

















human cortex and hippocampus can expand signifi-
cantly with exercise or intense brain stimulation. In a
placebo-controlled study, healthy elderly people who
participated in a walking program 3 days a week for
6 months experienced a 3% increase in cortical brain
volume in their frontal lobes, as determined by MRI
findings before and after the exercise program.®2 In
medical students preparing for their national certifica-
tion examinations, intensive brain stimulation over a
period of 3 months was shown to increase the volume of
the cortex and hippocampus.® These observations might
partly account for resistance to injury triggered by AD
pathology, which is observed in individuals with high
levels of fitness and cognitive reserve; these individuals
could have optimal cerebral blood flow in their brains
and a relatively high density of synapses in their cortex
and hippocampus.®*#

In summary, the primary focus on AD pathology to
account for late-life dementia is being superseded by
a focus on understanding potentially modifiable pro-
cesses.® According to the dynamic polygon hypothesis,
a balance of positive and negative environmental factors,
together with a balance of positive and negative genetic
factors, seems to affect the brain throughout early life
and midlife to determine the degree of cognitive agility
or impairment in late life (Box 1, Figure 2).54% These
factors increase or decrease cerebral blood flow, oxidative
stress, inflammation, insulin-signaling components, size
and frequency of infarcts, and concentrations of growth
factors, cortisol or other hormones.

Preliminary reports suggest that the load of amyloid
plaques, which is determined to some extent by genetic
background, can potentially be altered by environ-
mental factors such as exercise, traumatic brain injury or
diet.**#-% In animal studies, consumption of apple juice
or curcumin seemed to lower amyloid levels.?**! Thus,
like the degree of microvascular disease in the brain,
amyloid levels might depend on lifestyle choices. These
observations have provided a strong impetus to establish
the profile of risk factors for dementia in late life and
to initiate early preventive strategies in individuals with
a high likelihood of developing cognitive decline with
aging.” These preventive strategies would aim to modify
both vascular and AD pathology in the brain through
changes in lifestyle and use of disease-modifying drugs.

Future prospects

Ongoing trials

Over the past two decades, important refinements in
defining the pathophysiology of dementia have paved
the way for developing effective preventive and treat-
ment strategies. In particular, our understanding of the
factors that could cause brain atrophy in late life has
expanded substantially over the past 2-3 years. New
imaging techniques, such as PET scans using ''C-labeled
Pittsburgh compound B (PIB) have unveiled the distribu-
tion of amyloid in the brain in patients with or without
dementia.”® Studies are now in progress that correlate

PIB imaging data with cerebrospinal fluid findings.**
Standard MRI techniques have enabled us to establish
that hippocampal volume is an excellent predictor of
further deterioration in patients with MCI and demen-
tia.”» New MRI techniques, such as diffusion tensor
imaging, are beginning to reveal the degree and relevance
of white matter changes with aging.”

More than 100 clinical trials of approaches to prevent
and treat patients with varying degrees of cognitive
impairment are currently underway.”®* Drugs being
tested include immune-related medications (for example,
immunoglobulin or vaccines), inhibitors of amyloid and
tau, and nerve-growth-factor-like agents.”>'® Despite the
fact that an initial active immunization trial to reduce
levels of amyloid in patients with dementia was stopped
owing to encephalitic complications, and the preliminary
(and incomplete) results were disappointing, passive
immunization clinical trials are still in progress.!:1%
Research is also underway to detect ‘cognitively normal’
individuals at risk of late-life dementia at the pre-
symptomatic stage, and to determine the ideal disease-
modifying medications for these individuals.®® Treatment
of vascular risk factors is associated with a reduced rate
of cognitive decline, and preventive strategies in this area
are starting to move from ideas and suggestions to real-
life recommendations for clinical practice.” The ultimate
goal is to determine early-life or midlife interventions,
such as factors that enhance cognitive reserve and synap-
tic density, that would enable people to remain cogni-
tively intact in their 80s and 90s, even if they develop a
high load of AD pathology in their brains (Figure 3b).

Remaining questions

Serial PIB and MRI studies in normal individuals and
those with MCI or AD demonstrate a clear dissociation
between the annual rate of amyloid deposition and the
rate of brain atrophy and neurodegeneration, consistent
with previous observations that progression of clinical
symptoms in dementia is not coupled to amyloid depo-
sition.'”*!" Consequently, is amyloid still a valid target
for the treatment of elderly individuals with late-life
dementia and, if so, should research focus on the natural
compensatory mechanisms that confront amyloid, on
amyloid itself, or on both?'® Alternatively, should the
focus shift toward the dissolution of tau aggregates, given
that the density of neurofibrillary tangles correlates more
closely with the degree of cognitive impairment than
does amyloid pathology?*

Strong evidence in support of the amyloid cascade
hypothesis links toxic soluble amyloid dimers and oli-
gomers to AD.!* However, attempts to demonstrate a
cascade process from amyloid aggregation to tangle-
related neuronal dysfunction have been disappoint-
ing, and no convincing causal link has been established
between plaques and tangles.'*> These findings have
called the amyloid cascade into question, and investiga-
tors must now consider how, and indeed whether, this
hypothesis should be tested further.!0>10-111
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A body of literature—albeit controversial—suggests
that anti-inflammatory and antioxidant medications can
lead to better cognitive function and a lower risk of cog-
nitive impairment with aging.!'> Future studies should
address whether inflammation is a common denomi-
nator in AD, dementia with Lewy bodies, white matter
changes and infarcts, and whether late-life dementia is a
primary neuroinflammatory condition that is aggravated
by other coexisting pathologies.

Another important issue to address is the
relationship—if any—between late-life dementia and
early-onset AD. Is the common form of late-life demen-
tia simply an extension of early-onset AD, or is it a sepa-
rate condition, perhaps triggered by genes and proteins
that have yet to be discovered?*** Atrophy in the cortex
and hippocampus correlates better with the severity and
progression of late-life dementia than do white matter
changes, infarcts, plaques, tangles or Lewy bodies.*” The
pathogenetic basis of this atrophy is currently unclear:
could it result from processes other than strokes, AD,
inflammation, and Lewy body pathology? Given the
large number of clinicopathological studies that point to
the presence of multiple classes of pathology in brains of
the oldest old (with or without dementia), a case could
be made for re-evaluating the diagnostic criteria for AD
in patients beyond the age of 80 years.

Numerous midlife risk factors have been associated
with late-life dementia, ranging from early-life educa-
tion, smoking, choice of hobbies and head trauma, to the
presence of medical conditions such as obesity (Box 1).
The pathophysiological mechanisms that underlie these
associations, and the factors that are most relevant for
identifying targets for early intervention, remain to
be determined. Future research should also focus on
which biomarkers are the best candidates for detect-
ing presymptomatic patients who are at risk of late-life
dementia.

Given that a number of environmental risk factors
have been implicated in late-life dementia, and consider-
ing that rates of obesity and hypertension are rising at
a rapid rate among children, efforts to prevent demen-
tia should perhaps start early in life. Numerous studies
have examined a possible role for omega-3 fatty acids in
reducing the risk of dementia, but the results obtained
to date have been heterogeneous.*” One explanation for
the marked variation in findings from dozens of studies
in this field—and perhaps the explanation for the failure
of most clinical trials in patients with AD—could be the
selection and monitoring of participants with various
brain pathologies, all of whom were diagnosed with AD.
Given the observed heterogeneity of the pathological
process in patients with cognitive decline, candidates for
clinical trials should perhaps be selected more rigorously,
and be subdivided into groups with primary AD, primary
vascular pathology, or primary mixed pathology.

The last question is one of terminology. Some
researchers consider the word ‘dementia’ to be obsolete
and derogatory.'"* Should we replace this diagnostic

terminology with a more respectful label such as ‘cog-
nitive impairment’? The progressive deterioration in
cognitive function might be labeled on a scale ranging
from MCI, which already has its own established cri-
teria, through intermediate cognitive decline (patients
who have developed difficulty in performing instrumen-
tal activities of daily living such as shopping), to severe
cognitive impairment (patients who have developed dif-
ficulties performing their basic activities of daily living
such as managing personal hygiene).

Conclusions

The dominant conceptual views of late-life memory
loss and confusion have shifted considerably through-
out history. These symptoms were considered ‘normal’
as early as 700 BC, as signs of being ‘possessed by evil’
in the early Renaissance period, as evidence of ‘harden-
ing of blood vessels’ throughout most of the 20th
century, and as manifestations of AD since the 1990s.
Clinicopathological studies conducted over the past few
years agree that most individuals with cognitive impair-
ment over the age of 80 years have a mixture of several
coexisting abnormalities, and only a small proportion
have pure pathology (for example, dementia with Lewy
bodies, AD, or hippocampal sclerosis) in their brains.
Technological advances in brain imaging, along with
advances in the field of neuroscience, have opened up
new possibilities for studying the brain with aging, and
have provided an opportunity for researchers to ask
more-definitive questions. An enormous amount of
progress has been made, but more research is required
before specific recommendations to prevent late-life
dementia can be formulated.

Alois Alzheimer was one of the first scientists to exten-
sively describe the importance of vascular lesions in
brain atrophy in late-life dementia (and to de-emphasize
the relevance of amyloid plaques). It is noteworthy that
a century later, reduction of vascular risk factors (along
with improvement of physical and cognitive fitness)
remains the most reasonable recommendation that we
can offer to members of the public who strive toward
better brain health and successful aging.283392114115

Review criteria

MEDLINE was searched for articles published in
English from January 1980 to August 2009, with the

» o«

following keywords: “dementia”, “cognitive impairment”,
“memory”, “Alzheimer disease”, “amyloid hypothesis”,
“aging” and “clinicopathologic”. Abstracts were reviewed,
and papers with a focus on the link between clinical
manifestation of cognitive decline and diagnostic
criteria for dementia, as well as those with an emphasis
on historical development of concepts in the field of
dementia, were further analyzed in detail. In addition,
the reference sections of these articles, along with
relevant chapters in standard neuropathology textbooks,
were consulted.
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