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ABSTRACT 
Historically, cerebrovascular abnormalities were recognized as 
prominent in the pathology of age-related dementia. In more recent 
decades, however, research and funding for development of 

therapeutics has almost entirely been focused on β-amyloid and tau 

deposits (as described by Alzheimer in pre-senile dementia), despite 
a lack of conclusive evidence of a causal relationship or efficacy of 
targeted treatment on cognitive decline or dementia. Here we present 
a brief history of the evidence for a dominant vascular component of 
Alzheimer’s Disease and highlight a potential target for slowing the 
functional progression of the disease. 
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Background: 
Over the past few decades, the biological 

definition of, and development of therapeutics for, 

Alzheimer’s disease (AD) have focused on β-

amyloid plaques and neurofibrillary tau deposits 1. 
Despite promising pre-clinical data, all clinical 
studies attempting to use antibodies to eliminate 
amyloid plaques have failed at various stages or 
have demonstrated very low efficacy for their 
primary targeted outcome – cognitive impairment. 
Even the 2018 National Institute on Aging – 
Alzheimer’s Association (NIA-AA) research 

framework for AD concedes that β-amyloid 

deposition and pathologic tau may not be causal of 
AD pathogenesis and may exist without cognitive 
impairment 1.  

 
Cerebrovascular pathology is prevalent in 
Alzheimer’s: 

While AD and vascular dementia (VD) are 
currently considered as distinct diagnoses, 
cerebrovascular pathology is prominent in patients 
diagnosed with AD 2-6, and occurs early in the 
progress of dementia 4,7. Studies have shown that 
the presence of small vessel infarcts 2 and the 
occurrence of stroke 8 amplify the severity of 
functional impairment and the progression of the 
disease. AD and cerebrovascular disease share 
common risk factors such as hypertension 9,10, 
atherosclerosis 9,10, atrial fibrillation11, diabetes 9,12, 
and elevated homocysteine blood concentrations 9, 
and we and others have argued that AD pathology 
is initiated through microvascular abnormalities 5-

7,13. Regardless of whether cerebrovascular 
pathology is causal of AD, it is becoming 
increasingly clear that vascular factors should be a 
target for slowing dementia progression, especially 
since effective preventative therapeutics already 
exist. 

In this brief review we focus on the 
cerebrovascular factors that are associated with 
cognitive decline and dementia. The history of the 
recognition of that association goes back over 100 
years with early works by Emil Kraepelin 14 and his 
junior colleague Alois Alzheimer 15 describing 
arteriosclerosis and strangulation of blood supply 
to the brain in “senile dementia“. Interestingly, 
Alzheimer’s now-famous description of a 51-year-
old patient with cortical atrophy and minimal 
cerebral atherosclerosis 16 was included in the 8th 
edition of Kraepelin’s textbook Psychiatrie as a 
“pre-senile” dementia.  It was not until a half century 
later that the Alzheimer name was applied to age-
related or late-onset dementia 17. In that process, 
underlying vascular factors were somewhat 

marginalized in the rush to find control of metabolic 
causes of amyloid deposition.  

 
Cerebrovascular findings are strongly associated 
with cognitive decline in Alzheimer’s: 

Cerebrovascular histopathology is 
prominent in AD, with 30% having concomitant 
infarcts and nearly all exhibiting periventricular 
white matter lesions, microvascular degeneration, 
and/or cerebral amyloid angiopathy 7. The Nun’s 
study, reported by David Snowdon and his 
colleagues 2 refocused attention on the importance 
of cerebrovascular findings on the clinical 
manifestation of AD. Of those participants who met 
the post-mortem criteria for AD, adjusting for the 

number of β-amyloid plaques and neurofibrillary 

tangles, those with co-existing lacunar infarcts were 
20 times more likely to meet the clinical criteria for 
dementia prior to death. The Oxford Project to 
Investigate Memory and Ageing (OPTIMA) study 18 
similarly showed that the presence of 
cerebrovascular disease was a determinant of 
poorer cognitive function early in AD. More recent 
studies utilizing in vivo imaging techniques, such 
magnetic resonance imaging, have confirmed the 
prominence of cerebrovascular findings in AD and 
related dementias, and the relationship with 
cognitive function and decline 13,19-21. The clinical 
significance of vascular contributions to cognitive 
impairment and dementia, and the need to give 
more focus on them in clinical practice, has been 
highlighted by the American Heart 
Association/American Stroke Association and 
recognized by the Alzheimer’s Association and 
American Academy of Neurology 22 and followed 
up by the critique of the NIA-AA framework in the 
recent publication by a working group of prominent 
investigators in the field 4. 

The relationship between vascular risk 
factors and AD and related dementias is 
increasingly recognized, and the utility of treating 
hypertension, diabetes, and atrial fibrillation as a 
preventative measure is becoming clearer 23. A 
recent systematic review and meta-analysis on 
evidence-based prevention of Alzheimer’s disease 
24 has also identified hyperhomocysteinaemia as a 
promising modifiable risk factor to target, with 
Class I, Level A2 strength of evidence. Other meta-
analyses 25,26 and narrative reviews 27 have had 
similar findings. 

 
Hyperhomocysteinemia may underly 
cerebrovascular pathology: 

The recognition of the importance of 
elevated homocysteine on vascular factors and 
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cognitive impairment originated in the study of 
homocystinuria, a genetic condition in children that 
results in very high levels of homocysteine, 
thromboembolic changes in blood vessels, disrupted 
microvascular histology, and abnormalities in brain 
function 28,29. This association of vascular pathology 
with homocysteine was emphasized later in the 
Framingham study 30 which showed that the degree 
of carotid artery narrowing measured on 
ultrasound had a clear relationship with plasma 
homocysteine level. In the same study, the highest 
quartile of plasma homocysteine concentration was 
associated with nearly a two-fold increase in the 
risk of stroke 31 and a higher incidence of dementia 
32. In our Nutrition and Memory in the Elderly 
(NAME) study 13, high plasma homocysteine was 
associated with cerebrovascular disease, and 
showed a dose-response relationship with brain 
atrophy and cognitive impairment in those with 
small vessel disease. Other studies have also 
reported a relationship between homocysteine and 
cerebrovascular small vessel disease 19,33 and 
cognitive impairment 34-36. Elevated homocysteine in 
the blood can result from several factors, including 
renal functional and lifestyle behaviors 27, however 
it is often a marker for low B-vitamin status (folate, 
B12 and B6). A number of clinical trials employing 
B-vitamin supplementation to lower homocysteine 
and prevent cognitive decline have had positive 
results 37-39. The commonalities behind these trials 
are that the participants had low B vitamin status 
and were either at-risk or in early stages of 
cognitive decline (but not moderately or severely 
demented). The studies with null findings or showing 
minimal benefits of B-vitamins were limited by 
patient selection with only low or moderate 
elevations of homocysteine.  

 

Cerebrovascular pathology likely mediates the 
effect of hyperhomocysteinemia on cognitive 
decline: 

Cerebrovascular pathology, as a part of 
Vascular Dementia, Mixed Dementia, and 
Alzheimer’s dementia with vascular pathology, is 
responsible for at least half of cases of cognitive 
decline 4,40. The recent response to the NIA-AA 
Research Framework that biologically defined AD 

solely on β-amyloid plaques and neurofibrillary tau 

deposits strongly recommended including 
biomarkers of cerebrovascular disease in the 
framework and definition 4 

 
 Conclusions and recommendations: 

Given the expense of β-amyloid antibody 

therapies and their lack of efficacy for cognitive 
outcomes, it makes sense to consider cost-effective 
strategies for preventing and/or delaying the onset 
of dementia. From a public health and clinical 
medicine perspective, more attention needs to be 
directed toward aggressive treatment of vascular 
risk factors for age-related cognitive decline and 
dementia, including management of hypertension, 
arrhythmias, and diabetes. Based on the strength of 
evidence, physicians should consider adding 
homocysteine and B vitamin status as variables to 
consider as targets for maintaining their patients’ 
cognitive health and cerebrovascular integrity. 
Measurement of blood homocysteine, and 
correction when elevated, should become a routine 
part of clinical care of aging patients. 
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