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ABSTRACT

In recent years, accumulating evidence has suggested that vascular risk factors contribute to
Alzheimer disease (AD). Vascular dementia had been traditionally considered secondary to stroke
and vascular disease. It has been traditionally distinguished from AD, considered to be a purely
neurodegenerative form of dementia. However, in light of this more recent literature, it appears
that there is a spectrum: ranging from patients with pure vascular dementia to patients with pure
AD and including a large majority of patients with contributions from both Alzheimer and vascular
pathologies. In this article, we discuss the impact of vascular risk factors on AD and its conse-
quences at the individual level and at the population level by highlighting the concept of attribut-
able risk. We then discuss the key questions and next steps involved in designing a therapeutic
trial to control vascular risk factors for the prevention of dementia. Neurology® 2009;72:368–374

GLOSSARY
AD � Alzheimer disease; VaD � vascular dementia; WMH � white matter hyperintensities.

Over the past 10 years, a growing body of literature, including several large population-based
clinicopathologic or clinicoradiologic studies, has highlighted the important contribution of
vascular risk factors (hypertension and diabetes as primary examples) in Alzheimer disease
(AD).1-4 In the Rotterdam study, one of the first large studies that called attention to this issue,
dementia was associated with the presence of atherosclerosis and this association applied to
subjects clinically diagnosed with vascular-type dementia as well as those with AD.2 An associ-
ation between high blood pressure and the risk of AD was also reported in other cohort studies
with a 15- to 21-year follow-up.1,3 Diabetes, a high level of cholesterol, tobacco smoking, as
well as other vascular risk factors have also been associated with a higher risk of AD.5-7 Further-
more, atrial fibrillation, hypertension, and angina have been shown to be associated with a
greater rate of decline in patients with AD.8

Apart from the occurrence of a clinical stroke, the mechanisms by which vascular factors
increase the risk of AD or accelerate cognitive deterioration among patients with AD are not
yet fully elucidated. Most of these factors have been shown to be associated with subcortical
lesions seen on brain MRI: white matter hyperintensities (WMH),9-12 lacunar infarctions,13-15

or cerebral microhemorrhages.16 There is also evidence to suggest that lowering blood pressure
may stop or delay the progression of WMH.17 The extent of WMH has been clearly linked
both to cognitive impairment and the risk of incident dementia in several population-based
studies.11,18-20 Further, small, clinically silent brain infarctions appear to be at least as strong a
risk for subsequent dementia21 as larger, clinically evident strokes.22,23 It is, however, likely that
these lesions do not fully explain the impact of vascular factors on the brain and that there exist
other more subtle structural changes that may have consequences related to cognition and
dementia.
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The discovery of the association between
vascular risk factors and AD does not ques-
tion nor negate the presumed degenerative
mechanisms thought to underlie pure AD.
It can be hypothesized that vascular and de-
generative mechanisms actually develop in
parallel. A small burden of cerebral isch-
emic or hemorrhagic lesions caused by vas-
cular factors may disclose the expression of
plaques and tangles associated with AD in a
patient with latent dementia. In other
words, vascular brain injury could act addi-
tively or synergistically with concomitant
AD pathology to produce more severe cog-
nitive dysfunction than either process
alone. This interpretation is supported by
extensive clinical–pathologic data indicat-
ing that subjects with both vascular disease
and AD pathology show either more severe
cognitive impairment during life than those
with pure AD24-26 or require less severe AD
pathology to produce the same amount of
cognitive impairment.27-30 Most of the vas-
cular lesions described in these studies were
lacunar infarcts or microinfarcts rather than
large hemispheric infarctions, supporting
the importance of small vascular lesions also

noted in population-based clinical–radio-
graphic studies.21,31

To summarize, the important question is
no longer whether vascular factors contribute
to dementia, but to determine their relative
weight in contribution to all types of demen-
tia in the general population. There is strong
evidence to suggest that there is a spectrum:
on one end, those with relatively pure demen-
tia of vascular type, on the other end, those
with relatively pure AD, and in-between there
is a contribution from both AD and vascular
pathologies, most likely representing the larg-
est group (figure).32-34

RE-EXAMINATION OF THE CLASSIFICATION
OF DEMENTIAS Since the 1970s, the concept of
vascular dementia (VaD), a type of dementia second-
ary to stroke and vascular disease, has been distin-
guished from the purely neurodegenerative form of
dementia (AD). Since then, many clinical, neuropsy-
chological, radiologic, and pathologic criteria have
been proposed in an attempt to distinguish these
entities35-38 in order to identify a homogenous group
of patients who supposedly all share a common spe-
cific underlying mechanism of dementia. Thus, in
principle, mechanism-specific therapies can then be
designed for this homogenous group of patients,
thereby maximizing potential therapeutic benefit.

Figure Reconsidering the classification of dementia

Schematic diagram of common dementias depicts proposed alternative classification of dementia. Alzheimer disease (AD) and vascular dementia (VaD) fall
on a continuous spectrum of disease, composed of a gradient of features of both AD and VaD (center panel; see text for detailed discussion). Neurodegen-
erative mechanisms play a greater role on the left side of the spectrum (upper panel). The impact of subcortical lesions of cerebral small-vessel disease
increases to the right of the spectrum (lower panel). Note white matter hyperintensities on FLAIR sequences (left), lacunar lesions on T1-weighted se-
quences (arrowheads, center), and cerebral microhemorrhages on gradient-echo sequences (arrowheads, right). These silent brain lesions may, in part,
mediate the risk of dementia associated with vascular risk factors.
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Unfortunately, no classification method to date has
achieved this theoretical goal. Despite continuing at-
tempts, there is no consensus on how to separate
these two entities. As a consequence, the relative fre-
quency of VaD has been estimated in a range going
from 0 to 85% of all patients with dementia.32,39 Fur-
ther, medications for the symptomatic treatment of
AD have also been shown to be beneficial in cases of
VaD.40-44

Recent data on the role of vascular risk factors in
AD discussed above provide an explanation for our
failure so far to achieve this goal: if indeed there exists
a spectrum of patients ranging from those with pure
AD to those with pure VaD, distinguishing a sub-
group of patients within this spectrum relies highly
on where the threshold is set. In other words, apart
from the ends of the spectrum where pure VaD or
pure AD lie, the majority of patients cannot be easily
classified as being in one group or the other.

Because in most patients, clinical dementia is a
mixture of neurodegenerative and vascular features
which may be impossible to untangle, it seems urgent
to reconsider our current classification scheme. The
existing classification strategy imposes reductionist
thinking that could be misleading for understanding
the underlying mechanisms of various types of de-
mentia, for treating individual patients, or for devis-
ing strategies of prevention at the population level
(figure).

IMPACT OF VASCULAR FACTORS IN DEMEN-
TIA AT THE POPULATION LEVEL The main con-
sequence of this uncertainty concerning this
reappraisal of the classification of dementias at the
population level is a dramatic reevaluation of the im-
pact of vascular risk factors on the risk of dementia.
This reevaluation depends on the key difference be-
tween relative risk and population attributable risk.
Elevated blood pressure or diabetes does not spectac-
ularly increase the risk of AD in individual patients
with either condition (relative risk).45 By contrast, as
hypertension and diabetes are common conditions
with a relatively high prevalence, this modest increase
in risk translates into an elevated attributable risk at
the population level. For example, based on results
from the Honolulu-Asia Aging Study,46 the popula-
tion attributable risk of dementia for untreated hy-
pertension can be estimated at approximately 40%.
It would therefore be higher than the estimated 20%
population attributable risk of the �4 allele of the
APOE genotype, a potent genetic risk factor for de-
mentia with a high relative risk of about 2 to 3 for
�3/4 genotype and 11 to 12 for �4/4 genotype.47,48

In other words, the impact of a risk factor can be
considerable on a population if it is common, even

though the increased risk of disease at the individual
level is relatively low.

The importance of vascular risk factors should
therefore not be uniquely estimated in the context of
dementias that are strongly associated with these fac-
tors (such as subcortical ischemic vascular dementia
or poststroke dementia) but for the spectrum of all
dementias including AD. Indeed this perspective
would be reasonable from a population point of
view: what is important in the broadest public health
sense is not the relative proportion of one type of
dementia or another, but the global clinical impact
and morbidity associated with all dementias. In this
context of uncertain nosologic frontiers between dif-
ferent types of diseases, we should aim to have an
overall estimation of the role of risk factors indepen-
dently of classifications. Not doing so may cause a
large underestimation of the impact of shared risk
factors, and may result in a missed opportunity for
the prevention of the most common forms of de-
mentia.

Defining the exact role of these vascular risk fac-
tors on all dementias including AD is particularly
important from the perspective of defining a robust
strategy for prevention. Because the most common
forms of dementia affect the old or very old, even a
modest delay in the appearance or worsening of cog-
nitive deterioration could translate into a large reduc-
tion of the incidence of disease as these subjects
would die from other causes before entering an overt
stage of dementia. Indeed it is estimated that among
the 106 million cases of AD expected globally by the
year 2050, about 23 million could be avoided com-
pletely if it was possible to delay the start of disease
by 2 years starting in the year 2010.49

A DIFFERENT VISION OF THE CLASSIFICA-
TION OF DEMENTIA FOR BETTER PATIENT
CARE The concept of attributable risk and its conse-
quences should also be considered at the individual
patient level. Given the considerable amount of evi-
dence, we feel that clinicians should abandon the
overly simplistic dichotomous classification of these
disorders and accept the possibility of including mul-
tiple etiologies when taking care of patients with de-
mentia. This is with the understanding that each
patient lies somewhere along the spectrum of demen-
tias mentioned above. In practice, this means that a
clinician treating a patient with AD should acknowl-
edge that the patient’s symptoms could be due in
part or could be precipitated by vascular risk factors.
In a similar fashion, in patients with vascular-related
dementia, accompanying neurodegenerative pathol-
ogy could, at least in part, explain the clinical presen-
tation. We suggest that clinicians should take into
account the respective influences of both vascular
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risk factors and neurodegenerative pathologies. For
example, if vascular risk factors are present in a pa-
tient with probable AD, clinicians should identify
these factors to patients and caregivers and emphasize
their relative contribution to the patient’s cognitive
impairment.

The advantages of this alternative conception are
self-evident. Rather than placing patients in one di-
agnostic category or another, which implicitly assigns
a putative and unique mechanism of disease causa-
tion, this method would permit the clinician to con-
sider other factors which could play a role, albeit
modest, in the initial manifestation or worsening of
the symptoms. In the absence of an etiology-based
therapy for dementia, an important therapeutic goal
is to maximize the cognitive capacity of the patient
and increase the period of dementia-free living. Ag-
gressively treating vascular risk factors such as ele-
vated blood pressure or poorly controlled diabetes
could potentially avoid cognitive deterioration and
its major consequences for patient autonomy, dig-
nity, as well as caregiver and societal burden.

This goal, although apparently modest, should
not be underestimated. A delay of several months of
the onset of more severe stages of dementia is pre-
cious for the patient and his or her loved ones. Fur-
thermore, the individual variability on the impact of
these vascular lesions is likely to be important and, in
certain patients, treatment of these factors could po-
tentially have a large effect and help to slow down or
halt cognitive deterioration for several years.

However, although available observational data
from numerous epidemiologic studies are concor-
dant, they do not allow one to evaluate the efficacy of
treatment of vascular risk factors on the prevention
of dementia. Neither do they allow one to determine
which patients would potentially best respond to
such treatments. In order to initiate preventive strat-
egies for dementia, physicians must rely on the re-
sults from randomized trials.

TOWARD THE DESIGN OF A DEMENTIA PRE-
VENTION STUDY It has not yet been convincingly
shown in a therapeutic trial that controlling vascular
factors reduces the risk of AD. The main reason is
that, to date, no trial has been specifically designed
with the prevention of dementia as the primary end-
point. Several trials using blood pressure lowering
drugs in hypertensive subjects50-52 or in patients with
a history of stroke53 have included dementia as a sec-
ondary endpoint. Their results remain inconclusive
but they usually have poorly addressed the central
issues of type of cognitive testing, duration of follow-
up, calculation of study power based on cognitive
events, type of patients included, and inclusion of

neuroimaging criteria. The Syst-Eur study, the only
trial to date that has shown that a blood pressure
lowering treatment reduces the risk of AD, was based
on only 32 cases of dementia in a cohort of 2,418
patients.51 An open extension of the follow-up of pa-
tients enrolled in that trial confirmed the results of
the main study with a doubling of the number of
cases but with the limitations of open studies.54

One of the most important questions in designing
a prevention trial is the role of age on the relationship
between vascular factors and the risk of dementia.
Observational studies suggest that the relative risk of
dementia associated with elevated blood pressure di-
minishes with age,55 a pattern that is also seen for
stroke. Although this observed risk attenuation does
not have an unequivocal explanation, it raises the is-
sue of the efficacy of lowering blood pressure on the
risk of dementia in older subjects. An alternative
strategy would be to conduct a therapeutic trial on
slightly younger subjects, between ages 65 and 75,
for example. The major limitation of this type of trial
is that the risk of dementia is relatively low in this age
group. Thus, to demonstrate a clinically significant
effect of blood pressure lowering, one would have to
increase the number of subjects or the duration of
follow-up (perhaps 10 years or more), which could
be challenging in terms of the infrastructural and fi-
nancial resources required to conduct such a trial.

The question of optimal age range is part of
broader reflections on the definition of the optimal
target population for therapeutic intervention. Car-
diovascular studies published to date have recruited
patients with certain vascular risk factors, such as hy-
pertension or previous vascular event. A therapeutic
prevention study of dementia should be done in pa-
tients with cognitive deterioration at risk for but who
do not meet the criteria for dementia. The identifica-
tion of this group of patients is more complicated
than identifying subjects with vascular risk factors—
this could be done by recruiting patients with cogni-
tive complaints and a confirmed deficit on validated
neuropsychological tests. As vascular pathologies
may have greater impact on non-memory cognitive
domains such as executive dysfunction and process-
ing speed,56 inclusion criteria should not be restricted
to only those with memory impairment but be
broadened to individuals with deficits in any defined
cognitive domain. The possibility of selecting sub-
jects at high vascular risk within this group (patients
with clinical risk factors or lesions due to small-vessel
disease on neuroimaging) also becomes an important
consideration.

Another major question concerns the type of
workup required and the endpoint to be measured.
MR imaging seems essential for selecting patients for
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the trial, for validating the impact of vascular factor
reduction on the brain, and for understanding the
variability of this effect across categories of patients.
However, this type of evaluation may be difficult to
achieve for large numbers of patients due to logistic
considerations and the inherent high costs. Further-
more, the clinical endpoint in such a study also needs
to be carefully defined. Using a continuous measure
of cognitive function in addition to a specific thresh-
old (which may only represent an arbitrary cutpoint)
would provide a clinically meaningful and comple-
mentary quantitative measure of the effect of treat-
ment.

Even a fundamental question such as the type of
therapeutic intervention remains open. In the litera-
ture, there is no definitive argument to choose one
type of intervention over another or to prefer one
type of drug. Should one treat only one risk factor, or
should a trial attempt an intervention on multiple
risk factors? Should one treat subjects based on a
threshold of risk, or should the intervention be given
to all patients regardless of their estimated vascular
risk? In subjects with high vascular risk, should the
intervention replace or be added to their current
treatment? Should one limit interventions to medica-
tion therapies or should non-medication interven-
tion also be considered (e.g., exercise or diet)?

These set of questions, by no means exhaustive,
demonstrate the complexities of designing such a
trial. Options should be considered after careful re-
flection among experts as definitive scientific evi-
dence for these options is lacking. However, one
cannot be certain these choices will necessarily avoid
reaching an inconclusive result, even in a carefully
designed trial. Before launching a large therapeutic
trial of long duration, it may be a reasonable option
to conduct several smaller proof of concept studies
on a limited number of precisely defined subjects
such as those individuals at highest risk for dementia
associated with vascular risk factors. This was done,
for example, in a recently published trial of patients
with cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy, a
model of subcortical vascular dementia.41 Similar tri-
als could potentially be designed in high risk popula-
tions such as these which then could be then tested in
broader populations if initial results provide promise.
Such potential approaches represent the important
initial steps that must be taken in order to prevent
the common forms of dementia in years to come.
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www.neurology.org Offers Important Information to
Patients and Their Families

The Neurology® Patient Page provides:

• A critical review of ground-breaking discoveries in neurologic research that are written especially
for patients and their families

• Up-to-date patient information about many neurologic diseases

• Links to additional information resources for neurologic patients

All Neurology Patient Page articles can be easily downloaded and printed, and may be reproduced to
distribute for educational purposes. Click on the Patient Page icon on the home page (www.
neurology.org) for a complete index of Patient Pages.

Did You Know. . .
. . .you can browse by subspecialty topics on www.neurology.org?

Go to: http://www.neurology.org/collections and click on the specific topic for a complete list of
articles.

374 Neurology 72 January 27, 2009


