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Agenda

* Whatis "Vascular Contributions /£
to Cognitive Impairment and '
Dementia (VCID Spectrum)”?

e Whatis “Microvascular
Disease”?

e Risk Factor Modification - How
We Can Make a Difference




The Global Burden of Dementia
#20193 Million

4 — By 2050 —
Nearly Triple

o

57 Million

Living with Dementia in 2019

¢ 5.8 Million ' 13.9 million

~ Currently Living with Dementia in the U.S.

[

Y \ By 2060, this figure is expected to increase to
13.9 million or 3.3% of the population
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VASCULAR DISEASE & DEMENTIA

0%-75%

Cognitive Decline Linked to
Cerebrovascular Disease

Pure Vascular

Dementia MIXED PATHOLOGY

Goodall LS, Lennon MJ, Sachdev PS, Gorelick PB, Kovacic JC, Samaras K. Curent and Emerging Therapeutic Approaches for Vascular Cognitive Impairment and Dementia. J Am Coll Cardiol. 2026;87(1):77-100. doi: 10.1016/j.jacc.2025.09.1502. PubMed PMID: 41498480.
Sachdev PS, Bentvelzen AC, Kochan NA, JiangJ, Hosoki S, Koncz R, et al. Revised Diagnostic Criteriafor Vascular Cognitive Impairment and Dementia—The VasCog-2-WSO Criteria. JAMA Neurology. 2025;82(11):1103. doi: 10.1001/jamaneurol.2025.3242.

Dao E, Barha CK,Zou J, WeiN, Liu-Ambrose T. Prevention of Vascular Contributions to Cognitive Impairment and Dementia: The Role of Physical Activity and Exercise. Stroke. 2024;55:812-21. doi: 10.1161/STROKEAHA.

Wardlaw JM, Smith C, Dichgans M. Small vessel disease: mechanisms and clinical implications. Lancet Neurol. 2019;18(7):684-96. Epub 20190513. doi: 10.1016/S1474-4422(19)30079-1. PubMed PMID: 31097385.




THE VCID SPECTRUM:

Sudden Strokes vs. Silent Microvascular Decay

MACROSCALE: MICROSCALE:
SUDDEN STRATEGIC CHRONIC SMALL
STROKE VESSEL DISEASE (csvp)

Subcortical Silent Markers

WMH (White Matter Hyperintensities),
LACUNES, and MICROBLEEDS

STRATEGIC

_ LOCATION
The Power of - I ;cé @

ln5|d|ous/

Strategic Location Acute / ONSET Insidious & Covert Progression
Sudden Gradual
Deficits depend on damage to Gradual reduction in
specific regions like the thalamus the integrity of arterioles,
or left frontotemporal lobe @ @ capillaries, and venules.
Stepwise or PROGRESSION Slow and
Fluctuating Continuous

o

1&* _
PRIMARY f : g
MARKERS J. =)

Large Infarcts; Lacunes: WMH;
Macro Hemorrhage Microbleeds

SLOW COGNITIVE EROSION:
Slow decline in processing speed
and executive function.

STEPWISE FUNCTIONAL DECLINE:
Abrupt onset of symptoms following
a documented stroke event.
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" MICROVASCULAR DISEASE

Middle-Aged Adults Older Adults

Lacune White matter Perivascular space Cerebral microbleed Cortical superficial Cortical cerebral
hyperintensity siderosis microinfarct

1. Goodall LS, Lennon MJ, Sachdev PS, Gorelick PB, Kovacic JC, Samaras K. Current and Emerging Therapeutic Approaches for Vascular Cognitive Impairment and Dementia. J Am Coll Cardiol. 2026;87(1):77-100. doi: 10.1016/j.jacc.2025.09.1502. PubMed PMID: 41498480.
2. Wardlaw JM, Debette S, Jokinen H, De Leeuw FE, Pantonil, ChabriatH, etal. ESO Guidelineon covert cerebral small vessel disease. Eur Stroke J. 2021;6(2):CXI-CLXII. Epub 20210511. doi: 10.1177/23969873211012132. PubMed PMID: 34414301; PubMed Central PMCID: PMC8370079.
3. Duering M, Biessels GJ, Brodtmann A, Chen C, Cordonnier C,de Leeuw FE, et al. Neuroimaging standards for research into small vessel disease-advances since 2013. Lancet N eurol.2023;22(7):602—18. Epub 20230523. doi: 10.1016/S1474-4422(23)00131-X. PubMed PMID: 37236211.
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Cerebral Microbleeds
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THE SHEER VOLUME OF SILENT BRAIN INJURY IS MASSIVE:

Among the US population over 65, an estimated...

11.3 MiILLION 1 1|L|0 NEARLY 20 MILLION

Covert Brain Infarcts White Matter Damage Cerebral Microbleeds

Microscopic infarcts in an individual patient can number in the thousands, covertly

disrupting brain networks required for for healthy cognition.

reenberg , SchneiderJA, et al. Vascular Contributions to Cognitive Impairment and Dementia in the Unite ates: Prevalence and Incidence: cientific Statement From the American Heart Association. Stroke. 2025;56(10). doi: 10.1161/str.0000000000000494
raA, Misra S, etal. The Neurovasculome: Key Roles in Brain Health and Cognitive Impairment: A Scientific Statement From the American Heart Association/American Stroke Association. Stroke. 2023;54(6):e251-e71. Epub 20230403. doi: 10.1161/STR.0000000000000431. Pub Med P MID: 37009740; P
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Subtle tissue damage in
normal appearing white matter

Cortical thinning

White matter
. hyperintensity *

.

Cortical
M Ax"tf'ﬂnning
[ ]

Oedema . y Incident
T _g
lacune
White matter
hyperintensity = Acute
. infarct .
Basal ganglia —+&—
Microbleed ——@ e
(]
Microinfarct o : . .
=~ al R ¢
Minimal 4 vy . .
swslllng Wallerian v .
(oedema) degeneration
Early - P Late
ime

1. Wardlaw JM, Smith C, Dichgans M. Small vessel disease: mechanisms and clinical implications. Lancet Neurol. 2019;18(7):684-96. Epub 20190513. doi: 10.1016/51474-4422(19)30079-1. PubMed PMID: 31097385.




A White matter Perivascular Cerebral Cortical superficial
hyperintensities spaces microbleeds siderosis

Fractional Mean Skeleton-based Identification of Altered whole brain
anisotropy diffusivity tract analysis connected structures network connectivity

1. ladecola C, Duering M, Hachinski V, Joutel A, Pendlebury ST, Schneider JA, et al. Vascular Cognitive Impairment and Dementia: JACC Scientific Expert Panel. J Am Coll Cardiol. 2019;73(25):3326-44. doi: 10.1016/j.jacc.2019.04.034. PubMed PMID: 31248555; PubMed Central PMCID: PMC6719789.




Si g's t f
e igns and Symptoms o

~— DISORDERS o :
0 Cognitive Impairment

Prevalence and Dementia

50% Depression & Anxiety
affect ~half of individuals

Early Warning Sign
Late-life depression
frequently an early Risk Multiplier
clinical marker Depression associated with

2.5-fold increased risk of

progressing to vascular dementia

CHANGES IN GAIT
& MOTOR FUNCTION _ 7
‘-‘ ( § z
Subcortical Origin

bee denitl el ee SLEEP & AUTONOMIC
or deep white matter DISRUPTIONS

3 B
& 33% Supporting Fact:
Disturbed Sleep | Insemnia & sleep apnea
“Magnetic” Gait Koot Xl dnt] prevalent, contributing to reduced
Characterized by small-step, sleep ditrepetie clearance of brain toxins

parkinsonian-like walking
pattern & increased falls

Physical vs.

\/\//
Gait abnormalities can be as

Early Urinary Incontinence
Premoture lose of bladder
control/frequency is a classic
supportive feature

prevalent and disabling as
cognitive deficits

Vascular Contributions to

Loss of Mutivation
Significant lack of goal-
directed activity & drive

PROFOUND O

APATHY

o Point Prevalence
49 /o Nearly half of patients
experience clinical apathy

Disabling Symptom

Often more disabling than
cognitive loss, frequently
resists conventional treatment

BEHAVIORAL &
PSYCHOTIC SYMPTOMS

33% Neurobehavioral Syndrome
Agitation Rate Symptoms result from damage
intiahility and agitalion to frontal-subcortical chcuits

common disheasing
feeness

regulating emotion & behavior

Delusions

20’2;\ @ 11? O'

Psychosis in Late Stages
Delusions (~20%) & hallucinations (~11%)
occur as disease progresses
A NotebookLM



Smooth muscle cells

Perivascular space

Ny Perivascular nerves

l-%rterla.l pulsatility Vasoreactivity matches
aids ﬂ.UId clearance energy supply to demand
via perivascular space

Perivascular space Tight junctions e

Microglia

Capillary

Pericytes

Basement
membrane

Oligodendrocyte

Myelin formation
- ¥ and repair
4 P

support

f >
/

Endothelial cells

Blood-brain barrier N
maintains interstitial milieu

M z Neuron
Tovenule /7

1. Wardlaw JM, Smith C, Dichgans M. Small vessel disease: mechanisms and clinical implications. Lancet Neurol. 2019;18(7):684—96. Epub 20190513. doi: 10.1016/51474-4422(19)30079-1. PubMed PMID: 31097385.

Oligodendrocyte
precursor cell




The Neurovascular Unit

Endothelial cells "2 31" Precision Supply and Demand
A Coupled Collaborative Unit

Smooth muscle cells

Perivascular space

\

Arterial pulsatility
aids fluid clearance
via perivascular space

Vasoreactivity matches
energy supply to demand

Perivascular space

Microglia
Capillary a
Pericytes
Basement
membrane /
Endothelial cells support Oligodendrocyte ! N\ SN g;nr:yl

Blood-brain barrier N
maintains interstitial milieu

z Neuron

' =
=

i : Myelin formation
= and repair
> ¢ P

Oligodeﬁdrocyte

precursor cell
To venule /
Task-Based fMRI Resting-State fMRI
(Passive Language) (Default Mode Network)
1. Wardlaw JM, Smith C, Dichgans M. Small vessel disease: mechanisms and clinical implications. Lancet Neurol. 2019;18(7):684—-96. Epub 20190513. doi: 10.1016/51474-4422(19)30079-1. PubMed PMID: 31097385.
2. Markus HS, Joutel A. The pathogenesis of cerebral small vessel disease and vascular cognitive impairment. Physiol Rev. 2025;105(3):1075-171. Epub 20250218. doi: 10.1152/physrev.00028.2024. PubMed PMID: 39965059; Pub Med Central PMCID: PMC12182829.

3. Edlow, Brian & Rosenthal, Eric. (2015). Diagnostic, Prognostic, and Advanced Imaging in Severe Traumatic Brain Injury. Current Trauma Reports. 1. 10.1007/s40719-015-0018-7.




The Neurovascular Unit

Perivascular space

Arterial pulsatility
aids fluid clearance
via perivascular space
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1. Wardlaw JM, Smith C, Dichgans M. Small vessel disease: mechanisms and clinical implications. Lancet Neurol. 2019;18(7):684—96. Epub 20190513. doi: 10.1016/51474-4422(19)30079-1. PubMed PMID: 31097385.

capillary

- &



The Neurovascular Unit

Smooth muscle cells

Perivascular space

\

Perivascular nerves

Arterial pulsatility
aids fluid clearance
via perivascular space

Vasoreactivity matches
energy supply to demand

Perivascular space Tight junctions e

8 Microglia

Capillary

Pericytes

Endothelial cells

Blood-brain barrier
maintains interstitial milieu

To venule

1. Wardlaw JM, Smith C, Dichgans M. Small vessel disease: mechanisms and clinical implications. Lancet Neurol. 2019;18(7):684-96. Epub 20190513. doi: 10.1016/51474-4422(19)30079-1. PubMed PMID: 31097385.




Early life

@ % @ Dementia prevention, intervention, and care: 2024 report of
~ the Lancet standing Commission

Less education
Gill Livingston, Jonathan Huntley, Kathy Y Liu, Sergi G Costafreda, Geir Selbaek, Suvarna Alladi, David Ames, Sube Banerjee, Alistair Burns,

Carol Brayne, Nick C Fox, Cleusa P Ferri, Laura N Gitlin, Robert Howard, Helen C Kales, Mika Kivimdki, Eric B Larson, Noeline Nakasujja,

Kenneth Rockwood, Quincy Samus, Kokoro Shirai, Archana Singh-Manoux, Lon S Schneider, Sebastian Walsh, Yao Yao, Andrew Sommerlad*,

Naaheed Mukadam* Hearing loss

Midlife

High LDL cholesterol

Depression

Traumatic brain injury

« Reduce diabetes

« Manage cholesterol

» Minimise hypertension ‘
- Stop smoking —» | Decrease vascular @ e
« Reduce obesity damage @ Smoking
» Reduce air pollution

h d Hypertension
« Prevent head inju ¢
jury ObesityF
¢ Excessive alcohol

« Minimise alcohol intake

Reduce stress and

g Reduce dementia

S neuropatholo

£ « Prevent or treat depression P 9y p tand

- o
.g < « Physical activity : reventand Exte S
o delay dementia

4

=]

=]

<

: inflammation Social isolation
« Higher education or continue : Air pollution
cognitive activity Visual loss
« Prevent and address hearing loss Build cognitive and
« Address visual loss —» | brain reserve

45%
potentially

« Increase social contact
modifiable

) Percentage reduction in cases
of dementia if this risk factor
is eliminated

~

1. Livingston G, Huntley J, Liu KY, Costafreda SG, Selbaek G, Alladi S, et al. Dementia prevention, intervention, and care: 2024 report of the Lancet standing Commission. Lan cet. 2024; 404(10452):572—-628. Epub 20240731. doi: 10.1016/S0140-6736(24)01296-0. PubMed PMID: 39096926.




Table. Key Modifiable Vascular Risk Factors for Stroke,

c¢SVD, AD, and Dementia

Early life

Stroke®7s | ¢SV AD™ Dementia”727 o
Hypertension | Hypertension Hypertension Hypertension Midiife
. . ., B Hearing loss
Diabetes Diabetes Diabetes Diabetes
.. . .. . . .. . High LDL cholesterol
Hyperlipidemia | Hyperlipidemia Obesity Hyperlipidemia
Depression
Physical Smoking Hyperhomocys- | Physical inactivity Tramatekaih iy
Inacti V’ty teinemia Physical inactivity
Obesity Hyperhomocyste- Education Obesity Diabetes
» inemia - » 4
Nutrition Cognitively Nutrition Smeking
inactive Hypertension
. . ) ObesityF
SmOklng DepreSS|0n SmOklng Excessive alcohol
Air pollutants Stress Air pollutants
Late life
Head trauma Alcohol
Ol‘thOS’[a’[IC Trauma brain Social isolation
hypotension injury A pollation
Social isolation Visualloss
Depression
45%
. potentially
Hearing loss o
Education
@ Percentage reduction in cases
of dementia if this risk factor
is eliminated
1. Livingston G, Huntley J, Liu KY, Costafreda SG, Selbaek G, Alladi S, et al. Dementia prevention, intervention, and care: 2024 report of the Lancet standing Commission. Lan cet. 2024; 404(10452):572-628. Epub 20240731. doi: 10.1016/S0140-6736(24)01296-0. PubMed PMID: 39096926.

2. Ip B, Ko H, Lam BYK, Au LWC. Current and Future Treatments of Vas cular Cognitive Impairment. Stroke. 2024;55:822-39. doi: 10.1161/STROKEAHA.




TARGETING UNDERLYING CEREBROVASCULAR DISEASE
IS OUR MOST POWERFUL OPPORTUNITY FOR PREVENTION:

Because cerebrovascular disease and all-cause dementia share highly modifiable
risk factors like hypertension and diabetes...

27%-33%

OF ALL DEMENTIA CASES

TRANSLATING TO:

1.5 101.8 MILLION

FEWER AMERICANS SUFFERING
FROM DEMENTIA

Hypertension Diabetes  Other Risk Factors

Smith EE, Aparicio HJ, Gottesman RF, Goyal MS, Greenberg SM, Schneider JA, et al. Vascular Contributions to Cognitive Impairment and Dementia in the United States: Prevalence and Incidence: A Scientific Statement From the American Heart Association. Strée. 2025;56(10). doi: 10.1161/str.0000000000000494.
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Life's Essential 8: Building Brain Capital and Preventing Dementia

MANAGE BLOOD PRESSURE

The Strongest Factor
40% RISK REDUCTION

in dementia

Intensive management (SBP <120 mm Hg)
reduces MCI and dementia risk by 19%

OPTIMIZE HEALTHY SLEEP

Brain Clearance System
UPTO

500/ REDUCTION

O in dementia risk

Quality sleep and psychosocial interventions
assist brain in clearing toxic waste

ELIMINATE NICOTINE EXPOSURE

Potent Vascular Driver
ALMOST

HIGHER RISK
80%

(RR 1.78) of Vascular Dementia
for current smokers

Smoking is a major driver of

vascular brain injury

PRIORITIZE PHYSICAL ACTIVITY

Neuroplasticity Booster

30% to 50% revucrion = \

>150 minutes of moderate-to-intense exercise

per week enhances neuroplasticity

Amarlean
Heart
Association.

105 3

CONTROL BLOOD GLUCOSE

Major Risk Factor

1 370/ RISK INCREASE
O for Vascular Dementia (VaD)

Long-term glucose-lowering strategies

preserve brain volume

Ar

E CHOLESTEROI

Additional Risk Driver

70/ RISK INCREASE
O with High LDL

Healthy HDL levels are protective against
amyloid deposition

MAINTAIN A HEALTHY BMI
Midlife Impact

31 0/ HIGHER RISK
O (RR 1.31) of all-cause
dementia with midlife obesity

Maintaining weight in late-life is critical to
avoid frality-related decline

EAT A BRAIN-HEALTHY DIET
Dietary Defense

o o/ REDUCTION
5 /O tO 53 /0 in dementia risk
Adherence to Mediterranean, DASH, or MIND
diets (rich in berries, leafy greens)

A NotebookLM
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American
Hea rt

Blood Pressure Categories

SYSTOLIC mm Hg DIASTOLIC mm Hg
BLOOD PRESSURE CATEGORY (upper numb er) - (lower number)

NORMAL LESS THAN 120 LESS THAN 80
ELEVATED 120-129 and LESS THAN 80
HIGH BLOOD PRESSURE
(HYPERTENSION) STAGE 1 130-139

[H’:‘?'I;RI?I'EL?I?SI[L:II;E;?GREEZ 140 OR HIGHER n 90 OR HIGHER
HYPERTENSIVE CRISIS

heart.org/bplevels




The Pressure of Progression: Understanding Hypertensive Arteriopathy (Type 1 Arteriolosclerosis)

CLINICAL
CONSEQUENCES
& OUTCOMES
HISTOLOGICAL <0\ Lipohyalinosis Charcot-Bouchard
.Y\ Segmental Microaneurysm
CORRELATES \ ' : M
& SPECIFIC » =+ \"| Disorganization with Focal, Abnormal
LESIONS I Collagen & 'Foamy Dilation at Weak Points
Fatty Macrophages Prone to Rupture Lacunar Strokes
(Ischemic)
Small, deep brain infarcts
Medial Smooth Intact Hyaline (Glassy) Concentric Vessel Wall Destruction (<15-20 mm) caused by
Muscle Celle (SMCs) Endothelium Thickening “Onion-Skin" Layers & Fibrinoid Necrosis total occlusion.

White Matter Disease
(Leukoaraiosis)
Wldespread damage to
brain’s ‘wiring’ (WMH) from
chronic hypoperfusion.

1. NORMAL 2. HYALINE 3. HYPERPLASTIC 4. NECROTIZING
VESSEL ARTERIOLOSCLEROSIS ARTERIOLOSCLEROSIS ARTERIOLITIS
(Hyalinosis) (Onion-Skinning) (Fibrinoid Necrosis)

Microhemorrhages
& Rupture
Vessel wall failure leads to
‘black spots’ (microbleeds)
or deep-brain hemorrhages.




< 120 mmHg: Target for Brain Health? - Results from the SPRINT-MIND Trial

< 140 mmHg <120 mmHg

Results of Intensive
Control (<120 mmHg)

@\ 19% Reduction in MCI Risk

Intensive control lowered incidence of =5 @
new Mild Cognitive Impairment.

apx 15% Lower Risk: MCI & Dementia immla Durable Effects After 7 Years
%‘% Combined risk of developing MCI or Follow-up data confirms cognitive benefits

probable dementia significantly reduced. persist long-term.

Slower Progression of Brain Lesions

MRI showed marked reduction in expansion
of white matter hyperintensities.

N
A NotebookLM




Lifestyle Pillars of Microvascular Resilience

The brain's internal cleaning and maintenance systems are powered by daily lifestyle choices.

Exercise: Powering the
Endothelial Engine

Neuroinflammation

Physical activity enhances endothelial
function by increasing nitric oxide and
reducing neuroinflammation to
preserve brain plasticity.

Sleep: Activating the MIND Diet: Fueling
Glymphatic Flush Vascular Resilience

Metabolic L .
Stressors Inflammation

Deep sleep drives the glymphatic This hybrid dietary pattern improves
system to flush metabolic waste, cerebrovascular health by combating
like beta-amyloid, from the brain's metabolic stressors and reducing
interstitial space. inflammation.

A NotebookLM
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Vascular disease is a major 2 .
contributor to worldwide rates of |
cognitive impairment & dementia

Microvascular disease is a silent
epidemic that does not garner
enough attention and resources

Unlike many other untreatable
causes for dementia, aggressive risk
factor reduction, especially in mid-
life may help mitigate the effects of
vascular disease
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