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Abstract
The scientific evidence of plasticity, or the brain’s dynamic ability to alter its organization and
activation throughout one’s lifetime, has increased significantly over the last decade. This analytic
review evaluates selected evidence regarding the persistence of plasticity in people with early-
stage Alzheimer’s disease (AD). Functional neuroimaging provides persuasive evidence of
plasticity throughout aging as well as the early stages of dementia, including the possibility of a
heightened response during the prodromal period of AD. Behavioral outcomes research
demonstrates the ability of people with early-stage AD to relearn previously forgotten information
or otherwise improve cognitive abilities following a cognition-focused intervention. Both of these
bodies of evidence support the existence of compensatory processes at work, even in the presence
of dementia-related pathology. This retained ability of the brain to adapt to neurodegenerative
disease in an attempt to maintain function may provide a valuable opportunity for intervention,
particularly in the prodromal or earliest stages of AD.

The maintenance of cognitive functioning is a major determinant of healthy aging in older
adults. However, many elders are at risk for debilitating cognitive decline due to age-related
neurodegenerative disease such as Alzheimer’s disease (AD) or other dementias. Dementia
is a significant threat to the health and well-being of older adults, currently affecting an
estimated 3.4 million individuals in the United States, or 13.9% of those 71 years and older,1

and projected to affect 7.7 million by 2030.2 The progressive cognitive decline associated
with dementia is devastating for those diagnosed as well as their family members who
frequently assume caregiving responsibilities. Although dementia is degenerative and
progressive, utilizing a rehabilitation approach in people with dementia may maximize
function, including cognitive function, and minimize excess disability.3 In this paper, we
propose that compensatory brain mechanisms likely underlie improved cognitive function
among individuals with early-stage AD.

The brain’s ability to adapt in response to a lifetime’s experience, often termed
“neuroplasticity” or “cognitive plasticity”, is thought to be maintained to a certain extent
throughout the aging process.4 It can be induced by a variety of motor and cognitive
experiences including aerobic exercise5 and repeated engagement in cognitively stimulating

NIH Public Access
Author Manuscript
Top Geriatr Rehabil. Author manuscript; available in PMC 2012 October 01.

Published in final edited form as:
Top Geriatr Rehabil. 2011 ; 27(4): 257–267.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



activities.6 Plasticity processes are believed to provide some compensation for brain damage
such as functional recovery after acute injury7 and maintenance of cognitive abilities during
aging.8 Recently, there has been interest in utilizing retained plasticity mechanisms to delay
the progression of dementia.

The purpose of this analytic review is to evaluate the current evidence regarding the
persistence of plasticity in dementia, particularly in regard to prodromal and early-stage AD.
We begin with a brief review of age changes commonly seen in the brain and discuss these
changes in light of the pathological changes that occur in dementia. The concept of plasticity
is then described, followed by a discussion of observational and experimental research
supporting the existence of plasticity in normal aging, the prodromal period, and early-stage
dementia. It is hoped the evidence presented here is useful to clinicians interested in
developing early dementia interventions.

Normal Brain Aging and Changes in Dementia
A widely held view is that subtle cognitive changes occur in normal aging including
declines in attentional ability, episodic memory function, working memory function, and
processing/psychomotor speed.9 These changes have been felt to be inevitable and to reflect
continuation of age-related structural changes, including enlargement of the cerebral
ventricles and sulci with commensurate decreases in grey and white matter volumes.10

Because the cognitive profile as much as ten years prior to the diagnosis of AD can
accurately predict whether a person will develop AD,11 it is felt that the cognitive profile
seen in “normal” brain aging is different from that of prodromal AD or other dementia.
However, a significant number of cognitively normal elderly have similar neuropathologic
changes to those seen in AD.12 A recent autopsy study investigated this concept further and
found that in their cohort, healthy elderly without the neuropathologic changes seen in the
common causes of dementia had little to no cognitive decline with age.13 These lines of
evidence raise the possibility that the “normal” cognitive decline seen with aging actually
reflects the effects of neuropathologic changes that cause dementia. Further research is
needed to resolve whether there is “normal” brain aging in the absence of the
neuropathologic changes seen in AD and other dementias.

Because of the possibility that the cognitive changes associated with “normal” brain aging
may actually represent prodromal stages of dementia, it may be somewhat difficult to
dichotomously distinguish cognitive and anatomic changes due to “normal” brain aging and
those seen with dementia. This has led some to consider “normal” cognitive aging and
dementia as parts of a continuum.14 Along this continuum there is thought to be a prodromal
stage of dementia in which a level of cognitive impairment is evident beyond what would be
considered “normal” cognitive aging, but does not meet the diagnostic criteria for AD or
other dementias. Controversy exists regarding the characterization of this period, but it is
frequently referred to in the literature as Mild Cognitive Impairment (MCI).

MCI is characterized by the following criteria: cognitive complaint that is preferably
corroborated by an informant; objective cognitive decline; preserved general cognitive
function; intact activities of daily living; and, absence of dementia.15 The MCI diagnosis is
further divided into one of four clinical subtypes based on characterization of the cognitive
impairment. The presence of memory impairment indicates amnestic MCI; impairment in
other cognitive domains (such as language or visuospatial skills) with the relative
preservation of memory indicates the non-amnestic subtype. Further distinction is made
based on whether single or multiple cognitive domains are affected. The four MCI subtypes
are described in Table 1. Amnestic MCI subtypes are associated with a high risk for
dementia, particularly AD.16, 17 When individuals with amnestic MCI were followed
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longitudinally, they demonstrated primarily AD pathology on autopsy.18 MCI may represent
a transitional stage between “normal” changes associated with aging and the neuropathology
associated with very early AD;19 however, a consensus regarding the utility of the MCI
diagnosis has yet to be reached in the scientific community.

Considering the insidious, progressive nature of dementia, it is intuitive to view dementia
development as a continuum of decline, even in prodromal stages when diagnostic criteria
are not met. At this time it is not known whether “normal” cognitive aging is, indeed, typical
and expected, or rather indicative of emergent pathology which will eventually lead to overt
dementia symptomatology.

Neuropathologic Changes in Dementia and Clinical Presentation
Dementia is a syndrome of gradual and progressive cognitive decline due to a variety of
underlying pathologies. AD is the most common cause of dementia, although it is now
recognized that up to half of all cases of AD demonstrate mixed pathologies on autopsy,
such as vascular components.20, 21 Therefore, reports of the prevalence of dementia subtypes
are varied in the literature. Although neuropathologic features may overlap in some
individuals, typical cognitive profiles and structural changes are found in each subtype.
These are summarized in Table 2.

The clinical presentation and progression of dementia symptoms varies considerably among
people with the same underlying level of pathology. Although two people may have the
same amount of dementia-related brain damage, one may experience debilitating effects
while the other demonstrates few symptoms. The observation of this phenomenon led to the
conceptualization of cognitive reserve: the hypothetical ability of the brain, at varying
individual capacities, to withstand a certain level of injury before the clinical manifestation
of dementia.22

The level of cognitive reserve capacity is due to both innate protective effects as well as the
ability of the brain to actively compensate for injury.23 It is believed that some
compensatory mechanisms are able to counteract symptoms until this ability is
overwhelmed.24 In this model, once an individual reaches his or her maximal premorbid
cognitive ability, different factors are at play which either support maintenance of cognition
or impair cognitive ability. The plasticity of the brain is thought to be a factor that
contributes significantly to the ability to build cognitive reserve.7, 23 There is support for this
concept, beginning with the seminal paper by Katzman, et. al.25

Reserve includes both passive and active processes that modify risk for the clinical
expression of disease. Passive reserve is accounted for by brain size and synapse density.22

Individuals with larger brains and greater synapse density can tolerate more extensive
pathology before they reach the threshold at which symptoms become clinically evident.
Active reserve refers to the efficiency with which an individual can use alternate networks
or cognitive strategies to cope with the brain pathology. Cognitive reserve is related to the
brain’s metabolic activity26 and can be modified by mental activity. Brain reserve and
cognitive reserve are not mutually exclusive. Mental activity is a strong signal for the
generation of neurons and synapses.27 Individuals are thought to possess innate cognitive
reserve that allows dementia-related pathology to accumulate before symptoms are
demonstrated, but also have the ability to actively build reserve as a compensatory
mechanism for brain damage. Although individuals with higher cognitive reserve take
longer to exhibit dementia symptoms, ongoing damage will eventually exhaust the brain’s
protective and compensatory abilities, leading to dementia manifestation and progression.28
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In summary, while the neuropathologic changes associated with dementia are responsible
for the ultimate manifestation of symptoms, there is wide variability in level of brain
pathology and its association with clinical presentation. The cognitive reserve model
attempts to explain these inconsistencies, including the possibility that plasticity
mechanisms actively build reserve, leading to delay or reduction in dementia symptoms
when neuropathology is present.

A Primer on Plasticity
Scientists and clinicians long believed that a damaged brain is unable to repair, reorganize,
or regenerate under any circumstances.29 Brain development was considered to occur during
an organism’s very early development, with little or no ability for neuronal tissue to change
with injury or aging. However, the last decades of neuroscience research paint a radically
different picture of the brain’s ability to change its structure and function. It is now widely
believed that new neurons and synapses are generated throughout life30 and neural pathways
continually remodel in response to changes in the organism’s internal and external
environment.31 Although these phenomena appear to be more pronounced during early
development, research suggests the brain maintains its ability to change its structure and
function throughout life and well into old age. Evidence suggests that older adults have been
shown to utilize additional or altogether different brain areas, presumably as a compensatory
mechanism for age-related cognitive decline, and may employ unique strategies for storing
and recalling information as they age.8 The extent to which these capabilities are maintained
in the presence of dementia pathology holds important implications for developing
evidence-based interventions.

The ability of the brain to change its architecture and function is referred to broadly as
plasticity.32 Plasticity implies a degree of malleability; brain organization is altered during
the course of maturation, adaptation to environmental changes, or post-injury compensation.
The mechanisms of plasticity are plentiful and include neurogenesis, synaptogenesis, and
angiogenesis, to name but a few.33 Changes may occur at the cellular level through
adaptation of neurons and supporting cells34 or through adaptation of dendrites and synapses
due to environmental stimuli.35 In the damaged brain, it is thought that these changes occur
in response to the limitations imposed by brain pathology in an attempt to maintain
functional ability.

Several terms are often used interchangeably in relation to the broad concept of plasticity
including neuronal plasticity (or neuroplasticity), brain plasticity, or cognitive plasticity.
While neuronal plasticity implies structural modifiability at the synaptic level36 and brain
plasticity refers to alterations in the activation of brain networks,37 cognitive plasticity refers
to the ability of an individual to improve performance after training.38 More broadly,
plasticity herein may be conceptualized as brain adaptation in response to stressors induced
by aging or neuropathology.

Evidence for Plasticity in the Aging Brain and Dementia
The persistence of plasticity throughout old age and the dementia trajectory has been studied
primarily through the use of neuroimaging research; however, intervention studies, such as
measuring the ability of people with dementia to relearn forgotten skills, also provide
support.

Neuroimaging and Investigations of Plasticity
Functional neuroimaging studies examine brain activity patterns during the performance of a
memory or other cognitive task. These investigations provide the opportunity to view the
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brain regions which are activated during specific tasks and to compare these patterns of
brain activity between groups. Both positron emission tomography (PET) and functional
magnetic resonance imaging (fMRI) are utilized for this purpose. PET and fMRI measure
changes in the magnitude of blood flow in brain areas relative to others. In short, increased
neuronal activity requires higher oxygen levels to support function; therefore, cerebral blood
flow increases in areas of increased brain activation. Measures of regional cerebral blood
flow provide an indirect measurement of brain activation patterns. Although both PET and
fMRI infer brain activity by examining cerebral blood flow, units of measurement differ.
PET measures regional cerebral blood flow (rCBF) while fMRI measures blood-oxygen-
level dependence (BOLD) signals. Both are measures of hemodynamic response and can be
performed while a subject engages in a memory or other cognitive task. Patterns of
functional brain activity are evidenced by increased rCBF or BOLD signals in the areas
under the highest task-related demand.

Compensatory activation of brain regions may include increased use of nearby brain areas
during a task or the use of brain areas not typically associated with the task. These responses
are thought to demonstrate plasticity of neural networks, which are altered presumably in
response to cognitive demand. In individuals with damage to the brain, such as those with
AD pathology, differences in magnitude or patterns of brain activation when compared to
cognitively normal adults are often interpreted as evidence of a plasticity response.

Plasticity and Normal Aging
Multiple studies have explored age differences in memory tasks during functional
neuroimaging. In one study,39 Cabeza et al. examined prefrontal cortex activity in younger
adults, cognitively low performing older adults, and cognitively high performing older
adults using PET during word recall and recognition tasks. When subjects were asked to
recognize whether a word had been presented during a study phase in either auditory or
visual format (source recognition), younger adults exhibited activation of the right prefrontal
cortex. Low performing older adults recruited similar brain regions as the younger group
during the task, but high performing adults demonstrated bilateral prefrontal cortex
activation. Therefore, older adults who had better cognitive performance recruited additional
brain areas, perhaps as a compensatory response to cognitive aging.

In another study,40 Park et al. examined both frontal cortex and hippocampal activations
using fMRI in younger and older adults during a working memory task that involved picture
recall and recognition. The younger adults demonstrated increased brain activation in the
hippocampus compared to older adults, while older adults showed increased bilateral frontal
cortex activation. A similar fMRI investigation by Gutchess et al.41 examined scene
encoding in younger and older adults. Older adults demonstrated decreased
parahippocampal activity and increased frontal cortex activity. Furthermore, there was a
negative correlation between these activation patterns such that those who had the least
parahippocampal activity also had the highest increases in frontal cortex activity. Therefore,
greater frontal cortex activity may be a compensatory response for age-related declines in
the activity of the hippocampus and surrounding structures.

Plasticity and Early Alzheimer’s Disease
Due to the degenerative nature of AD and other dementias, the ability of the brain to
compensate for such progressive injury is significantly impaired. However, the early
preservation of certain functions in dementia as well as individual variation in disease
progression highlights the beneficial potential of plasticity, particularly early in the disease.
The evidence supporting this retained ability includes neuroimaging studies as well as
investigations of cognitive plasticity in individuals with AD.
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Neuroimaging evidence of plasticity in dementia.
Early studies of plasticity in dementia utilized Positron Emission Tomography (PET) to
compare individuals with early-stage AD to matched controls during memory tasks. Becker
et al.42 compared functional brain activity patterns using PET in subjects with probable
early-stage AD and normal older adult controls matched to age, education, and gender. All
participants completed a series of verbal memory tasks at varying levels of difficulty with
PET scans completed for each condition (including rest). The inclusion of different
difficulty levels among the tasks permitted the examination of responses in both the AD and
control groups when cognitive processing demands increased. Compared to rest conditions,
AD subjects demonstrated a larger increase in rCBF magnitude than controls during a three
word recall task; brain regions associated with phonologic storage and processing of
information were activated in AD subjects as in controls, but to a greater extent. Activation
of brain regions associated with verbal working memory and lower-level processing of
information to-be-remembered occurred in both AD and control subjects. However, AD
subjects did not activate brain regions typically involved in episodic memory processing as
did the controls. During an eight word recall task, AD subjects demonstrated increased
activity in the lateral dorsolateral prefrontal cortex, rather than the lateral frontal cortex.
Therefore, the AD group showed increased activation (e.g., greater rCBF) in the same brain
regions as controls during less demanding tasks, but demonstrated alternate region activation
when cognitive processing demands were higher.

Similarly, Backman et al.43 used PET to examine cerebral blood flow in eight subjects with
probable early-stage AD and eight cognitively normal older adult subjects. Memory tasks
performed under PET included both study of words (encoding) and cued recall of those
words when presented with word stems (retrieval). Patterns of activation were generally
similar for the AD and control groups during cued recall, indicating that the frontal, parietal,
temporal, and cerebellar regions maintained relatively normal functioning in the early stages
of AD. However, some increases in left inferior prefrontal activity were seen in the AD
group, which the authors interpreted as compensatory activity in response to information
retrieval difficulty.

The Becker et al. and Backman et al. studies provide intriguing evidence that in the presence
of AD pathology, the brain may adapt to processing demands by increasing activity in
regions typically associated with the particular task or may utilize alternate brain regions as
a compensatory response. Reallocation of brain function in response to limitations imposed
by AD pathology may be considered a demonstration of plasticity: the brain’s ability to
adapt in response to damage. However, in order to consider plasticity responses
compensatory, corresponding maintenance or improvement in functional ability must
accompany these brain adaptations.

More recent research addressed the relationship between activation alterations and actual
memory performance, demonstrating similar results with both PET44 and fMRI45

techniques. Grady et al.44 explored the relationship between increased prefrontal rCBF using
PET and successful task performance in normal older adults and individuals with probable
early-stage AD. The AD and control groups differed in the magnitude of brain activation
when completing semantic and episodic memory tasks. Specifically, the AD group
demonstrated a more extensive recruitment of brain regions in response to task demands
including the prefrontal and tempoparietal cortices bilaterally. Most importantly, this greater
degree of activation correlated with improved task performance such that individuals with
AD who demonstrated increased brain activation in these regions were able to perform both
semantic and episodic memory tasks with more accuracy than those who demonstrated less
brain activation.
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Pariente et al.45 compared fMRI results during a face-name recognition task in people with
mild AD compared to cognitively intact controls. In addition to BOLD signal patterns,
successful encoding and retrieval of each face-name pair was determined to allow for
comparison with patterns of brain activation. Compared to the control group, subjects with
AD demonstrated decreased activation in the hippocampus and simultaneously increased
activation in the parietal and frontal lobes during successful encoding and retrieval of
information. This response was interpreted as effective compensation; the use of additional
cognitive resources, unique to cognitively intact controls, was associated with better task
performance.

Age-related vs. dementia-related plasticity.
Although advances in neuroimaging provide some evidence of compensatory responses, it is
important to distinguish between age-related and dementia-related plasticity. The question
arises as to whether differential activation of brain networks is an illustration of plasticity in
response to dementia pathology or the preserved ability of the brain to compensate for
normal age-related changes. Individuals with dementia find memory tasks more difficult, for
example, and therefore plasticity responses may occur in response to an increase in task
difficulty rather than the presence of dementia pathology.

This possibility was examined in a study46 designed to determine whether individuals with
AD were actually altering typical patterns of brain activation rather than responding in a
typical way to a task that, for them, was more difficult. This was accomplished by matching
task difficulty across all control and probable early-stage AD subjects. During PET
scanning, subjects performed a verbal recognition task (word study and retrieval) under both
low demand and titrated demand conditions. The titrated demand condition was determined
for each subject by adjusting the size of a word list to be remembered such that the subject
accurately recognized 75% of words on the list. The titrated word list was determined one
day prior during practice sessions. This process provided for equal task difficulty across
both control and AD subjects. The task itself was selected due to its demands on encoding,
storage, and retrieval of information which would require interactions among multiple brain
networks in cognitively normal adults. They found that increased task difficulty in controls
was associated with recruitment of the left anterior cingulate and anterior insula, and three of
the AD group demonstrated the same response in rCBF. However, the remainder of the AD
group utilized an alternate brain network during the titrated condition. In response to
increased task difficulty, these individuals recruited an alternate network including the left
posterior temporal cortex, calcarine cortex, posterior cingulate, and the vermis. Those with
network activation similar to cognitively intact elders were hypothesized to possess normal
networks which had not yet been irreversibly damaged by AD pathology. Alternatively,
those who recruited alternate brain networks were presumed to have reached a point at
which brain function was significantly altered.

An evolving body of evidence supports the maintenance of brain plasticity throughout aging
as well as in the presence of AD pathology. It appears that the brain is able to adapt to age-
related or dementia-related changes by altering the utilization of brain networks. This occurs
in older adults when compared to younger adults, but also in older adults with AD when
compared to cognitive intact older adults. Plasticity responses to dementia-related or other
brain damage may be unique to what is found during normal aging. However, it is likely that
intra-individual variability in plasticity processes exist, even between individuals in the
same stage of AD.
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Differences in Prodromal vs. Early-Stage AD
AD pathology is insidious, beginning years before the manifestation of symptoms.47

Therefore, the study of plasticity as it relates to prodromal AD is extremely important for
intervention considerations. Research examining plasticity during this period has focused on
MCI as a prodromal phase of AD. Recent fMRI evidence of compensatory brain processes
during the dementia trajectory has compared the activation of brain networks in individuals
with MCI to those with AD. Interestingly, a distinctive trend has emerged: increased
network activity in some brains areas of those with MCI (presumably a compensatory
response), compared to decreased network activity response in those with AD.48 For
example, one study49 compared brain activation during a memory task in cognitively intact
older adults, those with mild MCI, and those with probable AD. Findings demonstrated
significantly increased hippocampal activity in the MCI group and significantly decreased
hippocampal activity in the AD group compared to controls. Those with MCI performed
comparably to the control group, but those with AD had poorer performance. More recently,
a study50 compared activation patterns using fMRI in cognitively intact, MCI, and AD
groups during a memory task. Prefrontal brain activity in the AD group was significantly
decreased compared to controls, but the MCI group demonstrated significantly increased
activity compared to both the AD and cognitively intact groups.

The overall hypothesis arising from these and similar studies is that in those with preclinical
AD or MCI, an initial period of increased brain activation in response to cognitive demand
is followed by decreased activation as disease progression continues, eventually exhausting
the compensatory response. However, not all studies support this hypothesis. The temporal
lobe, which includes the hippocampus, was examined in another fMRI study51 during a
memory task. Results demonstrated no significant differences in activation between the MCI
and AD groups, and both groups showed decreased activation when compared to a
cognitively intact group. These conflicting results are likely due to the heterogeneity of the
MCI diagnosis, which includes individuals who will progress to AD as well as some who
will not.52 The accurate identification of these individuals in future studies will further our
understanding of plasticity processes in response to dementia pathology.

The ability to maximize the potential of plasticity in a clinical context may depend on the
selection of best candidates for intervention. In order for interventions targeting plasticity to
be effective, the brain must still be capable of compensation for deficits that maintains
functional ability or performance. If individuals with MCI are indeed exhibiting a highly
compensatory response to advancing dementia pathology, interventions may target this
group in order to maximize or prolong this response before a threshold is exceeded that
results in severe cognitive impairment. Although a degree of plasticity seems to be
maintained throughout the early stages of AD, the critical period for treatment maybe prior
to AD diagnosis.

Evidence of Plasticity in Learning and Performance Improvements
Beyond neuroimaging evidence of brain plasticity, it is also possible to explore plasticity
mechanisms indirectly, with less focus on neurobiological processes in favor of evidence
regarding cognitive plasticity. Cognitive plasticity is referred to in the literature as learning
potential or changes in behavioral performance after training.37 In other words, the
maintained ability of people with early-stage dementia to learn, to regain abilities they have
lost throughout the dementia process, or to improve their cognitive abilities. Therefore,
although neurodegenerative changes including hippocampal atrophy are occurring in early
AD, cognitive performance improvements including the ability to remember new or
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previously forgotten information is possible. This body of research supports the maintenance
of cognitive plasticity throughout the early stage of AD.

Engagement in cognitively stimulating or challenging activities is thought to promote
plasticity and specific techniques such as the use of cognitive strategies may improve
performance.6 It is not yet known what mechanisms are involved in the activation of
plasticity-related events; however, it is believed that cognitive activity stimulates and
strengthens neural connections. Actual programs may include multiple components of
different approaches as well as additional elements such as aerobic exercise or physical
therapy.

Cognitive training is most frequently used to illustrate plasticity since it involves structured
practice on tasks targeting areas such as memory, reasoning, and information processing
speed.53 Improvements in memory performance of individuals with dementia over time,
with repeated practice, may be interpreted as evidence of cognitive plasticity. The benefits
of training on cognitive plasticity are evident in older adults without dementia,54 and
although improvements are more limited with increasing age, significant benefits after
practice are possible.55

A meta-analysis56 of randomized controlled trials (RCTs) of cognitive training in
cognitively intact older adults as well as those with MCI explored the effectiveness of such
training on cognitive plasticity. Outcome measures including improvement in cognitive
functioning, sustainability of effects, and transfer of training effects were considered
markers of plasticity. The authors report that while most interventions improved
performance in the treatment group after training, most differences were not significant
between the active control, which included non-specific treatments, and the treatment
groups. It appears difficult to determine the unique cognitive plasticity effects of a cognitive
training program. A comprehensive review53 of RCTs of cognitive training in early-stage
dementia found similar results: no significant differences between experimental and control
groups; however, many methodological limitations exist in the interpretation of these
findings. Most notably, intervention protocols vary considerably across studies including
differences in intervention length, number of treatments, testing procedures, implementation
of training, and variation in outcome measures. There is also considerable confusion in the
literature regarding the distinction between cognition-focused approaches; the term
cognitive training is often used interchangeably with cognitive rehabilitation, for example.

Other cognition-focused approaches to intervention have demonstrated outcomes supporting
the ability of people with dementia to improve cognitive performance. Improvements in
cognitive function have been demonstrated in individuals with dementia compared to control
groups after a cognitive stimulation program,57 most notably in regard to language
function.58 Although cognitive abilities decrease with the progression of dementia, the
ability to learn and to employ cognitive strategies is retained in some capacity in early AD.59

In a recent study60 of individuals with mild-moderate dementia, subjects were able to learn
face-name associations in less than four sessions, on average. Previously known associations
that were forgotten prior to intervention were learned significantly faster than new
associations. Although degree of cognitive impairment was significantly related to learning
of new information, there was no significant relationship between degree of impairment and
the relearning of previously known information.

Multi-component interventions may include cognitive approaches as well, such as the
successful example of the Experience Corps (EC). The EC places older adult volunteers into
elementary schools within a program designed to enhance physical, social, and cognitive
activity while also providing benefits to students. Memory and executive functioning
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abilities are targeted through reading comprehension activities with students, problem-
solving skill experience and training, and other interactions with fellow volunteers, students,
and teachers. Multiple studies,61, 62 including a RCT,63 have demonstrated the potential of
the EC model to improve memory, executive function, social activity, and cognitive activity
in elders. The most recent study64 investigating EC outcomes used fMRI at pre- and post-
intervention to determine whether an EC group (n=8) demonstrated increased prefrontal
cortex activity when compared to controls (n=9). Subjects were considered cognitively at
risk due to low education, income, and Mini-Mental Status Exam (MMSE) scores. In
addition to improvement in executive functioning after the intervention, the EC group
demonstrated increased brain activity during a task designed to measure executive function
in older adults.

Due to the multiple components of the EC program which includes cognitive activity
embedded within a social environment as well as physical activity, it is difficult to discern
the contribution of each aspect of the intervention on outcomes. However, preliminary
evidence supports the ability of the EC to promote plasticity in individuals at risk for
dementia. Additionally, the use of multiple components thought to promote plasticity,
including cognitive and physical activity, is an important consideration for the design of
rehabilitation interventions aiming to maximize overall function and minimize disability in
people with dementia.

Decline in Plasticity as a Hallmark of the Dementia Process
In contrast to evidence supporting the maintenance of plasticity throughout early-stage
dementia, a decrease in plasticity has been considered as an actual indicator of dementia
onset.65 In multiple studies,66, 67 measures of cognitive plasticity have been used to detect
early cognitive changes that may progress to dementia, perhaps leading to early
identification of at risk individuals. These studies use changes in scores on instruments such
as the Auditory Verbal Learning Test of Learning Potential or Figural Relations tests to
assess cognitive plasticity (improvement in cognitive performance over time). Healthy older
adults, those with MCI, and those with probable AD have been shown to demonstrate
significant differences in plasticity such that decreases in plasticity are indicative of
cognitive decline leading to dementia.37, 68 Evidence supports that lack of cognitive
plasticity is predictive of cognitive decline, including the ability to potentially predict a
progression to dementia. These findings imply that individuals with dementia inherently
possess a lower degree of plasticity, even prior to dementia onset.

Reconciling the Evidence of Plasticity Maintenance with that of Plasticity
Decline

Evidence from both neuroimaging and behavioral outcomes research supports the ability of
the brain to adapt, modify, and learn throughout, at a minimum, the early stages of dementia.
There is evidence supporting a decrease in plasticity in the early stages of dementia;
however, many of the same studies that demonstrate plasticity decreases as a hallmark of the
dementia trajectory also include findings that could be considered supportive of plasticity-
focused interventions. Although performance improvement (i.e., cognitive plasticity) was
less in individuals with MCI or AD when compared to cognitively intact older adults, it still
improved significantly after intervention.66, 68 Therefore, although a decrease in plasticity as
a result of dementia pathology may be expected, even to the point of being diagnostic,
individuals in the early stages dementia may retain the ability to improve their cognitive
performance. Undoubtedly, this capability gradually declines to the point of little utility, but
nevertheless, a window of opportunity for interventions that provide at least a short-term
benefit does exist.
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Conclusion
AD leads to gradual and irrevocable damage of neural networks, and as a consequence,
neuronal plasticity progressively declines. However, individuals with prodromal or early-
stage AD may be capable of a compensatory response to this decline that optimizes
cognitive function within the confines of advancing pathology. Neuroimaging evidence
indicates brain activation differences in individuals with early-stage AD when compared to
normal controls during cognitive tasks. These alterations in magnitude or location of brain
activity have been associated with functional improvements (i.e., improved performance on
cognitive tasks) and appear to be unique to age-related plasticity responses although much
remains to be learned regarding the heterogeneity of responses among individuals. MCI,
particularly the amnestic subtypes, may indicate a period on the AD continuum in which
plasticity processes are able maintain cognitive performance by increasing brain activity as a
compensatory response to AD-related pathology.

Future research is needed in order to understand the mechanisms of plasticity as well as the
conditions under which they are optimally triggered. Although evolving use of
neuroimaging studies have contributed to our understanding of brain network usage in
response to cognitive demands, much is still unknown. Longitudinal functional
neuroimaging studies examining patterns of brain activation in cognitively normal older
adults, individuals with MCI, and persons with early-stage AD are necessary in order to
determine if and how these patterns change with disease progression. Use of neuroimaging
techniques in controlled intervention trials is also crucial in order to determine whether
improvements in performance are indeed the result of structural or functional brain changes.

The investigation of plasticity in persons with AD holds important implications for
intervention development and testing. Multiple intervention studies have demonstrated the
ability of individuals at risk for AD or in the early stages to learn, improve cognitive
performance, and employ cognitive strategies, although intervention approaches are highly
varied and results are inconsistent across studies. Combining this research with functional
neuroimaging in the future may provide a link between specific treatment approaches and
the triggering of plasticity processes.

Although the consideration and investigation of plasticity in AD is relatively new, emerging
evidence supports the potential of compensatory processes in individuals with prodromal or
early-stage AD. Effective compensation for advancing pathology is likely limited, but the
optimization of cognitive functioning may be achieved by targeting preserved plasticity. It is
well-accepted that factors influencing plasticity after acute brain injury may be manipulated
for therapeutic benefit,69 and employing a rehabilitation perspective to people with AD may
be similarly effective in maximizing cognitive function. The public health significance of
slowing cognitive decline could be enormous given the projected numbers of people who
may develop AD in the next 20 years. The possible delay in institutionalization and the
resultant cost savings have the potential to improve quality of life for older adults and their
families who care for them.
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Table 1

Subtypes of Mild Cognitive Impairment
a

Mild Cognitive Impairment (MCI)

 Presents with:

• Cognitive complaint

• Cognitive decline not normal for age

• No dementia

• Preservation of functional activities

MCI Subtypes

1 Amnestic MCI Single Domain: Memory impairment only

2 Amnestic MCI Multiple Domain: Impairment in memory and other cognitive domains

3 Non-Amnestic MCI Single Domain: No memory impairment; impairment in one non-memory cognitive domain

4 Non-Amnestic MCI Multiple Domain: No memory impairment; impairment in multiple non-memory cognitive domains

a
Petersen R, Negash S. Mild cognitive impairment: an overview. CNS Spectr. 2008;13(1):45
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Table 2

Dementia Subtype Features

Category Approximate
% of cases

Subtypes Cognitive profile Structural changes

Alzheimer’s
disease

50-70% • Alzheimer’s disease

• Posterior cortical
atrophy

Early episodic memory
impairment with
subsequent
impairment in visuospatial,
language and executive
function
impairments.70

Neuronal and synaptic loss along with
neuronal shrinkage resulting in
cortical
atrophy. Ultrastructurally,
extraneuronal
senile/neuritic plaques containing β-
amyloid protein and intraneuronal
neurofibrillary tangles containing
hyperphosphorlyated tau protein.

Lewy body
dementias

20% • Dementia with Lewy
bodies

• Parkinson’s disease
with dementia

Parkinsonism with more
severe
visuospatial, attentional
and
executive function
impairments
than in Alzheimer’s
disease.71

Lewy bodies, neuronal aggregates of
α-
synuclein, in subcortical and cortical
regions. More than half of patients
have
neuritic plaques as well.72

Vascular
dementia

10-30% • Strategic infarct

• Multi-infarct dementia

• Lacunar state

• inswanger’s disease

•
cadasil

a

Varies based on location of
infarct. Impairments in
abstraction, mental
flexibility,
information processing
speed,
and working memory are
common.73

Complete or incomplete infarcts,
microinfarcts, selective neuronal loss,
and/or leukoencephalopathy
(CADASIL) in
the setting of atherosclerosis.
Concomitant
Alzheimer’s disease pathology is often
present.74

Frontotemporal
degeneration

2-15% • Frontotemporal
dementia

• Primary Progressive
aphasia

• Progressive
supranuclear palsy

• Corticobasal
degeneration

Progressive symptoms of
behavioral symptoms,
language
disturbances, and/or
parkinsonism.

Either presence of tau protein positive
inclusions within neurons
(frontotemporal
dementia, primary progressive
aphasia,
and corticobasal degeneration) or
neuronal
inclusions of TAR DNA-binding
protein 43
(frontotemporal dementia and primary
progressive aphasia).75

a
CADASIL = cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy
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