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PURPOSE: Accumulation of β-amyloid (Aβ) protein in the brain is a key process in the pathogenesis of Alzheimer’s disease (1). Aβ deposition is known 
to result in neurotoxicity, but may also negatively impact cerebrovasculature. When deposited in the vessel wall, Aβ will lead to degeneration of smooth 
muscle cells and endothelial walls (Fig. 1), contributing to cerebrovascular pathology in the form of cerebral amyloid angiopathy (CAA). A recent cross-
sectional study has reported the association between Aβ and cerebral hypoperfusion in Alzheimer’s Disease (AD) (2). However, full-blown AD patients 
are known to have high Aβ and low CBF, thus a correlation is expected. What is more interesting is the relationship between Aβ and vascular function in 
normal controls who do not have clinical symptoms. Furthermore, CBF could be an ambiguous vascular marker as it is also affected by neural activity, 
independent of vascular health. Finally, the cause-effect relationship (i.e. Aβ causing vascular change; or vascular dysfunction causing Aβ accumulation 
via disrupted clearance) unfortunately cannot be examined with a single time-point measure. Therefore, in the present work, we conducted a longitudinal 
study in a group of healthy individuals and examined the relationship between Aβ burden and brain vascular parameters at two time points four years 
apart. Two vascular parameters were evaluated: CBF and cerebrovascular reactivity (CVR, a specific measure of vasodilatory function (3)). Our results 
suggest that there was an inverse association between Aβ and brain vascular health even in healthy individuals. Furthermore, Aβ accumulation appears 
to precede the change of vascular function. 
METHODS: Subjects: A total of 79 subjects (aged 30-86 yrs) were recruited from the cohort of a large-scale aging study, the Dallas Lifespan Brain 
Study. All subjects were well-screened and cognitively normal (minimal MMSE score of 26). During their initial visit in 2008-2010 (Wave 1), the subjects 
underwent PET-amyloid imaging and MRI imaging of CBF and CVR. The same participants underwent a repeated MRI scan in 2012-2014 after a four-
year interval (Wave 2). PET imaging of Aβ burden: The PET-amyloid imaging was performed on a Siemens ECAT HR PET scanner using 18F-florbetapir 
radiotracer. The PET imaging processing followed that described previously (4). Four cortical ROIs of occipital, parietal, temporal and frontal lobes were 
created by modifying the AAL masks. Standardized uptake value ratios (SUVR) for each ROI were obtained by normalizing to mean cerebellar uptake. 
MRI imaging of cerebrovascular properties: All MRI scans were performed on a Philips 3T system. Whole-brain CBF was obtained in 66 subjects 
(43F/23M, aged 56-86 yrs) using phase-contrast MRI as described earlier (5,6). The total blood flux to the brain was normalized to the brain’s 
parenchyma volume (measured by high-resolution T1-MPRAGE) to calculate unit volume CBF in ml/100g/min. CVR, which reflects the ability of the 
vessel to dilate when challenged, was measured in 53 subjects (34F/19M, aged 30-86 yrs) following protocols established previously (3,6). Briefly, the 
CVR was assessed using BOLD MRI in combination with hypercapnia (5% CO2) breathing. Regression analysis between the end-tidal CO2 time course 
and BOLD fMRI time course yields the CVR map in the unit of %∆BOLD/mmHg. Regional CVR values were obtained for occipital, parietal, temporal and 
frontal lobes using AAL masks. Statistical analysis: Wave 1 and Wave 2 differences were evaluated using paired t-test. The association between 
vascular markers and Aβ was examined by multivariate regression analyses, with age and gender as covariates. 
RESULTS and DISCUSSION: Figure 2 shows PET Aβ and MRI CVR maps from two representative subjects, one with high Aβ and another with low Aβ. 
The mean CVR across the four ROIs was 0.22±0.06 %∆BOLD/mmHg and 0.21±0.05 %∆BOLD/mmHg for Wave 1 and Wave 2, respectively. CVR at the 
two Waves were significantly correlated (p<0.001), suggesting good reproducibility between the two time points. In terms of the association between 
CVR and Aβ burden, CVR at Wave 1 showed no significant relationship with Aβ burden (p>0.05). On the other hand, individuals with greater Aβ burden 
at Wave 1 had lower Wave 2 CVR in all ROIs, with the effect being most pronounced in the occipital lobe (p=0.02, Fig.3). 

The mean CBF was 56.84±11.77ml/100g/min and 54.96±7.61ml/100g/min for Wave 1 and Wave 2, respectively. The two CBF measures were 
significantly correlated (p<0.001). Similar to the CVR results, CBF at Wave 1 did not show a significant relationship with Aβ deposition. On the other 
hand, Wave 2 CBF showed a positive correlation with Wave 1 Aβ burden (Fig.4). That is, after accounting for age and gender effects, subjects with 
higher Aβ burden tend to have a higher CBF 4-year later. 

The findings from the present study have the following implications in terms of brain aging and potentially the development of dementia. 1) Aβ 
accumulation in the brain has a negative impact on cerebrovascular function, in particular the ability of the vessels to dilate. This effect is already 
detectable in healthy individuals. 2) The relationship between Aβ and brain vasculature is in principle a “two-way street”. Aβ can damage blood vessels, 
but hypoperfusion could also disrupt the clearance of Aβ. Given our finding that Wave 1 Aβ is more correlated with Wave 2 CVR than with Wave 1 CVR, 
we propose that, at this early stage, the causal effect of Aβ on vasculature is more prominent. One limitation of the present study is that we did not 
include the Wave 2 Aβ data, which we are still in the process of collecting and analyzing and should yield more insights into the cause-effect 
relationship. 3) We also found an association between Wave 1 Aβ and Wave 2 CBF, but the relationship identified in healthy individuals was opposite to 
that reported in Alzheimer’s patients (2). This may be due to the fact the CBF is affected by (at least) both vascular function and neural activity. While the 
vascular function may decline with increased Aβ burden, neural compensatory processes may be present that result in elevated metabolic demand and 
blood flow. Compensatory increase in metabolic rate with age has also been previously reported, and a similar mechanism may be present here (5,7). 
CONCLUSION: The present longitudinal aging study revealed potential associations between Aβ accumulation and vascular health in the brain.  
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Fig. 2: Aβ and CVR maps of two 
age-matched subjects (74 yrs). 
Top: PET- Aβ maps. Bottom: 
CVR maps from Wave 2 MRI. 

Fig. 4: Wave 2 CBF is significantly 
correlated with Wave 1 SUVR. The 
effects of age and gender have been 
regressed out. N=66. 
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Fig. 1: Normal and AD-
pathological vasculature in the 
brain. Smooth muscle cells 
(khaki) and endothelial cells 
(yellow) are degenerated, and 
amyloid lesions (blue) are 
presented in AD. (1) 
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Fig. 3: Wave 2 CVR is significantly 
correlated with Wave 1 SUVR in 
occipital lobe. The effects of age and 
gender have been regressed out. 
N=53. 
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