
•  Growth	hormone–releasing	

hormone	(GHRH)	have	potent	
effects	on	brain	func%on,	their	
levels	decrease	with	advancing	age	

	

•  61	amnes%c	MCI	(GHRH	vs	placebo)		
•  Treatment	with	tesamorelin	(GHRH)	

(1	mg/d)	over	20	weeks	is	possibly	
effec%ve	to	improve	performance	
on	execu%ve	func%on	and	verbal	
memory		

	


•  Low	confidence	in	the	evidence	
based	on	1	Class	II	study.		

justed the dose either when achieved IGF-1 exceeded physi-
ologic levels or when IGF-1 failed to increase by at least 15%
over baseline for participants in the active group. Each of these
GHRH dose adjustments was yoked with a similar adjustment
for a placebo-treated participant to maintain the blind for par-
ticipants, staff, and other investigators. Compliance was moni-
tored during study visits via the number of returned vials and
the number of entries in a self-reported log.

STATISTICAL ANALYSES

The principal analysis was based on intent to treat. Partici-
pants who discontinued treatment were asked to return to the
clinic for cognitive testing at week 20. Completer analyses were
performed on cognitive outcomes obtained at weeks 10 and 20.
Exploratory analyses of week-30 data were also performed to
examine effects of treatment discontinuation. Multiple regres-
sion and correlation procedures were used to create residual-
ized change scores for data collected at weeks 10, 20, and 30
relative to baseline, which are inherently more stable than arith-
metic difference scores. The primary cognitive outcomes in-

cluded 3 composites reflecting executive function, verbal
memory, and visual memory. The composites were derived from
summed z scores per cognitive domain, adjusted for number
of tests administered. For the intent-to-treat analysis, an om-
nibus multivariate analysis of variance was performed on the
3 composite scores, with treatment group and diagnosis (for
participants with MCI and normal controls) as independent vari-
ables. For the completer analysis, week (ie, weeks 10 and 20)
was also included as an independent variable in the model. When
the omnibus multivariate analysis of variance proved signifi-
cant, univariate analyses of variance were performed on the con-
stituent-dependent measures. When appropriate, pairwise com-
parisons were performed using t tests. Similarly structured
analyses of variance were performed on serum IGF-1, body fat
and lean muscle mass, fasting plasma insulin and glucose, and
insulin response to the OGTT. Age and MMSE score were in-
cluded as covariates in all analyses. Sex and education were sta-
tistically considered as covariates, but they were dropped if non-
contributory. Exploratory analyses examined associations
between treatment-related changes in cognition, mood, sleep,
IGF-1 level, and body composition. For completer analyses, the
a priori plan was to use standard multiple imputation proce-
dures to handle missing data when missing data exceeded 5%
and casewise deletion otherwise. All analyses were performed
using STATA.58

RESULTS

COGNITION

For the intent-to-treat analysis, the omnibus multivari-
ate analysis of variance on the 3 composite scores indi-
cated favorable effects on cognitive function at week 20
over baseline for adults allocated to receive GHRH vs
placebo (F3,133 = 3.11, P = .03). Although overall cogni-
tive performance differed by diagnosis, as expected
(F3,133 = 5.97, P ! .001), GHRH had comparable benefi-
cial effects both in healthy older adults and in adults with
MCI (no treatment " diagnosis interaction; P = .22), con-
sistent with predictions based on our earlier work (ie,
comparable GHRH effects observed for participants with
higherand lowerMMSEscores).31 For thecompleter analy-
sis, missing data did not exceed 5%, and the omnibus mul-
tivariate analysis of variance produced a similar but more
robust pattern of results. Treatment with GHRH had a
favorable effect on cognition (F3,125 = 5.26, P = .002), and
even though the healthy adults outperformed those with
MCI overall (F3,125 = 11.15, P ! .001), the cognitive ben-
efit relative to placebo was comparable for both groups
(no treatment " diagnosis interaction; P = .57). The re-
sults of the completer analysis indicated similar GHRH
benefits at weeks 10 and 20 (no interaction involving week
on treatment). Education was included as a covariate in
the intent-to-treat and completer analyses (together with
age and baseline MMSE score), whereas sex was not. Sepa-
rate univariate analyses on the constituent composites
scores indicated a GHRH-related improvement in nor-
mal controls and attenuation of decline in adults with
MCI for executive function (effect size: f = 0.37,
F1,127 = 8.34, P = .005; Figure 2A) and a trend showing
the same pattern of results for verbal memory (effect size:
f = 0.24, F1,130 = 3.09, P = .08; Figure 2B). For both analy-
ses, favorable effects were comparable in adults with MCI
and in normal controls (no treatment " diagnosis inter-
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Figure 2. Cognitive response to growth hormone–releasing hormone
(GHRH). Mean z scores representing change from baseline in composites of
executive function (A) and verbal memory (B), expressed as residualized
change scores. Treatment with GHRH had favorable effects on executive
function (P = .005) as measured by Task Switching accuracy, Stroop
Color-Word Interference reaction time (voice onset latency) on “interference”
trials, Self-Ordered Pointing Test accuracy, and Word Fluency. A similar
trend was observed for verbal memory (P = .08) as measured by total recall
(immediate # delayed) on the Hopkins Verbal Learning Test and total Story
Recall. Pairwise comparisons between subgroups defined by diagnosis are
not presented because the main finding indicates a treatment effect for the
groups combined and no treatment " diagnosis interaction. Visual memory
did not benefit from GHRH administration. Error bars indicate standard error
of the mean. MCI indicates mild cognitive impairment.
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(P	=	.005)		
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Vitamin E and Donepezil for the Treatment 
of Mild Cognitive Impairment
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background

 

Mild cognitive impairment is a transitional state between the cognitive changes of nor-
mal aging and early Alzheimer’s disease.

 

methods

 

In a double-blind study, we evaluated subjects with the amnestic subtype of mild cognitive
impairment. Subjects were randomly assigned to receive 2000 IU of vitamin E daily, 10 mg
of donepezil daily, or placebo for three years. The primary outcome was clinically possi-
ble or probable Alzheimer’s disease; secondary outcomes were cognition and function.

 

results

 

A total of 769 subjects were enrolled, and possible or probable Alzheimer’s disease de-
veloped in 212. The overall rate of progression from mild cognitive impairment to Alz-
heimer’s disease was 16 percent per year. As compared with the placebo group, there
were no significant differences in the probability of progression to Alzheimer’s disease
in the vitamin E group (hazard ratio, 1.02; 95 percent confidence interval, 0.74 to 1.41;
P=0.91) or the donepezil group (hazard ratio, 0.80; 95 percent confidence interval, 0.57
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ing the first 12 months of the study (P=0.04), a finding supported by the secondary out-
come measures. Among carriers of one or more apolipoprotein E 

 

e

 

4 alleles, the benefit
of donepezil was evident throughout the three-year follow-up. There were no signifi-
cant differences in the rate of progression to Alzheimer’s disease between the vitamin
E and placebo groups at any point, either among all patients or among apolipoprotein
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4 carriers.

 

conclusions

 

Vitamin E had no benefit in patients with mild cognitive impairment. Although donep-
ezil therapy was associated with a lower rate of progression to Alzheimer’s disease dur-
ing the first 12 months of treatment, the rate of progression to Alzheimer’s disease after
three years was not lower among patients treated with donepezil than among those
given placebo.
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months and remained apart during the remainder
of the trial (P=0.04), with donepezil treatment
reducing the risk of progression to Alzheimer’s
disease by approximately one third at year 3
among subjects with one or more

 

 APOE

 

 

 

e

 

4 alleles
(Table 3).

 

outcomes and adverse events

 

Adverse events in the donepezil group included
muscle cramps, gastrointestinal symptoms, and
sleep disturbances (Table 4). Twenty-three deaths
occurred during the study (17 during the double-
blind phase and 6 during the open-label phase), and
all were judged to be unrelated to treatment. Dur-
ing the double-blind phase, seven subjects died in
the donepezil group and five subjects died in each
of the other two groups (P=0.79).

A total of 230 subjects discontinued treatment
during the double-blind phase: 92 in the donepezil
group, 72 in the vitamin E group, and 66 in the pla-

cebo group (P=0.90). Among the leading reasons
for discontinuation besides death were adverse
events in the case of 47 subjects and withdrawal of
consent in the case of 105 subjects.

 

effect of missing data

 

To assess the effect of missing data, we compared
the baseline values between the 230 subjects who
withdrew during the double-blind phase and the
539 subjects who progressed to open-label treat-
ment or completed the double-blind phase. There
were no significant differences in demographic
characteristics or neuropsychological measures.
A contingency-table analysis of the number of sub-
jects according to the treatment group and peri-
od of withdrawal indicated a trend toward more
early dropouts (at the three- and six-month visits)
in the donepezil group than in the placebo group
(P=0.07). The results of an evaluation of the as-
sumption that the missing data were missing com-

 

Figure 1. Kaplan–Meier Estimates of the Rate of Progression from Mild Cognitive Impairment to Alzheimer’s Disease (AD).

 

Panel A shows the survival estimates in all three groups during the three-year study. Panel B shows the results of pre-
specified comparisons involving z-tests at 6 months (P=0.004) and 12 months (P=0.04). Panel C shows the effect of 

 

APOE

 

 

 

e

 

4 carrier status on the rate of progression to Alzheimer’s disease, and Panel D shows the effect of treatment 
among 

 

APOE

 

 

 

e

 

4 carriers. Comparisons were adjusted for multiple comparisons with the use of the Hochberg method.
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Vitamin	E	had	no	benefit	for	reducing	progression	to	AD	in	
overall	and	APOE4	carriers	

769	amnes%c	MCI	aged	55-90	were	randomly	assigned	to	
receive	2000	IU	of	vitamin	E	daily,	10	mg	of	donepezil	daily,	
or	placebo	for	three	years.		



Vitamin	E	+	vitamin	C		

Alavi	Naeini,	A.	M.,	et	al.	2013.	European	Journal	of	Nutri%on,	53(5),	1255–1262.		

reached to a significantly higher level in antioxidant
received subjects compared with controls only at twelfth

month of supplementation (P \ 0.001).

GSH

In GSH, within supplemented group using repeated con-
trasts showed significant differences between second and

third time points (P = 0.02), while in control group, no

significant differences were observed at all time points.
The red blood cells glutathione was also significantly

higher in supplemented group only at twelfth month of

intervention compared with the control group (P \ 0.01).

8-OHdG

The test showed that the difference of within group for

8-OHdG at second and third time point measurements

compared with zero time was significant (P \ 0.001), but it
did not show any significant differences between the two

groups throughout the study (P \ 0.4). The results for the

above biomarkers have been shown in Table 3.

Mini-Mental State Examination (MMSE) score

After adjusting for potential covariates including age, sex,

BMI, blood pressure, educational levels, and dietary anti-

oxidants intake, repeated measures ANOVA of the MMSE
scores showed a significant (P \ 0.001) increasing trend

within both supplemented and control groups throughout

this study, but no significant differences between these
groups were found (P = 0.88; Fig. 2).

None of the mean values of MMSE score in 6th and 12th

month of intervention between supplemented and control
groups (In sixth month: supplemented vs. control

25.88 ± 0.17 vs. 25.86 ± 0.18 and in 12th month

26.8 ± 0.17 vs. 26.59 ± 0.18) were significant.

Discussion

During 1-year, double-blind, randomized, controlled clin-

ical trial, in spite of improvements in MDA, TAC, and
GSH levels, no beneficial effect of antioxidants on cogni-

tion was observed at MMSE cognitive assessment.
These markers are some of the most widely used tests of

oxidative stress status and at least provide some indications

of the bioavailability of administrated antioxidants,
although changes in serum level of these markers could not

be considered as a solid indication of redox status, espe-

cially at the exact target points of brain where antioxidants
are expected to exert their possible cognitive effects.

These results are in accordance with some parts of the

previous studies, but disagree with others. Even detri-
mental consequences for antioxidants administration in

MCI have been reported [56].

The real causes of these discrepancies among various
experiments are unknown, but a long list of involving

factors could be suspected. Duration of intervention, types

and doses of antioxidants used, the efficacy of cognitive
assessment tools, and the influence of confounding vari-

ables are some of the factors that alone, or in combination

with each other, could potentially affect the outcomes. The
quality of studies, especially the number of involving

subjects, should also be added to the above list.

Morris et al. [27] obtained positive results regarding the
effect of vitamins E and C in Alzheimer disease. In their

study, confounding factors may have adversely influenced

and the results had been ignored. Alzheimer’s disease has
been reported to be associated with educational attainment

[28, 29], body mass index, and lifestyle factors such as

physical activity [30, 31], older age, and sex [29, 32].
In our trial, all confounding variables were assessed and

showed not to be statistically different in supplemented and

control groups.
Duration of intervention may be a major difference

between our and some of the similar studies and may be

one of the causes of difference in responsiveness to anti-
oxidants supplementation. Grodstein et al. [18], who

obtained the positive results, argued that the prolongation

of antioxidant administration would increase the likelihood
of appearance of their cognitive beneficial effect. Never-

theless, in some studies, even in spite of relatively long

intervention period of 10 years [33], 3 years [22], 4 years
[34] 5 years [35], no positive results were found. There-

fore, supplementation duration alone may not always be a

significant factor in effectiveness of antioxidants and must
be noted along with other influencing factors. It is not clear
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Fig. 2 Mean and SE of MMSE score in the two studied groups at
baseline and during the follow-up period, Asterisk significantly
different from 0 to third time point (P \ 0.001) Repeated measures
ANOVA), Double Asterisk significantly different from 0 to second
time point (P \ 0.001) Repeated measures ANOVA)
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Vitamins	E	and	Vitamin	C	(potent	an%oxidant)	are		
expected	to	reduce	neuronal	damage	

Auer	adjus%ng	for	the	
covariates	effects,	MMSE	
scores	following	6-	and	12-
month	an%oxidant	
supplementa%on	did	not	
differ	from	control	group	

256	elderly	with	MCI,	aged	60–75	years,	received		
vitamin	E	300	mg	+	vitamin	C	400	mg/d	vs	placebo	for	
12	months		



Pharmacological	treatment	

•  Currently,	there	are	no	approved	medica%ons	
for	the	treatment	of	MCI.		

•  Numerous	studies	of	pharmacologic	or	dietary	
agents	show	no	benefit	either	improve	
cogni%on	or	delay	progression	in	pa%ents	with	
MCI.		

	

Neurology®	2018;90:126-135	



Non-pharmacological	treatment	

•  Exercise	
•  Cogni%ve	interven%on	
•  Mediterranean	diet			
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Table 2. Comparison of Cognitive Function between the Exercise and Control Group.

All subjects (n = 100) aMCI subjects (n = 50)

Mean Difference From Baseline (95%
CI) in All Subjects

P Value ANOVA for Repeated
Measures ES

Mean Difference From Baseline (95%
CI) in aMCI Group

P Value ANOVA for Repeated
Measures ES

Exercise Group
(n = 47)

Control Group
(n = 45) Group Time

Group 6 time
interaction r

Exercise Group
(n = 24)

Control Group
(n = 23) Group Time

Group 6 time
interaction r

MMSE 0.2 (20.5, 0.9) 20.3 (21.1, 0.4) 0.18 0.79 0.32 0.11 0.3 (20.8, 1.3) 21.4 (22.5, 20.3) 0.03 0.14 .04b 0.31

ADAS-cog 20.8 (21.4, 20.2) 20.2 (20.8, 0.4) 0.17 0.01 .16 (1)c 0.15 21.2 (22.1, 20.3) 20.1 (21.0, 0.8) 0.1 0.06 0.1 0.24

WMS-LM I 2.8 (1.4, 4.2) 1.0 (20.5, 2.4) 0.29 ,.01 0.08 0.19 3.8 (1.6, 5.9) 0.5 (21.6, 2.7) 0.14 ,.01 .04a 0.31

WMS-LM II 3.4 (2.0, 4.8) 1.9 (0.4, 3.4)b 0.28 ,.01 0.15 0.15 3.8 (1.8, 5.7) 2.1 (0.1, 4.2) 0.11 ,.01 0.26 0.17

MTA-ERC 0 (20, 0.1) 0 (0, 0.1) 0.18 0.08 0.89 0.02 0.1 (0, 0.2) 0 (20.1, 0.1) 0.91 0.03 0.27 0.17

WBC 0.1 (20.4, 0.7) 0.7 (0.1, 1.2) 0.08 0.03 0.16 0.15 20.1 (20.8, 0.6) 0.9 (0.2, 1.6) 0.86 0.08 ,.05b 0.29

Abbreviations: MMSE, Mini-Mental State Examination; ADAS-cog, Alzheimer’s Disease Assessment Scale-cognitive subscale; WMS, Wechsler Memory Scale; MTA-ERC, medial temporal areas including the entorhinal cortex; WBC,
whole brain cortices; ES, effect size.
ap,.025; significant differences before versus after intervention in the exercise group
bp,.025; significant differences before versus after intervention in the control group
cMissing value
doi:10.1371/journal.pone.0061483.t002

E
ffe

c
ts

o
f

E
x

e
rc

ise
in

O
ld

e
r

A
d

u
lts

w
ith

M
C

I

P
L

O
S

O
N

E
|

w
w

w
.p

lo
so

n
e

.o
rg

7
A

p
ril

2
0

1
3

|
V

o
lu

m
e

8
|

Issu
e

4
|

e
6

1
4

8
3

n
o

t
o

n
ly

o
n

m
e
m

o
ry

fu
n

c
tio

n
,

b
u

t
a
lso

o
n

g
e
n

e
ra

l
c
o

g
n

itiv
e

fu
n

c
tio

n
in

p
e
o

p
le

w
ith

a
M

C
I.

G
e
n

e
ra

l
c
o

g
n

itiv
e

fu
n

c
tio

n
c
a
n

b
e

u
se

d
to

d
isc

rim
in

a
te

b
e
tw

e
e
n

p
e
o

p
le

w
h

o
p

ro
g
re

ss
to

A
D

a
n

d
th

o
se

w
h

o
d

o
n

o
t.

[3
5

]
Im

p
ro

v
e
m

e
n

ts
o

f
m

e
m

o
ry

fu
n

c
tio

n
a
n

d
m

a
in

te
n

a
n

c
e

o
f

g
e
n

e
ra

l
c
o

g
n

itiv
e

fu
n

c
tio

n
su

g
g
e
st

th
a
t

m
u

ltic
o

m
-

p
o

n
e
n

t
e
x
e
rc

ise
c
a
n

h
e
lp

p
re

v
e
n

t
p

ro
g
re

ssio
n

fro
m

M
C

I
to

A
D

.
H

o
w

e
v
e
r,

d
e
sp

ite
sig

n
ific

a
n

t
in

te
ra

c
tio

n
s,

th
e

e
ffe

c
t

siz
e
s

in
g
e
n

e
ra

l
c
o

g
n

itiv
e

fu
n

c
tio

n
a
n

d
lo

g
ic

a
l

m
e
m

o
ry

w
e
re

sm
a
ll.

M
o

re
o

v
e
r,

th
e
se

in
te

ra
c
tio

n
s

w
o

u
ld

n
o

t
b

e
c
o

m
e

sig
n

ific
a
n

t
if

th
e

p
-v

a
lu

e
s

w
e
re

a
d

ju
ste

d
fo

r
m

u
ltip

le
c
o

m
p

a
riso

n
s.

F
u

rth
e
r

stu
d

ie
s

a
re

re
q

u
ire

d
to

d
e
te

rm
in

e
th

e
p

o
sitiv

e
e
ffe

c
ts

o
f

e
x
e
rc

ise
o

n
c
o

g
n

itiv
e

fu
n

c
tio

n
in

o
ld

e
r

a
d

u
lts

w
ith

M
C

I.

R
e

la
tio

n
sh

ip
b

e
tw

e
e

n
e

x
e

rc
ise

a
n

d
b

ra
in

a
tro

p
h

y
It

is
w

e
ll

e
sta

b
lish

e
d

th
a
t

stru
c
tu

re
s

in
th

e
m

e
d

ia
l

te
m

p
o

ra
l

lo
b

e
,

p
a
rtic

u
la

rly
th

e
h

ip
p

o
c
a
m

p
u

s
a
n

d
E

R
C

,
a
re

e
sse

n
tia

l
fo

r
n

o
rm

a
l

m
e
m

o
ry

fu
n

c
tio

n
.

T
h

e
re

is
a
n

e
m

e
rg

in
g

lite
ra

tu
re

d
e
sc

rib
in

g
b

a
se

lin
e

stru
c
tu

ra
l

M
R

I
c
o

rre
la

te
s

o
f

c
o

g
n

itiv
e

im
p

a
irm

e
n

t
in

e
ld

e
rly

a
d

u
lts

w
ith

m
ild

c
o

g
n

itiv
e

im
p

a
irm

e
n

t
(M

C
I)

a
n

d
A

lz
h

e
im

e
r’s

d
ise

a
se

(A
D

).
S

o
m

e
stu

d
ie

s
h

a
v
e

id
e
n

tifie
d

re
la

tio
n

-
sh

ip
s

b
e
tw

e
e
n

a
e
ro

b
ic

e
x
e
rc

ise
a
n

d
in

c
re

a
se

d
b

ra
in

v
o

lu
m

e
[1

6
,1

7
]

a
n

d
fu

n
c
tio

n
a
l

c
o

n
n

e
c
tiv

ity
b

e
tw

e
e
n

p
a
rts

o
f

th
e

fro
n

ta
l,

p
o

ste
rio

r,
a
n

d
te

m
p

o
ra

l
c
o

rtic
e
s

[3
6

]
in

h
e
a
lth

y
o

ld
e
r

a
d

u
lts.

F
o

r
e
x
a
m

p
le

,
E

ric
k
so

n
e
t

a
l.

fo
u

n
d

th
a
t

th
e

h
ip

p
o

c
a
m

p
u

s
re

m
a
in

s
p

la
stic

in
la

te
a
d

u
lth

o
o

d
a
n

d
th

a
t

a
1

-y
e
a
r

p
e
rio

d
o

f
a
e
ro

b
ic

e
x
e
rc

ise
w

a
s

su
ffic

ie
n

t
fo

r
e
n

h
a
n

c
in

g
v
o

lu
m

e
.

[1
6

]
O

u
r

6
-m

o
n

th
m

u
ltic

o
m

p
o

-
n

e
n

t
e
x
e
rc

ise
p

ro
g
ra

m
w

ith
M

C
I

su
b

je
c
ts

re
v
e
a
le

d
th

a
t

e
x
e
rc

ise
d

id
n

o
t

h
a
v
e

a
sig

n
ific

a
n

t
g
ro

u
p
6

tim
e

in
te

ra
c
tio

n
o

n
M

T
A

-E
R

C
sc

o
re

s
o

r
W

B
C

a
tro

p
h

y
c
o

m
p

a
re

d
to

th
e

c
o

n
tro

l
g
ro

u
p

.
H

o
w

e
v
e
r,

th
e
re

w
a
s

sig
n

ific
a
n

t
g
ro

u
p
6

tim
e

in
te

ra
c
tio

n
in

W
B

C
a
tro

p
h

y
le

v
e
l,

w
h

e
n

te
ste

d
in

a
su

b
-a

n
a
ly

sis
re

stric
te

d
to

a
M

C
I

su
b

je
c
ts.

P
o

st-h
o

c
a
n

a
ly

se
s

re
v
e
a
le

d
th

a
t

th
e

c
o

n
tro

l
g
ro

u
p

e
x
h

ib
ite

d
in

c
re

a
se

d
W

B
C

a
tro

p
h

y
a
fte

r
in

te
rv

e
n

tio
n

,
c
o

m
p

a
re

d
w

ith
th

e
ir

b
a
se

lin
e

sc
o

re
s.

T
h

e
se

re
su

lts
su

g
g
e
st

th
a
t

o
ld

e
r

a
d

u
lts

w
ith

a
M

C
I

m
a
y

e
x
h

ib
it

h
ig

h
le

v
e
ls

o
f

p
la

stic
ity

in
W

B
C

a
tro

p
h

y
.

F
u

rth
e
r

stu
d

y
is

n
e
e
d

e
d

to
e
sta

b
lish

o
u

r
fin

d
in

g
s

u
sin

g
la

rg
e

sa
m

p
le

s
a
n

d
d

e
ta

ile
d

n
e
u

ro
im

a
g
in

g
a
n

a
ly

sis.

P
re

d
ic

to
rs

o
f

in
c

re
a

sin
g

o
f

c
o

g
n

itiv
e

fu
n

c
tio

n
In

th
e

re
la

tio
n

sh
ip

s
b

e
tw

e
e
n

c
o

g
n

itiv
e

fu
n

c
tio

n
a
n

d
b

io
c
h

e
m

ic
a
l

m
e
a
su

re
s,

lo
w

T
-c

h
o

a
n

d
h

ig
h

B
D

N
F

se
ru

m
le

v
e
ls

a
t

b
a
se

lin
e

w
e
re

a
sso

c
ia

te
d

w
ith

in
c
re

a
se

d
m

e
m

o
ry

a
n

d
g
e
n

e
ra

l
c
o

g
n

itiv
e

fu
n

c
tio

n
in

th
e

M
C

I
su

b
je

c
ts,

re
sp

e
c
tiv

e
ly

.
S

e
ru

m
lip

o
p

ro
te

in
le

v
e
ls

m
a
y

b
e

a
c
o

m
m

o
n

a
n

d
p

o
te

n
tia

lly
m

o
d

ifia
b

le
risk

fa
c
to

r
fo

r
A

D
.

[3
7

]
F

o
r

e
x
a
m

p
le

,
a

p
ro

sp
e
c
tiv

e
stu

d
y

re
p

o
rte

d
th

a
t

lo
w

e
r

se
ru

m
le

v
e
ls

o
f

L
D

L
a
n

d
T

-c
h

o
w

e
re

a
sso

c
ia

te
d

w
ith

b
e
tte

r
c
o

g
n

itiv
e

p
e
rfo

rm
a
n

c
e

a
n

d
a

lo
w

e
r

risk
o

f
c
o

g
n

itiv
e

im
p

a
irm

e
n

t
in

1
,0

3
7

w
o

m
e
n

w
ith

c
a
rd

io
v
a
sc

u
la

r
d

ise
a
se

.
[3

8
]

O
u

r
fin

d
in

g
e
x
te

n
d

s
k
n

o
w

le
d

g
e

a
b

o
u

t
th

e
re

la
tio

n
sh

ip
s

b
e
tw

e
e
n

T
-c

h
o

a
n

d
c
o

g
n

itiv
e

fu
n

c
tio

n
to

o
ld

e
r

a
d

u
lts

w
ith

M
C

I.
A

n
im

a
l

stu
d

ie
s

h
a
v
e

re
v
e
a
le

d
th

a
t

th
e

stru
c
tu

re
a
n

d
fu

n
c
tio

n
o

f
th

e
h

ip
p

o
c
a
m

p
u

s,
a

b
ra

in
re

g
io

n
c
ritic

a
l
fo

r
c
e
rta

in
fo

rm
s

o
f

c
o

g
n

itio
n

,
is

a
d

v
e
rse

ly
a
ffe

c
te

d
b

y
h

y
p

e
rlip

id
e
m

ia
.

(e
.g

.
[3

9
])

A
b

n
o

rm
a
l

lip
id

m
e
ta

b
o

lism
m

a
y

b
e

u
n

d
e
sira

b
le

sta
tu

s
fo

r
im

p
ro

v
e
m

e
n

t
c
o

g
n

itiv
e

fu
n

c
tio

n
s,

e
sp

e
c
ia

lly
m

e
m

o
ry

.
E

x
e
rc

ise
is

a
lso

a
v
a
lid

a
n

d
fe

a
sib

le
w

a
y

to
m

a
n

a
g
e

lip
o

p
ro

te
in

le
v
e
ls

a
n

d
re

g
u

la
r

a
c
tiv

ity
m

a
y

b
e

p
o

te
n

tia
l
stra

te
g
ie

s
fo

r
p

re
v
e
n

tin
g

c
o

g
n

itiv
e

d
e
c
lin

e
in

e
ld

e
rly

in
d

iv
id

u
a
ls.

[4
0

]
O

n
e

o
f

th
e

m
a
in

d
e
te

rm
in

a
n

ts
o

f
c
e
ll

siz
e

is
c
e
ll

g
ro

w
th

,
w

h
ic

h
is

m
o

d
u

la
te

d
b

y
c
e
rta

in
g
ro

w
th

fa
c
to

rs,
su

c
h

a
s

B
D

N
F

.
T

h
e

le
v
e
ls

o
f

B
D

N
F

-a
sso

c
ia

te
d

g
e
n

e
e
x
p

re
ssio

n
h

a
v
e

b
e
e
n

fo
u

n
d

to
in

c
re

a
se

w
ith

p
h

y
sic

a
l

a
c
tiv

ity
.

[1
4

]
B

D
N

F
e
x
p

re
ssio

n
h

a
s

a
lso

b
e
e
n

su
g
g
e
ste

d
to

p
la

y
a

ro
le

in
le

a
rn

in
g

a
n

d
sy

n
a
p

tic
p

la
stic

ity
.

[4
1

]

Table 2. Comparison of Cognitive Function between the Exercise and Control Group.

All subjects (n = 100) aMCI subjects (n = 50)

Mean Difference From Baseline (95%
CI) in All Subjects

P Value ANOVA for Repeated
Measures ES

Mean Difference From Baseline (95%
CI) in aMCI Group

P Value ANOVA for Repeated
Measures ES

Exercise Group
(n = 47)

Control Group
(n = 45) Group Time

Group 6 time
interaction r

Exercise Group
(n = 24)

Control Group
(n = 23) Group Time

Group 6 time
interaction r

MMSE 0.2 (20.5, 0.9) 20.3 (21.1, 0.4) 0.18 0.79 0.32 0.11 0.3 (20.8, 1.3) 21.4 (22.5, 20.3) 0.03 0.14 .04b 0.31

ADAS-cog 20.8 (21.4, 20.2) 20.2 (20.8, 0.4) 0.17 0.01 .16 (1)c 0.15 21.2 (22.1, 20.3) 20.1 (21.0, 0.8) 0.1 0.06 0.1 0.24

WMS-LM I 2.8 (1.4, 4.2) 1.0 (20.5, 2.4) 0.29 ,.01 0.08 0.19 3.8 (1.6, 5.9) 0.5 (21.6, 2.7) 0.14 ,.01 .04a 0.31

WMS-LM II 3.4 (2.0, 4.8) 1.9 (0.4, 3.4)b 0.28 ,.01 0.15 0.15 3.8 (1.8, 5.7) 2.1 (0.1, 4.2) 0.11 ,.01 0.26 0.17

MTA-ERC 0 (20, 0.1) 0 (0, 0.1) 0.18 0.08 0.89 0.02 0.1 (0, 0.2) 0 (20.1, 0.1) 0.91 0.03 0.27 0.17

WBC 0.1 (20.4, 0.7) 0.7 (0.1, 1.2) 0.08 0.03 0.16 0.15 20.1 (20.8, 0.6) 0.9 (0.2, 1.6) 0.86 0.08 ,.05b 0.29

Abbreviations: MMSE, Mini-Mental State Examination; ADAS-cog, Alzheimer’s Disease Assessment Scale-cognitive subscale; WMS, Wechsler Memory Scale; MTA-ERC, medial temporal areas including the entorhinal cortex; WBC,
whole brain cortices; ES, effect size.
ap,.025; significant differences before versus after intervention in the exercise group
bp,.025; significant differences before versus after intervention in the control group
cMissing value
doi:10.1371/journal.pone.0061483.t002
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A Randomized Controlled Trial of Multicomponent
Exercise in Older Adults with Mild Cognitive Impairment
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Abstract

Background: To examine the effect of multicomponent exercise program on memory function in older adults with mild
cognitive impairment (MCI), and identify biomarkers associated with improvement of cognitive functions.

Methodology/Principal Findings: Subjects were 100 older adults (mean age, 75 years) with MCI. The subjects were
classified to an amnestic MCI group (n = 50) with neuroimaging measures, and other MCI group (n = 50) before the
randomization. Subjects in each group were randomized to either a multicomponent exercise or an education control
group using a ratio of 1:1. The exercise group exercised for 90 min/d, 2 d/wk, 40 times for 6 months. The exercise program
was conducted under multitask conditions to stimulate attention and memory. The control group attended two education
classes. A repeated-measures ANOVA revealed that no group6time interactions on the cognitive tests and brain atrophy in
MCI patients. A sub-analysis of amnestic MCI patients for group 6 time interactions revealed that the exercise group
exhibited significantly better Mini-Mental State Examination (p = .04) and logical memory scores (p = .04), and reducing
whole brain cortical atrophy (p,.05) compared to the control group. Low total cholesterol levels before the intervention
were associated with an improvement of logical memory scores (p,.05), and a higher level of brain-derived neurotrophic
factor was significantly related to improved ADAS-cog scores (p,.05).

Conclusions/Significance: The results suggested that an exercise intervention is beneficial for improving logical memory
and maintaining general cognitive function and reducing whole brain cortical atrophy in older adults with amnestic MCI.
Low total cholesterol and higher brain-derived neurotrophic factor may predict improvement of cognitive functions in older
adults with MCI. Further studies are required to determine the positive effects of exercise on cognitive function in older
adults with MCI.
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Introduction

Alzheimer’s disease (AD) places a considerable and increasing
burden on patients, caregivers and society. The number of older
adults living with AD is predicted to increase from the current 26.6
million to 106.2 million by 2050 globally. [1] The current standard
of care for mild to moderate AD involves treatment with
acetylcholinesterase inhibitors to improve cognitive function.
The N-methyl-d-aspartate antagonist memantine has also been
reported to improve cognitive function in patients with moderate
to severe AD. [2] While these drugs improve the symptoms of AD,

they do not have substantial disease-modifying effects. [3] Thus,
attempts have been made to identify individuals at increased risk
of AD, and to test interventions that might delay the progression of
prodromal symptoms of dementia.

An association has been proposed between regular participation
in physical activity, especially aerobic exercise, and a variety of
cognitive benefits. [4,5,6,7,8] Several meta-analyses have reported
that physical activity is associated with improvements in attention,
processing speed, and executive function in older adults with and
without cognitive impairments. [9,10,11] However, these studies
produced some inconsistent findings, with some reporting
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100	subjects	with	MCI	(50	aMCI)	mean	age,	75	years																															
90-min	x	2	days/week	for	6	months		

aerobic	exercise,	muscle	strength	training,	postural	balance	retraining,	dual-task	training		

The present results indicate that high serum BDNF levels have a
beneficial effect on general cognitive function in older adults with
MCI.

Limitations
The present study involved several limitations. The small

sample size should be addressed by replication with a larger group
of adults with MCI. Of the 135 potential subjects screened for
eligibility in our study, 35 were excluded for not meeting inclusion
criteria, refusal to participate, or medical reasons (Figure 1). This

Figure 2. Change in MTA-ERC and WBC volumes in response to the 6-month intervention. Abbreviations: MTA-ERC, medial temporal
areas including the entorhinal cortex; WBC, whole brain cortices. Left panel shows change in MTA-ERC and WBC volumes before and after the 6-
month intervention. Solid and dashed lines indicate the exercise and control groups, respectively. Group mean differences and standard errors for
MTA-ERC and WBC atrophy are shown in panels A and B, respectively, for all subjects. Panels C and D show mean differences and standard errors for
MTA-ERC and WBC atrophy, respectively, for older adults with aMCI. The repeated-measures ANOVA revealed that there was a significant group 6
time interaction on WBC atrophy level (p,.05) in older adults with aMCI. Right panel shows typical images for VSRAD, indicated atrophy region, in
subjects with aMCI in the exercise and control groups. The upper panel shows WBC atrophy in a man (81 years old) with aMCI who completed the 6-
month exercise program. The rate of WBC atrophy decreased after the intervention (8.74% at baseline to 6.39% after the intervention). The lower
panel shows WBC atrophy of a man (80 years old) with aMCI in the control group. The rate of WBC atrophy increased after the 6-month intervention
period (7.19% at baseline to 10.48% after the intervention).
doi:10.1371/journal.pone.0061483.g002

Table 3. Predictors of Improvements in Cognitive Function.

ADAS-cog P WMS-LM I P WMS-LM II P

OR (95% CI) OR (95% CI) OR (95% CI)

Age, years 0.97 (0.91–1.05) .44 0.95 (0.89–1.03) .22 0.96 (0.90–1.04) .34

Sex, women/men 1.00 (0.35–2.82) 1.00 0.74 (0.26–2.13) .57 2.56 (0.85–7.66) .09

Educational level, years 0.85 (0.70–1.04) .11 0.93 (0.76–1.13) .45 1.01 (0.83–1.22) .96

Intervention, exercise group/control group 2.85 (1.10–7.37) .03 2.27 (.90–5.72) .08 1.98 (.77–5.12) .16

T-cho, mg/dl 1.00 (0.98–1.02) .96 0.98 (0.96–1.00) .02 0.99 (0.97–1.01) .18

HbA1c, % 0.53 (0.25–1.14) .10 1.20 (0.57–2.53) .64 0.61 (0.29–1.30) .20

BDNF, ng/ml 1.07 (1.02–1.13) .01 1.00 (0.95–1.05) .94 1.02 (0.97–1.08) .39

VEGFR1, pg/ml 0.99 (0.97–1.01) .39 0.99 (0.96–1.01) .32 1.00 (0.98–1.03) .74

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; ADAS-cog, Alzheimer’s Disease Assessment Scale-cognitive subscale; WMS, Wechsler Memory Scale; T
cho, total cholesterol; HbA1c, hemoglobin A1c; BDNF, brain-derived neurotrophic factor (BDNF); VEGFR1, vascular endothelial growth factor receptor 1.
Missing values: ADAS-cog (n = 10), WMS-LM I (n = 9), WMS-LM II (n = 9)
doi:10.1371/journal.pone.0061483.t003

Effects of Exercise in Older Adults with MCI
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Exercise	improved	logical	memory	and	maintaining	general	cogni%ve	func%on	and		
reducing	whole	brain	cor%cal	atrophy	in	older	adults	with	amnes%c	MCI	

PLoS	ONE	2013;8:e61483.	
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TO THE EDITOR
Cognitive decline is a pressing health care issue. Worldwide, one new case of dementia is 
detected every seven seconds 1. Mild cognitive impairment – a well recognized risk factor 
for dementia 2 – represents a critical window of opportunity for intervening and altering the 
trajectory of cognitive decline in seniors.

Exercise is a promising strategy for combating cognitive decline. Both aerobic training and 
resistance training enhance cognitive performance and functional plasticity in healthy 
community-dwelling seniors 3–5 and those with mild cognitive impairment 6. However, no 
intervention study has compared the efficacy of both types of exercise on cognitive function 
and functional brain plasticity in seniors with mild cognitive impairment. Understanding this 
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•  86	MCI	aged	70–80	years			 	 	 		

•  Exercise	60	min	x	2	days/week	for	26	weeks		

1.  Resistance	training	(RT;	n=28)		

2.  Aerobic	training	(AT;	n=30)		

3.  Balance	and	tone	training	(control)	(BAT;	n=28)	

•  Compared	with	BAT,	RT	group	significantly	improved	on	the	
Stroop	Test	(p=0.04)	and	associa%ve	memory	task	(p=0.03)	

•  Twice-weekly	resistance	training	is	a	promising	strategy	to	
alter	the	trajectory	of	cogni%ve	decline	in	seniors	with	MCI.		



Cogni%ve	Interven%on	

•  Cogni%ve	s%mula%on	(CS)	
–  social	and	cogni%ve	ac%vi%es	to	s%mulate	mul%ple	cogni%ve	
domains	

•  Cogni%ve	training	(CT)		
–  repeated	prac%ce	of	standardized	tasks	targe%ng	a	specific	
cogni%ve	func%on	

•  Cogni%ve	rehabilita%on	(CR)	
–  takes	a	person-centred	approach	
–  target	impaired	func%on	ac%vity	planning	
–  training	in	self-asser%veness,	stress	management,	relaxa%on	
techniques		

–  the	use	of	external	memory	aids,	memory	training	



Cogni%ve	interven%on	in	MCI		
•  There	is	insufficient	evidence	to	support	or	refute	the	use	of	

any	individual	cogni%ve	interven%on	strategy		
•  Cogni%ve	interven%ons	may	improve	select	measures	of	

cogni%ve	func%on	
–  improvements	in	strategy	knowledge,	internal	strategy	use,	and	well-

being	but	not	external	strategy	or	memory	(Kinsella	2016e25)	
–  improvement	on	mul%ple	cogni%ve	measures	(Tsolaki	2011)	
–  improvement	on	the	MMSE	but	with	some	limita%ons	(Nakatsuka	

2015)	
–  improvements	in	the	integrated	cogni%ve–physical	training	groups	

when	considering	the	ADAS-	Cog,	fluency,	and	recall	in	pa%ents	with	
single-domain	MCI	and	fluency	in	pa%ents	with	mul%domain	MCI	but	
no	differences	when	all	pa%ents	with	MCI	are	considered	(Lam	2015)		

Neurology®	2018;90:126-135	





Greece,	southern	
Italy,	France,	and	
Spain.	



Associa%on	of	Mediterranean	Diet	with	Mild	Cogni%ve	
Impairment	and	Alzheimer’s	Disease:	A	Systema%c	Review	

and	Meta-Analysis		

Journal	of	Alzheimer’s	Disease	39	(2014)	271–282	
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Fig. 2. Summary of adherence to the Mediterranean diet and risk of mild cognitive impairment among cognitively normal individuals at baseline.

of follow-up. We did not observe any difference in
the results for the high versus low MeDi score group.
However, the results for the middle versus low MeDi
score became only borderline significant for a) overall
cognitive impairment (HR = 0.84, 95% CI = 0.71–1.00;
p = 0.05) and b) remained non-significant for MeDi
diet and risk of AD in cognitively normal individ-
uals at baseline (HR = 0.98, 95% CI = 0.74, 1.30;
p = 0.90, I2 = 0%). Thus, inclusion of this paper in the
main analysis would not have provided any additional
advantage.

Out of the five included studies, two [6, 12] of the
papers were from the same cohort, but with different
outcomes, which could result in overrepresentation of
the data from the same cohort. Therefore, we con-
ducted a sensitivity analysis by excluding the paper
with the smaller sample size [6]. After excluding this
paper, the overall neuroprotective effect of MeDi was
significant only for the highest MeDi tertile group
(adjusted HR = 0.67; 95% CI 0.51–0.88, p = 0.004),
but was non-significant for middle MeDi tertile group
(adjusted HR = 0.85; 95% CI, 0.67–1.07, p = 0.17) and

continuous MeDi score (adjusted HR = 0.94; 95% CI,
0.87–1.02, p = 0.12).

We did not observe significant heterogeneity for any
of the analyses. However, we conducted a pre-planned
sub-group analysis based on the location of the study
(Supplementary Table 1). For continuous MeDi scores,
there was no difference between the studies conducted
in the US (n = 3 studies; adjusted HR, 0.91; 95%
CI, 0.87–0.96) and non-US (n = 2 studies; adjusted
HR, 1.02; 95% CI, 0.89–1.17) (p value for difference
between the sub-groups = 0.13). There was no signifi-
cant difference in the cognitive impairment among the
US and non-US populations for middle and highest
MeDi tertiles in comparison to lowest MeDi tertile
(p = 0.52 and 0.61, respectively). Sub-group analysis
based on the pre-planned quality of studies could not
be conducted, as all the studies were of high quality.

DISCUSSION

This meta-analysis found that a higher adherence
to the MeDi is associated with a reduced risk of

Cogni%vely	normal	à	MCI		
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Fig. 3. Summary of adherence to the Mediterranean diet and risk of Alzheimer’s disease among cognitively normal individuals at baseline.

cognitive impairment, MCI, and AD, as well as the
transition from MCI to AD. The associations were
significant even for the sensitivity analysis. This study
suggests that there is evidence that MeDi may be neu-
roprotective for MCI and AD with higher adherence.
However, given the limited number of studies, the
results should be interpreted with caution. The find-
ings of our study are similar to a recently published
meta-analysis, which showed that adherence to MeDi
is associated with a reduced risk of stroke, depres-
sion, and cognitive impairment [32]. In the study by
Psaltopoulou and colleagues [32], the authors included
both the case-control and longitudinal studies, whereas
in this study, we have included only longitudinal stud-
ies. Another difference is in the inclusion criteria; we
have included longitudinal studies measuring MeDi
scores as continuous or tertile measures and reported
the results separately; whereas, Psaltopoulou et al. [32]
included studies measuring MeDi scores as tertile only.
Thus, we have included an additional study [13] in our
systematic review and meta-analysis. Furthermore, we
included studies using standard criteria to diagnose

MCI and AD, and did not include studies using the
Mini-Mental State Examination (MMSE) as a tool to
diagnose dementia (as this could lead to heterogene-
ity), whereas, Psaltopoulou et al. included studies using
MMSE as a tool to diagnose dementia.

It is hypothesized that a composite score such as
MeDi score would capture the possible additive and
interactive effects among the diet components [6, 12].
Although we did not find any heterogeneity in the
analysis, the components of the MeDi in western coun-
tries would be different from the traditional MeDi
diet, which has high components of olive oil [39].
This difference in the beneficial components of MeDi
could explain the difference in risk estimation among
the studies. Diet is variable across regions. Given the
methodology for computing the MeDi score, tertiles
may not mean the same thing across locations, cultures,
and populations. A low tertile in one group, for exam-
ple, the French (with less fats, probably more fruit and
vegetables, more wine), may be a high tertile in Min-
nesota (where there is more meat and potatoes, less
vegetables, more dairy). Thus, this could be a reason

Cogni%vely	normal	à	Alzheimer’s	disease		

Favours	high	Medi	 Favours	low	Medi	

Favours	high	Medi	 Favours	low	Medi	

High	adherence	vs	low	adherence	to	Mediterranean	diet	



Mediterranean	diet	and		
progression	from	MCI	to	AD			


Scarmeas	N,	et	al.	Arch	Neurol	2009;	66(2):	216-25	


Higher	adherence	to	
the	Mediterranean	diet	
is	associated	with	a	
trend	for	reduced	risk	
for	MCI	conversion	to	
AD.	



Non-pharmacological	treatment	
•  Exercise	

–  Exercise	training	(60-90	min	x	2	d/wk)	for	6	months	is	likely	to	
improve	cogni%ve	measures	

–  Exercise	also	has	general	health	benefits	and	generally	limited	risk		
•  Cogni%ve	interven%on	

–  Cogni%ve	interven%ons	may	be	beneficial	in	improving	measures	of	
cogni%ve	func%on.	

–  It	is	good	prac%ce	to	offer	non-medica%on	approaches	to	care.		

•  Mediterranean	diet	
–  Higher	adherence	to	the	Mediterranean	diet	is	associated	with	a	
reduced	risk	of	developing	MCI	and	AD,	and	a	reduced	risk	of	
progressing	from	MCI	to	AD	 	 	 	 	 	 	 		

	



Prac2cal	points	in	diagnosis	MCI	

•  Don’t	ignore	subjec%ve	cogni%ve	concerns		
•  Assess	for	objec%ve	cogni%ve	impairment	using	validated	tools		

•  Assess	for	func%onal	impairment	related	to	cogni%on	

•  Perform	clinical	assessment	for	diagnosis	of	MCI	and	evaluate	
for	MCI	risk	factors/causes	that	are	modifiable/treatable.	
–  Physical	examina%on,	inves%ga%on	(blood	test,	neuroimaging,…)			

•  There	are	no	accepted	biomarkers	for	clinical	use	in	MCI	
available	at	this	%me.	(only	for	research	purpose)	

•  Perform	serial	assessments	over	%me	to	monitor	for	changes	in	
cogni%ve	status	



•  Wean	pa%ents	from	medica%ons	that	can	contribute	to	
cogni%ve	impairment		

•  Treat	modifiable	risk	factors/	cardiovascular	risk	
factors	to	prevent	stroke	and	brain	injury		

•  Treat	treatable	causes			
–  OSA	
–  Depression,	anxiety,..	but	avoid	an%depressant	with	
an%cholinergic	property			

–  Other..	
•  Choose	not	to	offer	cholinesterase	inhibitors	or	other	
cogni%ve	enhancers	(off-label	prescrip%on	no	empirical	
evidence)		

Prac2cal	points	for	MCI	Management		



Prac2cal	points	for	MCI	Management		
•  Lifestyle	modifica%on		

–  Regular	exercise	(twice	per	week)	
–  Stop	smoking	
–  Avoid	heavy	alcohol	or	illicit	drug	use	
– Mediterranean	diet				
–  Cogni%ve	interven%ons	
–  Social	engagement	/	encourage	mental	ac%vity		

•  Pa%ent	educa%on		
–  No	pharmacologic	or	dietary	agents	currently	shown	to	have	
symptoma%c	cogni%ve	benefit	

–  Discuss	diagnosis	and	uncertain%es	regarding	prognosis		
–  Discuss	long-term	planning:	home	safety,	driving	safety,	
finances,	and	estate	planning.		



heps://www.helpguide.org/ar%cles/alzheimers-demen%a-aging/preven%ng-alzheimers-disease.htm	


