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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

Dementia as a growing public health epidemic

Livingston et al., Lancet 
2017
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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

Vascular 
dementia

Alzheimer’s 
disease

Mixed dementia
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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

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

• Multiple studies have found fewer AD 
neuropathological changes (plaques, tangles) in 
patients with vascular changes for an equivalent 
level of cognitive impairment

Schneider et al., Annals of Neurology 2009

AD=Alzheimer’s Disease
I=Infarcts
LB=Lewy Bodies
(White: no AD, no I, no LB)
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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

From Iturria-
Medina et al., 
Nat Commun 
2016
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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-β itself 
may directly damage blood vessels, further 
worsening cerebral blood flow, with altered 
neurovascular coupling

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

Iadecola & Gottesman, Circulation 
Research 2019
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VCID: Vascular Contributions to Cognitive Impairment 
and Dementia

• VCID is a broader term, allowing the common mixed pathologies that 
occur and the different forms that a vascular contribution can take

From Zlokovic, Gottesman et al., Alz 
& Dem 2018 (NHLBI/ NINDS 
Workshop report)

From 
Corrivea
u et al., 

From Corriveau et al., Cell and Molec Neurobio 2016
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A common form of VCID: 
Cerebral Small Vessel Disease (SVD)

STRIVE CONSORTIUM recommended standards for 
small vessel disease (2013): updated in 2023 with 
addition of symptomatic vs “covert”, acute vs chronic

Small vessel neuroimaging features:
• Recent small subcortical infarct
• Lacune of presumed vascular origin
• White matter hyperintensity (WMH) of 

presumed vascular origin
• Perivascular space
• Cerebral microbleed
• Brain atrophy
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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?



11

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? 



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

Atherosclerosis Risk in Communities 
(ARIC)

Visit 1

1987-89
Visit 3

1993-95

Visit 2

1990-92

Visit 5 

(ARIC-NCS)

2011-13

Visit 4

1996-98

45-64 48-67 51-70 54-73 68-89Age

N=14,306 N=11,625 N=6,538
Cognition

N=1,974Brain MRI N=1,929 N=1,134

N=346Florbetapir PET

Visit 6 

(ARIC-NCS)

2016-17

N=183

N=733

75-94

N=4,003

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

Visit 7 

(ARIC-NCS)

2018-19

77-96

N=3,589

Visit 8 *T 

(ARIC-NCS)

2020

79-98

N=3,268
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Midlife hypertension is associated with 

steeper 20-year cognitive decline, but 

late-life hypertension is not associated with 

prior 20 years’ worth of change

Midlife diabetes, and higher HbA1c is associated 

with steeper cognitive change, with strengthening 

of results with adjustment for attrition
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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 



16

Multimorbidity clusters in midlife and late-life 
dementia risk

Led by Elise Kinyanjui, Marco Egle (in preparation; unpublished)

• 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 
risk factor in men than in women (both p-interaction<0.05)





Dementia risk in ARIC is greater with a larger number and greater severity of strokes 
(compared to people without stroke)
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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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Hypertension followed by 

hypotension is associated with 

highest risk of dementia, with 

most pronounced effect in 

younger group
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PAF of dementia by age 80 is:
 15.3% for non-normal BP at ages 45-54
 19.1% for non-normal BP at ages 55-64
 19.9% for non-normal BP at ages 65-74
Not significant PAF of dementia by age 90 for age 75+
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• 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

• Higher PAF for later life RF’s because of higher prevalence of 
those risk factors generally

• 22-44% of incident dementia by age 80 explained by having at 
least one vascular risk factor by age 74

Population attributable risks for midlife through 
late life RF’s (Jason Smith, Hopkins): Unpublished

The contributions of having at least one vascular risk factor in 
midlife or late-life on incident dementia by age 80, stratified by sex

At least one vascular risk factora, age of measurement

45-54 years 55-64 years 65-74 years

Male Female Male Female Male Female

Dementia cases/total 
exposed, No.

261/2097 310/2664 323/3839 450/4537 162/2353 214/2919

Risk factor prevalence, 
% (95% CI)

64.8 (63.1, 
66.4)

59.3 (57.8, 
60.7)

68.8 (67.6, 
70.1)

67.7 (66.6, 
68.9)

77.8 (76.4, 
79.3)

77.6 (76.2, 
78.9)

HR for dementia 
(95% CI)b

1.81 (1.40, 
2.34)

1.44 (1.16, 
1.78)

1.53 (1.21, 
1.92)

1.80 (1.46, 
2.22)

2.03 (1.31, 
3.13)

2.82 (1.80, 
4.43)

PAF of dementia, % 
(95% CI)c

28.0 (16.5, 
39.5)

17.2 (7.4, 
27.0)

21.2 (10.2, 
32.3)

29.2 (19.6, 
38.9)

34.8 (15.5, 
54.0)

51.3 (33.7, 
69.0)
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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.

In ARIC, individuals diagnosed with 
diabetes in midlife:

-had a higher lifetime risk of dementia 
than those with late-life diabetes onset

-developed dementia 4 years earlier 
than those without diabetes and 1 year 
earlier than those with older-onset 
diabetes

-had higher cumulative incidence of 
dementia by age 80 but lower lifetime 
risk than those with no diabetes due to 
shorter survival
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Used data from ARIC to estimate lifetime risk of dementia from age 55 to 95, with 
mortality as competing event; then applied these to US census projections.
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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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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 be via vascular brain changes

•Midlife vascular risk factors might directly impact Alzheimer’s 
neuropathologic changes, which themselves (or in combination 
with brain vascular changes) can impact cognition



Dementia

Small vessel disease

atrophy

changes in AD 
biomarkers (amyloid)

Risk factors

Hypertension

Diabetes

Smoking

Hyperlipidemia

Obesity

Poor diet

Inactivity

Inflammation

Genetic risk

Other factors

stroke



Stroke and small vessel disease: shared risk factors

White matter 
hyperintensities and 

reduced integrity

STROKE

MicrobleedsSilent Lacunes HTN
Age
Smoking

Diabetes
Obesity
A. fib

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

Hyperlipidemia

Alcohol

CKD

Note: this is NOT 
comprehensive!
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Silent lacunar infarcts, “small” infarcts (enlarged perivascular 
spaces) and WMH were associated with steeper cognitive 
decline over 20 years



WMH and infarcts were associated with 
psychomotor speed/ executive function
BUT these associations were attenuated 
by inclusion of posterior cortical volumes 
in the models, suggesting some 
mediation by atrophy/ volume loss

Small vessel disease’s effect on cognition is partially mediated through atrophy
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Relationships between number of 
risk factors and brain amyloid 
were strongest from midlife

5/20/2025
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WMH and Alzheimer’s disease-specific neuropathology

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.



Yifei Lu James Pike

Plasma Biomarkers and Incident Dementia in Late-Life

Differences in Biomarker Rate of Change from Midlife to Late-Life

P-Tau 181

NfL

Priya 
Palta
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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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• Social support: In ARIC, better social 
engagement in midlife (less social isolation 
and more social support) associated with 
lower dementia rates (HR 0.76, 95% CI 0.67-
0.85 for strong social relationships, HR 0.84, 
95% CI 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)

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

Social factors as modifiers of risk

3/4/20 #EPILifestyle20 36



• ARIC participants underwent two 
social engagement measures in late 
midlife (ARIC visit 2)
• Lubben Social Network Scale (social 

isolation), Interpersonal support 
evaluation list short form (social support)

• The association between V5 small 
vessel disease imaging markers 
(infarcts, microbleeds, WMH, and DTI 
(FA/ MD) and dementia was 
evaluated using Cox proportional 
hazards models, with effect 
modification by social engagement 
category evaluated

Surabhee 
Eswaran

Renee 
Groechel

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



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

Association between 
cerebral microbleeds 
and dementia, 
stratified by SE

Adjusted* hazard ratios (95% CI)

Overall 
(n=1,668)

High social 
engagement 
(n=1,048)

Intermediate/ 
Low social 
engagement 
(n=620)

P-interaction

Subcortical 
microbleeds

1.40
(1.01-1.94)

1.06 
(0.66-1.70)

2.11 
(1.35-3.32)

0.025

WMH volume 
(per SD)

1.42 
(1.22-1.64)

1.26 
(1.04-1.50)

1.78 
(1.38-2.30)

0.003

Lacunar 
infarcts

2.16 
(1.60-2.93)

2.10
(1.40-3.15)

2.06
(1.26-3.38)

0.98

DTI: 
Fractional 
anisotropy 
(FA; per SD)

0.77 
(0.67-0.89)

0.82 
(0.68-1.00)

0.73 
(0.60-0.89)

0.78

DTI: 
Mean 
diffusivity 
(MD; per SD)

1.63 
(1.41-1.89)

1.52
(1.25-1.85)

1.81 
(1.45-2.26)

0.88

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

Race modifies the SE X DTI 2-way interaction:

FA (per SD) MD (per SD)

Black 
participants
*, **

Overall 0.89 (0.68 – 1.16) 1.30 (0.98 – 1.72)

Strong SE 1.25 (0.84 – 1.86) 0.93 (0.63 – 1.38)

Poor SE 0.73 (0.50 – 1.05) 1.74 (1.16 – 2.60)

White 
participants

Overall 0.73 (0.62 – 0.86) 1.70 (1.46 – 1.98)

Strong SE 0.72 (0.58 – 0.89) 1.73 (1.43 – 2.10)

Poor SE 0.76 (0.59 – 0.99) 1.68 (1.27 – 2.23)

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

Genetic risk, Midlife Life’s simple 7, and Incident Dementia 
in the Atherosclerosis Risk in Communities Study



Incident dementia 
HR (95% CI): Model 1

Incident dementia 
HR (95% CI): Model 
2

Late-life 
(at visit 5)

Log WMH 1.51 (1.03, 2.20) 1.21 (0.77, 1.89)

Log SUVR (amyloid) 2.52 (1.83, 3.47) 2.58 (1.72, 3.89)

Midlife 
(at visit 1)

Hypertension 2.58 (1.13, 5.85)

Smoking 1.29 (0.44, 3.77)

Diabetes 1.04 (0.31, 3.55)

BMI>30 1.83 (0.88, 3.78)

￪ total chol. 0.61 (0.29, 1.30)

Midlife HTN and 
amyloid 
independently 
contributed to 
dementia risk, but 
did not interact on 
a multiplicative 
scale



41 From Livingston et al., Lancet 2017

From Livingston et al., Lancet 2020

• 41% of US dementia cases are attributable to 12 
modifiable risk factors, especially hypertension, 
obesity, and physical inactivity
• A 15% reduction in each RF would reduce 

dementia by 7%
• PAR up to 46% for Black Americans, 47% for 

Latinx
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Conclusions

• 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
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Conclusions: 
Sex differences in VCID over the life course

• 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% CI 0.69-0.99; women with 5+ births HR 0.85, 95% CI 
0.72-0.99, compared to 2 births; DiBiase et al., J Womens Health, 2023)
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Thank you!

Questions?

Rebecca.Gottesman@nih.gov

@gottesmanlab.bsky.social

mailto:Rebecca.Gottesman@nih.gov
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