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An important scientific innovation rarely makes its
way gradually winning over and converting its
opponents...What does happen is that its opponents
gradually die out and the growing generation is
familiarized with the idea from the beginning.
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Francis Harry Compton Crick

1916 - 2004

Some scientists work so
hard there is no time left
for serious thinking.

What Mad Pursuit:
A Personal View of Science.
Basic Books, New York, 1988



In some sciences accurate measurement is possible
and important, in others it is difficult to find anything
to measure which appears to have a fundamental
bearing on the problem.

Sir George Thomson
The Inspiration of Science,

y& 1968
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The scientist is not a person who gives the right answers,
he's one who asks the right questions.

| Claude Lévi-Strauss
\ Le Cru et le cuit, 1964
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Obijectives:

> Review clinical data collection elements

»Review post-mortem data collection elements



Obijectives:

» Review clinical data collection elements
» Cognitive function tests
» Clinical diagnoses



The Rush Memory and Aging
Project: Study Design and Baseline
Characteristics of the Study Cohort

Baseline Foliow-Up Evaluations
Evaluation F/lU1 F/lU2

No
Cognitive
Impairment
(No Disease)

No
Disease ; Mild

Cognitive

e | Impairment
Incident AD

Document
Risk Factors

No Pathology Some Pathology More Pathology
Bennett DA, et al. Neuroepidemiology 2005;25:163-175.




Religious Orders Study: Participating Sites

rw-

S el d ‘e gy e
. =) B -

M- 0 e ANww Nt e
Pl ® g indis AT MTE Gk Sord Fada - otdeRouc s ML Soendated A ahd o
n-‘. " S, R Mors o Phacdom | i 9 ‘ Lakhs Dgpurnr s o ot
oo < bor . ww Roiiwnik 10 g Fom,  Dubsd A9 2\ 4
T SES o v ena favact® e e Mok N P vy
-l = . > ) Ll T bl ) ; - Y » . Ak Pl ®@ N L
- . . . ¥ i airn E - - .t .
‘ Nobin & . * Sl Basdd 4 . Miveagen L ;L0 L L Cetae o ‘Lm.fp‘
o “J _ - ) - . E ~ - : - > A A . » >
. - e . g : 4 i .."\ o —— P Groan ‘. Crurd ri{ s iy .:,0‘.‘,.. & s L rvends
Mk'. - . 3 oAl '- > s " ) ; el - -.‘.. ".'. ’IA~.)" ’(0 ..‘.“‘. ‘.‘ ?‘ - " \s' :: :
v O Lyides Vod it M Nads ! .-‘ ‘ y .
. o ! t‘.’ ‘nn rok
Yen S Lo U INTTE D STATES QL ’ ey
‘. 2 T e ."’t . - - - BT AR "y - .-’. -...‘ A Ao .?‘ LTy %o "-
e Ml T y . ead e . fe ".-'"".A. w
" J !y ‘e ® ..' - — - 0 me Mara UO.i' N 1o AP 4 .0‘ o {00 er (L sbaie
."w '.-o " Bady M I e o(;'-. . T Lirvedn, @ T *veboraned . o8 s g PUPIRE.
2l & BR. vttt Ve QNP ‘. g VeV Ve T T ) L =<7 . ; ‘A, )
e "rore ) " .I — vy L R . abas 4 g . - + M J‘)”‘
L SN L i . " @ o o cha? ® o Lo ’.R.Q ohr:- SO QWW..
Al - ' & ) . ’ » N > L S8 _
;'4 W 1 . ..~.‘.. :l. By s - " e Oy Comniily® ‘ ) . e m“n
hen® 'y ) . ) ' o Ly
Bt * Lt Ugu . . e ! & ..vvo . vt i
» L2 » ' ., - PR ' fa ..mr‘“Q, . . - ﬂv \Ae e . bldedh .,_‘.‘ Mare
Dot ®. Lo Aegudes YV L e : Pie | BUO bt x-. ' o -
C . ‘ .' ..‘O:'.. - B . S . as 9 "™ . » 22 b ‘n.. '-\A'..
L8 PUP) P L - o | b ™ yu— ﬂl'-. P o ke ¢ LYV, ‘ o (L eaogs o rrdie m
. 2R ad ’ o v -
‘“ M Frem s ".’ . . .','r'. "o . iy Ve LY O .& Nl - o .vv‘.,..? t‘v.
i g~ veo - .
Sy 16 e Cards s Lelbedy TROERS ' O et gh, SO SChaliie
SRR S < o 1S, O Twown . = bl Pt Bot sCule JICMIG® b« TCdNbR Csevranch  ATLANTIC O
. PN » R L LAl . » » Nivriny i . \‘b‘ -t
- - . "‘u‘..- . ' -~ . o
-/uo‘. § - “'_ e » » Ty g .'|, ; 70‘.-‘4...- M“'h
.- &'.“’ ’.l‘v'.' ?"‘ .“.A“ - . 2 '.l’."ﬂ
R M Com i oS foae "ﬁl“ﬁ O saen e ® o Duytina Bonh
", P -“:-‘*'-“F'. ’h “ .'t\v L Sace i Cﬂod&. at iy Toan Carde
) " Yo P L

, ' 1". L >Hn » ¢ '
. 9 - ' S Penband LU
>l phtgrks MEXICO o “opn Chad Swuaa® omm*

L et e , Lwedin Fr. MywtTape Cndd ® o Fon
k'r'.";,\‘. .;‘-;‘.7.' {...‘ w,io;tki(' “_.. " .t“" ,‘y‘ \...)‘.. "J..M
o N | .- t" '-7" L

. i ™ PRt Ty BT o et ot PDAMAVM AN



“Charer Fox L Hie % l; I cath P
- 2 ML&-_‘.«% “‘*‘q
Sl Mo TRy ey O i,
") YOS OCK
’
Bevvome 4. i 0t Cante
’%— 3 - -4 '0'
B o sl Crystl Lakie”  Jowr
o ldeonﬂu-c.“'""‘.\ '
b\n - a“ ! d - :
‘wﬁ.'-
» m‘ e
Oercon [ -.-,_"
~— O
..TI..
ot Sycarore 7 Bartiett
Kb L LINO
' .n-( | o OCaral o2
u RSy sUONed
ey O vt cvin
. g N E . L&d'- ’ p
g = LT e '
: Gy
et ¢ oS, gnlug
ARERock] Lol A0 .
mn:‘. % % “‘Iodt‘
Sanwich 0, 05 wempd
Letorel ™ o it Yorsvie 2
28 LASALLE = RENDALL Huvte

4@ ¥
shaeisen, Poreshiod &f"
Curvti e ion ©anrowolen ol it i . 3 .ﬂ e -

'S




Cost-Efficient Operation

»>2 300 participants

»Rolling admission with up to 15 years of data (1/94)
»> 15,000 detailed (~4 hr) clinical evaluations as home
visits across the US

»About $1000 per person per year

»Direct computer entry makes data rapidly available to study staff;
computer scores and summarizes cognitive tests for clinicians;
reduces training time

»Computer-based actuarial decision tree enhances uniformity of
diagnostic decisions across clinicians, time, and space

»No routine informant interviews

»No routine or special laboratory studies

»No routine neuroimaging

»No routine case conferences



Decision Rules Guiding the Clinical Diagnosis of
Alzheimer’s Disease in Two Community-Based

Cohort Studies Compared to Standard Practice
in a Clinic-Based Cohort Study

1. History of cognitive decline by structured interview with
participant

2. Education (not age) adjusted cutoff scores on 11 cognitive tests

3. Neuropsychologist rates impairment on five cognitive domains
(orientation, attention, memory, language, visuospatial ability)

4. Clinician assigns diagnoses of dementia and its principal causes
(e.g., AD, stroke, dementia due to stroke, PD)

5. MCI refers to persons with cognitive impairment who are not
demented

Bennett DA, et al. Neuroepidemiology 2006;27:169-76.



Memory complaints are related to

Alzheimer disease pathology in
older persons

1) How often do you have trouble remembering things, with
responses ranging from 5 = very often to 1 = never;
2) How 1s your memory compared to 10 years ago, with
responses ranging from 5 = much worse to 1 = much better.
Estimated
effect of AD P
Model term™ pathology SE Value

Model A: AD pathology 0.002

(.8
Model B: Adjustment for 0.¢ 26 0.003
depressive symptoms

Model C: Adjustment for 4 0.006
chronic health problems

Barnes LL, et al. Neurology. 2006;67:1581-5.



Natural history of mild cognitive
impairment in older persons

Bennett DA, et al. Neurology. 2000;59:198-205.



NEUROLOGISTS IMPRESSION OF CLINICAL EVALUATION DATA
[EXAMINER: REVIEW CLINICAL EVALUATION SUMMARY DATA PRIOR TO SEEING SUBJECT . )

Record whether subject asserts that (s)he has experienced loss of memory or other
cognitive function(s)

Yes

.

1
2. No

Rocord nunbor of [POSSIBLE, MILD, MODERATE or SEVERE] ifmpalired cognitive domains

{1 MO impaired or possible impaired (4. TRO impaired domains

: 3 domains (" S. THRREE Ampaired domalns
it 2 ONE or more possible impaired domains (6. FOUR inpaired domalns
| with ¥HO impaired domains (" 7. FIVE impaired domains

e 3. ONE impaired domain



Becord the presence of mesory impairment

. e ———————————————————— e ————————— —— I —

1 No moemory n-ndxa«-u'

' Posxible memory impalzment

HILD, HMODEEATE OR SEVERE momory
impalrmont

L [EXAMINER: BRENDER YOUR OPINION REGARDING COGNITIVE DECLINE AFTER REVIEWING THE
ICLINICAL EVALUATION SINALARY DATA AND SPEAKING WITH SUBJECT)

i

iB.w---l on review of all avallable data and your interaction with the subject in your
jopinion, has (s)he experienced a meaningtual decline in cogunitive function relative
to a previous level of performance?

il'; 1 Yes
!
:'v ;' ‘-'ll\'&i‘)ln-

:!-. | NO



For Dementia the algorithmic diagno

Do you agree with it?

For Alzheimer's disease: the algorithmic diagnosis is Possible

Do you agree with it?




SURMAORY OF ALL ALCORITHMIC DIAGHNOSES FOR: 72659872 Eval. Date: 12/18/2006

Disease Algorithmic Dx Do Agreed? Doc's Dx
1. Dementia Possible Yos Possible
2. AMlzheoimers Disease Possible Yos Possible
3. Parkinsonism Hot Present You NHot Present
4 Parkinzon's Disease Hot Present Yeu Hot Present
5% Stroke Hot Present Yos Hot Present
6. CI due to Stroke Hot Present Yos Hot Presont
7. Depression Possible You Possible
Cog. Impairment: One. Men Impairment: Definite. Popnt. evaluated Yes

Hit ENTER to go to comment scroen

SIEOARY OF ALL ALGORITHMIC DIAGHOSES FOR: 00000136 Eval. Date: 10/4/2007

Disecase Algorithmic Dx Doc Agreed? Doo s Dx
1. Dementia Possible Yos Possible
2. Alzheoimers Disease Possible Yas Possible
3. Parkinsonism Hot Present Yos Hot Presxent
4. Parkinson's Disease Hot Present Yos Hot Present
5. Stroke Hot Presaent Yos Hot Present
6. CI due to Stroke Hot Present Yox Hot Present
T Depression Hot Present Yeos Not Present

Cog. Impairment: Three Mom. Impairment: Definite. Popnt. evaluated: Yes

Hit ENTER to go to comment screen



For Dementia: the algorithmic diagnosis is Possible
Do you agree with it?

IF TWO COGNITIVE DOMAINS ARE IMPAIRED AND YOUR DIAGHOSIS DIFFERS FROM THE NEUROPSYCHOLOGISTS
DIAGNOSIS, PRESS CTRL Fd4 [COMMENT BOX] AND SPECIFY WHY YOUR DIAGNOSIS IS DIFFERENT

For Dementia, please enter yvour own diagnosis

For DEMENTTA:

The Algorithmic Diagnosis is: Possible

L8 """L'l;"lp"”"'m" Doctor's Diagnosis is: Probable
(o« 2 Probable
("3 rossible

o e Y g B PLEASE specify why your diagnosis is different.

SIMSMARY OF ALL ALCORITHMIC DIAGCNOSES FOR: 22865387 Eval. Date: 12/18/2006

Disease Algorithmic Dx Doc Agreed? Doc's Dx
1. Demeontia Possible Ho Probable
2. Alzheliners Disease Possible No Probable
3. Parkinzonism No Possible
§ Parkinson's Disease Ho Possible
5 Stroke Ho Not Presoent
6. CIl due 1o Stroke Poxsible No Hot Present
1. Depression Not Present Yes Not Present
Cog. Impairmont Two Mom. Impairmont Detfinite Pecpnt . evaluated: Yes

Hit ENTER to qo to comment screen




Decision Rules Guiding the Clinical Diagnosis of
Alzheimer’s Disease in Two Community-Based
Cohort Studies Compared to Standard Practice
in a Clinic-Based Cohort Study

'RADC | ROS/MAP
N 306 | 141

 CERAD | 94 = 92
'NIA-Reagan| .94 = .91

Bennett DA, et al. Neuroepidemiology 2006;27:169-76.



The Apolipoprotein E €4 Allele and Decline in
Different Cognitive Systems During a 6-Year Period
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Wilson RS, et al. Arch Neurol 2002;59:1154-1160.



Natural history of mild cognitive
impairment in older persons

Bennett DA, et al. Neurology.
2000;59:198-205.
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Natural history of mild cognitive

impairment in older persons

1.0

0.8-
S 0.6-
£
»n 0.4- No CI

0.2- MCI RR: 1.7

95% CI: 1.2-2.5
0.0- | | |
0 2 4 6

Time (Years)

Bennett DA, et al. Neurology. 2002;59:198-205.



Natural history of mild cognitive

impairment in older persons
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z 0 No CI
'.55 0.2 - MCl RR: 3.1
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Bennett DA, et al. Neurology. 2002;59:198-205.



The apolipoprotein E €4 allele and incident Alzheimer’s disease

in person’s with mild cognitive impairment

1.07 With ApoE4

No ApoE4
0.8

0.6-

0.41

0.2- RR: 1.62
95% CI: 1.02-2.63

Cumulative Hazard of AD

0.0-

Time (Years)

Aggarwal NT, et al. Neurocase. 2005;11:3-7.



Individual Differences in Rates of Change in Cognitive
Abilities of Older Persons
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Individual Differences in Rates of Change in Cognitive

Abilities of Older Persons

Wilson RS, et al.



Individual Differences in Rates of Change in Cognitive
Abilities of Older Persons

Wilson RS, et al. Psych & Aging 2002;17:179-193.



Individual Differences in Rates of Change in Cognitive

Abilities of Older Persons

Vardet o Varscpa™
- - -

Vo

Wilson RS, et al. Psych & Aging 2002;17:179-193.



The Apolipoprotein E €4 Allele and Decline in
Different Cognitive Systems During a 6-Year Period

Wilson RS, et al. Arch Neurol
2002:59:1154-1160.



The Apolipoprotein E €4 Allele and Decline in
Different Cognitive Systems During a 6-Year Period
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The apolipoprotein E €2 allele and decline in episodic
memory

Wilson RS, et al. JINNP 2002;73:672-677.



Mild cognitive impairment in different functional domains
and incident Alzheimer’s disease

Amnestic MCI

Non-amnestic MCI

Aggarwal NT, et al. JINNP 2005;76;1479-1484.



Assessment of Cognitive Decline in
Old Age with Brief Tests Amenable to
Telephone Administration

NO dementia Dementia Hypothesized
(mean £ SD)  (mean £ SD) cogmtive domain

Immediate story V.72 1.8 Ik epi1sodic memon
Delaved stony 9.3%2 % 3 epsodic memonry
Anmamal Huency ' : - 3 SCIANIC MEMOn
Frunt/veg. Hluency A4x4) Memory
Dagits Forward .3220 ! . Nemon
Digits Backward .3 s ' ' mcmory
Dagit Ordening %26 : : memon

Model term i Mean F value p value
square

Group , 8 0.13 0.09 0.761
Test occasion ‘ 0.08 0.69 0.496
Group X test occasion 0.03 0.24 0.774

Wilson RS, et al. Neuroepi 2005;25:19-25.




Assessment of Cognitive Decline in
Old Age with Brief Tests Amenable to
Telephone Administration

Outoome measure Model 1erm Estimate

Episodsc memors Lime 0O
A\POF 24 D063
APOF g4 ¥ time O07

iime
\POE 24
A\POEed x 1

Working memon time
\POE
APOF ¢
iime
APOFE 24
APOE 24 »

Data rom mixed models adwsted for age

Wilson RS, et al. Neuroepi 2005;25:19-25.
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Obijectives:

»Review post-mortem data collection elements
»AD pathology
»Cerebrovascular disease
»Lewy body disease






Apolipoprotein E €4 allele, AD pathology,
and the clinical expression of

Alzheimer’s disease

.I'([,'Il 1 ‘r - \I') "‘,l“a' O AN of 'he r 1AL ¢ “““',' and af ," '-.'."»["].'U'{fv'_" e s o « ach of .a'I‘J ‘|.| ’,._‘7,,

Frontal seuriti |nl.c«|l.c'-. 9.55 11.47 .51 () =5 1.03

Tet iporal seuritic ]:"ll;l:ow | LLELS 12.564 et .52 LY 0-7.24
Parwtal neuritic plagquos 930 10.25 IR 3L .93 1.03 04 .91
Entorhina neurti PR e AN ' hl) oS ) TR 1 03 0.6 10
Frontal diffuse plaque 23 80 27.90 019 (.90 1,03 07,29
Temporal dffuse plagues 25 80 2504 O-134 1 05 1.02 U-5.099
Pariedal Aot lll.ull;v-. 1905 .23 U122 .55 1.02 U-5.62
"'I‘.o-!l ina diffuse 'II'IIEHD" 12403 11.13 O34 1 0% [ L) U391
Frontal neurofibeillary tangios 1M Lo D2 044 1.4 L S
Tu:-;--r'l surofibnlnry tanglh > .45 LN R NS X d 55
Parweal neurofibrillary tangle ° A% Das 0-34 049 1.4 0675
Entorhinal peumfibeillary tangles 1667 1547 0-i3 1.O% 1.0] U—t. 54

Bennett DA, et al. Neurology 2003;60:246-253



Mild cognitive impairment is related to
Alzheimer disease pathology and
cerebral infarctions

Charsctoristcs NCI MO Dementin Total

n 6o 37 83 150

{ 00 ) By 44

leas td h, ¥ (SD ! [ &% 05 ¢ = & ¢

| i wn, v {(SD 5 ! 5 \ \ 5.1

lean MMSE (5D 52014 26 f

Global cognitive score (5D 0061042 0521041 1L.79(0.97) 09114111

Interval, mo (SD ) . { |
Patholog

AD pa measul [ 0 0.40 0 )54 1 ) 08204

Neuritic plagues (SD 0.44 (057 059080 1 28 (0.99) 086 (10 88

DifMase plagues (SD 0.64 (0.69 091074 1 24 (0,90 097 (0.85)

Neurafibrillary tangles (51 0261027 050058 094 (0% D62 (0.8

Macroscopic infarctions, % 22 i) Se.4 45 .58

Bennett DA, et al. Neurology 2005;64:834-842.



Neurofibrillary Tangles Mediate the Association
of Amyloid Load With Clinical Alzheimer Disease
and Level of Cognitive Function

Bennett DA, et al. Arch Neurol 61:378-384
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The relationship between cerebral Alzheimer’s disease
pathology and odour identification in old age

anterior cingulate cortex (Brodmann area (BA) 24)
dorsal lateral prefrontal cortex (BA 46/9) . _
superior frontal cortex (BA 6/8) hippocampus (CA1/subiculum)

inferior temporal cortex (BA 20) entorhinal cortex proper (BA 28)
angular/supramarginal gyrus (BA 39/40)

Wilson RS, et al. JNNP 2007:78:30-35. primary visual cortex (BA 17)




Neurofibrillary Tangles Mediate the Association
of Amyloid Load With Clinical Alzheimer Disease
and Level of Cognitive Function

No
Dementia

Characteristic (n = 53)

Alzheimer
Disease
(n = 44)

Total
(N = 97)

Male, No. (%)
Age at death, vy

24 (45.3)

824 +6.5

18.7 £ 3.3
27.66 + 1.89
Global cognition -0.07 £ 0.53
Median interval, mo 8.0

Education, vy
MMSE score

17 (38.6)
88.1 £ 5.3
17.3 + 3.0

16.07 + 7.38
-1.82 + 0.83
8.6

41 (42.3)
85.0 + 6.6
18.1 £ 3.2
224 +7.75

-0.87 + 1.11
8.2

Amyloid load, % 1.83 + 1.84
Tangles/mm¢ 3.51 + 3.64

3.81 + 2.47
14.22 = 12.38

2.73 +2.35
8.37 + 10.23

Bennett DA, et al. Arch Neurol 61:378-384




’

.
-
-
b
v










Cerebral Infarctions and the Relationship of
Depression Symptoms to Level of Cognitive
Functioning in Older Persons

Global AD pathology measure .55 (0.48)
Number of intarctions, Yo
| 15C15.1)
- | 10C11.0)
Volume of mbarction
(8.1)
(5.8)
(5.8)
7.0

ISt quartile

2nd quartile

srd (uartile

ith gquartile
Location of miarction

Cortical (8.1)
sSubcortcal
Frontal (5.8)
Non-frontal
Leht

Right

Bennett DA, et al. Am J Geri Psych 2004;12:211-219.

1I5C19.9)

19(25.4)
S5(7.5)

10(14.9)
S{11.9
Q15.4)

10(14.9)
25 (41.8)
SEM AV

206 (58 8)
IS (206.9)
21 (51.%)

1ISOTTHO82 (0.6

26017
2919

12(7.8)
1S (VY8)
13 (8. %)
15(V.8)

17 (11.1)
(307
11 (7.2)
4 (28.8)
A0 (19.0)

47 (24.2)




Alpha-Synuclein in substantia nigra Alpha-Synuclein in hippocampus

0.

Alpha-Synuclein
In neocortex




Mild cognitive impairment is related to
Alzheimer disease pathology and
cerebral infarctions

Characteristics Dementia

Lewy body disease
Nigra predominant 5(8.3) 2 (5.4) 1(1.2)
Limbic type 2(3.3) 0 3(3.6)

14 (16.9)

Neocortical type

Bennett DA, et al. Neurology 2005;64:834-842.















