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Outline

The Framingham Brain Study ©

Vascular Brain Injury & Stroke
Vascular Contributions to Cognitive Impairment

— Impact of lifelong exposures

Observational Data can Predict Trial Outcomes
Heterogeneity may be key



Framingham Study
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Framingham Study: Sampling frame

2/3 of all adults
ages 30-59 years

Men and Women

/0% response
~750 volunteers




Framingham Study: the beginnings




Framingham Heart Study
Longitudinal Community-Based Family Study

1948 2015
Original cohort N =5209 men and women (ages 28-62) 31st
1971 2015

Offspring study N =5124 gth

Omni study N = 506 3rd

2002 -2015

Third Gen study N =4095 3«

Omni Gen 2 study N =368 3~




Framingham Heart Study

1948—»—»—»—»—»—»—»—>—>—>—>—>—>—>—>—>—>—>—>—>—>—>—>—>—>—>—> 2015

Gen 1: Dementia Free Persons Identified and ﬁollowe
Since Exam 14 in 1975; MMSE since Exam 17

1999-2009: 343 Gen 1 survivors MRI/NP

Gen 2: Dementia Surveillance Begins a
Exam 2 in 1979

1 11

1999-2009: 2900 Gen 2 survivors MRI/NP
called back for 2nd, 3rd scans ~6 yr intervals

Brain Bank: 1997

National Institute

on Aging m 4 X #*



Dementia Tracking

Flagged at FHS exam or health status update
MMSE, NP

- . Annoal
Physician- or self, family referral Saane
Ancillary study visit, medical records

NP Don Fanily Intsrview
| ‘u’m’ L | : “ a

Nrurolorical Sun
e o Detentia Beview

"A flagped person testing normal oo NP/NE

for 2 consecutive yoars refurned 1o pormsl
survwiince pool




Framingham Heart Study

1948—»—»—»—»—»—»—»—>—>—>—>—>—>—>—>—>—>—>—>—>—>—>—>—>—>—>—> 2015

l

Gen 1: Dementia Free Persons ldentified and Followed
Since Kaplan-Albert Exam 14 in 1975

1999-2009: 343 Gen 1 MRI/NP X3 ~6 yrs apart

More frequent, up to annual, NP/MRI testing in:
- Possible MCI, dementia -- 2 normal NP/Neurology

- Oldest-old (>85 years) -- Not near one of our MRI
centers in New England, FL, AZ etc.

- Brain Bank Enrollees
Brain Bank: 1997

National Institute

on Aging m 4 ¥ *



Framingham Heart Study

1948

Gen 1 Original cohort;

Gen 2 Offspring cohort

Exam 3. MRI/NP and Novel Imaging 2002 2014
Functional MRI

Amyloid and Tau PET Gen 3 cohort
Tractography, Regional Volumes/shape Exam 2 (2008-12): MRI & NP

Enlarged Perivascular Spaces




No.Subjects

Age Distribution at
Initial Brain Aging Evaluation

2000 -

1500 -

1000 -

500 -

&
20-30 30-40 40-50 50-60 60-70 70-80 80+ 4/7



| Cognitive (Neuropsychologcal) Test Battery
Cogretive Domadn Neuropsycholgcal Tost Measures Dol ned
Verdal Memon | WS - Loges Memory-mrmedate i Duiayed Recel
Vgl Memon, WS - Vel Repraducaony - mewdan S Ceaged Rece
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LA S alCe | WS B :v-,.)
VRLoconst o ton Cock Dreang lext
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WIS Wechsier Memory Scale WALS Wecrsier ASUT Inteligence Soake

Victoria Stroop & CERAD Word List: Gen 3

Video & Audio recordings for QC
Qualitative Assessment: e.qg. intrusions in LM-d

Digital tablet and pen



Neurology at Framingham

e Across 3 Generations

— Dementia and subtypes (Alzheimer, Vascular etc.)
— Mild Cognitive Impairment

— Stroke and subtypes

— Parkinson’s Disease and related disorders
— Other Neurological Conditions (epilepsy etc.)

— ‘NORMAL Brain Aging



Spectrum of Preclinical to Clinical AD
Studied at FHS

Risk Factors
Genetics
Biomarkers
NP/MR/PET
Neuropath

Outcomes

Gen 3

Gen 2
O‘fspring

Preclinical
disease

MCI

Gen1l
Original

RS

NN T T

severe

Dementia




Framingham Study Datasets

Four data sets, each indexed with Dummy IDs
Original cohort

1. Demographic information
— Sex -- Education (four levels)

2. Clinic exam information (Q2 yrs from exams 14-28)

— Exam number -- Age

- BMI -- SBP

— DBP -- Framingham Stroke Risk Profile (FSRP)
— Indicator for HTN, Stage | or higher -- Indicator for current diabetes

— Mini Mental State Examination



Framingham Study Datasets

Data sets indexed with Dummy IDs
Original cohort

1. Demographic information
— Sex -- Education (four levels)

2. Clinic exam information (from exams 14-28)

— Exam number -- Age

- BMI -- SBP

— DBP -- Framingham Stroke Risk Profile (FSRP)
— Indicator for HTN, Stage | or higher -- Indicator for current diabetes

— Mini Mental State Examination



Framingham Study Datasets
. Cognitive exams & Prevalent Disease

- Age

— Logical Memory, immediate -- delayed

— Visual Reproductions, immediate -- delayed

— Similarities -- Paired Associates

— Digit Span Forward -- Digit Span Backward
— Controlled Oral Word test Process Variables since 2004
— Prevalent stroke -- Prevalent dementia

— Prevalent atrial fibrillation -- Prevalent heart failure

— Prevalent coronary disease



MRI Neuropsychological Battery

 Brief, usable across wide age range
* Includes tests used in KA battery in 76-78
— Logical memory
— Paired associate learning
— Visual reproduction
— Similarities
* Excludes some tests from KA battery
— Digit span (forwards and backwards)
— Word Fluency or _ Cntrolled //ord /ssociation



Additional tests in MRI battery
compared to KA

ide Range /.chievement |est-3, Reading
(WRAT)

Boston naming

Trails Aand B
Hooper visual organization

Finger tapping
Hand grip, gait measures



Additional tests for dementia
survelllance exams

Digit span
Controlled word association test (COWA)

WAIS- Information
Block design

Clock drawing
Cookie theft



Framingham Study Datasets

4. MRI| exams
— Age
— Total Cranial Volume

Also have gray, white volumes
Brodmann area (FS +)
Deep Nuclei

Tractography
Infarcts, CMB, ePVS

— Total Brain (Parenchymal) Volume
— Hippocampal Volume

— Lateral Ventricular Volume

— White Matter Hyperintensity Volume
— Regional Lobar Volumes



Outline

e Vascular Brain Injury & Stroke

* Vascular Contributions to Cognitive Impairment

— Framingham Stroke Risk Profile
— Impact of lifelong exposures



Vascular Brain Injury

e The Human Brain is.....

Highly Vascular, metabolically very active
1/6t cardiac output, 1/40% body mass

Vulnerable to ischemia
Diseases of ‘pump and pipes’

Auto-regulation of blood flow

Separated by blood-brain barrier




Vascular Brain Injury

* Cerebral Autoregulation

<0,




Neurovascular Unit

Microglial cell



Blood-Brain Barrier
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Pathobiology of ischaemic stroke

Morphology Blochemistry

lone 1adure
infarction AnCd depolanzabon
Glucose use o
&:&mn rolase
o0 use §
Proten synthenis ¢
Inflamenation AOBOSS
and Oxygen extracton §
APOPLOSIS
Seleciive gene oXpresson

a

Ulrich Dirnagl, Costantino ladecola, Michael A. Moskowitz, Ulrich Dirnagl, Costantino ladecola, Michael A. Moskowitz

http://dx.doi.org/10.1016/S0166-2236(99)01401-0
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Ischemic tolerance and endogenous
neuroprotection

Ulrich Dimnagl’, Roger P. Simon® and John M. Hallenbeck”

Caparmertal Nouwroiogy, Charte Moapital, Mumsolst Uswversty, 10098 Sota, Germany
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Vascular ‘Iceberg’

Stroke/
Dementia

Genes

Vascular Cognitive Lifestyle

Impairment
Inflammation
Neurodegeneration

Vascular Brain Injury

Vascular Risk Factors




Definition

« Sudden onset, focal neurological deficit of
presumed vascular etiology

« Transient Ischemic Attack (TIA): deficit lasts
<24 hrs

— Typically lasts 5-15 mins

— New: 50% of TlIAs show acute ischemic brain injury
Sacco RL Stroke 2013;44: 2064-2089

« Stroke: clinical deficit lasts > 24 hrs
— Deficit may be minor or catastrophic
— May progress, remain static or improve



Types of Stroke

® Blood flow to brain tissue can be hampered in two ways:

® the vessel clogs within (ischemic stroke)

® Clot forms at the site of obstruction: thrombosis
® Clot breaks off and occludes a distal vessel: embolism

® the vessel ruptures, causing blood to leak into the brain
(hemorrhagic stroke)
® Bleeding into brain parenchyma: intracranial hemorrhage
® Bleeding into CSF space

® QOutside brain: subarachnoid hemorrhage - SAH
® [nside ventricle: intraventricular hemorrhage - IVH



Pathophysiology of lacunar and haemorrhagic stroke

Sords, P. et al. (2012) Antihypertensive treatment can prevent stroke and cognitive decline
Nat. Rev. Neurol. doi:10.1038/nrneurol.2012.255

DLCVYTEWW/CO



Dementia After Stroke
The Framingham Study  ¢...1 2004:35:1264-1269

Cristina S. Ivan. MD: Sudha Seshadri. MD:; Alexa Beiser, PhD: Rhoda Au. PhD: Carlos S. Kase. MD
Margaret Kelly-Hayes, RN, EdD: Philip A. Wolf. MD

Cumulative Incidence of Dementia
Comparison of Stroke Cases to Controls

Stroke Cases 19.3% (41/212)
Stroke —free Controls 11.7 % (124/1060) _—
HR 2.0 95% CI 1.4-2.9

lative Incidence of Dementia
)
)
@
Q
Q
()
Q
O
O
)
O &
D Q

Kaplan-Meier plot showing cumulative incidence of dementia:
comparison of stroke cases to controls.



Subclinical Vascular Brain Injury

 5X prevalence of clinical stroke/TIA

* |ncreases risk of clinical stroke and dementia,
disability, depression and death

« \Worse outcome after clinical stroke

* No treatment available; prevention is key



Silent Strokes and Vascular Brain Injury

11-25% prevalence, increases with age & MRI technique used

— Lacunes




Cerebral Amyloid Angiopathy
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Cortical micromnfarcts on 7T MRI in patients with spontancous on 3T
intracerebral hemorrhage
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History of Vascular Dementia

“Foolishness may
also result from
great strokes ...”

* 1894 - Binswanger
— Encephalitis subchronica progressiva

* 1894 - Alzheimer
— Arteriosclerotic brain degeneration




History of Vascular Dementia

* ‘Hardening of Arteries’

* Blessed, Tomlinson and Roth (1970):

— Most senile dementia is associated with
Alzheimer-type pathology




History of Vascular Dementia

 Hachinski et al. (1974): ‘multi-infarct’
dementia

— ‘When vascular disease is responsible for
dementia it is through the occurrence of

multiple small or large cerebral infarcts’

Lancet. 1974,2:207-210




Clinical Criteria to Define VaD

Hachinski Ischemic Score (HIS)

Diagnostic and Statistical Manual (DSM- IlI, IlIR, IV) criteria

International Classification of Disease (ICD)

California Alzheimer’s Disease Diagnostic and Treatment Centers (ADDTC)
criteria

National Institute for Neurological Diseases and Stroke- Association
Internationale pour la Recherche et ‘Enseignement en Neurosciences (NINDS-
AIREN) criteria

Prevalence varies with criteria: 13-50%

K=0.76



alzheimer’ QY association

AAI[)]B Clinicopathological Validation Study of Four Sets
of Clinical Criteria for Vascular Dementia

GOLD, BOURAS, CANUTO, ET AL. (Am J Psychiatry 2002; 159:82-87)
Clinical Criteria for Sensitivity Specificity
Vascular Dementia
DSM-IV 0.5 0.84
ADDTC-possible 0.7 0.78
NINDS-AIREN-possible 0.95 0.84
ADDTC-probable 0. 2\ 0.91
NINDS-AIREN-probable ( 0. 25 0.93
ICD-10 o.y 0.94

Criteria are insensitive



althetmery % assoclation

AA'[‘|5 Vascular Dementia: A Radical Redefinition

Dementia. 1994; 5:130-2.

* ‘Vascular’ too generic
* ‘Dementia’ too late

* Vascular Cognitive Impairment

— Brain at Risk.... to.... Dementia



s VVascular Cognitive Impairment (VCI)

AIC)

The Inclusive Definition

* Cognitive or behavioral problems

* Evidence of damage to brain due to
vascular factors
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Stroke " ede
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VCI Is Heterogenous

e Vascular Dementia
— Following clinical strokes (single, multiple, strategic)
— Extensive small vessel disease (silent strokes, WMH)

— Specific genetic arteriopathies (CADASIL)
— Amyloid angiopathy & multiple microbleed

* Vascular Mild Cognitive Impairment (VaMCl)

e Contribution of vascular factors to AD

Vascular and Alzheimer pathology co-exist, so both can be diagnosed simultaneously



Emerging Concepts:
Vascular Contributions to Cognitive Aging

* Vascular Contribution to Clinical Severity of Dementia

— Permissive/Additive..... versus....
Synergistic/Multiplicative

* Observational data in humans and experimental data
from animal models seem to suggest different
answers



‘Typical’ Clinical Presentation of VaD

Multifocal rather than global cognitive deficits

Executive dysfunction more prominent than memory
loss

Recognition better than spontaneous recall

Depression,

Involuntary emotional expression (pseudobulbar
affect)

Focal neurological deficits (speech, limb)

Psychomotor slowing, gait abnormality
Bladder control problems



Stroke Risk Factors

Non-modifiable

Age, Sex, Race, Ethnicity, Genetics

Modifiable

Medical Conditions

e Hypertension

e Cardiac disease

o Atrial fibrillation

o Diabetes & Met-Syn
e Kidney Disease

e High Homocysteine
e Inflammation

e Subclinical Disease

Behaviors

Cigarette smoking
Obesity

Physical inactivity
Hormone Replacement
Therapy

Alcohol abuse

Diet: fruits, vegetable, fish,
fat, salt



Probability of Stroke: A Risk Profile
From the Framingham Study

Philip A. Wolf, MD; Ralph B. D'Agostino, PhD;
Albert J, Belanger, MA; and William B. Kannel, MD
Stroke 1991;22:312-318

Risk Prediction & Stratification
Education and Motivation

Easy aggregate measure of vascular brain injury



Framingham Stroke Risk Profile

- Framingham Stroke Risk Profile Score
based on age, sex & measurements of:
— Systolic blood pressure
— Antihypertensive therapy
— Diabetes
— Smoking
— Prior cardiovascular disease
— Atrial fibrillation
— EKG- Left ventricular hypertrophy



Lipid and lipoprotein measurements and
the risk of ischemic vascular events

Framingham Study

Meksandes Piluls, MD  ABSTRACY Neurology 2015

SDU log-HDL 0.77 [0.68-0.87]*** P<0.001

HDL<40 1.59 [1.23-2.05]*** P<0.001

Effect seen in both Men and Women

Not attenuated by adjustment for interim Mi



Probablllty of Stroke in Men in 10 YTrs.

Points +1 +2 +3 +4 +5 +6 +7 +8 +9 +10 |Points
Age 55 58 60 64 66 70 75 78 80 83 85 5
Untreated| 100 110 120 130 140 150 160 170 180 190 200 8
?lI'BeI:ted 100 108 115 120 126 132 140 146 156 170 190 -
SBP
Diab \[o Yes 2
Cigs No Yes 3
CVD No Yes 0
A-Fib No Yes 4
LVH No Yes 0
Total 22



Probability of Stroke in Men in 10 YTrs.
Points 10-Yr Prob

S
10
14
16
20
22
25

5%
10%
17%
22%
37%
47%
63%

Risk of Stroke - Increased 3.4 fold

Age

55-59
60-64
65-69
70-74
75-79
80-84

Average
10-Yr Prob
5.9%

7.8%
11%
13.7%
18.0%
22.3%



Predicung cognitive decline

2 4 . !
MARTIRIVNMU TDA O ™

2 »
AL lal sl !o’-_!c’l"f.. R L AN
e

FSRP better than Dementia Risk Score

e b o eoe 4 LA& ‘A. .
e NDgorna Vs .

< (8 SR A REAL L a o e T e I LN I e I .
fo o b N " Y — o ) :. - _— -~ O Ve ¢ ..".\'"._

‘.'00, 'J‘~- e
Yoehale "wirawit) vorerow podl ovrer Uy wmew- o o 0 juamy B bevwmrw "o T
Ne—y VA "_'
e AR W & A b B rat w o M rpspew e ! PN Y s S
Wbe b ™M)

R aw A ol wwe e U VogmrrPeT R v ware ™ by T ecaw aw w »

Aatons logh Meruan

. A"- el _ter Y a a h - » - - - - - . » s Yo o -t o » y
) YN YTte ™Mae .J.‘ B AR A RT . e A AW Ty ,q’.\.". S et T r'_\’.o
T > @ wo~ e w -~ . R A
PRP—— Xovadw "y o b oes w bamgpwr 100 gl NP w 1V b o s 2l - AR
* bfonw i T N NV .‘.'c.o-._‘ -™ e p ) - e, - e blavse AR - N e e
S— -
i AN 3 L YO e ol et e " . " e el M Sg far ety e
vorr s@olorvvnmolm wld Svomg copm moren Wamen) ph gy Frpmpie parin e it 1D gew
Jr " 4 e IO Y TN .\'.,"".' » v Sy » e Bols
P A N reen W oraarrote g ke e dwam N e Wy P ™ N DAY,
e X ) r O N T P O T L g
WINPT T A AT e ) | s | ‘ - ' 4 - A AT A I |
/Al -, 2 L _ : .
Cansbovman "¢ CALR durwrtw od Vvwvmyfam v an wames prodn t sogrtve e rw = L4
Fablg ape W e e A vy N T pea e e v Nve T - e
_ -’ e AN AL e AT ] Tl o p e Sl e el e A S Y

or Ty Nerreer 201280500001



@ e JAMA Network

From: Plasma Total Cholesterol Level as a Risk Factor for Alzheimer Disease: The Framingham Study

Arch Intern Med. 2003;163(9):1053-1057. ( Table 3. Multivariate Mhm‘ Hazard Ratios
of AD in Relation to Cholesterol Measurements*

AD, No./Study Harard Ratio
Variable Population  (95% Confidence Interval)
Cholesterol Mean TC1-15 60/853 0.95 (0.87-1.04)
n . ; o,
levels were not 1620 60853 0.97 (0.90-1.05)
associated HOL at examination 20  6O/849 1.10(0.83-1.31)
with dementia ATC15-20t Sy741 1.01(0.92-1.11)
or AD risk
Abbreviations: AD, Alzheimer cisease; TC1-15, total cholesterol lavels
2Cr0ss examinason cycles 110 15; TC20, total cholesterc! level measured at
the 20th examination cycle; ATC15-20, change in fotal cholestercl lavels
between examination cyches 15 and 20.
*Adjustad for age, sax, apolipoprotein £ genotype, coronary heart disease,
Iherapy 10 lower lipid levels, and body mass index.
tincludes subjects who were not receiving madications to lower ipid
levels,
Table Title:

Multivariate Adjusted Hazard Ratios of AD in Relation to Cholesterol Measurements*

Copyright © 2015 American Medical

Date of download: 9/13/2015 Association. All rights reserved.
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Untreated Blood Pressure Level is Inversely Related to

Cognitive Function: The Framingham Study

Elias MF, Wolf PA, D’Agostino RB, Cobb J, White LR.
Am J Epidemiol 1993; 138:353-64

1702 Framingham subjects aged 55-88

» BP measured over 5 consecutive exams (1956-64)
befor anti-hypertensive medications were widely
used

 On neuropsych evaln in 1976-78, BP was inversely
related to performance-



Odds of subject having logical memory (delayed) score in bottom 25% value for sample

100 -
80- | 057
60 - “] 167
% 77
sl -
e . mer
20 - 87
0- 57 Age in years

120 130 140 150 160 170 180
Systolic BP in mm Hg



Midlife SBP & 10 Yr. Change in

Digit Symbol Substitution Test
NHLBI Twin Study

" 0. _ A
(7p]
(]
I -1- -
&
S -2 -1.55
N -
O 3
&
o A -
s 4 -3.94

-5 -

-5.03
-6 -
<120 120-139 >140
Midlife SBP (1970-1986)
Mm Hg

DSS - Motor Speed, Visual Search,
Visuomotor Coordination



Adherence to Ideal CVH slows v 5
vascular related brain aging |

COHORT 2,750 stroke-, dementia free Framingham
Offspring (mean age 61) assessed twice ~6 years apart ® .

RESULTS Higher Ideal CVH
predicted a lower risk

of incident stroke (HR =
0.83, 95% CI 0.71-0.97)
and less cognitive decline
on tasks measuring

visual memory (B+SE
=0.02+0.01, p=0.012) and
reasoning (B+SE
=0.020.01, p=0.044)

A 1-point higher CVH
score reduced the rate
of decline in frontal
brain volume to that of
someone 3.4 years
younger.

DISCUSSION Adherence to the American Heart Association’s Ideal CVH behaviours may
protect against vascular related brain injury. The concept of Ideal CVH should be
promoted to protect the brain, as well as the heart, from vascular risk factors.

Matthew Pase, Alexa Beiser, Danielle Enserro, Vanessa Xanthakis, Hugo Aparicio, Claudia Satizabal, Jayandra Himali,
Carlos Kase, Vasan Ramachandran, Charles DeCarli & Sudha Seshadri.




Emerging Concepts:
Vascular Contributions to Cognitive Aging

* VClis a life course ‘disease,” but we may need
sensitive measures to detect mid-life impact

* Relative Impact Greater in Younger Adults






Barker Hypothesis

The Thrifty Phenotype Hypothesis

/Mﬂﬂic modifications




Mental Ability in Childhood and

Cognitive Aging Gerontology 2008;54:177-186
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Cohort Studies of Vascular Factors &
Cognition/Dementia

* Persons enrolled at ~age 65

— Cardiovascular Health Study/ Rotterdam 1/ 3C/ FHS
Gen 1

* Persons enrolled at ages 45-65

— Atherosclerosis Risk in Communities
— FHS Gen 2

e Earlier life information available
— AGES Reykjavik
— CARDIA
— FHS Gen 3



Mean TCBV by Quartile of Framingham Stroke Risk
Profile

Seshadri S et al., Neurology, 2004, 63:1590
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Framingham Stroke Risk Profile Quartile

1841 stroke and dementia free adults, Mean age: 62 years
Persons with HTN had a Total Cerebral Brain Volume (TCBV) = that of a person 2 years older
Diabetics had a TCBV = person 6 years older!
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Effects of systolic blood pressure on white-matter integrity 2@
inyoung adults in the Framingham Heart Study:
a cross-sectional study
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Figure 5 Number of patients with white-matter hyperintensities at a voxel location

Pauline Maillard, Sudha Seshadri, Alexa Beiser, JayandraJ Himali, Rhoda Au, Evan Fletcher, Owen Carmichael...

Effects of systolic blood pressure on white-matter integrity in young adults in the Framingham Heart Study: a cross-sectional study

The Lancet Neurology Volume 11, Issue 12 2012 1039 - 1047 http://dx.doi.org/10.1016/51474-4422(12)70241-7

Among 579 young middle-aged (45+9) healthy individuals, elevated SBP has a subtle, negative
effect on WM microstructural integrity, especially in the corpus callosum. This reinforces the
view that vascular brain injury may develop insidiously over several decades.
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Figure 4 Regression curves relating brain integrity as expressed by the first principal component as a function of the hypertension category and
age of the individual (A) and the difference in brain ageing increase between hypertension categories according...

Pauline Maillard , Sudha Seshadri, Alexa Beiser, JayandraJ Himali, Rhoda Au, Evan Fletcher, Owen Carmichael...

Effects of systolic blood pressure on white-matter integrity in young adults in the Framingham Heart Study: a cross-sectional study
The Lancet Neurology Volume 11, Issue 12 2012 1039 - 1047

Hypertensive 40 year old had loss of brain integrity equivalent to normotensive person aged 47 years



Association of Diabetes, Fasting Blood Glucose and Insulin Resistance with Cognitive and

Structural Brain Measures in Young Adults: the Framingham Heart Study

N logy 2015,84:2329-37
Weinstein G, Beiser AS, Maillard P, Himali JJ, Au R, Kase CS, Wolf PA, Decarli C, Seshadri S. eurofogy ’
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Midlife Physical Fitness Predicts Brain
Volume after 20 years

Table 2. Linear regression of TCBV measured in later-life on fitness and
exercise hemodynamic variables at baseline and later-life,
in Sample 1% (n=1094) and Sample 2** (n=1583).

Sample 1* (n=1094) Sample 2* (n=1583)

Variable Model Beta £ SD p Beta £ SD p

Baseline (cycle 2, mean age 40+9 years; at MRI 58+8 years)

Exercise Capacity Model 1 0.02+0.01  0.075 0.0510.01 <0.0001
Model 2* | 0.0310.01 0.027 0.05+0.01 <0.0001

Exercise SBP Model1 |-0.08+0.04 0.040 -0.12+0.04 0.0023
Model 2T |-0.06+£0.05 0.164 -0.10+£0.04 0.01

Exercise DBP Model1 |-0.15+0.06 0.020 -0.18+0.06 0.0034
Model 2t [-0.14+0.07 0.049 -0.17+0.06 0.008

Exercise HR Model1 [-0.07+0.04 0.104 -0.09+0.04 0.037

Model 2t |-0.12£0.05 0.021 -0.11+0.05 0.024

Late-life fitness did not predict brain volume after adjusting for concurrent VRF levels



Outline

e Observational Data can Predict Trial Outcomes
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(Reprinted) JAMA, December 3, 2008—Vol 300, No. 21 2545

Framingham Study Insights on the Hazards
of Elevated Blood Pressure
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Men, 65 years of age: Lifetime risk of first-ever stroke by baseline BP
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Sudha Seshadri et al. Stroke. 2006;37:345-350

Copyright © American Heart Association, Inc. All rights reserved.



9250 participants;
Half with CKD, half AA, 1/3 > age 75

Primary outomes: CVD and Stroke
Sec: Cognitive decline, WMH and
Systolic Blood Pressure Interver dementia.

Target SBP of 120 mm Hg
versus 140

saved lives
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1038 ATHE NEW ENGLAND JOURSNAL OF MEDICINE U 249, 1790

POSTMENOPAUSAL ESTROGEN USE, CIGARETTE SMOKING, AND CARDIOVASCULAR
MORBIDITY IN WOMEN OVER 50

The Framingham Study
Perer W.F. WiLson, Roeert J. Garrison, ANp WiLLian P. CasTeLur
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Outline

 Heterogeneity may be key
— Persons (Age, Sex, Genes)
— Risk Factor of interest, duration
— Concomitant factors, illnesses
— Measurement (test, interval)



Rates and nisk facrors for progression 1o
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Inter-arm differences in systolic BP
(IDSBP) predict dementia risk

* Blood pressure (BP) is generally measured
from one arm but:

-20% of adults have a BP difference between
arms 210mmHg; a sign of possible vascular disease.

-Peripheral vascular disease may indicate poorer
blood flow and perfusion to the brain meaning that
IDSBP could possibly be used as a simple tool to screen
for those at risk of cerebrovascular disease and
dementia.

e This study examined if IDSBP 210mmHg were \
associated with the risk of incident dementia |
and subclinical brain injury.

Matthew Pase, Alexa Beiser, Hugo Aparicio, Charles DeCarli, Vasan Ramachandran,

Joanne Murabito, & Sudha Seshadri.
Image appropriated from Petznick and Shubrook Osteopathic Medicine and Primary Care 2010 4:5 doi:10.1186/1750-4732-4-5




IDSBP and dementia O

._\._,\WM
METHODS 2063 Framingham Heart Study participants underwent assessment
of IDSBP with results related to the 10 year risk of incident dementia including
clinically characterized Alzheimer’s disease. Secondary outcomes included

markers of subclinical brain injury on Magnetic Resonance Imaging.

RESULTS Associations between IDSBP and the 10y risk of all-cause dementia and

Alzheimer's disease (AD) Whole sample Apoc ebt
outcome N cases/ subjects HR (95% CI) N cases/ subjects HR (95% CI)
Any dementia  224/2018 1.05(0.76, 1.45)  59/416 1.92 (1.09, 3.40)
AD 18412018 107(075,152)  52/416 232(1.29,4.18)

Adjusts for age, sex, education and systolic blood pressure in the left arm

In APOE €4 carriers, IDSBP were associated with a greater risk of incident dementia
including Alzheimer’s disease (see table), lower total brain volumes (B + SE =-1.26 + 0.38,
p < 0.001) and more prevalent covert brain infarcts (OR = 2.14, 95% CI: 1.10, 4.19)

DISCUSSION These data further underscore the importance of vascular health in the
aetiology of clinically characterized AD as well as the convergence of different pathology in

the development of dementia.

Matthew Pase, Alexa Beiser, Hugo Aparicio, Charles DeCarli, Vasan Ramachandran,
Joanne Murabito, & Sudha Seshadri.



Genetic Overlap of VCl and AD

— Genes determining Brain reserve, response to
injury
 (APOE, BDNF)

— Monogenic disorders may provide a model
« NOTCH3 (CADASIL)

— Stroke genes may directly affect cognition
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Genomewide Assoclation Studies of Stroke
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OPEN G ACCESS Freely available online “ PloSone

Genetic Polymorphisms of a Novel Vascular
Susceptibility Gene, Ninjurin2 (N/NJ2), Are Associated
with a Decreased Risk of Alzheimer’s Disease

Kun-Pei Lin'~*, Shih-Yuan Chen', Liang-Chuan Lai’, Yi-Ling Huang', Jen-Hau Chen'”, Ta-Fu Chen*, Yu
Sun?, Li-Li Wen®, Ping-Keung Yip’, Yi-Min Chu®, Wei J. Chen'"'% Yen-Ching Chen'*'%*
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Doarioaded Novermber 15, 20146 hom The Joumal of Climical invesigason. do 10 11 720CITS108

The Journal of Clinical Investigation BRIEF REPORTY

Mutation of FOXC1 and PITX2 induces cerebral
small-vessel disease

Curtis R. Freach,' Sudha Seshadii,’ Anita L. Destefano.’ Myriam Fornage.* Corey R. Armold,” Philip ). Cage.* Jonathan M, Skarie,'
Wilkam 8. Dobyns.* Kathieen | Millen.” Ting Liw," Wilkam Distz,” Tsutomu Kume," Marten Hother ™ Derek | Emery.”

Sarah ). Chalds,' Andrew |. Waskiesncz,” and Ordan | Lebhmaan'"

JCl 2014;124:4877-1881.

An atrial fibrillation gene also directly causes cerebral small vessel disease
A new gene from same ‘neural crest’ class of genes also causes stroke- submitted



Genes (SNPs) associated with poorer cognitive function

2493 persons with no AF and cognitive testing in the Framingham Study
Trails A and B, Visual Reproductions, Hooper, Verbal Fluency

SNPID chr | Gene Cognitive Phenotype p-value

rs2200733 |4 PITX2 | Trails A 0.02
Visual memory 0.03
Verbal Fluency 0.02

rs7193343 |16 | ZFHX3 |Hooper visual organization |0.01
Verbal Fluency 0.04

Persons without clinical stroke or dementia



Genetic Overlap of VCl and AD

— Genes determining Brain reserve, response to
Injury
* (APOE, BDNF)

— Monogenic disorders may provide a model
« NOTCH3 (CADASIL)

— Stroke genes may directly affect cognition

— AD genes may act through vascular pathways
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Meta-analysis of 74,046 individuals identifies 11 new
susceptibility loci for Alzheimerss disease
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Neurobiology of Discase

Braskie et al., 2011
Common Alzheimer’s Disease Risk Variant Within the CLU

Gene Affects White Matter Microstructure in Young Adults
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Yanant of TREM2 Associated with the Risk
of Alzhermer's Disease

N Engl J Med 2013; 368:107-116 &117-127

TREM2 Vaniants in Alzheimer's Disease

Trigger Receptor
Expressed on
Myeloid Cells 2 protein

May activate microglia
to permit beta-amyloid
oligomer removal

Polycystic lipomembranous
osteodysplasia

with sclerosing
leukoencephalopathy,
(Nasu-Hakola)






Vascular Contributions to Cognitive Aging

* Genetic Pathways Overlap, Promise to
improve our understanding of VCI

Polygenic Overlap Between C-Reactive Protein, Plasma
Lipids, and Alzheimer Disease

(Circulation. 2015:;131:2061-2069



Outline

 Heterogeneity may be key

— Risk Factor of interest, duration



Stroke Incidence by SBP

f I e | Nay:

| . .
» 120100 l.tm ) l
| AT TN ) R
4019 mod WTN  TN{as

s v NN
5 . .

L

Antecedent BP:

1-9 years earlier and
10-19 years earlier
Also increases risk: 30-100%

:a
At adjusted Incidence rae
1,000y 0ar

;g'
1L
]

o
,
A
~

Seshadri et al: Arch Int Med

2001;161:2343-2350 Age 45.84 Age 6584



PN

for current risk

after adjusting
factor levels

34% higher risk
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EDITORIAL COMMENT

Indexes of Subclinical Atherosclerosis ~ ®
Signposts on the Highway to Disease’

Sodh Sevhadn. VD



Systemic Vascular Injury Associated with VBI, VCI

— Carotid Imaging: Stenosis, IMT, Plaque
— Cardiac Imaging: ECHO/MRI, Coronary Calcium
— Vascular Imaging: Tonometry, Aortic Plague

Epidemiology and Prevention

Carotid Artery Atherosclerosis, MRI Indices of Brain
Ischemia, Aging, and Cognitive Impairment Cardiac Index Is Associated With Brain Aging
The Framingham Study The Framingham Heart Study

Relatsons of arverml suftness and

condothclial funcrson to brain aging in the Visceral Fat Is Associated with
COMMARITY o Lower Brain Volume in Healthy
Middle-Aged Adults




Brain Imaging and Cognitive Predictons of Stroke and
Alzbelmser Disease In the Framingham Heart Stady
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@ PLOS on:

Vascular Factors and Multiple Measures of
Early Brain Health: CARDIA Brain MRI Study

Lonoee J Lavner"*, Com E Lawis”, Pamela J. Schveiner”, muu".
Harsha Battagady”, David R, Jacobs”, Ketvin ©. Uim*, Mark D'Esposito’, Olan Drang ',
Jared Rok®, Christos Davatzicos®, R Nick Beyan®

ORIGINAL ARTICLE

Nocturnal Blood Pressure in Young Adults and Cognitive
Function in Midlife: The Coronary Artery Risk Development
in Young Adults (CARDIA) Study

Yuscheo Yano, Hongyan Ning, " Paud Mumtrsee * Jared P Row,” Danad A Caloun.® Anthorry 1 Viera,'
Deborah A Levine” Dovid R Jacobs k' Daschi Shimba* Kiang L' Philp Greendand,” and Donald Uoyd- Jores



Outline

 Heterogeneity may be key

— Concomitant risk factors, illnesses
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The clinical importance of white matter hyperintensities on b‘”
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Crrrent Alzheimer Research, 2007, 4, 000-000 1

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

Heart Study

P A Wolf* A Beiser. M F Elias. R Au. R S. Vasan and S. Seshadn

Combined Impact of Waist-Hip Ratio & HTN
on Visual Reproductions — Delayed Recall

Z-scores
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Outline

 Heterogeneity may be key

— Measurement (test, interval)
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and Progression to Dementia sl N8
The Canadian Study of Health and Aging ‘
Shahram Oveisgharan, MD; Viadimir Hachinski, MD, FRCPC, DSc(Lond) § s
Arch Neurol. 2010,67(2):187-192 = %
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Pathways to Cognitive Impairment, Dementia,
including Alzheimer Disease Dementia

Vascular Risk Factors,
Genes, inflammation

Primary
Prevention

Stroke,
VBI, vaMCI
£\

APOE,
other AD s y
? econdary .
SCNes Prevention Dementia
& AD

\ Amyloid, Tau
Preclinical AD,

aMClI




Some Questions

* A Healthy Cerebral Vasculature Likely Postpones
Clinical Dementia-

— Addressing which vascular risk factors would be most
effective? When and How? In Whom?

* Will cerebral vascular health prevent or postpone
amyloid and tau pathology?

— Addressing which vascular risk factors would be most
effective? When and How? In Whom?
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Dementia Risk Prediction

Congress has passed an act requiring cognitive
screening at Medicare Annual Wellness visit

But there is concern about high % of false +ves

Dementia Risk Assessment

— Framingham Study -Cardiovascular Health Study
— Sacramento Area Latino Study of Aging -Health & Retirement Study

http://campuslifeservices.ucsf.edu/clsforms/documen
tsmedia/dementiarisk/

Age, Education, BMI, DM, Stroke, Money/Meds, Depression



http://campuslifeservices.ucsf.edu/clsforms/documentsmedia/dementiarisk/
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