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Abstract:

Objectives: In this paper we aim to: (1) identify and review midlife risk factors that may con-
tribute to the development of dementia and that may be amenable to intervention; (2) review
advances made in our understanding of the most common cause of dementia, Alzheimer’s
disease (AD), where current pharmacological studies have aimed to modify the disease course;
and (3) explore other interventions that may slow cognitive decline in those with AD.
Methods: A review of the literature was conducted to look for interventions that may modify the
risk of incident dementia or that may modify symptom progression in those with diagnosed
dementia.

Results: (1) Midlife risks identified as amenable to intervention include blood pressure, dia-
betes, elevated cholesterol, poor psychosocial and lifestyle factors. (2) The leading drugs in
development can be grouped by their principal target: anti-amyloid, anti-tau and mitochondrial
stability. However to date, there have been no successes in late stage Phase Il trials of putative
disease-modifying drugs for AD. (3) Once the diagnosis of dementia has been made there is
little that can slow the rate of decline. Possible exceptions include the use of exercise and
antihypertensive medication with some nootropic medication showing promise in small trials.
Conclusion: (1) It is clear that there are several risk factors in midlife that may lead to a greater
likelihood of developing dementia. However, there is no simple intervention to modify these
risks. It seems sensible to conclude from the data that avoiding high blood pressure, con-
trolling cholesterol and diabetes as well as maintaining a healthy diet and lifestyle may lower
the risk of developing dementia. (2) The need for better outcome measures in clinical trials is
evident and may, in part, explain the numerous failures in late-stage clinical trials of disease-
modifying drugs. Improved diagnostic test batteries to reduce population heterogeneity in early
intervention studies will be required for robust clinical trials in the future. (3) Current research
indicates that there is little that can delay decline; however, future trials may wish to focus on
nootropics.
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factors

Introduction

Currently 24 million people worldwide suffer
from dementia [Ferri er al. 2005]. This figure is
expected to more than treble to 81 million by
2040. In the UK alone, there are currently over
800,000 cases of dementia and this is predicted
to grow to more than 1.4 million by 2040
[Luengo-Fernandez er al. 2010; Comas-Herrera
et al. 2007]. The associated cost to the UK econ-
omy of dementia presently stands at £23 billion
per year [Luengo-Fernandez er al. 2010], with
this estimated to double to over £50 billion per

year by 2040 [Comas-Herrera er al. 2007].
In addition, its effects are devastating and far-
reaching for patients, carers, families and society
alike. The globally ageing society and the
increased risk of dementia at older age means
that the impact of dementia both in terms of
financial and personal cost will be felt worldwide
[Lobo ez al. 2000].

Alzheimer’s disease (AD) is the most common
cause of dementia and accounts for more than
half of all dementia cases. AD is a progressive
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neurodegenerative disease which gradually
deprives individuals of their memory, perception,
judgment, abstraction and language skills. This
cognitive decline mediates both functional and
behavioural deterioration. The incidence and
prevalence of AD rise exponentially with age, as
every 5 years after the age of 65 the probability of
developing the disease doubles [Fratiglioni ez al
2000a]. It is estimated that 2—3% of people aged
65 and over suffer from AD whilst 25—-50% of
people aged 85 have symptoms of AD and a
greater number have histopathological hallmarks
of the disease without the characteristic symp-
toms [Luengo-Fernandez er al 2010]. The
second most frequent cause of dementia is
thought to be one of vascular origin [Lobo ez al
2000] although it is likely that the overlap
between these two dementia types is large with
the AD pathology occurring alongside vascular
damage such as stroke [Barker er al 2002;
Jellinger, 2002; Gold, 1998; Sparks er al. 1995].
This is further supported by the literature which
indicates that the risk factors for both tend to be
similar [Kivipelto ez al. 2006; Whitmer er al
2005a].

Identifying those who are at risk for developing
dementia may provide an opportunity for inter-
vention. Delaying the onset of AD by just 5 years
would reduce the prevalent cases by 50%
[Brookmeyer ez al. 1998] and have huge public
health impact. This article aims first to review
risk factors identified in midlife that may lead to
an increased chance of developing dementia in
later life and interventions that could reduce
these risks and delay the onset of dementia.
Second, it will then review pharmacological inter-
ventions that will specifically affect the AD pro-
cess and, therefore, prevent further cognitive,
behavioural and functional decline and third it
will review nonpharmacological interventions,
the pharmacological treatment of risk factors
(specifically cardiovascular risks), and the use of
other drugs or products not licensed specifically
for use in dementia which may delay or amelio-
rate dementia.

Modifying disease course: 1

There are several risk factors that have been iden-
tified in midlife that may lead to an increased risk
of dementia. Midlife is generally described as
being the period from 40 to 60 years of age.
Midlife risks identified to be amenable to inter-
vention include blood pressure [Singh-Manoux
and Marmot, 2005; Qiu and Winblad, 2005],

diabetes [Allen er al. 2004], elevated cholesterol
[Reiman ez al. 2010] and poor psychosocial and
lifestyle factors which will be explored in turn.
Knowledge of these risk factors is relevant to
the primary prevention of dementia.

Blood pressure

Evidence indicates that both low diastolic blood
pressure (DBP) and high systolic blood pressure
(SBP) are risk factors for developing dementia
[Qiu er al. 2003]. Several longitudinal studies
including a large prospective, population-based
study have indicated that raised SBP in midlife
can increase the risk of AD in later life [Kivipelto
et al. 2001]. This study also suggests that DBP in
midlife had no significant effect on the risk of
AD. It appears that findings from these studies
indicate that both high SBP and low DBP affect
the risk of developing dementia; however, this
relationship appears complicated. A recent
Cochrane review [McQGuinness ez al. 2009b]
examined evidence from four large trials. This
review concluded that lowering blood pressure
in late-life did not prevent the development of
dementia or cognitive impairment in hyperten-
sive patients.

A review carried out by Qiu and Winblad inves-
tigated whether treatment of blood pressure with
antihypertensive medications in midlife leads to
better cognitive function in later life [Qiu and
Winblad, 2005]. They concluded that there is
‘moderately strong evidence’ to indicate that the
treatment of hypertension in midlife has a posi-
tive impact on cognition in later life.
Furthermore, evidence suggests that high blood
pressure in midlife initiates a cumulating effect of
increased severity associated with atherosclerosis
and thereafter greater vascular comorbidities in
later life. This is supported by a meta-analysis
undertaken by Feigen and colleagues which ana-
lysed four large blood pressure trials [Feigen ez al.
2005]. Although this meta-analysis did not reach
significance it was concluded that administering
antihypertensive medication may offer a protec-
tive effect against cognitive decline.

However, caution must be exercised as results
may also be confounded by studies using insuffi-
cient power to detect modest treatment effects,
missing data, age at which baseline levels of blood
pressure were taken and inclusion of patients
with cognitive impairment at entry. Trials were
also often designed with cardiovascular endpoints
so were inherently limited to comment on
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cognitive outcomes. Results may also be due to
antihypertensive agents reducing the risk of
developing dementia through another pathway
unconnected to the lowering of blood pressure.
However, if the effect of lowering blood pressure
on the incidence of dementia is confirmed it
would be important not only in terms of our
understanding of the aetiology of dementia but
also in promoting blood pressure lowering strat-
egies for broader public health.

Diabetes mellitus

Diabetes mellitus is a complex metabolic disorder
that shares other risk factors, including hyperten-
sion and vascular disease, associated with cogni-
tive decline. Several large longitudinal
population-based studies have shown that the
rate of cognitive decline is accelerated in elderly
people with type II diabetes [Allen ez al. 2004].

A systematic review which examined 14 studies
looking at incident dementia in those with diabe-
tes mellitus concluded that the incidence of ‘any
dementia’ was higher in individuals with diabetes
than those without the condition [Biessels ez al.
2006]. However, the reasons for this were unclear
with little detailed information recorded on the
effects of glycaemia management, vascular,
hypertension and stroke incidences. They also
concluded that vascular disease, alterations in
glucose, insulin, and amyloid metabolism under-
lie the pathology of dementia, but it is still
unclear as to which of these processes are clini-
cally relevant.

Three studies in this systematic review
[Whitmer ez al. 2005a; Schnaider Beeri ez al
2004; Yamada ez al. 2003] looked at midlife dia-
betes and followed these patients up 25-35 years
later [Whitmer ez al. 2005b; Schnaider Beeri ez al.
2004; Yamada et al. 2003]. Findings indicated
that the incidence of dementia was higher in
those with diabetes. However, there were gener-
ally long intervals between measurement of dia-
betes and dementia assessment which may cast
doubt on these findings. Dropout rates in these
studies were also large with death before follow
up the most common cause of dropout and (as
expected) was higher in the diabetic group. A
further paper from this systematic review
[Luchsinger ez al. 2005] investigated the interac-
tion between hypertension and diabetes.
Interestingly, the risk of AD was greater in par-
ticipants with diabetes but without hypertension
suggesting that hypertension may mediate the

effect of diabetes on cognition. However, a
recent study [Xu er al. 2010] concluded that bor-
derline diabetes may interact with severe systolic
hypertension to multiply the risk of AD. It is clear
that clarity is needed and future trials may want
to focus on this relationship.

Xu and colleagues assessed a community-based
cohort of 1,173 participants without diabetes or
AD for a period of 9 years [Xu et al. 2007].
Borderline diabetes was associated with increased
risk of AD and this risk effect was independent to
the development of diabetes in the future.
Furthermore, in a subsequent study they looked
at 13,693 twin individuals aged >65 years and
concluded that diabetes increased the risk of
AD and vascular dementia [Xu er al. 2009].
They found that the risk effect was stronger
when diabetes occurred at mid-life rather than
in late life suggesting that the associated between
diabetes and dementia may develop across a life-
span. They also reported that diabetes and pre-
diabetes substantially accelerated the progression
from mild cognitive impairment (MCI) to
dementia, they concluded that diabetes preceded
dementia occurrence by more than 3 years in
people with MCI [Xu er al. 2010]. They also
suggested that diabetes may actually speed up
the process of memory decline by bypassing
MUCI or shortening the MCI phase. Further stud-
ies may choose to focus on early life and adult-
hood environmental factors as well as genetic
features that may be involved in an association
between diabetes and dementia.

The evidence linking diabetes with dementia
highlights the need to detect and control both
prediabetic states and diabetes in order to pre-
vent or postpone dementia. However, there are
few epidemiological studies focused on risk fac-
tors or interventions. Additionally a Cochrane
review conducted in 2009 concluded that there
was no reliable evidence to suggest that type or
intensity of diabetic treatment either to prevent
or manage the risk of cognitive impairment was
effective in type II diabetes [Grimley Evans and
Areosa Sastre, 2009]. No trials were thought to
be appropriate for inclusion in this meta-analysis
as studies did not include data on cognitive func-
tion. In order to develop treatments to be used in
midlife the mechanisms that drive the association
between diabetes and cognitive change must be
identified. Studies must include assessment of
cognition as well as assessment of diabetes,
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metabolic factors, blood pressure and vascular
disease.

Cholesterol

Experimental studies have suggested that choles-
terol may encourage the aggregation of amyloid-f3
(AB) and amyloid plaques in the brain, which are
important features in the pathology of AD
[Reiman er al. 2010]. Evidence from epidemio-
logical studies also points to a strong relationship
between elevated low-density lipoprotein choles-
terol (LDL-C) levels and cerebrovascular disease
risk. These studies also suggest that elevated
serum total cholesterol during midlife, but not
during late life, increase the risk of AD (Reiman
et al. 2010). Recent findings from imaging studies
have suggested that higher cholesterol levels and
other cardiovascular risk factors accelerate brain
changes associated with normal ageing, and when
combined with possession of an APOE e4 allele
there is an even greater risk of developing AD
[Reiman er al. 2010].

Studies that have looked at cholesterol-lowering
treatment and its impact on cognitive impairment
have demonstrated mixed results. Some studies
have indicated that cholesterol-lowering treat-
ment reduces the risk of cognitive decline and
dementia [Haag er al. 2009; Cramer er al
2008]; others have failed to identify such benefits
[Szwast er al. 2007; Zandi et al. 2005]. However,
the differing methods used in the assessment of
cognitive function in these studies may have
resulted in these findings. Inconsistent findings
may also be attributed to cholesterol-lowering
medications being treated similarly when evi-
dence suggests that only statins are associated
with lowering the risk of AD [Reiman ez al
2010]. Statins may exercise a protective effect
by increasing o-secretase activity and thereby
decreasing the more toxic long A levels and
also cutting the risk of cardiovascular disease
[Reiman ez al. 2010].

Observational and prospective cohort studies
have also not found significant effects. Two
large, randomized, controlled statin trials, the
Heart Protection Study [Collins et al. 2002;
Heart Protection Study Collaborative Group,
2002] and the Prospective Study of Pravastatin
in Elderly at Risk [Shepherd ez al. 2002], assessed
cognition only as part of secondary subanalyses,
and both concluded that there was no significant
effect of statin use on cognition. These trials were
also included in a recent Cochrane review

[McGuinness er al. 2009a] which concluded
that statins could not be recommended for the
prevention of AD or dementia. It is important
to remember that cognitive measures were lim-
ited in these studies. This coupled with short
follow-up times makes it difficult to draw conclu-
sions on the long-term benefits of statins on cog-
nitive decline. Further longitudinal studies on
midlife effects of statins on cognition would be
highly beneficial and are currently ongoing
[Golomb ez al. 2004].

Psychosocial and lifestyle factors

Evidence suggests both psychosocial and lifestyle
factors may have an influence on the risk of
developing dementia. Psychosocial factors
include a lack of social activity or social support
networks [Hakansson et al. 2009; Fratiglioni et al.
2004], living alone [Fratiglioni er al. 2000b],
crystallized intelligence [Ritchie er al 2010;
Hall er al. 2009] and depressive episodes
[Ritchie ez al. 2010; Jorm, 2000; Alexopoulos
et al. 1993]. Depression can be associated with
significant cognitive deficits and can be comorbid
with dementia. Meta-analyses [Ownby er al
2006; Jorm, 2001] concluded that a history of
depression may confer an increased risk for
later developing AD and further concluded that
depression may act as an independent risk factor
for the disease. Three recent articles in the jour-
nal Neurology also point to a link between depres-
sion and dementia [Saczynski ez al. 2010; Dotson
et al. 2010; Wilson er al. 2010]. However, causal-
ity is far from clear and it may be that depression
represents an early response to undiagnosed cog-
nitive decline, or that both depression and
dementia are related to higher cardiovascular
risk. There are very few longitudinal studies
that have been carried out in midlife to determine
whether effective treatment of depression can
reduce the risk of dementia in later life.

Lifestyle factors in midlife that have been sug-
gested to decrease the risk of dementia include
limited alcohol consumption [Anstey ez al. 2009],
smoking cessation [Peters et al. 2008] and follow-
ing a ‘Mediterranean-type diet’ [Scarmeas er al.
2009; Sofi er al. 2008]. Antioxidant or vitamin
intake may also be protective. Dietary rather
than supplemental intake may be most beneficial,
for example dietary vitamin E rather than
a-tocopherol alone as found in supplements has
been associated with a greater reduced risk of
incident AD [Devore et al. 2010; Dai er al
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2006; Morris et al. 2005; Larrieu et al. 2004;
Barberger-Gateau ez al. 2002].

Levels of physical activity in midlife have also
been linked to the development of AD in later
life [Hamer and Chida, 2009; Lautenschlager
et al. 2008; Rovio er al. 2005]. A large longitudi-
nal study looked at whether leisure time physical
activity at least twice a week delayed cognitive
decline and eventual development of dementia
[Rovio er al. 2005]. The study looked at 1449
participants over 20 years with results suggesting
that regular physical activity may decrease the
risk of dementia and specifically AD in later
life. This finding is supported by a large study
of twins where levels of midlife physical activity
were recorded. Twins with greater levels of phys-
ical activity had lower levels of cognitive decline
when compared with their cotwin [Andel ez al
2008].

Furthermore, there is strong evidence to suggest
that obesity in midlife is associated with an
increased risk of dementia and AD independent
of comorbid conditions [Whitmer er al. 2008,
2005b; Kivipelto ez al. 2005; Rosengren er al.
2005; Kalmijn er al. 2000]. In a recent longitudi-
nal study a higher midlife body mass index (BMI)
score preceded lower general cognitive ability and
steeper cognitive decline in both men and
women. Interestingly, the association between
midlife BMI and general cognitive ability
remained even when those diagnosed with AD
were excluded from analysis. It seems logical
that a public health intervention may wish to
focus on reducing obesity by increasing physical
activity and improving diet in midlife which may
result in better cognitive outcomes [Bendlin ez al.
2010].

A recent paper aimed to provide a hierarchy of
priorities for public health interventions [Ritchie
et al. 2010]. The findings suggest that the
‘removal’ of diabetes and depression, increasing
crystallized intelligence and improving diet would
provide the biggest impact for the reduction of
dementia incidence. However, caution must be
applied to research into the impact of lifestyle
factors on later incident dementia as diet, physi-
cal activity, smoking, alcohol consumption, edu-
cation, occupational attainment and leisure
activities are highly likely to interact.

It is clear that there are several risk factors which
are present and potentially modifiable in middle

life that may lead to a greater likelihood of devel-
oping dementia in later life. However, there is no
simple intervention to modify these risks. It
seems sensible to conclude that avoiding high
blood pressure, controlling cholesterol and diabe-
tes as well as maintaining a healthy diet and life-
style may lower the risk of developing dementia.
It is essential that future studies collect data on
cognitive function at baseline and follow up and
that studies record details of other comorbidities.
It is only then that risks can be defined with more
certainty and large-scale public health interven-
tions can be trialled.

Modifying disease course: 2

In theory, once AD has developed, pharmacolog-
ical interventions can be given that will specifi-
cally affect the disease process and therefore
prevent further synaptotoxicity, neurotoxicity
and neurodegeneration. It is outside the scope
of this article to provide a comprehensive
review of our knowledge regarding Alzheimer’s
pathology. However, it is necessary to summarize
the advances made in our understanding of AD
where they are relevant to current pharmacolog-
ical studies aiming to modify the course of
disease.

There are three top-level disease processes that
are the favoured targets for pharmacological
intervention, debate rages as to what processes
are upstream of the others or more important
in terms of the genesis of the disease and accord-
ingly better candidates for pharmacological tar-
geting. This debate is probably both irrelevant
and an inaccurate conceptualization as it infers
a linear course, when, in fact, we are in a complex
disease system; a ‘perfect storm’ of factors prob-
ably needs to arise from all three to mediate a
clinically manifest disease state. These three fac-
tors are mitochondrial dysfunction, the genesis
and oligomerization of AP from amyloid precur-
sor protein (APP) and the hyperphosphorylation
of Tau with an impact on the intraneuronal cyto-
skeletal integrity of tubulin. These three disease
processes lead to three neuropathological conse-
quences that lead to symptoms (Figure 1). These
consequences are synaptotoxicity, neurotoxicity
and neurodegeneration. Each of these three con-
sequences will have an impact on the genesis of
symptoms depending upon the location of the
pathology and the extent of damage. It can also
be conceptualized that each of the three processes
have differing potentials for salvation, with
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Amyloid
pathology

Mitochondrial
pathology

Tau
pathology

Synaptotoxicity

Neurotoxicity
Neurodegeneration -

Asymptomatic early clinical changes _

Best for disease
modification

Best for
symptomatic

Figure 1. Schematic interaction between disease process, biological impact, clinical manifestation and oppor-

tunity for pharmacological intervention.

synaptotoxicity being highly dynamic and amena-
ble to intervention with hope of full recovery and
neurodegeneration being the final chronic effect
of the other two processes with little if any oppor-
tunity for recovery.

Before we consider the drugs currently in devel-
opment for disease modification there are two
further linked hypotheses which need articulat-
ing. First, it is emerging as very likely that each
disease process is initiated as a restorative physi-
ological response to another intracerebral insult
and, second, that the current human organism
has evolved to a point where long life into a post-
reproductive stage was not anticipated by the
evolution of these physiological responses. That
is to say that the aggregation of stresses that accu-
mulate as we age are dealt with by responses that
keep the organism alive to middle life but are
maladaptive when present over longer durations.
The net result of these two hypotheses is that
treatments aimed at decreasing an identified
pathology may run the risk of inadvertently
impacting upon a physiological process. By way
of supporting evidence for this, it is now generally
considered that monomeric AP is a powerful anti-
oxidant [Zou er al. 2002] and involved in central
trace metal regulation [Maynard et al. 2005]. If
the genesis or presence of monomeric Ap was

affected by a disease-modifying therapy, then
the resultant reduction in the physiological prop-
erties of AP may lead to net detriment to neuro-
nal function. Moreover, if we assume that
oligomers only have a pathological impact on
the neurone and synapse, then anti-aggregation
strategies may be useful if they prevent mono-
mers from oligomerizing, but be harmful if they
prevent toxic oligomers further aggregating into
plaque.

The conclusion to this preamble is that we must
show remarkable caution in the targeting of our
therapies and be using them judiciously at the
earliest stage of disease as possible.

The identification of premanifest AD remains
elusive however. There has been a recent refocus-
ing of attention on the accurate characterization
of premanifest dementia using clinical signatures
(e.g. executive and episodic memory dysfunc-
tion), biomarkers and neuroimaging. The main
therapeutic reasons for the accurate identification
of the premanifest population are, first, to iden-
tify a population who may benefit from secondary
prevention through risk modification strategies
and, second, to create the criteria for the creation
of a homogenous population for disease-modify-
ing trials when disease is much less advanced

166

http://taj.sagepub.com



D Wilson, R Peters et al.

(and possibly intractable) than observed in
patients with clinical dementia.

To date, there have been no successes in late-
stage phase III trials of putative disease-modify-
ing drugs for AD. There are numerous method-
ological and operational reasons why this may be
the case including the heterogeneity of the
sample population in terms of concomitant med-
ication and comorbidities, poor psychometric
properties of outcome scales and the presence
of severe (hypothetically unmodifiable) disease
in even mild dementia. The first problem can
be addressed through better trial execution; the
latter two await the conclusions from ongoing
outcomes and diagnostic test accuracy research
[Mason er al. 2010] respectively.

The leading drugs in development can be
grouped by their principal target and then sub-
grouped by the part of the process they putatively
interdict. The groups are anti-amyloid, anti-tau
and mitochondrial stabilizers.

Anti-amyloid

Given the prominence in scientific discussions for
the principal role of AP in the development of AD
pathology in the late 20th Century, it is not sur-
prising that the most advanced disease-modifying
strategies affect this protein’s processing from
APP to plaque.

The drugs either in testing or recently completed
phase III work either inhibit the secretase
enzymes that cleave APP to create AB42 [e.g.
Green et al. 2009], prevent oligomerization [e.g.
Lannfelt ez al. 2008] or raise antibody responses
to various oligomerization states of Af amyloid
[e.g. Salloway ez al. 2009]. To date no phase III
trial in patients with AD has achieved its primary
endpoints.

Tau regulation

There is less developmental work in this area and
there have to date been very few convincing
phase II studies testing drugs that effect tau
hyperphosphorylation. The main target of phar-
macological intervention has been inhibition of
protein kinases considered responsible for the
hyperphosphorylation of tau [Imahori and
Uchida, 1997]. Clinical testing of kinase inhibi-
tors (for example, lithium and sodium valproate)
have however proven disappointing [e.g. Hampel
et al. 2009] with regards to lithium and the results
from the US-based sodium valproate (VALID)

study which recently completed are eagerly
awaited. Another approach is to inhibit the aggre-
gation of tau [Bulic ez al. 2010]. As yet neither of
these approaches has been subject to phase III
trials.

Mitochondrial stability

This is a target that has received a lot of attention
recently, not least due to the development work
on dimebon that enjoyed early success [Doody
et al. 2008] but more recent disappointment
[Pfizer and Medivation, 2010] and the emer-
gence of the TOMM40 gene as a predictor of
disease onset in AD [Roses er al 2009]. In
some regards, mitochondrial dysfunction can be
viewed as both an antecedent and consequence to
amyloid and tau pathology, perhaps making this
the pivotal target for drug development [Moreira
et al. 2010].

In summary, a clearer understanding of the dis-
ease process in AD has raised hope and expecta-
tion of a major therapeutic breakthrough.
However, the heterogeneity of patients with clin-
ical dementia entering trials with advanced dis-
ease coupled with the poor psychometric
properties of clinical outcome measures have
conspired to, in part, explain the numerous fail-
ures in late-stage clinical trials of disease-modify-
ing drugs. These failures have forced the
pharmaceutical industry and academics to
pause for reflection. In this pause, better out-
come measures will be developed and better diag-
nostic test batteries will be constructed that will
be used in the methodologically more robust and
thoughtful clinical trials of the future.

Modifying disease course: 3

In addition to the pharmacological interventions
designed specifically to ameliorate the symptom
progression in AD various other interventions
have been suggested once a diagnosis of dementia
or cognitive decline has been reached. These can
be divided into three groups.
Nonpharmacological interventions, the pharma-
cological treatment of risk factors (specifically
cardiovascular risks), and the use of other drugs
or products not licensed specifically for use in
dementia, for example nootropics.

Nonpharmacological interventions

Nonpharmacological interventions include the
use of cognitive and physical training. Cognitive
interventions either aim to improve cognitive
function directly or to facilitate the learning of
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strategies to help compensate for the effects of
the disease. Interventions may take the form of
reminiscence therapy or the use of errorless
learning techniques and be compared with no
interaction or an interaction without specific cog-
nitive training. A meta-analysis in this area found
several studies and reported a suggestion of ben-
efit, but highlighted several limitations. When the
few high-quality studies were examined sepa-
rately there was an even lower overall effect size
[Sitzer er al. 2006] and the overall evidence in
favour of cognitive training is limited. Physical
training on the other hand does seem to have a
positive outcome. A meta-analysis including
trials where participants were suffering from
dementia, cognitive impairment or had an
MMSE <26 found a combined effect size of
0.57 (95% confidence intervals 0.38—0.75), in
favour of exercise [Heyn ez al. 2004].

Exercise may increase cerebral blood flow and
decrease blood pressure and cardiovascular risk.
Since cardiovascular risk factors have been shown
to increase the risk of developing AD [Helzner
et al. 2009] decreasing that risk may help to ame-
liorate its progression, possibly even after diagno-
sis. Although in at least one study multiple
cardiovascular interventions were attempted and
had no impact on disability, cognitive or beha-
vioural outcome [Richard er al. 2009], for indi-
vidual risk factors the evidence differs.

Pharmacological treatment of risk factors

Studies have found a higher rate of cognitive
decline associated with hypertension and a
lower rate with antihypertensive medication. In
the Cache County study participants who devel-
oped incident AD were followed after diagnosis
and blood pressures >160 mmHg at the visit
where diagnosis was made were associated with
greater rates of subsequent cognitive decline.
Conversely, antihypertensive use was associated
with lower rates of decline [Mielke ez al. 2007].
Antihypertensive use was associated with lower
rates of cognitive decline in a further observa-
tional study and angiotensin-converting enzyme
(ACE) inhibitors, particularly brain-penetrating
ACE inhibitors with lower rates of decline in
mild cognitive impairment and mild-to-moderate
AD, respectively [Duron ez al. 2009; Rozzini ez al.
2006; Ohrui ez al. 2004]. It seems therefore that
antihypertensive use may be important in amelio-
rating cognitive decline although it is not clear
whether antihypertensive type is important
[Shah ez al. 2009], and not all studies support

this [Bellow er al. 2004]. Double-blind, pla-
cebo-controlled trials are now needed.

Cholesterol has also been linked to an increased
risk of dementia and in this area a robust double-
blind, placebo-controlled trial of atorvastatin has
just finished. The ‘Lipitor’s Effect in AD’
(LEADe) trial included 640 participants with
MMSE scores between 13 and 25 and found
no effect of this statin on cognitive functioning
[Feldman er al. 2010]. This effectively answers
the questions raised by earlier work and small
trials such as one published in 2006 [Sparkes
et al. 2006] which had suggested a possible ben-
efit from a statin in mild-to-moderate AD albeit
with a slightly broad range of cognitive function
scores (MMSE 12—28) and only 63 participants
completing their first quarterly visit [Sparkes
et al. 2000].

Use of other drugs or products not licensed
specifically for dementia

Further interventions that have been explored
include the use of vitamins B and E or other
nootropics, defined as drugs, supplements or
functional foods that are purported to improve
mental functions. Unfortunately, there is little
evidence for nootropics or supplementation.
Using B vitamins, two double-blind randomized
controlled trials found no effect on cognitive
function [Sun er al. 2007] or mild-to-moderate
AD [Aisen et al. 2008]. Furthermore, no effect
of vitamin E (specifically alpha-tocopherol) was
seen in MCI [Peterson er al. 2005]. Although
there are some nootropics that have shown prom-
ise in small trials such as ginseng [Lee ez al. 2008]
and saffron or Crocus satrivus [Akhondzadeh ez al.
2010]; however, these are very small initial trials,
in the case of ginseng not blinded and all require
replication in a larger more robust context.

In summary, once the diagnosis of cognitive
impairment or dementia has been made there
would seem to be very little that can slow the
rate of decline. Possible exceptions include the
use of exercise and antihypertensive medication
although this may depend on antihypertensive
class. Other potential interventions include
some nootropics but these require much more
rigorous testing.

Conclusions

Dementia is a progressive, inevitably fatal neuro-
degenerative disease with wide-ranging effects on
the individual affected, their families and carers

168

http://taj.sagepub.com



D Wilson, R Peters et al.

as well as wider society. The ability to identify
and modify risk factors for dementia would
have far-reaching implications for each of these
groups. If it were possible to intervene at the pre-
manifest stage of disease with, for example, an
effective lifestyle intervention it would intuitively
be clinically optimal; however, evidence for the
effectiveness of such intervention programmes is
currently limited. Medications that are being
developed to modify the path of dementia are
limited by problems with trial execution and
inconsistent and inaccurate definition of the dis-
eased population before dementia develops.
Moreover, once cognitive impairment has devel-
oped there is little evidence to demonstrate that
other interventions are able to slow down the rate
of decline, with the possible exception of exercise
and some antihypertensive agents. These conclu-
sions must though be taken with some caution as
all proposed disease-modifying strategies applied
at either a population or clinical level must be
subject to large and long duration trials where
cognition or the development of dementia are
the principal outcomes before one can draw
firm, unambiguous conclusions.
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