
1

Mild Cognitive Impairment:
The Current Status

Mild Cognitive Impairment:Mild Cognitive Impairment:
The Current StatusThe Current Status

Ronald C. Petersen, Ph.D., M.D.
Mayo Clinic College of Medicine

Rochester, MN

Updates on Dementia
Stanford University

June 4, 2008

Ronald C. Petersen, Ph.D., M.D.Ronald C. Petersen, Ph.D., M.D.
Mayo Clinic College of MedicineMayo Clinic College of Medicine

Rochester, MNRochester, MN

Updates on DementiaUpdates on Dementia
Stanford UniversityStanford University

June 4, 2008June 4, 2008

DisclosuresDisclosures

• Elan Pharmaceuticals:  Chair SMC
• GE Healthcare:  Consultant

• Elan Pharmaceuticals:  Chair SMC
• GE Healthcare:  Consultant

MILD COGNITIVE 
IMPAIRMENT

• Conceptual framework
• Epidemiology
• Clinical features
• Outcome
• Predictors
• Neuropathology
• Unresolved issues
• Clinical trials

MILD COGNITIVE 
IMPAIRMENT

• Conceptual framework
• Epidemiology
• Clinical features
• Outcome
• Predictors
• Neuropathology
• Unresolved issues
• Clinical trials

Prevalence of Mild, Moderate/Severe and Total 
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Mod/severeMod/severe

Delayed 
disease onset

Delayed 
disease onset

No therapeutic 
advances

No therapeutic 
advances

Delayed disease 
progression

Delayed disease 
progression

Both delayed 
disease onset and 
delayed disease 

progression

Both delayed 
disease onset and 
delayed disease 

progression

Sloane et al:  Ann Rev Pub Health 23:213, 2002Sloane et al:  Ann Rev Pub Health 23:213, 2002
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Cognitive ContinuumCognitive Continuum

Mild CognitiveMild Cognitive
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NormalNormal

Alzheimer's DiseaseAlzheimer's Disease
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Clinical Features

MILD COGNITIVE IMPAIRMENT
Original Criteria

• Memory complaint 
• Memory impaired for age
• Normal general cognitive function
• Normal activities of daily living
• Not demented

CaseCase
83 y/o Retired Priest

• Word finding 
difficulties

• Mild memory 
concerns

• ADL’s preserved
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83 Y/O PRIEST

• NEUROPSYCHOLOGY PROFILE
– VIQ 140
– PIQ 110
– FSIQ 129
– WORKING MEMORY 128
– VeMI 92
– ViMI 111

83 Y/O PRIEST

• LEARNING EFFIC 104
• DELAYED RECALL 71
• TRAILS A & B 50% ile
• BOSTON NAMING TEST 59/60
• FLUENCY 80% ile

34 months later
MILD COGNITIVE IMPAIRMENT

Original Criteria

• Memory complaint 
• Memory impaired for age
• Normal general cognitive function
• Normal activities of daily living
• Not demented

CP1186552-7
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Mild Cognitive Impairment

MCI MCI → → AD 12%/yrAD 12%/yr Control Control → → AD 1AD 1--2%/yr2%/yr

Petersen RC et al: Arch Neurol 56:303Petersen RC et al: Arch Neurol 56:303--308, 1999308, 1999
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MCI StudiesMCI StudiesMCI Studies

16.3%16.3%

----

24.0%24.0%

15.0%15.0%

16.1%16.1%

19.3%19.3%

MCI MCI 
PrevalencePrevalence

(10%)(10%)7070--898919691969MayoMayo

18.3%18.3%65+65+206206Cache Cache 
CountyCounty

19.5%/10.7%19.5%/10.7%7575--7676581581ViennaVienna

----6767960960IndiaIndia

13.6%13.6%6565--848428302830ItalyItaly

8.7%8.7%75+75+980980LeipzigLeipzig

Progression Progression 
RateRate

AgeAgeNumber of Number of 
SubjectsSubjects

StudyStudy

MILD COGNITIVE 
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MILD COGNITIVE IMPAIRMENT
Predictors of Outcome

• Apo-E Status
+E4

• Clinical severity
• Hippocampal volumes
• ? FDG-PET
• ? CSF Biomarkers
• ? Amyloid imaging
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MCI: Conversion to Dementia
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Hippocampus & ERC volume 
Measurement - tracing

Atrophy and AD StageAtrophy and AD Stage

Control, 70 F MCI, 72 F AD, 74 F
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Scan 
1

Scan 
2

Boundary Boundary 
Shift Shift 

IntegralIntegral New Neuroimaging Research

Voxel-based Morphometry

VBM VBM 
Normal(43) Normal(43) 

vs vs 
AD (51)AD (51)

ADaMCI

n=88 n=51

VBM
Whitwell

MCI Converter vs NonMCI Converter vs Non--ConverterConverter

0

8
T score

L R 0

8
T score

L R

VoxelVoxel--wise methods capture time dependent wise methods capture time dependent 
progression from aMCI to AD  progression from aMCI to AD  n = 33n = 33

MCI
3 years before conversion to AD

MCI
1 year before conversion to AD

AD
At time of conversion to AD

L R RL RL

3D Maps from Multiple MRI Illustrate Changing Atrophy Patterns as Subjects 
Progress from MCI to AD Whitwell, Jack,  Brain 2007
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NCI MCI mADNCI MCI mAD

Synapse Number and Volume Loss in CA1 in MCISynapse Number and Volume Loss in CA1 in MCI

Scheff et al:  Neurol 68:1501, 2007Scheff et al:  Neurol 68:1501, 2007
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Molecular Neuroimaging

In vivo Amyloid Imaging with
Pittsburgh Compound B (PIB)

N

S
NH11CH3

HO

PET Imaging -
[11C]6-OH-BTA-1 (PIB)

N

S
N

CH3

CH3

H3C

CH

+

6 1
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Amyloid Plaques

FDG and PIB in Aging and AD

AD -FDG

AD-PIB

Normal 
Control -
PIB

PIB in Controls, MCI, AD
Chet Mathis, U Pittsburgh

Some MCI’s have control-like PIB retention, some have 
AD-like retention, and some have intermediate retention

Price et al., JCBFM 2005
Lopresti et al., J Nucl Med,  in press

02-310-847 06-209-892

3

2.5

2

1.5

1

0.5

0

PIB IdealizedPIB Idealized

aMCI AD

00-863-895

CN



9

02-155-940 02-310-847 06-209-892

3

2.5

2

1.5

1

0.5

0

PIB Examples PIB Examples –– full spectrumfull spectrum
L

ow
H

ig
h

CN aMCI AD

00-863-895 01-873-114

CN aMCI
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Hansson et al:  Lancet Neurol 5:228, 2006Hansson et al:  Lancet Neurol 5:228, 2006
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MonthsMonths

Normal CSFNormal CSF

Pathological CSFPathological CSF

Progression to AD from MCIProgression to AD from MCI Progression Normal to MCI
CSF Ratio

Progression Normal to MCI
CSF Ratio

Li et al:  Neurol 69:631, 2007Li et al:  Neurol 69:631, 2007
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ADNIADNI

•• Observational study of imaging and Observational study of imaging and 
biomarkersbiomarkers

•• NormalsNormals = 200= 200
•• MCI = 400MCI = 400
•• AD = 200AD = 200

•• MRI, FDG PET, MRI, FDG PET, PiBPiB, CSF, biomarkers, CSF, biomarkers
•• 3 years3 years

ADNI DemographicsADNI Demographics

CP1307278-1

Normal controls MCI AD
(n=229) (n=398) (n=192) P

Age, mean (SD) 76.4 (5.0) 75.3 (7.5) 75.8 (7.4) 0.15

Female (%) 48.0 35.4 47.4 0.002

Years of education, 15.6 (3.1) 16.0 (2.9) 14.7 (3.1) <0.001
mean (SD)

Apolipoprotein E e4: 26.6 53.5 65.6 <0.001
Positive (%)
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ADNI Cognitive FunctionADNI Cognitive Function
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Normal MCI AD
(n=229) (n=398) (n=192)

Estimated premorbid 119.8 (9.0) 116.2 (9.7) 113.6 (9.9)
verbal IQ
Memory

Auditory verbal learning
Trials 1-5 correct 43.3 (9.09) 30.7 (9.03) 23.2 (7.70)
Delayed recall (%) 65.8 (27.6) 32.1 (31.4) 11.3 (21.9)

Language
Boston Naming 27.9 (2.3) 25.5 (4.1) 22.3 (6.2)
Category fluency total 34.6 (8.1) 26.7 (7.5) 20.3 (7.5)

Executive function
Trail A time 36.5 (13.2) 44.8 (22.8) 68.2 (36.8)
Trail B time 89.2 (44.3) 130.5 (73.5) 199.6 (86.8)
Digit symbol correct  45.7 (10.2) 36.9 (11.1) 26.7 (12.9)

Visuospatial ability
Clock draw:  Copy 4.86 (0.43) 4.65 (0.68) 4.31 (1.00)

Attention
Digit span:  Forward 8.78 (1.99) 8.22 (2.01) 7.54 (1.94)
Digit span:  Backward 7.21 (2.16) 6.17 (2.2) 4.96 (1.83)
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ADAS-Cog Annual ChangeADAS-Cog Annual Change

CP1307278-7

NC MCI AD

-10

0

10

20

30

NC MCI AD

AVLT Learning Over TrialsAVLT Learning Over Trials

CP1307278-9

N
eu

ro
ba

t
N

eu
ro

ba
t

10

20

30

40

70

50

60

AVLT Learning Over TrialsAVLT Learning Over Trials

CP1307278-10

TimeTime

MCIMCI

N
eu

ro
ba

t
N

eu
ro

ba
t

TimeTime

NCNC

N
eu

ro
ba

t
N

eu
ro

ba
t

N
eu

ro
ba

t
N

eu
ro

ba
t

TimeTime

ADAD

0

10

20

30

40

50

60

70

0 4 8 12
0

10

20

30

40

50

60

70

0 4 8 12
0

10

20

30

40

50

60

70

0 4 8 12 NC MCI AD

AVLT Annual ChangeAVLT Annual Change

CP1307278-12

-30

-20

-10

20

0

10

Diagnostic ConversionsDiagnostic Conversions

CP1307278-18

NL
198
NL
198

MCI
302
MCI
302

AD
142
AD
142

Normal → MCI 2%Normal → MCI 2%

MCI → AD 18%MCI → AD 18%

194194 241241 140140

2277

44 5454

Amnestic MCI
Baseline Data
Amnestic MCI
Baseline Data

CP1309880-2

ADCS ADNI UDS MCSA

No.

Age

Educ

MMSE

CDR, SoB

ADAS-Cog

ADCS ADNI UDS MCSA

No.

Age

Educ

MMSE

CDR, SoB

ADAS-Cog

259 398 2,128 241259 398 2,128 241

72.9 (7.6) 75.3 (7.5) 76.1 (9.6) 82.0 (5.2)72.9 (7.6) 75.3 (7.5) 76.1 (9.6) 82.0 (5.2)

14.7 (3.1) 16.0 (2.9) 14.5 (3.5) 13.1 (3.5)14.7 (3.1) 16.0 (2.9) 14.5 (3.5) 13.1 (3.5)

27.3 (1.8) 27.0 (1.8) 26.9 (2.7) 25.4 (2.5)27.3 (1.8) 27.0 (1.8) 26.9 (2.7) 25.4 (2.5)

1.9 (0.8) 1.6 (0.9) 1.4 (1.2) 0.9 (1.0)1.9 (0.8) 1.6 (0.9) 1.4 (1.2) 0.9 (1.0)

11.0 (4.2) 11.5 (4.4) – –11.0 (4.2) 11.5 (4.4) – –
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Amnestic MCI
First 12-Month Change

Amnestic MCI
First 12-Month Change
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ADCS ADNI UDS MCSA

MMSE

CDR, SoB

ADA-Cog

ADCS ADNI UDS MCSA

MMSE

CDR, SoB

ADA-Cog

-0.8 (2.3) -1.0 (2.0) -0.6 (2.8) -0.1 (3.1)-0.8 (2.3) -1.0 (2.0) -0.6 (2.8) -0.1 (3.1)

+0.4 (1.3) +0.7 (1.3) +0.5 (1.4) +0.4 (1.1)+0.4 (1.3) +0.7 (1.3) +0.5 (1.4) +0.4 (1.1)

+0.6 (4.1) +1.0 (4.5) – –+0.6 (4.1) +1.0 (4.5) – –

Breadth of MCI Research

• Epidemiology
• Clinical
• Imaging
• Biomarkers
• Mechanism of disease
• Neuropathology
• Clinical trials
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Practice Parameter:  Early Detection of 
Dementia:  Mild Cognitive Impairment 

(an Evidence-Based Review)
Report of the Quality Standards Subcommittee 

of the AmericanAcademy of Neurology
Ronald C. Petersen, PhD, MD; J. C. Stevens, MD;

M. Ganguli, MD, MPH; E. G. Tangalos, MD;
J. L. Cummings, MD; and S. T. DeKosky, MD
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AAN PRACTICE PARAMETER
DETECTION SUMMARY
RECOMMENDATIONS

• GUIDELINE
– PATIENTS WITH A MILD COGNITIVE 

IMPAIRMENT SHOULD BE 
RECOGNIZED AND MONITORED FOR A 
COGNITIVE AND FUNCTIONAL 
DECLINE DUE TO THEIR INCREASED 
RISK FOR SUBSEQUENT DEMENTIA
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CP1266212-9

Petersen and O’Brien:  J Geriat Psych and Neurol 19:147, 2006Petersen and O’Brien:  J Geriat Psych and Neurol 19:147, 2006

So, is MCI too late?So, is MCI too late?

CP1307284-1

Jagust: Neurol 70:502, 2008Jagust: Neurol 70:502, 2008

NIA-REAGANNIANIA--REAGANREAGAN
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MCI SUMMARY

• USEFUL CONCEPT
• CRITERIA AVAILABLE

– CLINICIAN INVOLVED
– ALOGORITHM

• OUTCOME DEPENDENT
• NEUROPATH TRANSITIONAL
• CLINICAL TRIALS FEASIBLE

MAYO ALZHEIMER’S DISEASE RESEARCH 
CENTER

• Rochester
– Brad Boeve
– David Knopman
– Eric Tangalos
– Joe Parisi
– Cliff Jack
– Walter Rocca
– Bob Ivnik
– Glenn Smith
– Rosebud Roberts
– Shane Pankratz
– Yonas Geda

• Jacksonville
– Steve Younkin
– Dennis Dickson
– Neill Graff-Radford
– Shu-Hui Yen
– Todd Golde
– Mike Hutton
– John Lucas
– Tanis Ferman
– Floyd Willis


