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Group Classification

CVD+ defined as extensive WMH or infarction or both on MRI



PiB Retention in Relation 
to Infarction

Normal

Cognition

CDR > 0.5



Association Between WMH 
volume and PiB Index



Association with Cognition





Impact of Vascular disease 
on Cognition

 

Demographics Infarct WMH A 

Age 
Sex 

(Male) 
Education Cortical 

Subcortical 

grey 

White 

matter 
Other 

Number 

(0, 1, >1) 

WMH 

volume 

Global 

PIB Index 

Stage 1 -.107 .064 .245        

Stage 2    -.06 -.29* -.06 -.02 -.19 .02 -.18 

Stage 3 -.24 -.02 .16  -.34*    .19 -.08 

 

 

Demographics Infarct WMH A 

Age 
Sex 

(Male) 
Education Cortical 

Subcortical 

grey 

White 

matter 
Other 

Number 

(0, 1, >1) 

WMH 

volume 

Global 

PIB Index 

Stage 1 -.01 .08 .51***        

Stage 2    -.47*** -.33* -.17 -.2 -.14 -.21 -.15 

Stage 3 -.08 -.19 .38** -.54**     .05 -.04 

 

Episodic Memory

Executive Function





Summary

Vascular risk factors are common 
among older individuals

 In a high vascular risk group

•Vascular brain injury is associated 
with impaired cognition

Impact due to extent of cerebral amyloid 
less prominent

•Vascular risk factors exert effect on 
cognition when adjusting for vascular 
and degenerative brain injury



Aims

Evaluate effect of vascular burden on 
change in cognition in a diverse, 
community based study

•Adjusting for:

Amyloid Retention

Structural MRI



Methods
Cognition measured with Spanish English 

Neuropsychological Assessment Scale 
(SENAS)

•Memory

•Executive

MRI quantification

•Total brain volume

•Hippocampal volume

•WMH

Amyloid Imaging

•PiB DVR



Vascular Burden

Risk Factors

•Hypertension

•Diabetes

•High Cholesterol

Vascular Injury

•Coronary Artery Disease

•Stroke /TIA



Study Cohort

 Normal 
(N=37) 

MCI 
(N=25) 

Demented 
(N=3) 

Years of Observation 5.7 + 3.0 3.0 + 2.7 4.4 + 2.8 
Age 72 + 7 75 + 7 80 + 5 
Gender (%F) 51% 44% 33% 
Ethnicity (% Caucasian) 51% 80% 100% 
Education (years) 15 + 4 16 + 2 17 + 4 
Vascular Burden (number) 1.7 + 1.2 1.7 + 1.2 1.3 + 1.2 
Episodic Memory (SD units) 0.30 + 0.81 -0.96 + 0.54 -1.24 + 0.24 
Executive Function (SD units) 0.13 + 0.57 -0.07 + 0.43 -0.51 + 0.45 
Brain Volume (%TCV) 77.8 + 3.5 76.1 + 5.0 72.4 + 1.8 
Hippocampus (% TCV) 0.30 + 0.05 0.23 + 0.06 0.19 + 0.04 
WMH (log %TCV) -5.6 + 1.2 -5.4 + 1.0 -5.6 + 0.73 
Global PiB Index 1.19 + 0.22 1.41 + 0.36 1.75 + 0.17 
 



Amyloid Positivity by 
Impairment Category



Results

 Episodic Memory Executive Function 

Estimate Std Error P-Value Estimate Std Error P-Value 

MODEL 1 
Time -0.09 0.20 NS -0.067 0.022 0.007* 
Baseline Age -0.01 0.014 NS -0.01 0.01 NS 
Education 0.06 0.03 0.04* 0.08 0.02 <.0001* 
Impaired -0.46 0.35 0.0005* -0.10 0.09 NS 
Impaired x Time 0.01 0.081 NS -0.024 0.018 NS 
MODEL 2 
Global PiB DVR -0.41 0.35 NS 0.18 0.24 NS 
Global PiB DVR x Time -0.21 0.07 <0.008* -0.12 0.05 0.03* 
MODEL 3 
Hippocampal Volume 315 138 0.03* 179 95 NS 
Hippocampal Volume x Time 8.6 23.4 NS 35.5 17 0.05* 
MODEL 4 
Vascular Burden -0.12 0.08 NS -0.17 0.05 0.002* 
Vascular Burden x Time -0.006 0.013 NS 0.01 0.01 NS 
 



Conclusion I

Vascular burden was associated with 
overall poorer performance on tests of 
executive function after adjusting for 
amyloid retention and structural brain 
differences, even in a cohort with 
substantial amyloid burden

•Cause is uncertain and may reflect 
direct toxicity (e.g. diabetes) or 
increased inflammation or other 
unidentified process





Inflammation and 
Cognition



GDF-15 in Brain

Immunostaining of human cortex 

from individual who had mixed 

dementia (AD+vascular dementia).

Blue=cell nuclei stained with DAPI. 

Green=microglia stained with IBA-1. 

Red =immunostaining for GDF15. 

Colocalization of GDF15 is noted in 

microglia (arrows). Bar = 20um.



Model of Inflammation and 
Brain Pathology in Aging



Conclusions II

Aging and atherosclerosis lead to 
increasing inflammation

 Inflammation can lead to brain injury 
and cognitive decline independent of 
vascular risk factors

 Inflammation may lead to microglial 
activation with release of harmful 
cytokines
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