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 Why is Dementia in the ‘Oldest-Old’ Important to Study?
 What do we know about Biology of Dementia in Oldest-Old?
* Prevention: Life Course Risk Factors, Multimorbidity

* Promotion of Brain Health: Biomarkers, Resilience Factors, Genetics



Fastest
Growing
Demographic

Life

é%eyond
5 Years

COLLEEN L. JOHNSON
& BARBARA M. BARER

‘Oldest-old’ Persons over age 80, 85 or 90
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By 2030 one in two persons with dementia will be over age 85 at onset



Clinical Dementia is manifesting at an older age

Average Age at which symptoms of dementia develop has increased from 80 to 85 years

The NEW ENGLAND JOURNAL of MEDICINE

Risk of dementia at any given age
-22%

“ ORIGINAL ARTICLE ”

Ref.

Incidence of Dementia over Three Decades
in the Framingham Heart Study

Claudia L. Satizabal, Ph.D., Alexa S. Beiser, Ph.D., Vincent Chouraki, M.D., Ph.D.,
Geneviéve Chéne, M.D., Ph.D., Carole Dufouil, Ph.D., and Sudha Seshadri, M.D
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Dementia incidence

* alzheimer’s QY association

5-year epochs Epoch1 Epoch 2 Epoch 3 Epoch 4
Mean age when symptoms 80 82 84 85
began, in years

Satizabal et al; NEJM 2016, PMID: 26863354




Why Is Dementia in the Oldest-Old Important to Study?

» 5-year incidence of dementia rises
exponentially, doubling every 5 years
till age 90

* Data from the 90+ suggests
that risk continues to increase

thereafter

Incidence (% per year)
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90-94 |

17.9% per year
18.3% per year

Age (years)

Oldest old are group with the least informal supports, and highest costs per patient

Doubling time = 5.5 years
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What is Dementia?

Umbrella term for loss of memeory and other thinking
abilities severe enough to interfere with daily life.

* A syndrome

entia from more than one cause

* Loss of memory and thinking abilities or changes in behavior

* Affects the person’s ability to function as they used to and wish to

| .W.endy Mitchell [pimeatettens eovimemias stba mtemervesars | v “ |43 Wi//iam
Somﬁbodj . ,\'. /‘ ./ , Utel’m Oh/en .
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Self potraits;
dementia

diagnosis at
age 61, 1995




What Causes Dementia?

* Neurodegenerative Diseases ~

e Vascular Brain Injury
* Age, inflammation

 Trauma, stress, infections

Genetics

interaction

Lifelong

* Things that injure the brain overcome it's reS|I|ence/reserve
' Alzheimer Disease

TDP-43/LATE
PART, AGD

Dementia with Lewy Bodies
Frontotemporal Dementia
CTE, TBI, Epilepsy, Drugs

Vascular VCID/Stroke

PSP, CBD
Huntington’s
MSA, Ataxias

ALS/FTD
Environment COVID

Parkinson’s disease

AD, VCID (>90%)
DLB, LATE (30%)

Adult Presentations of NDD

Air pollution Immuno-inflammatory




Biggs Diagnoses Biggs Institute/South Texas ADRC Brain Bank

b I ADNC
- :L:\,% A single clinical diagnoses of dementia
) || subtype, fails to reflect pathologic
i I ||||"|||||||||| ' | ATE complexity found at autopsy
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- * ILBD
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of various types CBD L& TLO-TOP
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First 141 cases 1

Multiple Etiology Dementia is the Most Common Type



2018 ATN Alzheimer Disease Criteria

Amyloid+

Tau +
A+ (amyloidosis) =
preclinical,
prodromal or
clinical Alzheimer
Tau + .
Neurodegeneration+

Tk L
o 3
i

el

Alzheimer's & Dementia: The Journal of the Alzheimer's Association 2018 14, 535-562DOI: (10.1016/j.jalz.2018.02.018)
E[ R Copyright © 2018 The Authors


http://www.elsevier.com/termsandconditions

Draft 2023 ‘AD’ Criteria; adds V, 1 and S

Biomarker category fluid imaging

Core Biomarkers

A (Ab proteinopathy) Ab42/40 Amyloid PET

T (AD tau proteinopathy) ptau 181, 217 Tau PET

Non - specific biomarkers of tissue reaction involved in AD pathophysiology

N (injury, dysfunction, or NfL Anatomic MR, FDG

degeneration of neuropil) PET

I (inflammation) Astrocytic GFAP

activation

Biomarkers of non-AD co-pathology

V vascular brain injury Anatomic infarction,
WMH, abundant
dilated perivascular
spaces

S a-synuclein aSyn-SAA*




Percentage of participants with no cognitive impairment or aMCl without AD

dementia over time JAMA Neurol. 2018;75(8):970-979. doi:10.1001/jamaneurol.2018.0629
Published online April 30, 2018.

100 T
_ - Amyloid negative :
- Amyloid positive ‘-—-._\___l_ Population
~ 90- prevalence of
= amyloid +ve status in
E 80 - Rochester, MN:
=
B 3% at 50-59
g | 41% at 80-89
O
& 607 Overa 5-year period, most persons with amyloid positive
status remain cognitively intact
50 L) T T T 1
0 1 2 3 4 3

Time,y
No. at risk (events)
Amyloid positive 520 (0) 481 (15) 420(22) 334(27) 248(34) 193 (39)
Amyloid negative 1110(0) 1048 (6) 903 (6) 669 (6) 418 (9) 294 (11)



Prevalence of Cerebral Amyloid Pathology
in Persons Without Dementia
A Meta-analysis

Willemijn J. Jansen, MSc; Rik Ossenkoppele, PhD; Dirk L. Knol, PhD; Betty M. Tijms, PhD;
Philip Scheltens, MD, PhD; Frans R. J. Verhey, MD, PhD; Pieter Jelle Visser, MD, PhD;
and the Amyloid Biomarker Study Group

Figure 2. Association of Age With Prevalence Estimates of Amyloid
Positivity According to Cognitive Status

Cerebral amyloidosis is a strong predictor but not
sufficient for dementia

Opinion

EDITORIAL

Prevention of Dementia—Thinking Beyond the Age and Amyloid Boxes

Sudha Seshadri, MD
160 JAMA Neurology February 2020 Volume 77, Number 2

100+

. I;’.Iglr?;a:légg;r;ition(n=2914) 44% Of 95'year'0|ds Dementla N O|dESt-O|d haS
. Mel (n=3971) with normal cognition
= are amyloid positive Additive or Synergistic Impact of
£ Multiple Pathologies
E 40

2o Which Pathologies are most

common?
° Q 2|0 4IO 6|0 SIO 1(I)0

Age,y

The prevalence estimates were generated from generalized estimating
equations. The model included age and cognitive status as predictors. Shading
indicates 95% Cls; SCl, subjective cognitive impairment; MCI, mild cognitive
impairment.




Dementia with Lewy Bodies (DLB)

Lewy body
in neurons
¢ Attention, Executive Function REM Sleep Behavior Disorder
* Visuospatial Changes, Navigating

Autonomic System Dysfunction

* Parkinsonism, falls
e Visual hallucinations

* Fluctuating Cognition, syncope Oversensitive to both Parkinson’s
and behavior medications

Anxiety and Mood Changes

FDG-PET DAT Scans

gh

Normal Abnormal




Additional DLB Preclinical and Predictive Tests

B miBG sPecT

e Cardiac MIBG

e Seed Amplification and RT-
QulC/PRMA tests in CSF

R. Kurapova et al. Experimental Gerontology 165 (2022) 111842

hT binds to
yloid fibrils
- g
Y —
conformation
change and
tein

aggregation

Fig. 1. The PMCA/RT-QuIC process: pathogenic (misfolded) a-syn protein is combined with normal a-syn protein and ThT. Shaking (RT-QuIC) or sonication/rest

(PMCA) cycles induce prion-like propagation and amyloid fibril formation, which is measured in real-time with ThT fluorescence.

 Skin biopsy (lower sensitivity)

* REM (muscle) atonia on Sleep
Study



Limbic Predominant, Age-Related, TDP-43 Encephalopathy

TDP-43 prOtEinOPat hy LATE TAR DNA-binding protein 43 is normally in nuclei
Limbic Predominant, Age-Related, TDP-43

Encephalopathy

Under stress conditions moves to cytoplasm and
forms stress granules

No good in vivo biomarker, but

In CHS at exam 5, plasma TDP-43 |evels were
higher in African-Americans

? possibly linked to higher stress

doi:10.1093/brain/awz099 BRAIN 2019: 142; 1503-1527 | 1503

A JOURNAL OF NEUROLOGY

REVIEW

Limbic-predominant age-related TDP-43
encephalopathy (LATE): consensus working
group report

Peter T. Nelson,' ®Dennis W. Dickson,? John Q. Trojanowski,> Clifford R. Jack Jr.,*

Ann Neurol. 2007 May; 61(5): 435—445; Lancet Neurol, 2018; Brain 2019,
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er pa Ien S, S O Wer eC In e, (0] Johannes Attems,?® Carol Brayne,” lan T.S. Coyle-Gilchrist,” Helena C. Chui,'°
David W. Far;io,' Margaret E. Fllanagan," Glenda Hlallida,y,'z Suvi R.K. I-Ilzokkanen,’ y
H H Y Sally Hunter,” Gregory A. Jicha,” Yuriko Katsumata, Claudia H. Kawas, ° C. Dirk Keene,
5 gen es a/terlng rISk for LATE’NC. Gabor G. Kovacs,'§WaIter A. Kukull,'* Allan 1. Levey,'® Nazanin Makkinejad,®

Thomas J. Montine,'” Shigeo Murayama,'® Melissa E. Murray,” Sukriti Nag,’

- GRN, TMEM1068B, ABCC9, KCNMB2, and APOE Lol ot e . Sehmeders ool Reisa & Spertng ™ Chares L White 1,7




Vascular Cognitive Impairment and Dementia

Heart or Blood Vessels’ Vascular Risk Factors: Vascular Brain Injury

Hypertension, Diabetes,
Smoking

Blood & Blood Brain Barrier

Heart failure, Myocardial infarcts,
Valve disease, Atrial fibrillation

* & Carotid atherosclerosis (large vessels)
— _

On CT or MRI seen as

Atrial fibrillation . 3 B e (1) lacunes, (2) white matter hyperintep-jities;,
a8l Small arteries (3) mu.ltlple §trokes, (4) mlc.ro.bleeds f"}f?lf{._:_TEf_}:]
(arteriolosclerosis) and amyloid angiopathy (amyloid in smal Ve els).//.;.-

| capillaries (5) enlarged perivascular spaces



Vascular Cognitive Impairment (VClI)
Today’s Inclusive Definition

* Cognitive or behavioral problems

* Disease affecting blood vessels or blood flow to part or all of the brain

* Evidence of damage to part or all of brain due to vascular factors

Brain (MRI) Imaging
Others under development



Imaging Markers of VCID

Subcortical White matter
infarct hyperintensities

FLAIR FLAIR

Quantitative imaging

Lacunes

Microbleeds

T2*w/SWI

Cortical super-

ficial siderosis

T2*w

Vessel structure and function

Diffusion MRI Arterial spin Quantitative
(tensor model) labelling relaxometry

Fractional Tissue Quantitative
anisotropy perfusion T1 map
(color-coded) [mI/100mg/min ] [ms]

High resolution
imaging

Enlarged
perivascular
spaces

Perforator
imaging

>

7T angiography
and single vessel
blood flow metrics

Dynamic contrast
enhanced MRI

Blood-brain
barrier
permeability

Cortical
microinfarct As Imaging

Modalities
become
more
sensitive
proportion
with vascular
brain injury
grows

Imaging Markers of
Vascular Brain Health:
Quantification, Clinical
Implications, and Future
Directions; Stroke:
2022;53:416—426.



50%

Prevalence

Old assumption:
Dementia = AD

\ Presumed

AD prevalence

50%

Prevalence

40 50 60 70 80 S0 100

Newer data:
Dementia reflects
multiple pathologies

Average age
of Tomlinson,
Blessed, & .
Roth (1967)
cohorts i

40 50 60 70 80! 90 100
Age

doi:10.1093/brain/awab039

The right question may be
‘how much’, ‘what type’ rather
than ‘if” someone has VCID

BRAIN 2021: 144; 2186-2198 | 2186

Comorbid neuropathological diagnoses in
early versus late-onset Alzheimer’s disease

®Salvatore Spina,"" @Renaud La Joie,"" Cathrine Petersen,’ Amber L. Nolan,*

Deion Cuevas,! Celica Cosme,' Mackenzie Hepker,' Ji-H?re Hwang,’

(®Zachary A. Miller," (Eric J. Huang,? Anna M. Karydas,” Harli Grant," Adam L. Boxer,"
Maria Luisa Gorno-Tempini,* Howard J. Rosen,* Joel H. Kramer, Bruce L. Miller,*
William W. Seeley,’? Gil D. Rabinovici'® and (»Lea T. Grinberg-?

Early onset AD
= YO YR
Late onset AD
CAA LBD TDP HS ))
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Direction of
Association Changes
in Oldest-old

* Obesity

Cognition

«Fat

= Adipose-derived factors shape hypothalamus

|

and beain development

Critical fatness level and
menarcheal age and
sex hormone levels

l

Age-related changes

l

« High BMI may lead to cognitive

in body compasition

+ High BMI may predict cognitive

i
|
]
I
' decline and derfhentia laterinfife, ' 4. line and dementia
i and to later brain pathology « Greater dedine in BMI may
]
! predict dementia
: » Low BMI may be associated
: : with dementia
Fetus Early life Adult life Late life

Iwd



Contribution of Vascular RFs to Dementia
May Vary Across Lifespan Mid- to Later-Life

& x o

'J-II ik
P |

L

Emer McGrath, MD, PhD

FHS participants 55
(4899, 57%F) to 80
(2386, 62% F)

Stepwise Cox PH models: ﬁ

Most important RFs for 1 A A 3 e N

inclusion in age-specific

dementia risk scores Age 55 Age 65 Age 70 Age 75 Age 80

Systolic BP All CVD Stroke Stroke Stroke

In older 1.17 (1.05-1.32)  2.21(1.35-3.32)  2.43 (1.29-4.59) 1.78 (1.12-2.83) 1.57 (1.04-2.35)
persons
burden of Diabetes mellitus Diabetes mellitus Diabetes mellitus  Diabetes mellitus
accrued 3.35(1.52-7.36) 1.97 (1.37-2.83) 1.56 (1.14-2.15) 1.45 (1.06-1.97)
inj . . .y . . Anti-HTN non-use
Infjedn Insulin, Metformin, Pramlintide, Semaglutide, Dapagliflozin
matters! 1.47 (1.20-1.82)
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50 - x
Quartile 1 Log-rank test p<0.0001 N

9 guagg:e g 7283 participants (age 50+9,

e uartie

£ 40+ —— Quartile 4 53% F); 253 events, ~15 yrs

-

~J Arterial Stiffness increased risk of

0 ]

g Dementia by 30%

g

B 3 million fewer patients if

Q

2 HTN reduced by 25% but

3 104

3 Blood pressure from mid- to late life and

0L . , ! 1 — risk of incident dementia
0 4 8 12 16 20
Years from the Index Exam Emer R McGrath, M, Midlife or sustained high SBP

No. at risk Alexa S. Beiser, PhD increased late life dementia risk
Quartile 1 808 794 769 716 556 I(éha;les LDcIiaﬂi’dMﬁA

Mt ¢ 210 = ' 635 e Ramachandian 5. Vsan, Steep decline in BP from mid to

- MD

rias G410 Lo el R e Steven M. Greenberg, late life in normotensives also

Quartile 4 808 715 589 450 246 MD, PhD . .
Sudha Seshadri, MD Increased rlSk

A Ramachandran S. Vasan. Hypertension. Arterial Stiffness and Long-Term Risk of Health NEUI’O’OQY® 2017;89:2447-2454

v Outcomes: The Framingham Heart Study, Volume: 79, Issue: 5, Pages: 1045-1056, DOI:

(10.1161/HYPERTENSIONAHA.121.18776) © 2022 American Heart Association, Inc.



March 12, 2019; 92 (11) ARTICLE

Blood pressure, glycemic control, and white matter hyperintensity
progression in type 2 diabetics

Adam de Havenon, Jennifer J. Majersik, David L. Tirschwell, J. Scott McNally, Gregory Stoddard, Natalia S. Rost
First published February 8, 2019, DOI: https://doi.org/10.1212/WNL.0000000000007093

Stud i
Blood Pressure and KUSY Qe ston Is BP or BS

Is blood pressure or glycemic control associated

= - b
In Type 2 Diabetes with WMH progression in diabetic patients? more impt?
Increased wl'!itn I'I'Ilt.t'lr hyperintensity Enwolled In P R oy
[WMH) associated with... o ot P s .

Impaired n=2977 n=632 n=502 bMood pressure study n=314

cognitive Increased

function stroke risk O 1 -2 3 4, 5 8.8 10 12 14 18018 A 2 2425 R 2 23 e S SR CHl) Take Home Message

: 1

* © O ‘ £ R Blood pressure and Alc assessment Month

MRI 40 MRI

WMH volume changes: Intensive (Cohort 1) vs. standard blood pressure (Cohort 2) control groups.

\.\ In DM and prediabetic states, prevention of
stroke & control of HTN are important to

preserve cognition

Worse clinical outcomes after stroke
Controlling hypertension and blood sugar

r svetnlic Blood

may prevent WMH progression. ' e, but not' Intensive blood
- : diastolic blood pressure pressure control group
i or Alc, was associated showed less WhH
i with WMH progression. . progression..
® \/l/\ Baseline MR
Hypertension
WMH progression Glycemic control did not affect WMH progression.

o

Intensive blood pressure control in diabetic
e patients reduces WMH progression.

betic patients remain unknown.




An 18-year follow-up of Overweight and Risk of

Alzheimer's Disease

Central Obesity and

Obesity and Vascular Risk Factors at Midlife Hypertension; A double

aud the Risk of Dcmcuua and Alzhcnncr Disease 0
diovascular Risk Factor ” ind Demeanta (CAIDEY Arch Neur 5682 1558 1 561
M uAn-.,vlu MD, PAD: Tha \;.m.m BM; Laura Fratighioni, MD, PAD; Matti Viitanen, MD, mn Whammy' e
vmar Kdreholt, PhD, ficngl Winblad, MD. PhD; Eeva.-Liisa Helhala, PhD;
Jadkko Tuormilchto, MD, MPeolSci, PRD; Hilkka Soininen, MD, PhD; Axhkbs Nisssnen, MD, PhD

Curvoms Al boimnee Rovomarch 200° 4 000 000 ]

Relation of Obesity to Cognitive Function: Importance of Central Obesity
and Syanergistic Influence of Concomitant Hypertension. The Framingham
Heart Study

NI ORI A, Y
v
At

PA Wolf* A Beaiser MF Ehas R Au RS Vasan and S Seshadn
e plarvies com lacate neuagey Combined Impact of Waist-Hip Ratio & HTN
on Visual Reproductions - Delayed Recall

*'IM'\"'-R Newobsabogy of Ageg 205 (2009 511-518

Obesity, diabetes and cognitive deficit: The Framingham Heart Study

Merrill F. Elias*™*, Penclope K. Elias*", Lisa M. Sullivan**
Philip A. Wolf¥, Ralph B. D" Agostino*

¥ Bosnm msvervirs [ parsmesd of Marhesiin 1 aol Sdatisin o Sdatisin 1 avd Comsmiiong Lot | | | Cummimguen Airget. Bossonm, MA 0221 ULA
b I Ussversiry of Mowme Deparwmens of Prochdogs 174) Livie Hall Owss, MF 08889 574} USA Z-Scores

" I Benion Unive roiry Satonnd of Pabde Healith, Depeorvment of Beonsansto s Bostow. MA 021 I8 U'SA
¥ I Bosssm Lnivprairy Sclnd of Modiaine, Dvpurvment of Newssdogy. 713 Albgey Stveet Boven B8, Bontom. MA 021 1A USA

Original Cohort

18 year follow-up

Adverse effects of obesity seen only in men

. . ] 01'0‘3 Q"
No DM/Obesity interactions observed Waist-Hip Ratio




Heart and Mind:

4

- Association of Red Blood Cell Omega-3 Fatty Acids
With MRI Markers and Cognitive Function in Midlife

The Framingham Heart Study

al, PhD,* Jayandra Jung Himali, PhD,* Alexa S. Beiser, PhD, Vasan Ramachandran, MD, Corresj pondence
Lent, PhD, Dibya Himali, MS, Hugo J. Aparicio, MD, MPH, Pauline Maillard, PhD, Dr. Satizabal
, MD, William S. Harris, PhD, and Sudha Seshadri, MD satizabal@uthscsa.edu

Neumlugye 2022;99:€2572-€2582. doi:10.1212/WNL.0000000000201296

‘What is Good for the
Heart is Good for the Brain’

alzheimers O | Alzheimer’s & Der

association THE JOURNAL OF THE ALZHEIMER'S

FEATURED ARTICLE

Higher Dietary Inflammatory Index scores are associated
with brain MRl markers of brain aging: Results from the
Framingham Heart Study Offspring cohort*

Increasing Risk

Debora Melo Van Lent g% Hannah Gokingco, Meghan |. Short, Changzheng Yuan, Paul F. With Increasing
Jacques, José R. Romerao, Charles S. DeCarli, Alexa S. Beiser, Sudha Seshadri, Jayarndraj. 7
Himali, Mini E. Jacob S AN Intake
(XL NFLAMMATION [ETEE)
First published: 06 May 2022 | https://doi.org/10.1002/alz.12685 %”. FOODS @ -
o i i
@M*m abo Risk of both dementia

b 3

& of milder memory
loss increased

Original Contribution

Sugar- and Artificially Sweetened Beverages
and the Risks of Incident Stroke and Dementia
A Prospective Cohort Study

DHA: ar.1 omeg§-3 fatty acid found in fish "UT Health
If level in top fifth, 5 more years AD free Y San Antonio

Physicians




Joumals of Gerontology: Medical Sciences

cite as: J Gerontal A Biol Sci Med Sci, 2016, Vol. 00, No. 00, 1-7
THE doi-10.1093/gerona/ghw130

G E Ro NTO LOG I CA L Advance Access publication July 15, 2016
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Research Article

Physical Activity, Brain Volume, and Dementia Risk: The

’ Nicole L. Zaldy . Tan, MD
Framingham Study Spartano, PhD  MPH
Zaldy S. Tan,'2* Nicole L. Spartano,2** Alexa S. Beiser?** Charles N~"--1:6
Sanford H. Auerbach,>* Ramachandran S. Vasan,?® and Sudha Seshadri? 01
il
89.5 . b8
More Steps/day = Larger Brain Volume | Bottom 20% = Highest Dementia
20 5 Risk
% 006
2
88.5 3o
) E o
EE L TIEY
87.5 1 |
87 {
86.5 {
Figure 1. Ten-year cumulative incidence of dementia: Lowest quimtile (31)]
EE of physical activity index {PAl) versus upper four quintiles (02-05), adjusted
a1 (n=353} 02 (n=285] 03 (n=193} 04 (n=140) Qs (n=61}) for age and sex.

Sedentary time is bad; avoiding that is more important than reaching specific activity levels
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Original Investigation | Neurology

Association of Multimorbidity, Disease Clusters, and Modification

by Genetic Factors With Risk of Dementia

Hospital Records, over
200,000 persons

Catherine M. Calvin, PhD; Megan C. Conroy, MSc; Sarah F. Moore, MB BChir; ElZzbieta Kuzma, PhD; Thomas J. Littlejohns, PhD

Figure 2. Cox Proportional Hazards Models for the Association Between Number of Multimorbid Conditions

and Incident Dementia

4 -

HR (95%Cl)
Fed
]

0-1 2 3 4 5
Multimorbidities, No.

=6

Doubling of dementia risk in
those with low genetic risk

40% in persons with high
genetic risk

Not specific to Oldest-old

All models adjusted for age, ethnicity, education,
socioeconomic status, and APOE-e4 status. Dementia
cases, sample size, hazard ratios, and incidence rates
within each number of mulimorbidities group are
presented in eTable 5 in the Supplement.

[E JAMA Network Open. 2022;5(9):22232124. doi:10.1001/jamanetworkopen.2022.32124

September 20,2022 613



Associations between physical frailty and dementia
incidence: a prospective study from UK Biobank

Fanny Petermann-Rocha, Donald M Lyall, Stuart R Gray, Irene Esteban-Cornejo, Terence ) Quinn, Frederick K Ho*, Jill P Pell*, Carlos Celis-Morales *

(weight loss, tiredness, physical activity, gait speed, and grip strength),

4 -

pﬂDn-linEar=0.10
E E poverall{oioool

HR for incident dementia (model 3)

0 1 2 3 - 5
Number of frailty criteria

Even in fully adjusted
models, frailty was a
predictor of dementia risk

Greater number of frailty
criteria being positive

increased risk

Causal or marker?
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A Precision, Personalized Approach to Dementia Prevention, Diagnosis & Treatment



2021 NIH Alzheimer's Research Summit: Path to
Precision Medicine for Treatment and
Prevention

N I H ) I;isic;;?:;lnstitute

2021 NIH Alzheimer’s
Research Summit

Path to Precision Medicine
for Treatment and Prevention
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Considering all causes of Dementia

e Searching for biomarkers of -

 Amyloid and Tau

Inflammatory
Synaptic
Other genetic, omic, molecular markers

Other diseases (VCID, DLB, LATE, PART, AGD)

Environmental (built, social, behavioral)
Behavioral (sleep, physical activity, diet)

Mean MMSE score

Plasma P-tau217 and longitudinal MMSE
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1984 1992 1993 1995 2011 2012 2018

AB plaques CSF AB CSF t-tau CSF p-tau CSF AB DIAN results ATN system

Neurofibrillary tangles . ; CSF tau (NIA-AA)
{NINCDS-HIJRSE] CSF analysis based on immunoassay (NIA-AA)

Current - Future

Blood-based
biomarkers

Synaptic dysfunction

Amyloid plaques Amyloid PET
(Ag42/40, AS42)
§ AB42/40

2

A Primary AD biomarker
—  $Asa2 AB42, T-tau, p-tau
Tau PET
Neurofibrillary Others
Tangles T [&E WS GFAP, NfL
STREM?2 (NET Era — 4 P-tau217 YKL-40
CX3CL1
i Which Assay?
Mi li s
i i FDE‘R?ET What systemic
A blood, cognitive or # deegen?atinn N 4 T-tau factors, like eGFR
’ 5 ~tau, NfL .
imaging marker of - SRt — 4 NfL impact levels?

clinical disease can be %
an endophenotype CSF

Blood



Other potential candidate BMs

. Neuronal : Vascular/ Neurotrophic L S 4
Neurodegeneration . . Inflammation . and metabolic
Thrombosis factors P
AR42 GFAP CRP Fibrinogen BDNF Cortisol
AR40 NFL IL-6 D-dimer VEGF Estrogen
Tau NSE MCP-1 NT-proBNP B-NGF FGF-23
P-tau species MBP OPG ST2 IGF-1 HbA1c
NT-1 P-selectin Trop | IGFBP-1 Insulin
Clusterin TNF-a Homocysteine IGFBP-2 Adipokines
AR37 GDF-15 Lipids, ceramides IGFBP-3
AR38 sCD14 PAI-1
YKL-40 MMP-9

sCD40L sCD40L




Figure 2 Association of soluble cluster of differentiation 14 (sCD14) with incident dementia 1
Decreased Increased
Cohort HR(95%Cl) p risk risk 3 0%
Top declile of sCD14 g
FHS 1.25 (0.80, 1.97) 0.33 L] § 0.96 FG F23
&
CHS 1.44(1.08,1.94)  <0.05 ;
sCD14 i E
Overall I = 0% 1.38(1.08,1.77) 0.01 ‘ €
E
0.5 1.0 2.0 8 o092
HR (95% ClI)
Table 2. GDF15 and NT-proBNP and Risk of Incident Dementia
2
Kaplan Meier curve: IGFBP-2 and time to dementia ——Tertile1
3 —Tertile2 GDF-1 5
A — e Tertile3
m U
- NT-proBNP
g 0.96
o 094 GDF15
@ o
T o IGFBP-2 Per SDU increase 1.57 {1.30-1.90) <0.0001 1.5¢
£ | Vertical (Value) Axis % T2vs T 1.26 (0.78-2.02) 0.35 1.3¢
- T
& oss T3vs T1 249 (1.61-3.87) <0.001 2.3¢
0.86 NT-proBNP
0 2 4 6 8 10 12 14
Vears PerSDUincrease |  140{114-1.71) |  0.001 1.3;

Table 3. Association of Plasma Total Tau With Cognition and Hippocampal Volume in the Framingham

Model 1°
Outcome T-tau B (SE) P Value
Episodic memory
Logical memory, No. correct -0.12 (0.06) .049
Paired associate learning, No. correct -0.05 (0.02) .04
Verbal reasoning: similarities, No. correct -0.18 (0.05) <.001

Kaplan Meier curve: FGF-23 and time to dementia

Table 3. Ceramide ratios and MRI markers of structural brain injury.

——Quartilel
——Quartile2
~—Quartile3
~—Quartile4

14

. TBV Hippocampal volume
Ceramides
p £ SE P-value p = SE P-value
Ceramide 24:0/16:0  0.03 £ 0.05 0.44 —-0.001 £ 0.001 0.46
Ceramide 22:0/16:0  0.07 + 0.05 0.17 —~0.0004 + 0.001 0.74




Machine learning approaches to

dementia risk prediction

. i [ b= oire: 1642 Framingham Offspring cohort

Biomarker assay assay CV  Biomarker assay  assay .
CV (%) (%) CV (%) CV (%) participants

AR40 (pg/mL) 10.5 3.2 IGFBP-1 (pg/mL) 5.4 25
*AR42 (pg/mL) 7.6 26 *IGFBP-2 (pg/mL) 8.7 6.0
*AR42/40 - - IGFBP-3 (pg/mL) 18.0 44
Adiponectin (ug/mL) 9.6 6.2 IL-6 (pg/mL) 9.0 3.7 i
Apo A1 (pg/mL) 7.3 11.8 Insulin (pmol/L) 6.1 3.9 %gisdeveloped dementla (mean f/U
ApoB (pg/mL) 13.4 6.6 *Leptin (pg/mL) 7.0 3.2 - yr)
BDNF (pg/mL) 7.6 4.8 *MCP-1 (pg/mL) 11.1 3.8
BNP (pg/mL) T2 10.3 MMP-9 (pg/mL) 10.0 39
CD14 (pg/mL) 14.5 36 MPO (ng/mL) NR 3.2
owrtanl,  li 49 Geeman M 27 MLmethods (SVM, XGB, ANN), 41
Clusterin (pg/m . : *PAI-1 (pg/m : . . : .
CRP mglL 53 32 |P-selectin(ngml)  NR 3.2 candidate biomarkers for incident
*Cystatin C (mg/L) 3.3 24  |Resistin (ng/dL) 11.0 4.6 dementia
FGF-23 (pg/mL) 13.4 5.5 TC (mg/dL) 1.5 0.7
Fibrinogen (mg/dL) 44 1.1 *TNF-a (pg/dL) 113 7.6
GDF-15 (pg/mL) 2.9 23 TNFR-2 (pg/mL) NR 23
HbA1c (%) <25 <25 |VEGF (pg/mL) 14.7 4.3 . ‘ ‘ ‘
*HDL-C (mg/dL) 2.8 09 |Vitamin B12 (pg/mL)  10.0 8.5 .10 mO_St informative BMs |dent|ﬁe_d
*Homocysteine (umol/L) 7.0 45 |Vitamin D (ng/mL) 8.5 NR |nCIUd|ng AMZ, AB42I40, Cvstatin C,
Sepplle 80 39 [Tdautpoml) s A sCD40L, IGFBP-2, Leptin, MCP-1, PAI-

1, TNF- a, HDL-C

Lin et al, In Press 2022
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Figure 2. Volcano plots showing the beta coefficients and p-values from the discovery meta-analyses with colors indicating whether
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a protein was replicated. The three discovery analyses were for general cognitive function among aged = 25 (A) and aged = 65 (B),

and Digit Symbol Substitution Test (C).

Somascan in ~8000, replication in ~9000

Olink validation in ~3000 persons

Consistent Pattern: NECTIN2, lower CRP, 22

proteins in all

Protein

& Replicated (Bonferroni)
Replicated (FDR<0.05)

* Discovery (sig.)

Discovery (not sig.)



Preclinical AD patterns predicted with Al:
brain age for 8287 healthy subjects from 10 cohorts

100+

SPARE-BA (MR Brain Age)

Coming Soon to a Radiologist’s Office Near You!

Patterns of Advanced Brain Aging

B. Pattern of Reduced Grey Matter in Advanced
Middle Age (40-65) Old Age (65-90)
Advanced vs. Resilientp  Advanced vs. Resilientg

ISTAGING Study
ADC (n=104)
ADNI-1 (n=189)
ADNI-2 (n=324)
AIBL (n=446)
BLSA-1p5T (n=92)
BLSA-3T (n=964)
CARDIA (n=719)
PAC-JHU (n=94)
PAC-WASH (n=247)
PAC-WISC (n=127)
PennPMC (n=41)

SHIP (n=2739)

subjects with diabetes (N=173) have UKBIOBANK (n=2201)
on average ~3 years older brain in MRI

Effect Size

20 40 60 80p Advanced:Predicted Age>Chronological Age+5
Chronological Age Resilient:Predicted Age<Chronological Age-5

Habes et al. AD&D 2021

A Artificial
Intelligence (Al)

" based tools
can permit
measurements
& comparisons

0.45

Neuroimaging researchers, UT Health San Antonio
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Scores

Young Adult versus Mid to late life

Cognitive
\X Reserve

/Cognitive
esilience

ML o
L over Siop)

Damage

17 Neuropathologic

lesions
C 1 Reserve
=
o Avg. Reserve
4t
g |l Reserve
=== Cognitive Function 3 u:_
= Compensation 5 D e N N e
== Damage 2 & 3 MCI
Reserve =) . WA b, <\ W S
= Resilience 8‘ .
o Dementia
21 65 95 21 65 95 21 65 95
Age Age Age

Phongpreecha et al.
Alzheimer's Research & Therapy (2023) 15:192
https://doi.org/10.1186/513195-023-01329-z

Quantitative estimate of cognitive resilience
and its medical and genetic associations

Thanaphong Phongpreecha'??, Dana Godrich* Eloise Berson'®, Camilo Espinosa®*?, Yeasul Kim
Brenna Cholerton’, Alan L. Chang®*®, Samson Mataraso®*, Syed A. Bukhari', Amalia Perna’, Koya Yakabi',
Kathleen S. Montine', Kathleen L. Poston®, Elizabeth Mormino®, Lon White?, Gary Beecham?,

Nima Aghaeepour’>® and Thomas J. Montine'"

Alzheimer's
Research & Therapy

235

__ Cognitive

Function
(Measured by
4 neuropsych. tests and
cognitive assessment)

ldamage Treserve
ldamage Tcomp
ldamage ! comp
ldamage lreserve
Tdamage Treserve
Tdamage T comp
Tdamage lcomp
Tdamage lreserve

Cognitive
Reserve

And
Cognitive

Resilience

May be assessed
together




What Determines Resilience:
Lessons from The Nun Study

90% Brain Donors, Dementia results when disease > reserve

BELIEVE IT

BNEOATRT&!S =S Petrie Dish

NUN CAN HELP
YOU BEAT |

ALZHEIMER'S| :
st et | San Antonio researchers

WHAT CAUSESIT |

HOWTOPREVENTlT; rQVive 1979 Heal"t and Mind
Study




SOCiEtaI Preve ntion . Behavioral and Social Determinants

Loneliness decreases brain resilience

At same brain volume, cognition was better with ‘someone to talk to’

Figure 2. Cumulative Incidence of Dementia by Loneliness Status: Participants Below Age 80 Without an

Apolipoprotein E &4 Allele

0.4
2300 persons in
: HR=3.03 (95% CI, 1.63-5.62)
Framingham study :
¢ 03
B
(&]
=
Original Investigation | Neurology @
Association of Social Support With Brain Volume and Cognition g
Joel Salinas. MD. MBA. MSc: Adrienne O'Donnell. BA: Daniel J. Kojis. BA: Matthew P. Pase. PhD: Charles DeCarli, MD: Dorene M. Rentz. E 02 1
Lisa F. Berkman, PhD: Alexa Beiser, PhD; Sudha Seshadri, MD 8
D
2
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=
€ 0.1
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Not Lonely

Follow-Up, y
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etiology of
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8 9 10 19 20 2122

genetic

3

Alzheimer's disease and related dementias

Over 90 AD risk genes

nature

gCIlCUCS

Bellenguez et al.,

Polygenic risk scores

https://doi.org/10.1038/541588-022-01024-z

Top versus Bottom Deciles of Risk

= Highest decile — Lowest decile

5.0
Time (years)

0 2.5

2 Normal to AD

7.5

10.0

HR (95% Cl)

1.055 (1.033, 1.077)
1.035 (0.999, 1.072)
1.054 (0.997, 1.115)
1.086 (1.005, 1.173)
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1.025 1.137
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Acta Neuropathologica (2019) 138:237-250 243

1s72824905-G allele in PLCG2

102 year old E4/4 carrier
with protective variant in
PLCG2 with Normal Cog

10 minutes before 11

Acta Neuropathologica (2019) 138:237-250
https://doi.org/10.1007/500401-019-02026-8

ORIGINAL PAPER Genes Altering Resistance to all
Dementias

A nonsynonymous mutation in PLCG2 reduces the risk of Alzheimer’s

disease, dementia with Lewy bodies and frontotemporal dementia, ; ’ .
and increases the likelihood of longevity Age at Onset’ is an Endophenotye



Association with:
Alzheimer's disease (AD)

Dementia with Lewy-bodies (DLB)
Frontotemporal dementia (FTD)
Progressive supranuclear palsy (PSP)
Amyotrophic lateral sclerosis (ALS)

Parkinson's disease (PD)
Multiple sclerosis (MS)

Reaching the age of >90 years

N-cases
4,985
1,446
2,437

882
10,953
28,448

4,476
3,516

N-controls
8,492

5,286
10,647
3,187
20,673
108,438
5714

9,677

Odds-ratio
0.57 [0.41-0.78]
0.54 [0.30-0.99]
0.61[0.41-0.89)
1.46 [0.83-2.58]
1.07 [0.87-1.33]
1.18 [0.97-1.44]
0.99 [0.74-1.32]
1.50 [1.13-2.00]

P-value
0.00063*
0.045*
0.011*
0.19
0.52
0.10
0.95
0.0051*

—l
I—.—I
. e
' =
R
[

Fig. 1 Association results of rs72824905-G with seven brain diseases and longevity. *P values <0.05. Numbers (N) of cases (patients or long-
lived individuals) and controls studied. The figure shows the odds-ratio (box) of the rs72824905-G with the 95% confidence intervals (whiskers)

PLCG2 protective against all types of dementia and increasing longevity?

Association with:
Parental dementia

Parental age >90 years

Parental age >95 years

Association results of rs72824905-G with dementia by-proxy and longevity by-proxy analysis in the UK Biobank.

Comparing:
16,968 father cases vs. 358,468 father controls +

32,262 mother cases vs. 346,999 mothers controls

17,558 father's age =90 years vs. 353,100 father age <90 years +
35,256 mother's aged =90 years vs. 342,810 mother's aged <90 years
3043 father's age =95 years vs. 353,100 father's age <90 years +
7790 mother's aged =95 years vs. 342,810 mother's aged <90 years

Odds-ratio

0.88 [0.81-0.95]

1.05[0.97-1.13]

1.19[1.03-1.38]

figure shows the odds-ratio (box) of the rs72824905-G with the 95% confidence intervals (whiskers)

P-value
0.0018*

0.24

0.021*

-

0.5

08 1 125 15

*P values <0.05. The



WHO's work on the UN Decade of Healthy
Ageing (2021-2030)

Translational Psychiatry www.nature.com/tp

ARTICLE OPEN W) Check for updates
Polygenic resilience scores capture protective genetic effects

for Alzheimer's disease

Jiahui Hou"*?, Jonathan L. Hess ("3, Nicola Armstrong®, Joshua C. Bis (5)°, Benjamin Grenier-Boley®, Ida K. Karlsson”?,

Ganna Leonenko®, Katya Numbers'®, Eleanor K. O'Brien'""'?, Alexey Shadrin ('3, Anbupalam Thalamuthu'®, Qiong Yang ®'%,

Ole A. Andreassen ('3, Henry Brodaty (', Margaret Gatz({®”'*, Nicole A. Kochan'?, Jean-Charles Lambert (%°, Simon M. Laws ®"'"'%,
Colin L. Masters'®, Karen A. Mather '%"’, Nancy L. Pedersen’, Danielle Posthuma (', Perminder S. Sachdev (3'°, Julie Williams (3'°,
the Alzheimer’s Disease Neuroimaging Initiative, Chun Chieh Fan(%?°, Stephen V. Faraone®?, Christine Fennema-Notestine?’,
Shu-Ju Lin??, Valentina Escott-Price (3, Peter Holmans (%, Sudha Seshadri*®, Ming T. Tsuang (92, William S. Kremen®* and
Stephen J. Glatt (3 ">324%

988 genetically high-risk “resilient” normal controls
and 6541 genetic risk-matched LOAD cases

Polytranscriptomic Risk Score

Link Between Genetic Risk
Factors and Cardiovascular
Health on Dementia

Dementia has been linked to

Study question Both genetic risk and CVH contribute additively

How do genedic risk and Cvil jointly affect. oo )
it to the risk of dementia

doi:10.1212/WNL.0000000000010306
Jpyright 0 American Acadk f Neus

.., PelosoGetal, Neurology‘



CHARGE Consortium and
Cross Cohorts Collaboration

Table 1: Cohort Acronym
Framingham Heart Study FHS
Cardiovascular Health Study CHS
IAge, Gene/Environment AGES
Susceptiblity-Reykjavik Study

Three Cities study 3C
Rotterdam Study RS
Atherosclerosis Risk in ARIC
Communities Study

Austrian Study of Stroke ASPS
Prevention

Study of Health in Pomerania SHIP

Adding:
MEMENTO

San Antonio Heart Mind Study (SAHMS)
San Antonio Family Heart Study (SAFHS)
Multiethnic Study of Aging (MESA)

Strong Heart Study

DOI: 10.1002/alz.040324

PUBLIC HEALTH
POSTER PRESENTATIONS

Alzheimer’s &Dementia’

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

Epidemiology / Risk and protective factors in MCl and dementia

Impaired lung function as arisk factor for accelerated brain

ageing

Stefan Frenzel’ | Robin Bilow' | Ralf Ewert'! | Mohamad Habes? | Beate Stubbe® |
Henry Voelzke® | Wittfeld Katharina®® | Sudha Seshadri®*> | HansJ. Grabe®®

Multiomics and
Biomarkers to
Explore Biological
Pathways

Non-Alcoholic Fatty Liver Disease, Liver fibrosis and measures of brain aging:

the Cross-Cohort Collaboration

Study or Subgroup  Mean Difference SE Weight

wiean vineience

IV, Fixed, 95% CI

wiean vineience

IV, Fixed, 95% CI

FHS gen2 -4.4 26021 19.3%
FHS gen3 -5.8 21939 27.2%
RS -3.37 1.98 33.4%
SHIP -1.1 25511 201%
Total (95% CI) 100.0%

Heterogeneity: Chi*= 2.05, df= 3 (P = 0.56), F= 0%
Test for overall effect: Z=3.30 (P = 0.0010)

-4.40 [-9.50, 0.70]
-5.80 [-10.10, -1.50]
-3.37 [-7.25, 0.51]
-1.10 -6.10, 3.90]

-3.77 [-6.02, -1.53]
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-20

Various Brain MRI measures
LV Ejection Fraction and Heart Failure

Renal Function

10

0

10 20

Social Networks, Physical Activity, Marital Status, Bone density, Sleep
Diets: MIND, Inflammatory Index, Ultra-processed foods
CRP and Other Inflammatory Markers




Alzheimer’s

{| Biology of Behavioral and Social Determinants & ) ALZheimers
! — _ Dementia e &
Alzheimer’s & Dementia Ml (2017) 1-16 ——— £80 & Do 4 6 25 Dementia
EISEVIER zhelmer s mentia 2l 23~ ]
Featured Article Featured Article
Circulating metabolites and general cognitive ability and dementia: Association of branched-chain amino acids and other circulating
Evid f 11 hort studi metabolites with risk of incident dementia and Alzheimer’s disease: A
vidence rom cohort studies prospective study in eight cohorts
w‘i h L] L] * L] * L] ) E
i it ik Metabolites associated with increased cognitive ability
* p<0,05
** p<0.001
*+% 0.£0,00001 i : : : .
Increased
Concentration
Currant emaoker
decraased

concentration

Biological Pathways Underlying Impact of Lifestyle on Cognition 4 VV H Y?



Rachel F. Buckley, PhD ®,"23" Adrienne O'Donnell, BA,**" Emer R. McGrath, MB, PhD,>*

Heidi

REOCARULIM AR IIIbLI:

ANN NEUROL 2022;00:1-12

Menopause Status Moderates
Sex Differences in Tau Burden:
A Framingham PET Study

l.L. Jacobs, PhD,’”® Cristina Lois, PhD,” Claudia L. Satizabal, PhD ®,>%10

Saptaparni Ghosh, PhD,® Zoe B. Rubinstein, BA,” Joanne M. Murabito, MD,°

Reisa A. Sperling, MD,"? Keith A. Johnson, MD,%” Sudha Seshadri, MD,>?'% an

Alexandra S. Beiser, PhD*>1%*
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FIGURE 1: Multi-panel histogram/scatterplots of entorhinal,
rostral middle frontal, inferior parietal and lateral occipital
(unadjusted, raw scores) by (A) sex and (B) sex across the
age span.
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Cognitively normal persons
in FHS; Age 35-75

Post-menopausal women
have more tau than age-
matched men



> J Alzheimers Dis. 2022;86(3):1371-1383. doi: 10.3233/JAD-215409.

Non-Alcoholic Fatty Liver Disease, Liver Fibrosis,
and Regional Amyloid-p and Tau Pathology in
Middle-Aged Adults: The Framingham Study

Galit Weinstein 1, Adrienne O'Donnell 2 3, Kendra Davis-Plourde # 3, Shira Zelber-Sagi ! ¢,
Saptaparni Ghosh * ®, Charles S DeCarli ®, Emma G Thibault 7, Reisa A Sperling 7 &,

Keith A Johnson 7 €, Alexa S Beiser 2 * 2, Sudha Seshadri ® 2 ®

Mean age=5219y; 43% women

Table 2
Association between NAFLD and PET Amyloid-p and tau (N =169)
Model 1 Model 2
B+SE Ji B+ SE P
Amyloid FLR® 0.02+0.16 0.92 0.06 £0.19 0.75
Inferior temporal amyloid® =0.07£0.13 0.60 003016 0.83
Parahippocampal amyloid 0.05+£0.17 0.78 0.13+0.20 0.30
Entorhinal amyloid 0.16+0.16 0.34 020+£0.19 0.30
Inferior temporal tau 015019 0.42 0.18 022 0.42
Parahippocampal tau —0.13+0.20 0.53 —0N.05+0.24 0.84
Entorhinal tau 0.04+0.21 0.85 —0.014+0.25 0.96
Rhinal tau 0.07+£0.20 0.71 —0D.104+0.24 0.69

NAFLD, non-alcoholic fatty liver disease: PET, positron emission tomography: SE, standard
error; FLR, frontal, lateral, and retrosplenial. Model 1: Adjusted for age. sex, time between
exposure and PET, and camera. Model 2: Adjusted for age, sex, time between exposure and
PET, camera, body mass index, alcohol consumption, smoking, cardiovascular disease, c-
reactive protein, total to HDL-cholesterol ratio, diabetes, and hypertension. *log transformed.

Table 3
Association of liver fibrosis with PET Amyloid-g and tau (N=177)
Fib-4 score® Fib-4> 1.3
Model 1 Model 2 Model 1 Model 2

BE5SE P BESE P BESE P BESE T
Amyloid FLR* 0.06+0.24 0.82 0.10+0.27 0.71 0.08 +0.20 0.66 0.17+0.22 043
Inferior temporal amyloid® -0.044+0.19 0.82 -0.11+0.21 0.59 0.05+0.16 0.75 011017 0.52
Parahippocampal amyloid -0.12+0.24 0.62 —0.20=0.26 0.44 —0.01+£0.20 0.96 0.06 £0.21 0.76
Entorhinal amyloid -0.34+0.24 0.16 —0.52+0.26 0.05 —0.16+£0.20 042 -0.13+0.21 0.55
Inferior temporal tau 0524027 0.06 0L.80+0.31 0.01 0.16 =028 0.56 028 +0.28 0.33
Parahippocampal tau 0.65+0.29 0.03 (.88 +0.32 0.01 0.32+0.30 0.28 044 +0.30 0.13
Entorhinal tau 0.39+£0.30 0.20 082035 0.02 0.20x=0.31 0.51 0.39£0.31 0.22
Rhinal tau 0.72+0.30 0.02 1.03+0.33 0.002P 012030 0.68 0.26 £0.30 0.39

PET. positron emission tomography: FIB-4, Fibrosis-4 score; SE, standard error; FLR, frontal, lateral, and retrosplenial. Model 1: Adjusted
for age, sex, time between exposure and PET, and camera. Model 2: Adjusted for age, sex, time between exposure and PET, camera, body mass
index, alcohol consumption, smoking, cardiovascular disease, c-reactive protein, total to HDL-cholesterol ratio, diabetes, and hypertension.
*Jog transformed. "Significant at FDR-corrected o =0.05 level. Bold values indicate p-value < 0.03.

Table 4
Association of liver fibrosis with PET Amyloid-p and tau in subjects with prevalent NAFLD (N=41)
Fib-4 score® Fib-4=1.3
BESE iy BESE [

Amyloid FLR? 1.93 £047 20.001" 1.33 4044 0.005b
Inferior temporal amyloid* 1.59 £0.38 <0.001P 1.10+0.36 0.005P
Parahippocampal amyloid 1.52+£054 0.008" 1.00+0.49 0.05
Entorhinal amyloid 0.89 £0.44 0.05 0.61 +0.39 0.13
Inferior temporal tau 2.01 £047 <0.001b 2.57+0.56 <0.001b
Parahippocampal tau 1.60+0.53 0.007" 1.72+0.70 0.02b
Entorhinal tau 1.59 £ 047 0.003b 1.97+0.58 0.003b
Rhinal tau 1.60 £0.42 01k 1.59 +£0.59 0.01b

PET. positron emission tomography; NAFLD, non-alcoholic fatty liver disease: FIB-4, Fibrosis-4 score; SE,
standard error; FLR, frontal, lateral, and retrosplenial. Adjusted for age, sex, time between exposure and PET,
and camera. *log transformed. "Signiﬁcant at FDR-corrected ce = 0.05 level. Bold values indicate p-value < 0.05.

Large Consortia are needed to find small effects!



Summary

e Half of all dementia will soon be in the oldest-old
* Multiple Etiology Dementia is the norm

* Genetic and lifestyle, environmental risk and resilience factors modify
clinical expression; usually present as multimorbidity

* Large collaborations are needed to identify nuances, understand
biology leading to targeted prevention trials
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