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• I am an Associate Editor for the journal Neurology.



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



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



• 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=6,538Cognition

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

Cognitive analyses through visit 5 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



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



• Participants: ARIC participants of black or white race (N=15,744)
• Vascular risk factors from ARIC visit 1 (midlife)
• Dementia: (through visit 5) defined using:

– adjudicated dementia cases from complete ARIC-NCS evaluation
– Telephone Interview for Cognitive Status, Informant interviews 
– Prior ICD-9 hospitalization codes for dementia

• Level 1 dementia used data from three repeated cognitive tests, informant 
CDR/ FAQ interviews, and larger neurocognitive battery given at ARIC visit 
5, with algorithmic diagnosis and expert review and classification

• Statistical analysis: Cox proportional hazards model
– Also: discrete time analysis with complimentary log-log link; logistic 

regression; competing risk proportional hazards model













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
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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



• 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=6,538Cognition

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

N=346Florbetapir PET

Visit 6 
(ARIC-
NCS)

2016-17

Ongoing
*

*Imaging recruitment during visits 6 and 7; 
planned ~300 (PET) and 1000 (MRI)

Ongoing
*

75-94

N=4,003

Cognitive analyses through visit 5 consider:
Change in cognition
Incident MCI, dementia, and 

progression



ARIC-PET recruited 346 nondemented ARIC participants from 3 ARIC sites, with 
florbetapir PET (2011-2014), and a second florbetapir PET underway (2017-present)







Relationships between number of risk factors and 
brain amyloid were strongest from midlife

2/28/18



Intracranial plaque is more strongly associated 
with amyloid in APOE e4 carriers (unpublished) 

1/19/19 19

P-values 
shown are 
for 
interaction 
between 
vessel 
features 
and APOE 
e4 status 



How do midlife vascular risk and 
amyloid contribute to cognition?

• Cognitive follow-up after ARIC PET continued 
through specific study follow-up and ARIC-NCS 
ongoing visits and dementia surveillance

• Relative contributions of vascular risk (mid- and late-
life) and amyloid burden to cognition and ~5-year 
progression were considered





Cognitive level is worse in 
amyloid-positive participants 
(unpublished)



Midlife vascular risk factors

Model including all covariates above together, + educational level



Late-life vascular risk factors

Model including all covariates above together, + educational level



Risk of Dementia with level of 
Amyloid SUVR



ARIC-PET: Burden of risk factors and amyloid on 
cognition; Results shown adjusted for amyloid 
(unpublished)

*of these 5: hypertension, hyperlipidemia, diabetes, obesity, and 
smoking



Conclusions
• Midlife vascular risk factors are strongly related to late-life 

cognitive outcomes and dementia
• Vascular risk factor status in midlife is associated with later-life 

amyloid deposition
• Hypertension in midlife (but not late-life) is still associated with 

cognition, even after adjusting for amyloid
• Amyloid remains robustly associated with cognition and its 

progression, independent of vascular risk
• There may be effect modification in individuals with elevated 

genetic risk and vascular disease or risk factors, with greatest 
risk of dementia and amyloid in individuals with both
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