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S ilen t Ce reb rovascu la r Even ts and  
A lzhe im e r’s  D isease : A n  O ve rlooked  

O ppo rtun ity  fo r P re ven tion ?

For more than 100 years, since its earliest description, there has been debate about 
the cause of Alzheimer’s disease and its overlap with cerebrovascular disease. In-
deed, there was controversy about whether Dr. Alzheimer’s first case exhibited ar-
teriosclerosis or not (1). The dichotomy between Alzheimer’s disease and vascular 
dementia became more established in the 1980s with the development of distinct 
diagnostic criteria and with the growing prominence of the amyloid hypothesis of 
Alzheimer’s disease (2). Thus, even now, using DSM-IV-TR criteria, one cannot di-
agnose dementia due to Alzheimer’s in the presence of significant cerebrovascular 
disease. One unintended consequence of this dichotomy has been that research in 
Alzheimer’s disease and vascular dementia has taken separate paths. While lip ser-
vice is paid to the fact that mixed dementia is more common than pure Alzheimer’s 
disease, such patients are rarely included in biomarker or intervention trials.

Today, it is fair to say we are back at the same crossroads. After more than 25 
years of testing hundreds of candidate treatments, we have several modestly ef-
fective symptomatic therapies but no treatment to 
slow Alzheimer’s disease progression or delay its 
onset. The development of biomarkers to detect 
pathological and degenerative changes in the dis-
ease (e.g., amyloid positron emission tomography 
[PET] scans) has led to a better ability to monitor 
pathology in vivo, which in turn has allowed for 
the development of pathology-based research di-
agnostic criteria for both Alzheimer’s disease and 
preclinical Alzheimer’s disease (3). But the failure of several leading antiamyloid 
therapies (many of which made patients worse) has highlighted our incomplete 
knowledge of cause, the likely multifactorial nature of late-onset Alzheimer’s dis-
ease, and the need for early intervention and better targets.

Accumulating epidemiological, pathological, and imaging evidence over several 
decades has suggested a role for cerebrovascular disease in the onset and progres-
sion of Alzheimer’s disease (2, 4–11). Indeed, in the majority of cases, the brains of 
people with Alzheimer’s disease have vascular microinfarcts (not usually detect-
ed by MRI), white matter lesions, or vessel wall alterations (2, 4). Other vascular 
changes in the brain noted in Alzheimer’s disease include macroinfarcts, lacunes, 
atherosclerosis, and hemorrhages (2, 4–8). Experimentally induced cerebral mi-
croemboli in aged rats lead to increased beta-amyloid and hyperphosphorylated 
tau reactivity in both infarcted and adjacent brain areas (5), suggesting a possible 
link with Alzheimer’s pathophysiology. Atherosclerosis of the Circle of Willis may be 
more severe in Alzheimer’s disease (6), and its presence may determine the clinical 
expression of the disease (7). Imaging studies (single photon emission computed 
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tomography, PET, or MRI) have demonstrated that reduced cerebral perfusion or 
silent infarcts in Alzheimer’s disease correlate with future rates of decline (8).

Vascular risk factors, such as high blood pressure or cholesterol, obesity, elevated 
homocysteine, atherosclerosis, carotid stenosis, atrial fibrillation, diabetes, and 
coronary disease, have been linked to risk for Alzheimer’s disease in many epi-
demiological studies (2, 4, 9–11), although there is some inconsistency from one 
study to another. A preliminary predictive score using demographic and vascular 
risk factors indicated that elderly individuals scoring above 23 (on a scale rang-
ing from 0 to 60) had a 12-fold greater risk of developing Alzheimer’s disease (10). 
Likewise, in middle-aged people, combining specific vascular risks could predict 
onset of dementia 20 years later, with a sensitivity of 0.77, a specificity of 0.63, and 
a negative predictive value of 0.98 (11).

Such findings have led to a neurovascular model of Alzheimer’s disease, in which 
chronic hypoperfusion and uncoupling of blood flow to brain metabolic demands 
over decades trigger neurodegeneration and amyloidogenesis (2). Disruption of 
the blood-brain barrier has also been posited more recently (7). However, this 
theory remains secondary, in part because of disagreements about how to inte-
grate vascular risks into the amyloid cascade (i.e., whether reduced blood flow is 
a cause or a consequence of cell death) and the failure of some vasoactive agents 
(statins, aspirin, nootropics) to improve cognition and because vascular disease is 
not invariant in Alzheimer’s disease. (This can become a circular argument, since 
our ability to detect microvascular disease and soluble amyloid oligomers in vivo 
is limited.) Lastly, the genetic evidence that alterations in the amyloid cascade are 
critically involved in Alzheimer’s pathophysiology is overwhelming (3), but the 
same is not yet true for the vascular hypothesis.

In this issue of the Journal, Purandare et al. report that silent cerebral microem-
boli are associated with faster progression of decline in both Alzheimer’s disease 
and vascular dementia (12). In a longitudinal study, the authors assessed sponta-
neous microembolic signals using minimally invasive transcranial Doppler over a 
1-hour period of monitoring in the middle cerebral artery, which supplies frontal, 
temporal, and parietal areas. At baseline, despite use of stringent diagnostic crite-
ria, 40% of Alzheimer’s patients and 37% of vascular dementia patients were found 
to have spontaneous cerebral emboli (almost triple the rate of matched compari-
son subjects). Over the next 2 years, emboli-positive patients deteriorated at dou-
ble the rate of emboli-negative patients (a decline of 6.9 points compared with 3.4 
points on the Mini-Mental State Examination), a difference equivalent to 1 year of 
natural progression. This was despite the fact that both Alzheimer’s and vascular 
dementia patients were receiving therapies for their respective conditions (such as 
cholinergics and antiplatelet agents). Furthermore, functional abilities and behav-
ior also deteriorated faster in emboli-positive patients.

The study has some limitations. There was no dose effect with regard to the num-
ber of emboli, and emboli size was not examined. Emboli were related to white 
matter disease but not to vascular risks, suggesting that their etiology was unclear 
(other than the presence of a patent foramen ovale in some 25% of Alzheimer’s pa-
tients, which is the same percentage found in the general population). The moni-
toring of emboli occurred over 1 hour, and it is possible that the relatively short du-
ration may have falsely classified some patients as emboli negative. Furthermore, 
emboli may not all have the same effect, since some brain areas are more critical 
to cognition. Clearly, this study should be viewed as preliminary, pending replica-
tion in larger samples of both Alzheimer’s patients and at-risk individuals. Never-
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theless, the large clinical difference in progression rates, if truly causally related to 
emboli, is a wake-up call for the field.

The study of silent cerebral embolic signals (detected by transcranial Doppler) 
or events (detected by MRI) has gained more urgency recently because common 
surgical procedures (e.g., stenting, hip replacement) are known to cause such em-
boli. For example, one study of “minimally invasive” transfemoral valve repair (13) 
found that 16 of 22 patients developed at least one new cerebral embolic lesion 3 
months after the procedure, with diffusion-weighted MRI showing a total of 75 new 
lesions among the 16 patients. However, many issues remain unknown, such as the 
prevalence and long-term sequelae of silent cerebral emboli in otherwise healthy 
individuals, the genetic risk factors for such emboli, and the best approaches to 
monitoring and treating individuals with emboli.

Given the hundreds of millions of people worldwide who are affected by vascular 
risks, we can no longer afford to take a divided dichotomous stance. It’s time for the 
best minds in vascular research to unite with the best minds in amyloid and tau pro-
tein research. Prospective field trials to clarify vascular links to Alzheimer’s disease 
will in turn help us better apply readily available tools, such as carotid ultrasound, 
transcranial Doppler, MRI scans (e.g., arterial spin tagging, diffusion-weighted im-
aging), and echocardiograms in Alzheimer’s disease evaluation. If brain damage is 
a hidden fingerprint of invasive procedures, such as surgery or angiography, then 
this would be another priority area for risk reduction. Up to one-half the population 
with vascular risk factors or silent cerebrovascular disease are thought not to be re-
ceiving optimal therapy. But the field also needs to develop more effective vascular 
interventions than those available today (2). Hence the opportunity for education, 
lifestyle modification, and clinical trials of novel protective strategies appears sig-
nificant. Why don’t we start today?
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a	 The	original	amyloid	hypothesis	has	been	modified	to	implicate	soluble	oligomers	(rather	than	plaques)	as	the	
neurotoxic	 trigger.	 The	 vascular	 hypothesis	 posits	 that	 amyloidogenesis	 is	 a	 consequence	 of	 hypoperfusion.	
Some	evidence	suggests	that	the	two	insults	may	be	synergistic,	highlighting	the	need	to	better	integrate	both	
theories.	(Figure	adapted/modified	with	permission	from	de	la	Torre	JC,	“Is	Alzheimer’s	Disease	a	Neurodegen-
erative	 or	 a	 Vascular	 Disorder?	 Data,	 Dogma,	 and	 Dialectics”	 [Lancet	 Neurol	 2004;	 3:184–190].	 Copyright	 ©	
Elsevier	2004).
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