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Dementia as a growing public health epidemic

Alzheimer’s disease (AD) is the leading cause of dementia

* There are few current treatments, although there are many active clinical trials

evaluating possible interventions
* Most treatments tested to date have been only modestly effective or ineffective, or don’t
clearly modify disease
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Vascular risk and Alzheimer’s Disease

* Many patients diagnosed with AD may actually have
some vascular contribution, and patients diagnosed
with vascular dementia may have some
contribution from AD neuropathology

* Vascular risk factors (hypertension, diabetes,
smoking, high cholesterol) are known to be present
in a subset of individuals with dementia and AD

* This relationship is likely because either:

* Vascular disease directly causes
neuropathologic changes of Alzheimer’s
dementia, OR

* Vascular disease of the brain and
neuropathologic changes of Alzheimer’s
together make it more likely that a patient will
decline clinically to the point to be labeled with
AD

Alzheimer’s
Vascular disease

dementia

Mixed dementia
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Vascular risk and Alzheimer’s Disease

* Many patients diagnosed with AD may actually Mild Cognitive
have some vascular contribution, and patients Impairment Probable AD
diagnosed with vascular dementia may have some
contribution from AD neuropathology

AD+LB

AD

* Between 55-80% of AD patients have coincident
vascular changes in the brain (Bangen et al,, orL8
Alzheimers & Dementia 2015; Toledo et al., Brain
2013)

+LB

. . Schneider et al., Annals of Neurology 2009
* Multiple studies have found fewer AD f gy

neuropathological changes (plaques, tangles) in AD=Alzheimer’s Disease
patients with vascular changes for an equivalent 'Jg'”iarctsB y
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A window of opportunity for prevention

The long preclinical period of Alzheimer’s Disease emphasizes the need to
evaluate early risk factors

Vascular risk factors from middle age have stronger relationships with
cognitive outcomes than from later life
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Mechanisms for a vascular/ AD interaction

Vascular risk factors lead to alterations in cerebral
blood vessels and can lead to low cerebral blood
flow, especially in the white matter of the brain

The blood brain barrier can be disrupted in the
presence of vascular disease

Role of the neurovascular unit: Amyloid-p itself
may directly damage blood vessels, further
worsening cerebral blood flow, with altered
neurovascular coupling

Vascular disease may make clearance of amyloid-3
harder; the “glymphatic system” is around blood
vessels and helps remove brain waste, and may
even lead to more APB production

Poor Vascular Health
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VCID: Vascular Contributions to Cognitive Impairment

and Dementia
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A common form of VCID:

Cerebral Small Vessel Disease (SVD)

Lancet Nevrology 2023
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Identifying potential targets for prevention and

treatment over the life course

 What are modifiable risk factors for cognitive decline and dementia?

 When are modifiable risk factors most important (and thus potentially
intervened upon)?

* What are potential mechanisms linking these risk factors to cognitive
decline and dementia®?

 What other factors (e.g. genetics, other neurodegenerative disease,
lifestyle/ social determinants of health) modify how vascular disease may
influence cognitive decline and dementia?
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Identifying potential targets for prevention and

treatment over the life course

 What are modifiable risk factors for cognitive decline and dementia?

* When are modifiable risk factors most important (and thus potentially
intervened upon)?

 What are potential mechanisms linking these risk factors to cognitive
decline and dementia?

 What other factors (e.g. genetics, other neurodegenerative disease,
lifestyle/ social determinants of health) modify how vascular disease may
influence cognitive decline and dementia?
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Atherosclerosis Risk in Communities

(ARIC)

LiRIC

Community-based prospective cohort of initially 15,792 middle-aged adults

Visit 1 Visit 2 Visit 3 Visit 4 - Visit 5 Visit 6 Visit 7 Visit 8 *T
1987-89 “1 1990-92 1993-95 1996-98 Z| (ARIC-NCS) (ARIC-NCS) [—>| (ARIC-NCS) |—>| (ARIC-NCS)
2011-13 2016-17 2018-19 2020
Age 45-64 48-67 51-70 54-73 68-89 75-94 77-96 79-98
Cognition N=14.306 N=11,625 N=6,538 N=4,003 N=3,589 N=3,268
Brain MRI N=1,929 N=1,134 N=1,974 N=733
Florbetapir PET N=346 N=183

Suburban
Minneapolis, MN

Washington Co., MD-®

Forsyth Co., NC®

Jackson, MS e

Cognitive analyses consider:
Change in cognition
Incident dementia

Methods consider attrition from death and dropout, using inverse probability
of attrition weighting and multiple imputation with chained equations

NOTE: Visits ongoing, currently on ARIC visit 11



Original Investigation

Midlife Hypertension and 20-Year Cognitive Change Annals of Internal Medicine OriGINAL RESEARCH

The Atherosclerosis Risk in Communities Neurocognitive Study Diabetes in Midlife and Cognitive Change Over 20 Years
A Cohort Study

Androca M. Reslings, MS: A Fichey Shartt MD, DrfH: Asdea LC. Scenolder. FhD: Josef Coeesh, MD, PRD, MEHE: Manlyn Albort. PRO);
Darvid Comper, PhD, M5 Michaal Crisweold, PRl; Rebocca F. Golesman, MDD, PhD; Lynss E 'Wagenknechl, DiPH. MPH,
E_ Cwian 'Windsam. MD; ad Biahet® Sawin, PsD. MPH

Ann Intem Med. 2014;161:785-793. dol:10.7326/M14-0737

Rebecca F. Gottesman, MD, PhD: Andrea L. C. Schneider, MD. PhD:; Marilyn Albert, PhD; Alvaro Alanso, MD, PhD;
Karan Bandean-Roche, PhD; Laura Coker, PhD; Josaf Coresh, MD, PhD; David Knopman, MD; Melinda C. Power, ScDy;
Andreea Rawiimgs, M5; A. Richey Sharrett, MO, DrPH: Lisa M. Wruck, PhD; Thomas H. Maosley, PhD

JAMA Newrol. 2004;71010)-1218-1227.

Midlife hypertension is associated with
steeper 20-year cognitive decline, but
late-life hypertension is not associated with
prior 20 years’ worth of change
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Figure 2. Adjusted Association of Visit 2 (1990-1992) Systolic Blood Pressure Categories and Linear Systolic Blood Pressure With 20-Year Cognitive
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Featured Article

Association of midlife lipids with 20-year cognitive change:
A cohort study

Melinda C. Power™™*, Andreea Rawlings”, A. Richey Sharrett”, Karen Bandeen-Roche®,

Josef Coresh™*, Christie M. Ballantyne®, Yashashwi Pokharel’*, Erin D. Michos™’,
Alan Penman®, Alvaro Alonso”, David Knopman', Thomas H. Mosley’, Rebecca F. Gottesman™"

Alrzheimer's & Dementia Il (2017 1-11
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Atrial tibrillation and cognitive decline
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JAMA Neurology | Original Investigation

Associations Between Midlife Vascular Risk Factors
and 25-Year Incident Dementia in the Atherosclerosis Risk

in Communities (ARIC) Cohort JAMA Neurol. doi:10.1001/jamaneurol. 20171658

Rebecca F. Gottesman, MD, PhD; Marilyn S. Albert, PhD; Alvaro Alonso, MD, PhD; Laura H. Coker, PhD; Josef Coresh, MD, PhD;
Sonia M. Davis, DrPH; Jennifer A. Deal, PhD; Guy M. McKhann, MD; Thomas H. Mosley, PhD; A. Richey Sharrett, MD, DrPH:;
Andrea L. C. Schneider, MD, PhD; B. Gwen Windham, MD, MHS; Lisa M. Wruck, PhD; David 5. Knopman, MD

In 15,744 Black and white adults from 4 U.S. communities, the following midlife risk factors
were associated with risk of dementia (independent of each other and demographics/
APOE):

Smoking, HR 1.41 (1.23-1.61)

Diabetes, HR 1.77 (1.53-2.04)

Hypertension, HR 1.39 (1.22-1.59)

(BMI and total cholesterol were not significantly associated with increased risk)

Women were less likely to have dementia over follow-up (adjusted HR 0.89, 95 % CI 0.79-
0.99), but there was no effect modification of vascular risk factors by sex

National Institute of
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Multimorbidity clusters in midlife and late-life
dementia risk

e Using unsupervised machine-learning cluster analysis, ARIC
participants were grouped into clusters based on midlife
morbidities/ risk factors:

* 9 clusters were generated (with 1 having “no defining risk
factors”)

* Cluster 5: obesity, diabetes, hypertension, hypertriglyceridemia;
Cluster 7/8: heart disease/ atrial fibrillation, and Cluster 2:
smoking were each associated with increased risk of dementia

* Some clusters were associated more strongly with mortality
than dementia, such as renal disease

» Sex differences in cluster distribution but also in which
clusters were associated with dementia: peripheral artery
disease (cluster 4) was associated with dementia in men but
not women, and heart disease (cluster 7/8) was a stronger

o risk factor in men than in women (both p-interaction<0.05)
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A) Association with Dementia Risk overall: 0-15 years
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\ i T T
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HR (95% CI)

1.62 (1.08 - 2.43)
1.87 (1.02 - 3.41)
1.56 (0.77 — 3.14)
1.91 (1.35 - 2.70)
1.69 (0.87 - 3.31)
2.69 (1.59 - 4.57)
1.72 (0.54 — 5.51)

B) Association with Dementia Risk overall: 15-33 years

Cluster
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Cluster 5 . -
Cluster 6 —L-—
Cluster 7/8 , ——
Cluster 9 —'—-—

[ I I I
0.1 1 2 4 6

HR (95% CI)

1.42 (1.28 - 1.58)
1.11 (0.93 - 1.33)
1.42 (1.31 - 1.57)
1.44 (1.31 = 1.57)
1.14 (0.89 - 1.46)
1.54 (1.27 - 1.87)
1.24 (0.79 — 1.96)



JAMA Neurology | Original Investigation

Association of Ischemic Stroke Incidence, Severity, and Recurrence
With Dementia in the Atherosclerosis Risk in Communities Cohort Study

Silvia Koton, PhD, RN; James Russell Pike, MBA; Michelle Johansen, MD, PhD; David S. Knopman, MD;
Kamakshi Lakshminarayan, MD, PhD; Thomas Mosley, PhD; Shalom Patole, MD; Wayne D. Rosamond, PhD;

Andrea L. C. Schneider, MD, PhD; A. Richey Sharrett, MD, DrPH; Lisa Wruck, PhD; Josef Coresh, MD, PhD;
Rebecca F. Gottesman, MD, PhD

Figure 2. Extended Kaplan-Meier Curves of Dementia by National Institutes of Health Stroke Scale (NIHSS) Severity
of Incident Ischemic Stroke (N = 15 379)
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Dementia risk in ARIC is greater with a larger number and greater severity of strokes
(compared to people without stroke)

No. dementia/No. (IR HR (95% Cl)

Event per 100 person-years) Model 1 Model 2 Model 3

Dementia by No. and severity of
ischemic stroke events, by NIHSS of
most severe stroke event

1 Stroke, NIHSS <10 167703 (3.28) 1.82 1.70 1.73
(1.57-2.11)  (1.46-1.96)  (1.49-2.00)
1 Stroke, NIH5S 211 20/128 (3.30) 3.59 3.41 3.47
(2.31-557)  (2.19-531) (2.23-5.40)
>} Strokes, all NIHSS <10 38/137 (5.73) 3.70 3.18 3.48
(2.70-5.05)  (2.32-4.35)  (2.54-4.76)
=2 Strokes, at least 1 NIHSS 211 12/40 (8.34) 8.44 7.64 6.68

(4.78-14.88) (4.33-13.49) (3.77-11.83)



Identifying potential targets for prevention and

treatment over the life course

 What are modifiable risk factors for cognitive decline and dementia?

 When are modifiable risk factors most important (and thus potentially
intervened upon)?

 What are potential mechanisms linking these risk factors to cognitive
decline and dementia?

 What other factors (e.g. genetics, other neurodegenerative disease,
lifestyle/ social determinants of health) modify how vascular disease may
influence cognitive decline and dementia?

National Institute of
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JAMA | Original Investigation
Association of Midlife to Late-Life Blood Pressure Patterns

With Incident Dementia

Keenan A. Walker, PhD; A_ Richey Sharrett, MD, DrPH; Aozhou W, PhD, BHS; Andrea L C. Schneider, MD, PhD; Marilyn Albert, Phil;
Pamelz L. Lutsey, PhiD, MPH; Karen Bandesn-Roche, PhD; Josef Coresh, MO, PhD; Alden L. Gross, PhD, MHS; B. Gwen Windham, MD, MHS;
David 5. Knopman, MD; Melinda C. Power, Scl); Andresa M. Rawlings, PhD, MS; Thomas H. Mosley, PhD:; Rebecca F. Gottesman, MD, PhD

JA MA 2 019_322(6}_535_545 d O|1G 'ICID" ‘;Ja ma 201 9 '] 05?5 Figure 2. Kaplan-Meier Curves for Time to Dementia Onset for Standard Hypertension Definition Blood Pressure Groups
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Dementia occurring over a 32-year follow-up attributable to

hypertension observed at different ages: Implications for
dementia prevention

Alzheimer's Dement. 2023;19:3435-3447.

Jason R.Smith®? | A.RicheySharrett’ | JamesRussel Pike® | RebeccaF.Gottesman® |
DavidS. Knopman® | MarkLee® | Pamelal.Lutsey’ | PriyaPalta® |
B.Gwen Windham® | Josef Coresh® | Jennifer A. Deal'?

(A) Blood pressure category prevalence, incident dementia by age 80 (B) PAFs, incident dementia by age 80
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Population attributable risks for midlife through

late life RF’s (Jason Smith, Hopkins): Unpublished

Age of risk factor measurement, y B 45-54y 55-64y W 65-74y
A. Risk factor prevalence

bt * Using ARIC data, population attributable risks for incident
dementia by age 80 were calculated for vascular risk factors

_ occurring in midlife/ late midlife/ early late-life
o I - . l - * Higher PAF for later life RF’s because of higher prevalence of
o — L *- those risk factors generally

B. HR for dementia

Percentage, %
o
o

HR (95% CI) Cases/total, No. . . . . .
. csll e e e 22-44% of incident dementia by age 80 explained by having at
—_— 1.58 (1.34, 1.86) 571/4761 .
| VBTG R least one vascular risk factor by age 74
sl = — Bl R
—— 1.99 (1.60, 2.47) 156/1598 . . . . .
i — . 8fiasn s The contributions of having at least one vascular risk factor in
1.83 (1.41,2.38) 69/754 H H H H H H £
Smoking 8l s midlife or late-life on incident dementia by age 80, stratified by sex
0 Cwreswoy Y | Atleastonevascular risk factor’, age of measurement
C. PAF of dementia I 45-54 years 55-64 years 65-74 years
L _ Male Female Male Female Male Female
60 Dementia cases/total 261/2097 310/2664 323/3839 450/4537 162/2353 214/2919
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T o 64.8 (63.1, 59.3 (57.8, 68.8 (67.6, 67.7 (66.6, 77.8 (76.4, 77.6 (76.2,

% (95% Cl) 66.4 60.7 70.1) 68.9) 79.3 78.9
HR for dementia 1.81 (1.40, 1.44 (1.16, 1.53 (1.21, 1.80 (1.46, 2.03 (1.31, 2.82 (1.80,

20 I l I , l ‘ (95% Cl)® 2.34 1.78 3.13 4.43

10 1 : PAF of dementia, % 28.0 (16.5, 17.2 (7.4, } 2, } .6, 34.8 (15.5, 51.3 (33.7
T ‘
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Age of Diabetes Diagnosis and Jiog] Hu = James R. Pie;’

Pamela L. Lu:sey;" A Richey Shrm'ezz,“

Lifetime Risk of Dementia: Lynne E. Wogenknech,* .
) . ) Timothy M. Hughes, Jssse C. Seegmiller,
The Atherosclerosis Risk in Rebecca F. Gottesmar, »
L. Thomas H. Mc;sfey, Elizabeth Sefv;n;a
Communities (ARIC) Study Michael Fang, ** and Josef Coresh

Digbetes Care 2024,47:1576-1583 | https://doiorg/10.2337/dc24-0203

In ARIC, individuals diagnosed with

diabetes in midlife: A B
_ o _ , 100+ 100+
-had a higher lifetime risk of dementia 9 3
than those with late-life diabetes onset 8 80- 8 80
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dementia by age 80 but lower lifetime § Q== ; : =5 e : ,
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shorter survival No diabetes ~—— Older-onset diabetes ~—— Middle age—onset diabetes

Dementia cumulative incidence from Kaplan-Meier (A) and CIF (B) from competing risk analysis, by age of diabetes diagnosis. Shaded areas
indicate the 95% CI.
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Identifying potential targets for prevention and

treatment over the life course

 What are modifiable risk factors for cognitive decline and dementia?

 When are modifiable risk factors most important (and thus potentially
intervened upon)?

 What are potential mechanisms linking these risk factors to cognitive
decline and dementia?

 What other factors (e.g. genetics, other neurodegenerative disease,
lifestyle/ social determinants of health) modify how vascular disease may
influence cognitive decline and dementia?

National Institute of
25 Neurological Disorders
and Stroke



Possible mechanisms of a vascular impact on

cognitive impairment and dementia

*Vascular risk factors, especially in midlife, lead to vascular
changes in the brain (clinical or subclinical)

Midlife vascular risk factors lead to other brain structural

changes, which may or may not

*Midlife vascular risk factors mig
neuropathologic changes, which
with brain vascular changes) can

26

oe via vascular brain changes

nt directly impact Alzheimer’s
themselves (or in combination
Impact cognition

National Institute of
Neurological Disorders
and Stroke



Risk factors
Hypertension
Diabetes
Smoking
Hyperlipidemia
Obesity

Poor diet
Inactivity
Inflammation
Genetic risk

Other factors

\,

Small vessel disease

stroke

changes in AD

:>

biomarkers (amyloid)




Stroke and small vessel disease: shared risk factors

Refs:

Lu et al., Neurology 2021;
Gottesman et al., Stroke 2010;
Power et al., Neurology 2015;
Shao et al., Stroke 2019;
Dearborn et al., Stroke 2015;
Bezerra et al., Neurology 2012;
Das et al., J Stroke 2019

Note: this is NOT
comprehensive!

hyperinte
reduced integrity
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Midlife Smaller and Larger Infarctions, White Matter Hyperintensities,

and 20-Year Cognitive Decline

A Cohort Study

B. Gwen Windham, MD, MHS; Michael E. Griswold, PhD; Steven R. Wilkening, MD, MS; Dan Su, MS; Jonathan Tingle, BS;
Laura H. Coker, PhD; David Knopman, MD; Rebecca F. Gottesman, MD, PhD; Dean Shibata, MD; and Thomas H. Mosley, PhD

ESEARCH

Ann Intern Med. 2019;171:389-396. doi:10.7326/M18-0295

Figure 1. Twenty-year global cognitive change, by

r Infarction Category Difference (95% CI)
infarction category. smaller only
Pooled + " =0.232 (-0.691 to 0.227)
White persons O -0.656 (—1.495 to 0.184)

1
[}
Black persons S -0.120 (-0.639 to 0.398)
None Larger only i
""" Smaller only Pooled —— | -0.306 (-0.543 to —0.069)
* Larger only White persons " —0.298 (-0.706 to 0.111)
14 5 : = === Both Black persons —_—— -0.352 (~0.645 to —0.060)
® 3 ey i Both smaller and larger !
S o ] : Pooled . ! -1.208 (-1.595 to -0.821)
: " 2 o : White persons -— 0 ! -1.273 (-1.602 to -0.943)
s .é - f Black persons = ! -1.209 (-1.658 to —0.760)
E =1 - ,_:"'—"--—------....-_;.-__:::-_"-"-—-__. WMHs i
G S T s e Pooled —— | -0.197 (-0.277 t0 -0.117)
=24t . T e White persons —o— | —0.209 (-0.332 to —0.085)
3 T T Ty, Black persons — i -0.167 (-0.271 to -0.062)
-3 4 T T T T T T T T t T T
=175 15 -12325 -1 =075 05 =025 1] 025 05
—4 5 Difference in End-of-Study Cognition
0 5 10 15 20

Years Since ARIC Examination 3

Silent lacunar infarcts, “small” infarcts (enlarged perivascular
spaces) and WMH were associated with steeper cognitive

»9 decline over 20 years m tral et

and Stroke

ARIC = Atherosclerosis Risk in Communities.



Small vessel disease’s effect on cognition is partially mediated through atrophy

Vascular Imaging Abnormalities and Cognition Stroke. 2015:46:433-440.

Mediation by Cortical Volume in Nondemented Individuals:
Atherosclerosis Risk in Communities-Neurocognitive Study

David S. Knopman, MD; Michael E. Griswold, PhD; Seth T. Lirette, MS;
Rebecca F. Gottesman, MD, PhD; Kejal Kantarci, MD; A. Richey Sharrett, MD, DrPH;
Clifford R. Jack Jr, MD: Jonathan Graff-Radford, MD:; Andrea L.C. Schneider, PhD, MD:

B. Gwen Windham, MD; Laura H. Coker, PhD; Marilyn S. Albert, PhD; “:’:'::f'
Thomas H. Mosley Ir, PhD; the ARIC Neurocognitive Investigators* Volumes:
) N o N2
WMH and infarcts were associated with
psychomotor speed/ executive function [ . oo
BUT these associations were attenuated ol m——
by inclusion of posterior cortical volumes o Ao o :? o
Igure F S m E!_ _CI'F m IATon N s E.‘I_'ﬂlsfls _I In
in the models, suggesting some ences, patiiay (1) ] () should e present and the agparent
- o potenta mediator, 2 m patway (3. PO/EF nicatoa by
med |at|0n by atrOphy/ VOl Ume IOSS chomotor speed/executive function; ROI, region of interest; and

WMH, white matter hyperintensities.
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Association Between Midlife Vascular Risk Factors
and Estimated Brain Amyloid Deposition

JAMA. 2017 3TA14):1443- 1450

Rebecca F. Gottesman, MO, PhD: Andrea L. C. Schneider, MD, PhD; Yun Zhou, PhD; Josef Coresh, MD, PhD;
Edward Grean, MD: Maresh Gupta, MD; David 5. Knopman, MD; Akiva Mintz, MD; Arman Rahmim, PhD;
A. Richey Sharrett, MD, DrPH; Lynne E. Wagenkniacht, DrPH; Dean F. Wong, MD, PhD; Thomas H. Mosley, PhD

Table 2. Adjusted Odds Ratlos for the Assoclation of Midiife and Late-Life Vascular Risk Factors With Global Cortex SUVR =1.2 (N = 322)

Midlife (Study Visit 1, 1087-1980)
No. With Vascular Mo. Without Vascular

Late Life (Study Visit 5, 2011-2013)
No. With Vascular No. Without Vascular

Risk Factor and SUVR Risk Factor and SUVE Risk Factor and SUVR  Risk Factor and SUVE
= 1.2 Total No. =1.2Total No. =1.2/Total No. =12/ Total No.
With Vascular Without Vascular Adjusted OR With Vascular Without Vascular Adjusted OR
Risk Factors Risk Factor (%) Risk Factor (%) (95% C1)? Risk Factor (%) Risk Factor (%) (95% C1)?
EEId'E mass index 54/83 (65.1) 11042359 (46.0) 2 06 66121 (54.6) 98/201 (43.8) 1.44
=30 (1.16-3.65) (0.85-2.44)
Cuwrrent smoking 30/55 (54.58) 134/267 (50.2) 1.15 9716 (56.3) 155/306 (50.7) 1.53
(0.61-2.19) (0.50-4.62)
Hypertension 55,95 (57.9) 109/227 (48.0) 1.30 125230 (54.4) 39/92 (42.4) 1.29
{0.75-2.28) (0.74-2.26)
Diabetes 1020 (50.0) 1547302 (51.0) 1.06 687130 (52.3) 06,192 (50.0) 1.06
(0.39-2_86) (0.65-1.74)
Total chaolesteral 1017180 (56.1) 63/142 (44.4) 133 G404 (57.5) 1107228 (48.3) 1.17
=200 mg/dL (0.82-2.19) (0.67-2.05)

National Institute of
31 Neurological Disorders
and Stroke



Relationships between number of

risk factors and brain amyloid
were strongest from midlife

Figure 1. Adjusted Odds Ratios for Global Cortex Florbetapir SUVRS =12 by Number of Vascular Risk Factors,

Table 3. Adjusted Odds Ratlos for the Assoclation of Midiife and Late-Life Numbser of Vascular Risk Factors With Global Cortex SUVR »1.2 Overall
and Stratified by APOE =4 Genotype (N = 322)

Midiife Thrﬂ'l.lﬂ'l Late Life Owerall 0 APOE =4 Alleles 1 or 2 APOE £4 Alleles
{n =322) (n=220) (n = 100)
Mo. of Risk Factors No. With Elevated Adpusted Ddds No. With SUVR Adjusted OR Na. With SUVR Adjusted OR Mo. With SUVR Adjusted OR
by Study Visi SUVR Total Mo, (%) Ratio (95% CN Risk Factors® =1.2/Total No. (X) (5% CI)® >1.2Total No. (%) (o5% a)® =1.2{Total No. (%) (9s% Cit
] 82134612 .58 (1.46-5.69) S pscularrisk
1 62123 (50.4) 1.EE(0.95-3.73) —a— 0 20/65 (30.8) 1 [Reference] 14/47 (29.8) 1 [Reference] /18 (33.3) 1 [Reference]
0 20465 (30.8) 1 [Reference] u 1 62/123 (50.4) 1.88 (0.05-373)  37/85 (415) 136 (0.61-3.05)  25/38 (65.8) .10 (0.84-11.50)
Vit 2 (1990-1997) =2 82/134 (61.2) 288 (146-5.60)  45/90 (50.0) 186 (0.83-4.14)  37/44 (84.1) 9.15 (2.27-36.89)
=2 3'].'13? I;:Ed] .24 :119-4 I3:| —a— Late life (Study Visit 5, 2011-2013)
1 57/108 (51.8) 1.88 (0.97-3.62) I e
1] 27T (35.1) 1 [Reference] [ ] factors
Visrt 3 (1993-1045) 1] 13/35 (37.1) 1 [Reference] Bf23 (26.1) 1 [Reference] 7/12 (58.3) 1 [Reference]
22 837145 (56.9) 218({1.12-4.26) S — 1 3782 (45.1) 1.02(D43-2.43)  16/50 (32.00 1.38 (0.43-4.39)  21/32(65.6) 0.56 (0.12-2.67)
1 0111 (54.1} 1.08 (1.00-3.92) . g =2 114/205 (55.6) 1.66 (0.75-3.60)  74/149 (40.7) 221 (078-6.26)  40/56 (71.4) 1.03 (0.25-4.29)
0 21/65(32.3) 1 [Reference] [} Abbreviations: OR, odd ratio; SUVR, standardized uptake value ratio. 5 Models are adjusted for age (at visit 5, 2011-2013), sax, race, education level,
Vst 4 (1996-1993) ascular risk factors included body massindex =30, urrent smoking. and APOE £4 genotype.
23 937153 (50.8) 1.08 (1.01-3.89) hypertension, diabetes, and total cholesterol =200 mafdL
1 477111 (42.3) LO7{D53-2.14) —
o 2458041 4) 1 [Reference] L #&djusted odds ratios (with 95% Cls
Visit 5 (2011-2013) J [ E Midlife 5!.'51:l:|||l: blood pressure
22 114/205(556)  166(0.75-3.69) — s emor bans) are shown for number L&m
1 377820451} 1.02 {0.43-2.43) . off wascular risk factors fior visits ].7-
] 13/35(37.1) 1 [Reference] [ | 1 through 5 for standardized = 16 1 or 2 APOE E4 alleles
i . = - R
AFLEREALE T uptake value ratios (SUWVRs) =1.2. 2 15 s
Adjusted Odds Ratia (95% (1) Models are adjusted for age (at visit 5, 1.4 /’" )
20M-2M3), sex, race, education lewel, 3 1.3 I
and APOE £4 genotype. Vascular risk E 1.4 ,."'r
factors include body mass index B ;.1 / D APOE £4 alleles
=30, current smoking, hypertension,
- ].G T T T 1 T
diabetes, and total cholesterol level 80 100 120 140 180 300
32 =00 mg/dL.

Midlife Systolic Blood Presswre, mm Hg



WMH and Alzheimer’s disease-specific neuropathology

Journal of the American Heart Association

BRIEF COMMUNICATION

Brain White Matter Structure and Amyloid

Deposition in Black and White Older Adults:

The ARIC-PET Study

Keenan A. Walker “=/, PhD; Noah Silverstein, MD; Yun Zhou, PhD; Timothy M. Hughes "=, PhD;
Clifford R. Jack Jr . MD; David S. Knopman “&, MD; A. Richey Sharrett, MD, DrPH; Dean F. Wong, MD;
Thomas H. Mosley "=/, PhD; Rebecca F. Gottesman "=/, MD, PhD
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Cross-sectionally, elevated white
matter hyperintensities were
associated with elevated odds of
PET-detected amyloid (adjusted
OR 1.37,95% CI 1.03-1.83, per
SD increase in WMH volume);
there was a suggestion of a
stronger association in Black
participants.
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Changes in Alzheimer Disease Blood Biomarkers and Associations With
Incident All-Cause Dementia
The Atherosclerosis Risk in Communities Study

JAN

Yifei Lu, PhD; James Russell Pike, MBA; Jinyu Chen, MS; Keenan A. Walker, PhD; Kevin J. Sullivan, PhD; o

Bharat Thyagarajan, MD, PhD; Michelle M. Mielke, PhD; Pamela L. Lutsey, PhD, MPH; David Knopman, MD; YiteiLu  james Pike Priya
Rebecca F. Gottesman, MD, PhD; A. Richey Sharrett, MD, DrPH; Josef Coresh, MD, PhD; Thomas H. Mosley, PhD; Palta
Priya Palta, PhD

Differences in Biomarker Rate of Change froy ife’to Late-Life
e —,

m Standardized log, i - Adjusted Lower : Greater
Adjusted-p coefficient Favors slower = Favors faster HR (95% CL) risk - risk
95% Cl h 2 h a
wisl  P-Tau 181 ( ) change™ . change Standardized plasma biomarkers
-tau -
g . — Midlife (visit 3, 1993-1995)2
Hypertension 0.132 (0.065 t0 0.198) —a— —
Diabetes 0.110 (-0.005 to 0.226) - AB42:AB40 ratio 1.11(1.02-1.21) —a—
i i i Log, p-taul81 1.15(1.06-1.25 .
TOTal COTESIETot (stanaararzea) U.UIZ (-0.U19 0 0.043) Logz p-tad i Sentchal 0.97 (0 881 08)
- -
HDL cholesteral (standardized) 0.003 (-0.031 t0 0.037) - 0g, neurofilament fight chain 97 (0.88-1.08)
Coronary heart disease -0.022 (-0.329 t0 0.285) - Log, glial fibrillary acidic protein 1.04 (0.95-1.14) —
Cigarette use Late life (visit 5, 2011-2013)°¢
. ioh -
Current vs never -0.059 (-0.159 to 0.042) —— AB42:AB40 ratio 1.48 (1.37-1.59) *
Former vs never -0.008 (-0.075 to 0.058) . Log, p-taul81 1.59(1.47-1.72) =
Meeting physical activity guidelines -0.007 (-0.070 t0 0.056) . Log, neurofilament light chain 192(1.72-2.14) "
Neurofilament light NfL Log, glial fibrillary acidic protein 1.59 (1.44-1.75) ——
Hypertension 0.150 (0.093 to 0.207) —.— Change per decade between midlife and late-lifed
Diabetes 0.107 (0.008 to 0.206) - AB42:AB40 ratio® 1.20(1.12-1.29) =
Total cholesterol (standardized) -0.017 (-0.043 t0 0.010) . Log, p-tau181 1.28(1.18-1.38) ——
HDL cholesterol (standardized) ~0.036 (-0.065 to -0.007) - Log; neurofilament light chain 1.59(1.47-1.73) ——
Coronary heart disease 0.138 (-0.126 t0 0.402) e Log, glial fibrillary acidic protein 1.46 (1.35-1.59) ——
Cigarette use

Current vs never 0.055 (-0.032 t0 0.142) -
Former vs never -0.030(-0.088 t0 0.028) - HR associated with a 1-5D

Meeting physical activity guidelines -0.017 (-0.070 to 0.037) - increase in plasma biomarker

Nauonai insutute or
Neurological Disorders Plasma Biomarker§ and Incident Dementia in Late-Life

and Stroke



Identifying potential targets for prevention and

treatment over the life course

 What are modifiable risk factors for cognitive decline and dementia?

 When are modifiable risk factors most important (and thus potentially
intervened upon)?

 What are potential mechanisms linking these risk factors to cognitive
decline and dementia?

 What other factors (e.g. genetics, other neurodegenerative disease,
lifestyle/ social determinants of health) modify how vascular disease may
influence cognitive decline and dementia?

National Institute of
35 Neurological Disorders
and Stroke



Social factors as modifiers of risk

* Social support: In ARIC, better social s et = re 5 e [ s
engagement in midlife (/ess social isolation
and more social support) associated with
lower dementia rates (HR 0.76, 95% C| 0.67- -
0.85 for strong social relationships, HR 0.84,
95% Cl 0.74-0.95 for average (vs poor social
relationships), independent of genetics and
not modified by genetic risk (under revision,
Renee Groechel et al)

10 15 2
Follow-up Time (year)

* Jobs with higher “information processing”
are associated with lower dementia rates
(Then et al., Alzheimers Dement 2017)

National Institute of
36 Neurological Disorders
and Stroke
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Psychosocial Health and the Association
Between Cerebral Small Vessel Disease Markers

With Dementia: The ARIC Study

Surabhee Eswalan; David 5. Knopman(®, MD; Silvia Koton, RN, PhD; Anna M. Kucharsk_a—Nev-rton , PhD; Albert C. Liu®™, MD, MPH; Surabhee Renee
A Rchey Sharct, VD, 1Pt Kevn J Sulhan, PhD; Keenan A Walker, P, Robeces . Gtlsamant, MD, PD; _— Hazard Ratio (95% CI)  Eswaran Groechel
Renee C. Groechel(®, PhD Subcortical Microbleeds ;
Strong social relationships 1.35(0.90-2.04) o e & |
. . Poor social relationships 2.02 (1.33-3.06)** _| " ® !
° - ’ '
ARIC participants underwent two S
Soc|a| engagement measures In |ate Strong social relationships 1.26 (1.08 — 1.47)** = —eo—
. d I f (AR IC visit 2) Poor social relationships 1.84 (1.49-2.27)"" = : —o—
midiire VISI Lacunar Infarcts
) . Strong social relationships 2.14 (1.46 — 3.15)** = I L 2 {
* Lubben Social Network Scale (social Poor social relationships 217 (1.47 - 3.21)* = | ° |
isolation), Interpersonal support DTI-FA (per SD) s
. ) . b PP . Strong social relationships 0.88 (0.73—-1.05) e
evaluation list short form (social support) — 0.7 (0,84 — 093y
« g DTI-MD (per SD)
* The association between V5 small Strong social relationships ~ 1.41 (116 - 1.72)** _ i e
vessel disease imaging markers Poor social relationships 1.62 (1.32 - 1.99)* _ f e
Cortical Infarcts
(| nfa rcts’ microbleed S, WM H’ and DTI Strong social relationships 1.37(0.81-2.32) o } e i
. Poor social relationships 1.67 (1.05 - 2.66)* = i) -] i
(FA/ MD) and dementia was Lobar Microbleeds '
eva | u ated u Si ng COX p ro pO rtl ona I Strong soc':ial rela.tionsr'\ips 2.13 (1.23 - 3.68)** } @ |
. Poor social relationships 2.09 (1.31 - 3.35)*" = : - o -
hazards models, with effect T T T 11
0.5 1 2 3

modification by social engagement

Hazard Ratio
Category eva I Uated *adjusted for demographics, APOE, vascular risk factors, depression, physical activity (95% C|)



Midlife Social engagement (SE) modifies the
association between some SVD forms and dementia

- Adjusted* hazard ratios (95% Cl) - Model 1

Overall High social Intermediate/ P-interaction
(n=1,668) engagement  Low social
(n=1,048) engagement
(n=620)
(Subcortical 1.40 1.06 2.11 0.025 )
microbleeds (1.01-1.94) (0.66-1.70) (1.35-3.32)
WMH volume 1.42 1.26 1.78 0.003
(per SD) (1.22-1.64) (1.04-1.50) (1.38-2.30)
. Y,
Lacunar 2.16 2.10 2.06 0.98
infarcts (1.60-2.93) (1.40-3.15) (1.26-3.38)
DTI: 0.77 0.82 0.73 0.78
Fractional (0.67-0.89) (0.68-1.00) (0.60-0.89)
anisotropy
(FA; per SD)
DTI: 1.63 1.52 1.81 0.88
Mean (1.41-1.89) (1.25-1.85) (1.45-2.26)
diffusivity

(MD; per SD)

*adjusted for demographics, APOE, vascular risk factors, depression, physical

g e e

Model 2

+

+

Association between
cerebral microbleeds
and dementia,
stratified by SE

High Social Engagement

—— Intermediate & Low

T
0.5

0.75
Hazard Ratio (95% Confidence Interval)

1
1
|
|
|
1
1
|
1
|
1
1
|
1
|
1
|
|
1
1
|
1
|
1
1
|
]
1

2

405 Social Engagement

Race modifies the SE X DTI 2-way interaction:

Black

participants

* k%
’

White
participants

Overall
Strong SE
Poor SE
Overall
Strong SE
Poor SE

0.89 (0.68 — 1.16)
1.25 (0.84 — 1.86)
0.73 (0.50 — 1.05)
0.73 (0.62 — 0.86)
0.72 (0.58 — 0.89)
0.76 (0.59 — 0.99)

1.30 (0.98 — 1.72)
0.93 (0.63 — 1.38)
1.74 (1.16 — 2.60)
1.70 (1.46 — 1.98)
1.73 (1.43 - 2.10)
1.68 (1.27 - 2.23)

*2-way interaction SE X DTl marker p<0.05
** 3-way interaction (race X SE X DTl marker) p<0.05



Genetic risk, Midlife Life’s simple 7, and Incident Dementia

in the Atherosclerosis Risk in Communities Study

Life’s simple 7 score (ideal cardiovascular
health) was associated with risk of
dementia, in all (Alzheimer’s disease
polygenic) genetic risk strata, in white and
Black adults

A Tin, J Bressler, J Simino, KJ Sullivan, H Mei,
BG Windham, M Griswold, RF Gottesman, E
Boerwinkle, M Fornage, TH Mosley. Neurology
2022

39

Genetic risk score

EA participants

Quintile 1

Quintile 2

Quintile 3

Quintile 4

Quintile 5

AA participants

Tertile 1

Tertile 2

Tertile 3

Life's Simple 7 category

Low, 0-6
Intermediate, 7-8
High, 9-14

Low, 0-6
Intermediate, 7-8
High, 9-14

Low, 0-6
Intermediate, 7-8
High, 9-14

Low, 0-6
Intermediate, 7-8
High, 9-14

Low, 0-6
Intermediate, 7-8
High, 9-14

Low, 0-6
Intermediate, 7-8
High, 9-14

Low, 0-6
Intermediate, 7-8
High, 9-14

Low, 0-6
Intermediate, 7-8
High, 9-14

Hazard ratio
(95% ClI)

Reference
0.64 (0.45, 0.91)
0.54 (0.39, 0.75)
Reference
0.79(0.57,1.10)
0.65 (0.48, 0.88)
Reference
0.66 (0.48, 0.91)
0.48 (0.35, 0.66)
Reference
0.66 (0.49, 0.88)
0.44(0.33, 0.59)
Reference
0.72 (0.56, 0.94)
0.66 (0.52, 0.84)

Reference
1.22(0.87,1.70)
0.85 (0.54, 1.34)
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Conclusions
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Most dementia is due to mixed pathology

Vascular risk factors represent an important modifiable target for dementia
prevention, although interventional trials have shown mixed results

Vascular contributions to dementia may act on dementia risk via alterations in
brain structure, function, and possibly deposition of brain amyloid

Modifiable risk may even have a role in individuals with increased genetic risk, and
could also include social factors as well as vascular risk factors

As improvements in treatment options advance for underlying dementia
pathologies, they should continue to consider vascular contributions as these are
likely impacting risk in parallel, as well as other modifiers of risk including factors
contributing to cognitive reserve -
i



Conclusions:

Sex differences in VCID over the life course
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Women have a lower risk of dementia in ARIC, but the lifetime risk of dementia over the
life course is greater in women than in men

Risk factors have differential prevalence by sex, so may further impact dementia
attributable risks

Brain amyloid levels appear to be higher in women than in men, although not after
adjustment for cognitive status

Social engagement, although generally stronger in women than in men, is associated with
similar decrease in dementia risk in women and in men

Consideration of sex-specific risk factors not discussed in detail here, but in our prior
work we found a U-shaped association between parity with dementia risk in ARIC (for

women with 0-1 births, HR 0.82, 95% CIl 0.69-0.99; women with 5+ births HR 0.85, 95% CI
0.72-0.99, compared to 2 births; DiBiase et al., ] Womens Health, 2023) mNaﬁon&..mﬁmf
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