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Personal view Is AD neurodegenerative or vascular?

The cause of Alzheimer’s disease (AD) is unknown. This gap
in knowledge has created a stumbling block in the search for
a genuinely effective treatment or cure for this dementia.
This article summarises the arguments for a causal role for
either amyloid deposition or cerebrovascular pathology as
the primary trigger in the development of non-genetic AD. A
bare-bones survey of the published research reveals no
compelling evidence that amyloid deposition is neurotoxic in
human beings or that it results in neurodegenerative
changes involving synaptic, metabolic, or neuronal loss in
human or transgenic-mouse brains. By contrast, the data
supporting AD as a primary vascular disorder are more
convincing. Findings suggesting a vascular cause of AD
come from epidemiological, neuroimaging, pathological,
pharmacotherapeutic, and clinical studies. The consensus of
these studies indicates that chronic brain hypoperfusion is
linked to AD risk factors, AD preclinical detection and
pharmacotherapeutic action of AD symptoms.
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One of the major puzzles in Alzheimer’s disease (AD)
research is what causes the disorder. The answer is extremely
important because the main stumbling block in the search
for a cure of AD is that its pathogenesis is a mystery wrapped
in controversy. Knowing the cause of AD would have a
major effect on clinical practice and the delivery of public
health services. More specifically, it would likely lead to the
development of a highly effective treatment or cure for AD.
With 21 million people expected to have AD by the year
2010 in countries that keep such a census, a treatment would
likely be worth over US$5 billion a year in sales and would
displace the minimally effective remedies available.

Although many theories on the cause of AD have
surfaced over the past quarter of a century, few have survived
the test of time. The exception has been the “amyloid
hypothesis”, first proposed from research conducted in the
middle of the 1980s showing that senile plaques found in AD
brain tissue were composed mainly of a sticky amyloid-�
peptide (A�).1 For over a decade, the amyloid hypothesis has
so influenced and guided research in AD that many workers
regard it as the gold standard of scientific investigation. 

This article will present the arguments that support
either amyloid deposition or cerebral hypoperfusion as the
primary pathway leading to non-genetic AD (figure).
Although AD expression may be triggered by reduced
cerebral perfusion before clinical symptoms of AD develop
in carriers of the presenilin-1 mutation, I will not review the
genetic features of AD.2

This paper will also summarise why, despite the
thousands of “brilliant” minds involved in the research,

neither the cause of nor the cure for AD have been found.
Finally, I will discuss efforts to match “fact to theory” by
borrowing from Socratic dialectics and from the laws of
probability in order to provide a working explanation of the
AD puzzle.

Is AD neurodegenerative?
The notion that AD is a neurodegenerative disorder may
have begun with a paper by Roth in 1955,3 who observed
that AD results from a neurodegenerative process and can be
distinguished from vascular dementia by the different
mental changes caused by each. Since then, the present
criteria for differentiating AD from vascular dementia have
largely been based on “expert opinion” rather than a critical
review of the scientific evidence.4 Thus, according to the
authoritative Diagnostic and Statistical Manual of Mental
Disorders, fourth edition (DSM IV), the presence of
cerebrovascular disease in a demented individual excludes
the diagnosis of AD and, instead, the disorder is classified as
a vascular dementia.5

In 1991, it was proposed that deposition of fibrillar and
insoluble A� causes neurodegeneration in AD.6 A� is a 
39–42 amino-acid-residue fragment derived from proteolysis
of the amyloid precursor protein (APP) and it is the major
component of senile plaques.6,7 According to the amyloid
hypothesis, deposition and accumulation of A� in the brain is
the primary factor driving AD pathogenesis.6 The pathological
process involving the formation of neurofibrillary tangles
containing tau protein, is thought to begin with an imbalance
between production and clearance of A�.8

Four major observations8 are used to support the
amyloid hypothesis as the direct initiator of AD
pathogenesis: neurofibrillary tangles that are associated with
neurodegeneration are insufficient to induce amyloid
plaques in AD; transgenic mice that overexpress mutant
human APP and mutant human tau have more tau-positive
tangles but a normal density of amyloid plaques; the human
APOE locus seems to involve A� metabolism; A� catabolism
and clearance may be a risk factor for late-onset AD. 

The idea that AD is caused by the formation of senile
plaques, which subsequently lead to the formation of
neurofibrillary tangles, has been criticised not only for the
lack of coherent evidence9–12 but also for its failure to provide
an effective treatment for AD.13,14 
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The two main flaws of the amyloid hypothesis are that
A� deposition has never been found to be neurotoxic in
vivo, and that because there is general agreement that senile
plaques are the products of sick neurons, they cannot be the
cause of neuronal sickness, because it is axiomatic that a
product is the result not the cause of some activity.13

Other difficulties with the amyloid hypothesis have been
reported. These can be summarised as follows: (1) A�
deposition in the brain does not relate with dementia
severity.15 (2) Many patients without dementia have the same
density of senile plaques as patients with AD.16 (3) Amyloid
deposition is not the earliest neuropathological event observed
in those afflicted with the disease.17,18 (4) Many cognitively
healthy elderly people have abundant senile plaques in their
brains but no signs of AD. 19 (5) Amyloid deposition in the
brain does not correlate to neuronal, metabolic, or synaptic
loss.15,20,21 (6) Amyloid plaques can be found in other dementias
including vascular dementia.22,23 (7) Experiments with
transgenic mice that produce A� deposits in the brain show, as
in human beings, no relation between such deposits and
neuronal, metabolic, or synaptic loss.22–26 (8) The same
transgenic mice also show cognitive loss before A� is
deposited in the brain.24 (9) Memory loss is independent of A�
overexpression in transgenic mice.26 (10) Transgenic mice
overexpressing the 695 amino-acid residue isoform of human
APP show low glucose metabolism and gliosis in the
entorhinal cortex, hippocampus, and neocortex in the absence
of A� deposits,27 which suggests a neuronal-energy deficit
precedes amyloid deposition. (11) In mice transgenic for APP
and presenilin 1 with memory-impairment, vaccinations
against A� over 8 weeks do not improve cognition.28

To skate around these difficulties, proponents of the
original amyloid hypothesis recently suggested that soluble
oligomers of A�1–42 and not its insoluble amyloid fibrils or
monomers (as previously suggested)29 are the cause of
synaptic dysfunction in AD and in animal models that
mimic AD.8 This view, however, has been challenged
because there are no data that soluble oligomers of A�1–42

cause either cell death, neuronal dysfunction, or cognitive
loss in vivo.30 Moreover, if the suggestion that AD is caused
by soluble oligomers of A�1–42 is correct, vaccination to
dissolve fibrillar plaques (as was the aim in trials of AN1792
immunisation) would likely speed up the pathological
progress of AD in the vaccinated patients.30 The vaccine
trial, however, was suspended when it caused
meningoencephalitis in 18 of the patients given this
treatment.31

Whether a product of APP proteolysis is toxic or even
harmful to neurons and not a protective neuronal response
to stave off death is now the subject of considerable
debate.32,33 For example, a recent article reports that the
production of A� plays a crucial part in maintaining the
survival of rat-brain neurons.34 This topic, including 
the potential of A� to bind neurotoxic molecules as a
response to neuronal injury,  has been comprehensively
reviewed.35

Many transgenic mouse lines have consistently
disproved the amyloid hypothesis, a verdict ignored by
supporters of this doctrine.12,22–28 Amyloid  proponents,
however, select specific data from transgenic mice research
to support the amyloid hypothesis while ignoring the bulk
of evidence that discredits it.
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The presumed pathological pathway leading to the development of Alzheimer’s disease according to the amyloid8 or vascular hypothesis.76
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Although the amyloid hypothesis has been accepted by
many as a statement of fact and used as a rationale to design
treatments for AD, there is little evidence to support its
validity and ample evidence to question it.

Is AD a vascular disorder?
There is now substantial and growing evidence from studies
of epidemiology, pharmacology, neuroimaging, clinical
medicine, microscopic anatomy, and cellular-molecular
biology to suggest that sporadic AD is a vascular disorder
caused by impaired cerebral perfusion. This proposal was
first submitted 10 years ago.36

Because much of the data in support of a vascular
aetiology for AD has been reported elsewhere,37–40 I will focus
on three areas: epidemiology, pharmacotherapy, and
neuroimaging.

Epidemiological studies
Several dozen risk factors for AD have been compiled and
reported from different epidemiological studies, including
The Rotterdam Study, the Kungsholmen project, EURODEM,
FINMONICA, and the Honolulu–Asia study  (panel).41–44

These risk factors may be just the tip of the iceberg, but their
consensus already provides a powerful argument for impaired
cerebral perfusion as the primary trigger in the development
of AD. All these risk factors are vascular-related and all impair
or reduce cerebral perfusion (panel).

For example, the authors of the Rotterdam Study
concluded from their data—on over 7000 demented and
non-demented elderly people—that “vascular risk factors,
and indicators of vascular disease, particularly in elderly
patients, have an established association with AD”.44

Nearly all of the risk factors (panel) are present not only
at the onset of AD but also decades before any loss of
cognitive function develops. 

Three of the most important vascular-related risk factors
for AD are stroke, cardiac disease, and atherosclerosis. It is
not surprising that these three disorders are linked by
haemodynamic and blood-pressure abnormalities because
their source is the heart and their outcome involves brain
ischaemia or hypoxia and vessel damage. 

Stroke
Stroke has been shown to be closely associated with AD in
many studies.37–41,45,46 Post-mortem studies of patients with
AD show that their brains contain amyloid angiopathy and
microvascular degeneration affecting the capillary
endothelium, vascular smooth muscle cells, and basal
lamina.47

Other post-mortem studies in elderly Japanese-
American males reveal that microvascular lesions were about
as common as classic AD markers (senile plaques and
neurofibrillary tangles).48 The question arises as to whether
AD stimulates stroke and cerebrovascular pathology or the
other way around. There is no evidence for the former
possibility but there is some for the latter.

For instance, cerebrovascular pathology—including
stroke—seems to play an important part in the eventual
development of AD clinical symptoms.46,49–51 Moreover, a
significant association has been shown between cortical
microinfarcts and AD (32·4% in patients vs 2·5% in
controls).52 The microinfarcts were restricted to the
watershed cortical zones suggesting that disturbed
haemodynamic factors have roles in the genesis of cortical
watershed microinfarcts that can precede AD symptoms. 52

In a recent study of 1015 people, who were age 60–90
years, without dementia at baseline,53 the presence of silent
(asymptomatic) stroke more than doubled the risk of AD.
In patients with subcortical lacunar infarction (typical of
silent stroke) studied with PET and MRI, cerebral glucose
hypometabolism was related to the degree of cognitive
impairment, which indicated that hypometabolism
resulting from regional hypoperfusion was a stronger
correlate of cognitive impairment than cerebral
morphological changes such as atrophy of the
hippocampus.54 Silent stroke is commonly associated with
hypertension,55 atrial fibrillation,56 and ageing, 57 all risk
factors for AD.

In a post-mortem study of 102 elderly nuns,
atherosclerosis of the circle of Willis was present in every
brain and was strongly associated with lacunar and large
brain infarcts, which suggests that ischaemic stroke may
have been a main cause of AD.46

Because about 25 million people worldwide have silent
and symptomatic stroke annually,58 this disease will
undoubtedly continue to provide a critical pool of AD
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candidates in the near future. Aggressive therapy should be
considered in elderly individuals who show signs of
cerebrovascular disease.

Cardiac disease
Myocardial infarction,44,59 atrial fibrillation,60 and congestive
heart failure61 are risk factors for AD. Consequently, the
neuropathological link between cardiac abnormalities and
their satellite off-shoots, such as vessel plaque formation,
hypertension, and presence of the APOE �4 gene,62 seem to
form a vascular complex that may target AD via specific
cardiogenic pathways.

A likely critical predisposing factor for AD is cardiac
surgery, specifically coronary artery bypass graft (CABG).63

Studies of patients given CABG show that nearly 50% have
cognitive impairment immediately after surgery.63 Most of
these patients continue their cognitive dysfunction 5 years
after surgery. This finding implies that permanent brain
lesions may already exist, thus placing these patients at a
greater risk of dementia (AD, vascular dementia, or mixed
dementia). Withmore than 150 000 new patients undergoing
CABG surgery every year in the USA alone,64 the problem
warrants considerable efforts to prevent and identify patients
at risk for postoperative cognitive dysfunction.65 Prospective
populationstudies could determine whether CABG is a major
promoter of AD or other dementias.

Since 20% of cardiac output goes to the brain, and 80%
of carotid artery flow goes to the ipsilateral middle cerebral
artery, it is no surprise that vascular lesions of the brain are
commonly associated with cardiac disease and carotid artery
occlusion, both of which are risk factors for AD (panel).37–46,52

One of the main complications of sustained systemic
hypertension is small vessel atherosclerosis of the
intracranial vasculature, particularly of vessels that come off
their parent vessels at right angles. These include the
lenticulostriate vessels (which supply the basal ganglia and
thalamus), midline pontine perforators (the pons), and deep
penetrating cerebellar vessels (the cerebellar white matter).
These vascular branches are commonly involved in lacunar
infarcts occurring mostly in the basal ganglia and thalamus
(70%), pons (15%), and cerebellar white matter (15%). Such
infarcts can precipitate the development of AD.46,53

Atherosclerosis
The risk of either AD or vascular dementia was three times
higher in people with severe atherosclerosis.66 In a 6-year
follow-up study involving 1270 dementia-free elderly people,
severe arterial stiffness and atherosclerosis resulting in high
pulse pressure (high systolic and low diastolic pressures) was
found to significantly increase the incidence of AD or
vascular dementia.67 These findings indicate that arterial
compliance, left ventricular ejection rate, and stroke volumes
are important determinants of dementia in elderly people.

Blood vessels with many atherosclerotic plaques
generally have endothelial and perivascular cell damage,68 a
disorder that can lead to dysregulation of blood flow by
blocking endothelial-derived nitric-oxide release and by
physically diminishing blood volume in relation to luminal
stenosis.69–70 Apart from the many negative effects that can

occur from endothelial nitric oxide dysfunction after
chronic brain ischaemia, the loss of spatial memory and the
accumulation of soluble A�40 in rat hippocampus71 could be
key outcomes of sustained carotid artery occlusion.

These findings make sense in the light of other data
showing the effects of chronic cerebral hypoperfusion on
human cognition. Studies in patients with carotid artery
stenosis of long duration and in those who have had carotid
endarterectomy to improve blood flow are controversial
because surgery can generate cerebral microemboli even
when carotid artery stenosis is reversed.72 However, when
global brain hypoperfusion after carotid endarterectomy is
reversedand no microembolic events are recorded, cognitive
ability generally improves.73 Conversely, if microemboli are
generated or the hypoperfused state is not corrected after
carotid endarterectomy, cognitive ability is unimproved in
many cases.70,74

Because atherosclerosis is generally accepted to take
decades to develop and manifest itself in many cases, it is
reasonable to assume that occlusive blood flow to the brain
from stenosed or blocked carotid arteries leading to
cognitive dysfunction is an event that likely precedes
dementia symptoms by many years.66 If this is true,
intervention to prevent or reduce atherosclerosis could
lessen the prevalence of AD.

It should be pointed out that stroke, cardiac disease, and
atherosclerosis are also risk factors for vascular dementia, as
are most other AD risk factors. 13,41–44,57,60,66 Because AD and
vascular dementia also share similar pathological hallmarks,
clinical symptoms, psychometric testing results, and
interchangeable treatment potential,14,23,47,55,60 these two
disorders should no longer be thought of as dichotomous
but as possible extensions of one dementia with a common
basis. 

The epidemiological studies reviewed show that an AD
risk factor is most likely to be vascular-related,41–44 that
vascular-related risk factors reduce or impair cerebral blood
flow (which in the presence of advanced ageing creates a
“double burden” for cerebral perfusion),13,14,75,76 and that the
association between vascular-related risk factors and the
potential development of AD is unlikely to be coincidental.
Moreover, these epidemiological findings indicate that—
despite the discrete pathology involved in many of these
vascular-related risk factors and their divergent clinical
course and outcome—all reduce or impair cerebral
perfusion. Elementary statistical analysis shows that the
common interconnecting feature of practically all AD risk
factors is cerebral hypoperfusion. These risk factors are not
directly related to the production of A� in AD. Moreover,
there seems to be no other common feature that connects
these risk factors more fittingly than the link to vascular
pathology. Not only are many of the risk factors for AD also
risk factors for vascular dementia, but also the two disorders
share many clinicopathological similarities.42,43,47,75–77 The
overlap between vascular dementia and AD has recently
been discussed at length.38–40

If only epidemiological evidence were available, it would
represent a compelling argument for a vascular pathogenesis
for AD. But there is more.
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Pharmacotherapy
For nearly a quarter of a century, a mostly useless cornucopia
of pharmacological products has been given to patients with
AD in an effort to reduce, reverse, abolish, or slow down the
progressive cognitive decline. Only three drugs are available in
the USA for prescriptive use in AD: tacrine (Cognex),
donepezil (Aricept), and rivastigmine tartrate (Excelon). All
three slow the synaptic breakdown of acetylcholine, one of
many neurotransmitters important in memory and learning.
A fourth drug, galantamine hydrobromide (Reminyl) targets
both AD and mixed dementia (ie, either vascular dementia or
AD complicated by cerebrovascular pathology). 

These treatments, at best, provide only modest
symptomatic control at the early stages of AD and offer little to
no benefit at the later stages of the disease. An expected US$5
billion market has spurred the introduction of other near-
worthless remedies. Initially promising therapies such as non-
steroidal anti-inflammatory agents (NSAIDs), ginkgo biloba,
oestrogen, vitamin E, and memantine, have not lived up to
expectations.76–80

Nonetheless, all drugs tried so far for AD are able to
increase or improve cerebral perfusion but only transiently
and very modestly.81 It is possibly this effect on cerebral
perfusion that makes some of these medicines “somewhat
useful” for a short duration. Transient symptomatic
improvements, or even a low risk of AD, have been reported in
elderly people engaging in certain mental and physical
activities—the “use it or lose it” phenomenon. Consequently,
this outcome could be because mental activity can stimulate
cerebral blood flow82 and cardiac exercise can reduce the
cholesterol build-up in major arteries that can diminish
cerebral perfusion and promote hypertension.83 However, no
drug or mental–physical activity tried so far has been able to
reduce, reverse or abolish the progressive pathology of this
dementia. This grim conclusion suggests that a “magic bullet”
is unlikely to control or reverse AD pathology.

New treatment opportunities
I have reviewed elsewhere other treatment possiblities,
including techniques that can create neoangiogenesis and
vasculogenesis with growth factors, gene manipulation, stem
cells, surgery, and endothelial-cell seeding.13 These
experimental approaches have not yet been tried in AD but
their aim would be to improve cerebral perfusion to a level
that is both sustainable and sufficient to rescue energy-starved
dysfunctional neurons or protect them from further damage.84

To this end, I have proposed that one of the primary
pathological events involved in the development of AD begins
as an endotheliopathy from damage to endothelial cells after
chronic brain hypoperfusion.14,36,69,71,75 Endothelial cells form a
one-cell thick lining of all blood vessels in the body, including
the brain. Paradoxically these cells normally form a
nonadhesive surface to leucocytes and monocytes, but when
damaged they may recruit these same cells in an attempt to use
them for repair purposes. Cerebral endothelial-cell injury has
been reported in several animal models of cognitive
impairment with chronic brain hypoperfusion85–87 and is
generally present in brain capillaries early in AD.88–90

One of the more promising lines of research into the

restoration of cerebral blood flow homoeostasis, and which
may have therapeutic application to AD, involves the use of
endothelial progenitor cells. These cells can be isolated from
circulating mononuclear cells and bone marrow. When these
cells are injected into animal models of ischaemia, they are
quickly incorporated by the ischaemic sites and create
neovascularisation.91–95 Furthermore, there is evidence that
tissue ischaemia mobilises endothelial progenitor cells from
bone marrow into the circulation as a repair response by
increasing their incorporation at sites of neovascularisation.91,96

In one study,97 endothelial progenitor cells were assimilated
into cardiac capillaries 4 weeks after myocardial infarction.
Histology revealed that these cells formed neovascularised
areas at the border of theinfarct.97

More studies are needed to examine the possibility that
after cerebromicrovascular endothelial-cell injury, AD
pathology may accelerate if the numbers of circulating
progenitor cells become suboptimal. 

Neuroimaging studies
Neuroimaging has become an important tool in the preclinical
detection and in monitoring the development and decline in
AD. Neuroimaging techniques that provide direct information
on brain function in AD use scans that record direct regional
CBF patterns using single-photon emission CT (SPECT) and
indirectly from uptake of injected fluorine-18-labelled
fluorodeoxyglucose with PET.

Recent findings suggest that a transition stage before AD
begins with mild cognitive impairment, defined as memory
dysfunction with preservation of other cognitive and
functional activities.98 Patients with mild cognitive impairment
do not generally meet the criteria set by the Alzheimer’s
Disease and Related Disorders Association (ADRDA) for
possible or probable diagnosis of AD. However, about 50% of
people with mild cognitive impairment develop AD, and
identification of these patients allows preventive interventions
to be used to delay complete cognitive meltdown.98

One technique that enables preclinical detection of AD
during mild cognitive impairment is based on analysis of
cerebral hypoperfusion patterns on SPECT in people who
have problems of memory. In one study, patients with
memory complaints not meeting the ADRDA criteria for AD
and have no apparent tissue damage to their brains, had their
regional cerebral blood flow measured with SPECT and were
separated into two groups.81 Most of those with significant
hypoperfusion of the hippocampal-amygdaloid complex
(areas linked to memory function) converted to AD within
3 years, whereas patients with normal cerebral perfusion in
these and other brain regions did not.99

Other SPECT studies have supported the findings above.
In patients with mild cognitive impairment who later develop
AD, the presence of temporoparietal (including hippocampal)
hypoperfusion,100 hippocampal–parahippocampal hypoper-
fusion,101 and posterior cingulate hypoperfusion,102

distinguished this population group from patients with
normal cerebral perfusion who did not convert to AD during
the observation period. Markers that indirectly reflect reduced
cerebral perfusion are used with equal success. PET studies for
example, have shown that cerebral glucose uptake and
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utilisation in the hippocampus of patients with mild cognitive
impairment,103 and in the brains of healthy people who later
develop impairment are significantly reduced,104 suggesting
that regional cerebral hypoperfusion is one of the earliest, if
not the earliest, marker of AD symptoms. Because cerebral
hypometabolism involving low glucose uptake is generally
caused by a lowering of cerebral perfusion, AD may be
intercepted years before it is expressed and detection probably
relies on an abnormal regional pattern of cerebral perfusion.

Conclusions
A dialectical approach summarising the evidence presented
here and that reported elsewhere37–40 would conclude that
there is a causal relation between vascular mechanisms and
the development of non-genetic AD, whereas the amyloid
hypothesis is an argument that defeats itself when
investigated thoroughly. For example, the vascular
hypothesis explains how most of the metabolic, biochemical,
and physiopathological events develop in AD from an energy
crisis secondary to cerebral hypoperfusion;13–14,75–77 the
amyloid hypothesis does not. Many vascular risk factor

effects on AD pathology can be shown in laboratory and
clinical settings;42–44,53,84–88 the amyloid effects on AD cannot.
The mildly favourable treatment response in patients with
AD to therapy that improves cerebral blood flow is a
consistent finding;77,79 the same cannot be said of antiamyloid
treatment. The preclinical detection of AD with
neuroimaging techniques relies on regional changes in
cerebral perfusion;99–104 no amyloid tests detect AD
preclinically. 

The data favouring a vascular cause for AD far outweigh
that for the amyloid hypothesis. If this is the case, or even if
this is only a reasonable possibility, more basic and clinical
research on the vascular and metabolic features of AD, more
financial support for these investigations, and more
tolerance to these ideas are urgently needed. 

In my judgment, it is neither untactful nor unreasonable
to ask why research up to now has not produced any

progress with regards to the clinical management and
treatment of AD. The most cogent explanation is that clinical
research has been wallowing in its dogmatic think-tank too
long and this attitude has suppressed potentially useful
thinking that might threaten to subvert its basic canon.

There is much that can be done. There is a need to open
more forums for debating the pros and cons of all possible
solutions to AD.105 In the meantime, patients and their
physicians should be instructed that AD incidence may be
reduced by skilful but aggressive therapy of heart disease,
stroke, atherosclerosis and high blood pressure, as well as an
assortment of other risk factors accessible to intervention.
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