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ABSTRACT

Several cohort studies have shown that vascular risk factors
including hypertension, hypercholesterolaemia, diabetes
mellitus, smoking, obesity and lack of physical exercise in
midlife and to a lesser extent in late life, are associated with
an increased risk of dementia.

The results from randomised controlled clinical trials
on treatment of these risk factors are not conclusive for
the effect on cognitive decline and dementia. Studies
investigating the effect of a multi-component intervention
aimed at vascular risk factors to prevent or slow down
cognitive decline and dementia will hopefully give the
answer as to whether such an intervention is efficacious.
This requires large clinical trials in an elderly population
with long follow-up and several competing risks, making it
difficult from an organisational and methodological point
of view. Major challenges for future studies are to select the
optimal population, set the optimal treatment targets and
select clinically relevant outcome parameters.
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INTRODUCTION

Age is the strongest risk factor for dementia and with
the increasing life expectancy the number of patients
living with dementia worldwide is estimated to rise
from 24 million currently to over 8o million by the
year 2040." The most common cause of dementia is
Alzheimer’s disease followed by vascular dementia and
dementia with Lewy bodies.> These nosological entities
in themselves are probably relatively rare and the majority

of patients with dementia suffer from ‘mixed dementia’
characterised by multiple cerebral pathologies with
prominent vascular involvement. This is especially the
case in older dementia patients (over 8o years), which is the
age group responsible for the increase in prevalence in the
near future >+ In several cohorts the occurrence of multiple
cerebral pathologies has been confirmed.s® Silent cerebral
infarcts and white matter lesions increase the risk of
future dementia and cerebrovascular lesions contribute to
dementia severity in patients with Alzheimer’s disease.o™
The attributable risk of vascular lesions for the occurrence
of dementia in a model including age, Alzheimer changes,
vascular lesions, Lewy bodies and atrophy is as high as
21%, which is higher than the attributable risk of cortical
amyloid-beta plaques and neurofibrillary tangles together,®
confirming the importance of the vascular component of
dementia.

Currently no therapeutic options are available to target
the neurodegenerative component of dementia, but
the vascular component might offer opportunities for
treatment and prevention strategies.™” In this review the
current knowledge of the relation between vascular risk
factors and dementia, the effect of treatment aimed at
vascular risk factors on incident dementia, and current
ongoing randomised controlled trials (RCTs) evaluating
the effect of treatment aimed at vascular risk factors
are discussed. Finally, the design of future dementia
prevention trials aiming at vascular risk modification to
prevent dementia is discussed.

EPIDEMIOLOGICAL EVIDENCE

Results from several large prospective cohort studies have
shown that vascular risk factors including hypertension,
hypercholesterolaemia, diabetes mellitus (DM), obesity
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and lack of physical exercise are all associated with an
increased risk of dementia. Several systematic reviews on
these associations have been published in recent years.+%
Most prospective cohort studies report on associations
between midlife vascular risk factors and late life dementia
and the associations are strongest for risk factors present
in midlife. The associations in late life are less robust and
some of these factors in late life, including hypertension
and overweight, might even be associated with a decreased
risk of dementia.’6819

Treatment aimed at several vascular risk factors has been
associated with a decreased risk of incident dementia later
in life from several of the same cohort studies. However,
selection of study participants, lack of randomisation
and confounding by indication are important sources of
bias limiting the interpretation of treatment effects in
observational studies.?°

The relation between dementia and most relevant vascular
risk factors is briefly discussed below.

Hypertension

On the subject of vascular risk factors and dementia most
studies have focused on hypertension and the risk of
dementia. Several cohort studies with long follow-up have
consistently associated hypertension in middle-aged subjects
with an increased risk of dementia and cognitive decline
later in life.>24 This association is less clear for hypertension
in late life and the relation appears to be age-dependent.>s2¢
In fact, some longitudinal studies have shown that low blood
pressure in later life (above 75 years of age) is associated
with an increased risk of future dementia.?”*9 In addition,
several cross-sectional studies in late life have shown
an association between high blood pressure and better
cognitive functioning and between low blood pressure and
prevalent dementia*3' Medical treatment of hypertension
has been associated with a decreased incidence of dementia
in several longitudinal studies, but results are difficult to
interpret due to the mentioned sources of bias inherent to
such analyses of associations.3*34

Cholesterol

Hypercholesterolaemia in midlife has consistently been
associated with an increased risk of future dementia.33°
Hypercholesterolaemia in late life, however, has been
associated with a decreased risk of dementia in some
longitudinal studies.”3” No association between statin use
and incident dementia has been observed in several large
prospective cohort studies. 344!

Diabetes mellitus

Reports about the association between DM and incident
dementia are fairly consistent.” DM is the only vascular
risk factor which is associated with an increased dementia
risk independent of age. This was shown in several

longitudinal cohort studies on both midlife DM3¢4> and late
life DM#46 and the risk of incident dementia. In addition,
the occurrence of severe hypoglycaemia in patients with
type 2 DM has been associated with an increased risk of
future dementia; this risk increases with the number of
hypoglycaemic episodes.+

Obesity and physical exercise

Midlife obesity has been associated with an increased risk
of future dementia in several cohort studies with a very
long follow-up.#349 As with hypertension, this relationship
seems to be modified by age, as in late life a higher BMI is
associated with a decreased risk of dementia, whereas a low
BMI is associated with an increased risk of dementia.®s°
Physical activity both in midlife and in late life has
repeatedly been reported to be associated with a decreased
risk of dementia 5=

The presence of several risk factors in one subject probably
has an additive effect and the constellation of vascular
risk factors defined as the ‘metabolic syndrome’ has been
associated to an increased dementia risk as well.5455
Interpretation and comparison of the results from different
prospective cohort studies is difficult for several reasons.
In the first place the operationalisation of risk factors
differs across the studies. There is no uniform definition
of hypertension, hypercholesterolaemia, obesity or lack of
physical exercise and different values or algorithms have
been used in different studies. In addition, different outcome
parameters have been used. Some studies used Alzheimer’s
disease as an outcome, some studies vascular dementia
and some studies dementia in general. Considering the
increasing awareness that the strict division between
Alzheimer’s disease and vascular dementia is no longer
tenable and the probably high percentage of cases suffering
from mixed dementia in most of the studies mentioned, all
incident dementia outcomes are included in this review.

TREATMENT AND PREVENTION OF
DEMENTIA

Currently available medical treatment

The currently available medical treatment of dementia
is only symptomatic and limited to the use of acetylcho-
linesterase inhibitors (AChEI) in mild to moderate
Alzheimer’s disease and memantine, an NMDA receptor
antagonist, in moderate to severe dementia. Gradually the
indication for these drugs is being broadened to include
vascular dementia and dementia with Lewy bodies (DLB).
Most benefit from AChEI can probably be expected in DLB
patients, especially when certain symptoms including
hallucinations and attention deficit are prominent.s® In
spite of major efforts, including randomised controlled
trials, to develop drugs that interfere with amyloid
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metabolism, the neurodegenerative component of the
disease is currently not amenable to treatment and no
disease-modifying drugs are as yet available.s7s*

Interventions aimed at vascular risk factors

While the neurodegenerative component of dementia is not
yet amenable to treatment, the vascular component might
offer a potential target for treatment or even prevention, as
was already recognised almost 2.0 years ago.>59

Most available evidence from randomised controlled
clinical trials comes from cardiovascular studies using
stroke, coronary heart disease or mortality as primary
outcome measures, and assessing cognitive function
or incident dementia as a secondary endpoint. This
was recently systematically reviewed, and will be briefly
discussed here.>®

The strongest evidence for an effect on incident dementia
is available for treatment of hypertension. Nevertheless,
results from RCTs with different primary endpoints and
different populations at baseline are inconsistent on the
effect of antihypertensive treatment on cognitive decline or
dementia.®>% So far only the Syst-Eur study has reported
on a convincing effect of blood pressure (BP)-lowering
therapy in hypertensive subjects over Go years of age.*
Treatment resulted in a 55% absolute risk reduction of
incident dementia in the treatment arm of the study with
an average follow-up of 3.9 years. A recent study in subjects
over 8o years of age had to be terminated prematurely
because of a favourable effect on several cardiovascular
endpoints, and the follow-up of 2.2 years was too short to
find an effect on cognition.® A meta-analysis including four
RCTs investigating BP-lowering therapy revealed a hazard
ratio of 0.87 (95% CI 0.76 to 1.00) for incident dementia.®
Only two RCTs evaluated the effect of cholesterol-lowering
therapy with a statin on cognition.®®®” No effect on
cognition was reported, and a Cochrane review confirmed
that currently there is no evidence for an effect of statin
treatment on cognitive decline.®

In spite of the repeatedly reported association between
obesity and cognitive decline and incident dementia, no
RCTs on this subject using cognitive decline or incident
dementia have been performed.

One RCT evaluating the effect of intensive glucose control
versus standard glucose control evaluated cognitive decline
and incident dementia in diabetic subjects with a history
of micro- or macro-vascular disease or at least one other
cardiovascular risk factor. Although a significant effect on
glycated haemoglobin level was achieved, this did not result
in an effect on cognitive decline or incident dementia
during a median follow-up of five years.%

The effects of multi-component interventions aimed
at vascular risk factors are largely unknown in elderly
populations. One small RCT among 400 patients at high
cardiovascular risk assessed the effect of optimising

pharmacological and non-pharmacological treatment
of vascular risk factors on cognitive decline, but no
effect was observed in this study, which may have been
underpowered.”> One RCT evaluating the effect of an
intervention aimed at vascular risk factors compared a
multi-component intervention to regular care in early
Alzheimer’s patients with cerebrovascular lesions on
MRI7* After two years of follow-up no effect on cognitive
decline was found, but the progression of white matter
lesions was slightly less in the intervention arm.’> This
study is not a dementia primary prevention study, but a
secondary prevention study, considering the diagnosis of
early dementia. Caution is warranted when interpreting
the results of these RCTs, and results cannot easily be
translated to the whole population of elderly subjects.

DESIGN OF DEMENTIA PREVENTION
TRIALS

The optimal design for an RCT to investigate the effect of
interventions aimed at vascular risk factors is dependent
on many variables, and the best design is subject of debate.

Population under study

The first major question is which population should be
studied. As mentioned above, most epidemiological data
confirm the relationship between midlife risk factors and
late-life dementia, but the associations with risk factors
in late life are less robust. The incidence of dementia in
midlife is too low to find an effect of an intervention,
unless a very long follow-up (i.e. ten years or longer) or
large sample size (i.e. 10,000 subjects or more) is achieved.
The realisation of such a study would be very complicated
from a methodological point of view. The incidence of
dementia in the population under study needs to be
sufficiently high to find an effect of the intervention within
a reasonable duration of follow-up. If the population under
study is too old, the incidence of dementia might be high,
but attrition due to death of other causes will seriously
influence the results and these competing risks complicate
the interpretation of such a study.

Therefore it seems reasonable to search for a practicable
compromise between the downsides of an intervention in
subjects who are either too young or too old, and aim for
a population somewhere between 65 and 75 years of age
at baseline.

Selecting subjects at increased risk of dementia could result
in higher incidence during follow-up and limit the number
of subjects needed in an intervention trial. Subjects could
be selected based on previously developed dementia risk
scores which take vascular risk factors into account.s7+
By using such an ‘enrichment strategy’ the participation
of large groups of subjects at very low risk of the primary
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outcome, whose chance of benefiting from the intervention
is very low, can be avoided. Whether or not subjects with
a low dementia risk score or vascular risk score actually
benefit from such an intervention is, however, unknown.
Subgroup analyses of currently ongoing trials might offer
an opportunity to evaluate this in the near future.
Another enrichment strategy commonly proposed is
enrolling subjects who already have slight cognitive
deficits, but who do not fulfil criteria for dementia yet,
so-called mild cognitive impairment (MCI). Since MCI
is considered a pre-dementia stage, and on average about
10% of the patients progress to dementia every year, such a
study should not be considered as primary prevention, but
rather as secondary prevention of dementia. As such this
strategy could be valuable in addressing the same general
research question: can modification of vascular risk factors
prevent cognitive decline or dementia?

Risk factors under study

It is important to realise that even a very modest effect
of treatment aimed at a specific risk factor can have
a major impact at population level if the risk factor
is highly prevalent, the so called prevention paradox.
Effects of antihypertensive therapy may serve as an
example. Hypertension is highly prevalent among
elderly non-demented subjects, as was shown in several
population-based cohorts and the baseline data of one of
the ongoing intervention trials.”s If this risk factor can be
modified in a large proportion of the subjects, the effect
on the overall incidence of dementia can be substantial,
even if individual effects are negligible. In this context it is
important to know the population attributable risk (PAR)
of each risk factor to determine the potential effect of an
intervention aimed at the prevention of dementia. If the
PAR is high, i.e. a large proportion of incident dementia
cases can be attributed to the presence of hypertension,
it is more likely that this intervention will be effective at
population level. In the case of hypertension, the PAR
has been estimated to be as high as 27%, making it a very
suitable treatment target for the prevention of dementia.”®
When assessing the effect of a primary prevention
intervention, the intended intervention should be
affordable, acceptable to the patient, easy to implement on
a large scale, have few serious adverse events and should
not impose too heavy a burden on the health care system as
a whole. Large groups of subjects would be exposed to the
intervention. With the predicted increase of life expectancy
and the resulting increase of older subjects in Western
societies this issue will become even more relevant.

Outcome measures

The optimal outcome measure for dementia prevention
trials is subject of debate. In dementia research it is
common to use deterioration on either a neuropsy-

chological test battery or an extensive screening
Small
differences between groups can be detected this way, but

instrument as primary outcome measure.

clinical relevance of such differences is often unclear.
Incident dementia in our opinion is a more clinically
relevant outcome measure which is easy to interpret and
with clear clinical relevance.

In addition to cognitive endpoints, other clinically relevant
outcomes to be used are mortality, institutionalisation and
disability or handicap. It is expected that interventions
targeting vascular risk factors will sort an effect on
vascular endpoints including stroke, myocardial infarction
and peripheral vascular disease as well. Therefore outcome
measures evaluating the effect on both cognitive decline
and cardiovascular disease would be preferable. The
Amsterdam Linear Disability Scale (ALDS) is a handicap
scale which possesses these clinimetric properties;
it assesses both basic and instrumental activities of
daily living and is generic (i.e. not disease specific) and
linear, as opposed to most handicap or disability scales
which are disease-specific and ordinal”” Due to its test
characteristics, both cognitive decline and handicap as a
result of cardiovascular disease (e.g. stroke or myocardial
infarction), will translate into deterioration on the ALDS.

ONGOING DEMENTIA PREVENTION
INITIATIVES

Currently three RCTs investigating the effect of a
multi-component intervention including treatment aimed
at vascular risk factors are ongoing. All three studies aim
at preventing cognitive decline or incident dementia, but
the interventions and the selection of subjects are different.
The ‘Prevention of Dementia by Intensive Vascular
Care’ trial (preDIVA) is a cluster-randomised trial
among 3534 elderly non-demented subjects aged 7o to
78 years to evaluate the effect of a multi-component
vascular intervention with a follow-up of six years.”s In the
intervention group subjects visit a practice nurse every
four months, who assesses the presence of vascular risk
factors including blood pressure, cholesterol level, diabetes
mellitus, smoking, body mass index (BMI) and level of
physical exercise.

Vascular risk factors are treated according to a standardised
protocol in line with existing guidelines for cardiovascular
risk management. Primary outcomes are incident
dementia and disability as measured with the ALDS.”7
Secondary outcomes are all-cause mortality, cardiovascular
disease (including stroke, myocardial infarction and
peripheral vascular disease), death, cognitive decline and
depression. The control group receives usual care.

The ‘Finnish Geriatric Intervention Study to Prevent
Cognitive Impairment and Disability’ (FINGER) is a
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randomised controlled trial among 1200 subjects aged
6o to 75 years with a high dementia risk score and with
mild memory impairment evaluating the effect of a
multi-domain intervention to delay cognitive impairment
with a two-year follow-up with a planned extension.”®
In addition to management of vascular risk factors, the
intervention comprises nutritional guidance, advice on
physical activity and cognitive training. Primary outcomes
are cognitive impairment, dementia and disability;
secondary outcomes include depression, vascular disorders
and quality of life. The control group attends regular health
advice groups.

The Multidomain Alzheimer Prevention Trial (MAPT)
is a randomised controlled clinical trial among 1200
‘frail’ elderly subjects over 7o years of age randomised to
receive omega 3 capsules, a multi-domain intervention,
both, or placebo with a three year follow-up.?® The
multi-domain intervention comprises cognitive training,
physical training, nutritional counselling and preventive
consultation including vascular risk factors assessment.
The primary outcome is change in cognitive function as
measured by a short memory test.

Considering the different populations under study and
the different types of interventions, it is expected that
the results from these three trials will result in valuable
knowledge about effective intervention strategies and the
type of population that will benefit most from it.

DISCUSSION

The mechanisms through which the vascular risk factors
contribute to an increased dementia risk have not been
fully elucidated yet. The multi-factorial aetiology of
dementia in old age and the interplay between vascular
changes and neurodegenerative changes in the brain
prevents conclusions about the exact mechanistic processes
underlying the clinical syndrome of cognitive decline. In
addition to the contribution of (clinically silent) stroke
to cognitive decline, blood-brain barrier (BBB) changes
have been implicated to play an important role in the
pathophysiology of the relationship between vascular
risk factors and dementia and the interaction with
neurodegenerative changes.®%

In spite of the overwhelming evidence of associations
between vascular risk factors and dementia and the
reported associations between treatment of some vascular
risk factors and dementia risk from prospective cohort
studies, RCTs that confirm the exact effects of such
interventions are lacking. Since treatment aimed at
vascular risk factors to prevent coronary heart disease,
stroke and peripheral vascular disease is undisputed,
certainly as secondary prevention, this leads to the
inevitable question whether new RCTs investigating the

effect of intensive vascular care are ethical. In the first
place it is not known whether such interventions can
contribute to dementia prevention and therefore the
research question is relevant. In the second place it is
unknown whether there might be potential negative
effects of such interventions in old age, such as potential
side effects of a relatively low blood pressure and low
cholesterol, illustrating the necessity of such studies.
Both low BMI and decreasing blood pressure have been
implicated as symptoms of early Alzheimer’s disease, and
the reported associations might therefore not represent
a causal relationship, but a consequence of the disease.
Finally, all subjects in the control arms of the ongoing
intervention studies receive at least care as usual according
to current guidelines, so no therapy with proven efficacy
is withheld from any participant. This is a prerequisite for
any future trial to be designed as well. In this way, future
studies may either confirm or falsify the general claim
that more intensive vascular care reduces the incidence of
dementia.

The results of the observational studies and the limited
evidence from RCTs on the effect of antihypertensive
medication are encouraging. Due to the high incidence of
dementia in the elderly population and the high prevalence
of hypertension, a small treatment effect can result in a
large effect at the population level. The treatment targets
(e.g. BP level, cholesterol level) of vascular care in elderly
populations are still to be determined, and might be
different for primary and secondary prevention groups.
Results from RCTs as described above will hopefully
answer the question whether a multi-component
intervention aimed at vascular risk factors can lead to
the prevention of dementia, and which factor of such an
intervention has most effect.
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