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Natural History of AlzheimerNatural History of Alzheimer’’s Diseases Disease

1 2 3 4 5 6 7 8 9

0

5

1
0

1
5

2
0

2
5

3
0

Time (Years)

Isolated Amnesia

Diagnosis

Loss of Functional Independence

Behavioral Problems

Nursing Home Placement

Death

M
in

i-
M

en
ta

l S
ta

te
E

xa
m

in
at

io
n

 (
M

M
S

E
)

Prodromal Mild-to-
Moderate

Severe

Modified from: Small GW, Rabins PV, Barry PP, et al. JAMA. 1997(Oct 22-29);278(16):1363-1371



Cascade ofCascade of
Pathophysiologies Pathophysiologies in ADin AD

Amyloid deposition

      Abnormal phosphorylation of tau

            Cholinergic loss

                  Inflammation

                        Free radical toxicity

                              Calcium homeostasis

                                    Synaptic loss 

                                          Neuronal loss

                                                Norepinephrine loss

                                                      Serotonin loss                            
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Braak Staging

Braak H, Braak E. Acta Neurologica Scandinavica Supplementum, 1996



Braak Staging 
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  NCI     MCI    AD
NIA-Reagan Diagnosis

(1) High Likelihood of AD 1 (3%) 2 (11.2%) 2 (14.2%)
(2) Intermediate Likelihood 7 (27%) 8 (44.4%) 6 (42.9%)
(3) Low Likelihood 12 (62%) 8 (44.4%) 6 (42.9%)
(4) Not AD 2 (8%) 0 0

Ratio ChAT / NIA-Reagan
Mean ± STD 1.29 ± 1.00 2.98 ± 2.87* 1.24 ± 0.86

*p = 0.01

     Thus: ChAT levels are HIGHEST in MCI, and there is no difference in 
pathology of MCI and AD

ROS Clinical Diagnostic Group:

Neuropathological Diagnoses and Hippocampal
ChAT Activity in NCI, MCI, & AD

DeKosky et al., 2002



Mild Cognitive Impairment (MCI)



WhatWhat’’s in a name?s in a name?
nn Many names for cognitive impairment in later life,Many names for cognitive impairment in later life,

depending on the country, the definition, thedepending on the country, the definition, the
possible pathobiology, and other factors.possible pathobiology, and other factors.

nn AACDAACD Age-Associated Cognitive DeclineAge-Associated Cognitive Decline
nn AAMIAAMI Aged Associated Memory ImpairmentAged Associated Memory Impairment
nn ARCDARCD Age-Related Cognitive DeclineAge-Related Cognitive Decline
nn CIND CIND Cognitive Decline, Not DementedCognitive Decline, Not Demented
nn MCIMCI Mild Cognitive ImpairmentMild Cognitive Impairment
nn PDPPDP Possible Dementia Prodrome (CERAD)Possible Dementia Prodrome (CERAD)
nn VCIVCI Vascular Cognitive ImpairmentVascular Cognitive Impairment
nn PIDPID Possible Incipient DementiaPossible Incipient Dementia



Prevalence of MCI and Related ConceptsPrevalence of MCI and Related Concepts

nn Cognitive Impairment No Dementia (CIND)Cognitive Impairment No Dementia (CIND)
nn 1,800 (Canadian) community cases: 16.8%1,800 (Canadian) community cases: 16.8%

have CIND,  8% dementia, 5.3% have CIND,  8% dementia, 5.3% ““circumscribedcircumscribed
memory lossmemory loss””11

nn Age-Associated Memory Impairment (AAMI)Age-Associated Memory Impairment (AAMI)
nn 202 Germans ages 60-64: 13.5% AAMI,202 Germans ages 60-64: 13.5% AAMI,

6.5% Age-Consistent Memory Impairment (ACMI),6.5% Age-Consistent Memory Impairment (ACMI),
23.5% Age-Associated Cognitive Decline,23.5% Age-Associated Cognitive Decline,
1.5% Late-Life Forgetfulness (LLF)1.5% Late-Life Forgetfulness (LLF)22

1Graham JE, Rockwood K, Beattie BL, et al. Lancet 1997(June 21):349(9068):1793-1796
2Kratz B, Schroder J, Pantel J, et al. Nervenarzt. 1998(Nov);69(11):975-982



Prevalence of MCI and RelatedPrevalence of MCI and Related
ConceptsConcepts

nn AAMI: 1,049 cases age 60-78 in Finland:AAMI: 1,049 cases age 60-78 in Finland:
53.8% have AAMI53.8% have AAMI

nn AAMI, ACMI and LLF: 523 cases ages 55 toAAMI, ACMI and LLF: 523 cases ages 55 to
98,  overall AAMI rate of 50%, ACMI rate =98,  overall AAMI rate of 50%, ACMI rate =
15.3%,  LLF rate = 3.3%15.3%,  LLF rate = 3.3%

Koivisto K, Reini Kainen KJ, Hanninen T, et al. Neurology. 1995(April);45(4):741-747
Smith G, Ivnik RJ, Peterson RC, et al. Psychol Aging. 1999(Dec);6(4):551-8



MCI may herald many diseasesMCI may herald many diseases

nn AlzheimerAlzheimer’’s Diseases Disease
nn Frontotemporal DementiasFrontotemporal Dementias
nn Focal Cortical Degenerations (PPA, etc.)Focal Cortical Degenerations (PPA, etc.)
nn Vascular dementiaVascular dementia

nn If MCI is to be useful in categorization ofIf MCI is to be useful in categorization of
subjects for subjects for interventionalinterventional studies, it must be studies, it must be
validated as specific for a disease or group ofvalidated as specific for a disease or group of
known responsive diseasesknown responsive diseases



The Continuum of CognitiveThe Continuum of Cognitive
Changes in AgingChanges in Aging

NormalNormal MCIMCI DementiaDementia

ReversibleReversible
(transient(transient
Illness,Illness,
Effort, etc.)Effort, etc.)

DepressionDepressionPhysical Illness/Physical Illness/
Co-morbiditiesCo-morbidities

Medication effectsMedication effects

IncipientIncipient
DementiaDementia

How should the categorizations be made?How should the categorizations be made?
What is the pathology at each stage?What is the pathology at each stage?

CINDCIND



 MCI Defined MCI Defined

nn Memory complaintMemory complaint

nn Objective neuropsychological memoryObjective neuropsychological memory
assessment showing dysfunctionassessment showing dysfunction

nn No impairment in daily living skillsNo impairment in daily living skills

nn If memory impairment is not present, 1If memory impairment is not present, 1
other cognitive domain shows dysfunctionother cognitive domain shows dysfunction



Mild CognitiveMild Cognitive
Impairment:Impairment:

nn TwoTwo  definitions of MCIdefinitions of MCI

nn ““MCI-amnesticMCI-amnestic””::
nn ((essentially) Isolated amnestic disorder (essentially) Isolated amnestic disorder (““PetersenPetersen””) ) 

or CDR 0.5; (or CDR 0.5; (““MorrisMorris””))

nn ““MCI-otherMCI-other””  [[““MCI Multiple CognitiveMCI Multiple Cognitive
DomainsDomains””]:]:
nn   deficits in two or more areas of cognition > 1.5 standarddeficits in two or more areas of cognition > 1.5 standard

deviations below the mean,controlling for age and educationdeviations below the mean,controlling for age and education
nn Recent memory function usually declined, but does not crossRecent memory function usually declined, but does not cross

threshold before other domains failthreshold before other domains fail



Mild Cognitive
Impairment

(“Petersen Criteria”)

• Memory complaint
• Memory impairment
• Normal general cognitive function
• Normal daily function
• Does not have Alzheimer’s disease
• Requires “clinical judgment” 

of the clinician



Clinical Profile of Amnestic MCI
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Conversion from MCI or ? Dementia to ADConversion from MCI or ? Dementia to AD

nn Author         YearAuthor         Year LocationLocation CriteriaCriteria Yrs Fol.    ConversionYrs Fol.    Conversion
                                                                                                                                                                                                                          rate/yr                  rate/yr

nn Flicker          Flicker          19911991 NYNY                 GDS 3GDS 3                  2           2               25         25
nn Tierney         Tierney         1996   1996   Toronto        Toronto          MemMem imp                 2                12 imp                 2                12
nn Bowen          Bowen          1997   1997   SeattleSeattle                 Isolated Isolated memmem       4                12      4                12
nn DevenandDevenand        1997  1997  NYCNYC                 ? Dementia? Dementia       3                15      3                15
nn GeerlingsGeerlings          1999   1999   Amsterdam   Amsterdam   MemMem imp imp       3                12      3                12
nn Petersen      Petersen      1999   1999   MayoMayo                 MCIMCI                   4                12      4                12
nn DalyDaly           2000   2000   BostonBoston                 CDR 0.5     CDR 0.5           3                  6      3                  6
nn BennettBennett 2002   2002   ROSROS                 MCI                          4.5                8MCI                          4.5                8
nn LarrieuLarrieu 2002   2002   FranceFrance                 MCI           MCI                 5                  8      5                  8

From Thal, 2003



Conversion Rate of MCI-AmnesticConversion Rate of MCI-Amnestic
to Dementia (AD Cooperative Study)to Dementia (AD Cooperative Study)

MCI=mild cognitive impairment.
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MCI Protocol:  Conversion to ADMCI Protocol:  Conversion to AD
  (ADCS Trial)(ADCS Trial)
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CONVTIME
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MCI Protocol:  Conversion to AD by ApoE4
Status (ADCS Trial)
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Conversion to AD by Baseline HippocampalConversion to AD by Baseline Hippocampal
Volume Volume TertilesTertiles (ADCS Trial) (ADCS Trial)
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ADCS MCI TRIALADCS MCI TRIAL

nn 769 subjects 769 subjects baselinedbaselined

nn Conversion rate from MCI to AD is 12-15%Conversion rate from MCI to AD is 12-15%
per yearper year

nn Hippocampal volume at baseline is aHippocampal volume at baseline is a
strong predictor of rate of conversion tostrong predictor of rate of conversion to
ADAD

nn ApoE4 allele is a strong predictor ofApoE4 allele is a strong predictor of
conversion to ADconversion to AD



Problems with Mild CognitiveProblems with Mild Cognitive
ImpairmentImpairment

nn Non-specificNon-specific

nn Encourages generalization to a variety of lateEncourages generalization to a variety of late
life cognitive disturbanceslife cognitive disturbances

nn Always prompts the question: Always prompts the question: ““How did youHow did you
define MCI?define MCI?””



MCI can be a useful concept ifMCI can be a useful concept if
carefully definedcarefully defined

nn Can be a Can be a risk staterisk state for the development of for the development of
AlzheimerAlzheimer’’s disease or other dementiass disease or other dementias

nn AD and Vascular Cognitive Impairment areAD and Vascular Cognitive Impairment are
the greatest public health problemsthe greatest public health problems

nn AD and VCI have the most potentialAD and VCI have the most potential
interventionsinterventions

nn A major challenge will be distinguishingA major challenge will be distinguishing
them, especially earlythem, especially early

nn Desperately seeking biomarkersDesperately seeking biomarkers



Outcome MeasuresOutcome Measures

nn Clinical GlobalClinical Global
nn Cognitive TestingCognitive Testing
nn Function in ADLsFunction in ADLs
nn BehaviorBehavior
nn (Biomarkers -  Structural MRI, PET, A(Biomarkers -  Structural MRI, PET, A__ or or

Tau in CSF, ATau in CSF, A__ lead by PET) lead by PET)
nn (Conversion to AD)(Conversion to AD)



Delay to Diagnosis of MCI ParadigmDelay to Diagnosis of MCI Paradigm
It is unclear how mild cognitive impairment would be diagnosed byIt is unclear how mild cognitive impairment would be diagnosed by

the community physician, and whether such patients would be thethe community physician, and whether such patients would be the
same and respond similarly to those in clinical trialssame and respond similarly to those in clinical trials

nn MCI criteria in clinical trials contain subjective features, thatMCI criteria in clinical trials contain subjective features, that
depending on interpretation give widely varying conversiondepending on interpretation give widely varying conversion
rates (where are the cutoffs in cognitive testing, how muchrates (where are the cutoffs in cognitive testing, how much
dysfunction in ADLs is allowed?)dysfunction in ADLs is allowed?)

nn Likely to be very low conversion rates in first year in clinicalLikely to be very low conversion rates in first year in clinical
trials as truly borderline patients will be excludedtrials as truly borderline patients will be excluded

nn Conversion criteria from MCI to Dementia are not well definedConversion criteria from MCI to Dementia are not well defined
in the community and may differ between clinical trials.in the community and may differ between clinical trials.



SUMMARY OF MCISUMMARY OF MCI

nn MCI ~MCI ~ Remains controversial as a separableRemains controversial as a separable
entityentity

nn MCI ~MCI ~ (amnestic form) probably best look at as(amnestic form) probably best look at as
         prodromal AD or the earliest stage of AD         prodromal AD or the earliest stage of AD

nn MCI ~MCI ~ rate of conversion to AD is 10-12 %/yearrate of conversion to AD is 10-12 %/year

nn MCI ~MCI ~ predictors of early conversion arepredictors of early conversion are
APOE4 APOE4 genotypes and the hippocampalgenotypes and the hippocampal
atrophyatrophy

nn MCI ~MCI ~ No therapy known to halt conversionNo therapy known to halt conversion
nn MCI ~MCI ~ Biomarkers are all controversialBiomarkers are all controversial


