
Review Article

Working Memory and Executive Function
Decline across Normal Aging, Mild Cognitive Impairment,
and Alzheimer’s Disease

Anna-Mariya Kirova,1,2 Rebecca B. Bays,1 and Sarita Lagalwar2

1Department of Psychology, Skidmore College, 815 North Broadway, Saratoga Springs, NY 12866, USA
2Neuroscience Program, Skidmore College, 815 North Broadway, Saratoga Springs, NY 12866, USA

Correspondence should be addressed to Sarita Lagalwar; slagalwa@skidmore.edu

Received 17 April 2015; Accepted 27 September 2015

Academic Editor: Slavica Krantic

Copyright © 2015 Anna-Mariya Kirova et al. �is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Alzheimer’s disease (AD) is a progressive neurodegenerative disease marked by de�cits in episodic memory, working memory
(WM), and executive function. Examples of executive dysfunction in AD include poor selective and divided attention, failed
inhibition of interfering stimuli, and poor manipulation skills. Although episodic de�cits during disease progression have been
widely studied and are the benchmark of a probable AD diagnosis, more recent research has investigated WM and executive
function decline during mild cognitive impairment (MCI), also referred to as the preclinical stage of AD. MCI is a critical period
duringwhich cognitive restructuring and neuroplasticity such as compensation still occur; therefore, cognitive therapies could have
a bene�cial e	ect on decreasing the likelihood of AD progression during MCI. Monitoring performance on working memory and
executive function tasks to track cognitive function may signal progression from normal cognition to MCI to AD. �e present
review tracks WM decline through normal aging, MCI, and AD to highlight the behavioral and neurological di	erences that
distinguish these three stages in an e	ort to guide future research on MCI diagnosis, cognitive therapy, and AD prevention.

1. Introduction

Alzheimer’s disease (AD) is the sixth leading cause of
death in the United States and the �
h leading cause of
death in people over the age of 65, as determined by the
Center for Disease Control [1]. �e risk of developing AD
increases exponentially with age [2]. Currently, veri�cation
of an AD diagnosis occurs through postmortem detection
of pathology in neural tissue, speci�cally extracellular amy-
loid plaques and intracellular neuro�brillary tau tangles;
however, cognitive changes are discernible early during AD
pathogenesis and mild cognitive impairment (MCI). �e
following review examines the detection of working memory
(WM) de�cits through behavioral, functional, and structural
changes amongst nonimpaired, MCI, and AD adults. We
further investigate if tracking WM and executive function
skills over time, in addition to biomarker analysis, can iden-
tify individuals during MCI as being at risk for progression
towards AD.

2. Tracking Decline Pre- and Post-AD Onset

Between 10 and 20 percent of adults above the age of 65 are
diagnosed with MCI [3–5], and approximately 10 percent of
MCI adults progress to AD [6]. Compared to nonimpaired
age-matched adults, those with MCI tend to develop AD
more rapidly [7]. Neuropathologically, MCI adults exhibit
amyloid plaques and neuro�brillary tau tangles in AD-
vulnerable regions of the brain responsible for episodic
memory, speci�cally in the olfactory cortex, subiculum, and
parahippocampal gyrus in the medial temporal lobes [8, 9],
albeit to a lesser degree compared to an AD patient’s brain
[10].

Behavioral research indicates that MCI adults show
cognitive de�cits in WM, central executive function, and
attentional resources compared to nonimpaired age-matched
controls [11–15]. Preclinical individuals self-report subjective
cognitive decline prior to evidence of impairment on cogni-
tive assessments [16]. While WM impairments during MCI
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fall short of measurable interference with activities of daily
living, they aremore severe thanWMde�cits that result from
normal aging. Although these impairments do not involve
episodic memory, they can reliably predict the progression
from MCI to AD [16, 17], particularly when paired with
de�cits in episodic memory [13, 15]. Taken together, results of
neuropathology and cognitive impairment suggest that AD
diagnosis can be based on a continuum that begins as MCI
and develops into AD, although there may be more subtle
signs prior to an MCI diagnosis.

�ese observations raise two unanswered questions: (1)
what di�erences exist between cognitively normal, MCI, and
AD adults regarding neural activation and recruitment of WM
resources? and (2) what can these di�erences tell us about an
individual’s likelihood of progressing to MCI or AD? Research
suggests there is great potential for cognitive de�cit reversal
and strengthening of executive function at the MCI stage
[18]. MCI adults are reported to regain cognitive function
by engaging in physical exercise [19], eating healthy foods
(e.g., �sh oils) [20], reducing LDL cholesterol intake [21],
and practicing challenging cognitive tasks [22]. �erefore,
clinical tools that accurately detect the progression from
normal cognitive aging to MCI award preclinical adults the
opportunity to actively participate in tasks that may help
improve and preserve their cognitive function.

3. Working Memory: A Brief Overview

WM is a system that underpins cognitive activities ranging
from attention allocation to speci�c stimuli (i.e., selective
attention) to complex decision-making [23]. More speci�-
cally, WM promotes active short-term maintenance of infor-
mation for later access andmanipulation [24].�e formof the
information held in WM is both auditory, as maintained by
the phonological loop (e.g., to promote language comprehen-
sion), and visual, as maintained by the visuospatial sketchpad
(e.g., to promote visuospatial reasoning). Behavioralmethods
reveal that each of these subsystems is controlled by the
central executive, an attentionally limited gatekeeper that
selects auditory and visual material for maintenance and
manipulation [24]. Importantly, the central executive is not a
memory system but an attention controller. Because attention
span is limited and subject to individual di	erences, executive
functioning varies with normal aging. For example, nonim-
paired older adults exhibit impairments associated with the
number of items they can selectively hold in a subsystem at
any given time, suggesting WM load impairment [25, 26].

WM capacity may be assessed using behavioral tasks that
result in a quantitative measure of memory span. �ese tasks
require participants to encode lists of stimuli (such as letters,
digits, words, or pictures), o
en involving either a selective
attention task during encoding (i.e., attending to just one
feature of a stimulus, such as the font color of the letters) or
a divided attention task (i.e., attending to multiple features
of a stimulus, such as font color and location on a computer
screen) to further taxWM capacity [24]. As one example of a
span task, in the “�-back task,” participants monitor a series
of presented stimuli during encoding and are asked to recall
whether a speci�c stimulus matches one presented � trial

previously, typically 1, 2, or 3 [27]. �e behavioral measure
of WM capacity is the number of correctly matched stimuli.
Tasks such as the �-back task require divided attention and
online monitoring, a process of updating the memory of
presented stimuli which taxes the central executive’s limited
resources [27].

Region-speci�c neural activation in response to a mem-
ory task is analyzed through neuroimaging techniques
including functional magnetic resonance imaging (fMRI)
and positron emission tomography (PET).�ese neuroimag-
ing methods depict recruitment of speci�c brain regions
during a WM task, demonstrating that activation of the
prefrontal cortex (PFC), parietal regions, cingulate gyrus,
and hippocampus are associated with WM processing in
nonimpaired young adults [28]. To return to the �-back
task as one measure of WM, neuroimaging during the
completion of that task reveals activation of the posterior
parietal cortex, premotor cortex, rostral PFC, dorsolateral
PFC, and ventrolateral PFC [27]. �ese neuroimaging tools
allow researchers to compare brain activity duringWM tasks
of di	erent populations to uncover similarities and contrasts
between the selected groups.

4. Working Memory in Normal Aging

One model addressing neural activation di	erences between
nonimpaired older adults (typically 60+ years old) and non-
impaired younger adults (typically 18–30 years old) during
WM tasks is the Hemispheric Asymmetry Reduction in
Older Age model, or HAROLD [29]. Findings in support
of the HAROLD model reveal that, during WM tasks,
young adults display le
 PFC activation during verbal WM
tasks and right PFC activation during spatial WM tasks,
while older adults display bilateral activation of the PFC
during both verbal and spatial WM tasks [30]. Initially,
this lack of asymmetrical, specialized activation in older
adults was believed to indicate poor cognitive function and
ine�cient communication between the two hemispheres,
as older adults were not recruiting the correct resources.
However, behavioral and neuroimaging data support a com-
pensatory view of bilateral activation where older adults
compensate for age-related decline by recruiting additional
neural networks tomaintain performance on the task at lower
levels of complexity. �ese tasks involve fewer stimuli for
WM maintenance and do not require as many attentional
resources as more complex task levels [31]. Further, when
older adults receive environmental support during complex
task performance, brain region recruitment mirrors that of
younger adults. For example, older adults display enhanced
recruitment of the le
 frontal cortex, almost to the same
degree as young adults, when executing semantic encoding
tasks while receiving semantic elaboration prompts from
an experimenter [32]. Frontal cortex recruitment suggests
that the frontal cortical resources are functioning in older
adults but are not recruited properly during self-initiated
tasks requiring executive control.

Expounding on the compensation view of the HAROLD
model, the Compensation-Related Utilization of Neural Cir-
cuits Hypothesis (CRUNCH) [33] asserts that overactivation
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of neural circuits in nonimpaired older adults, relative to
nonimpaired younger adults, is necessary for completion of
WM tasks and correlates with greater performance when
normalized for task demand. Additionally, during speci�c
memory tasks (e.g., incidental encoding of complex visual
scenes) nonimpaired older adults display bilateral overactiva-
tion of the frontal cortex, including the PFC, to compensate
for decreased activity with age of more specialized regions
such as the medial temporal lobes, relative to nonimpaired
younger adults [34]. Payer et al. [35] found that, during a
visualWM task in older adults, underactivation of the ventral
visual cortical (VVC) pathway, which includes areas of the
occipital and temporal lobes, was accompanied by bilateral
overactivation of the PFC.

�e visual WM task involved encoding and identifying
face and house stimuli that typically activate two regions of
the VVC pathway: the fusiform face area and the parahip-
pocampal place area, respectively. Twelve younger and 12
older adults were presented with three consecutive images
of either faces or houses. Following image presentation,
participants viewed a probe image and decided whether
the image matched any one of the three preceding target
images (an example of an �-back task). Young adults matched
the probe image stimulus to target stimuli with greater
accuracy than older adults, although there was no signi�cant
di	erence in response times between the two age groups.
Interestingly, Payer et al.’s [35] imaging data failed to reliably
show PFC overactivation in conjunction with VVC pathway
underactivation; however, the authors note that there was a
trend present. In sum, the neuroimaging data hint at bilateral
overactivation as a mechanism for compensation in old age
as explained by the CRUNCH model, although older adults
still performed poorly compared to younger adults.

Schneider-Garces et al. [36] further assessed the impact of
aging onWM by examining whether the patterns of bilateral
overactivation in nonimpaired older adults predicted by the
CRUNCH model would disappear when task demand was
comparable across age groups. Task demand was estimated
from individual performance on the Sternberg task [37], a
task that requires participants to remember whether a single
probe stimulus was part of a series of stimuli presented
previously. Neural activation di	erences between nonim-
paired older and younger adults during completion of the
Sternberg task can be entirely attributed to WM span dif-
ferences regardless of age. Further, younger adults exhibited
bilateral overactivation of speci�c cortical areas such as the
dorsolateral PFC when task demands were high (4–6 stimuli
presented with the probe), suggesting that bilateral activation
can be a bene�cial mechanism for recruiting additional
neural resources earlier in life rather than a sign of cognitive
impairment.

Findings from Schneider-Garces et al. [36] further sug-
gest that impaired WM capacity in older adults is due
to reduced selective attention. Older adults struggled with
Sternberg task completion when the number of stimuli
presented exceeded their working memory span; they also
displayed slower response times and lower accuracy rates,
especially at higher WM loads (4–6 item sets). Older adults
could not maintain more than four items in WM at a given

time, while younger adults could maintain �ve or more
items in WM. Neurologically, this decrease in capacity and
processing speed is associated with age-related changes in the
dorsolateral PFC [38].

Both groups in Schneider-Garces et al.’s [36] study exhib-
ited neural activation of the occipital, premotor, parietal,
prefrontal, and medial frontal areas during task completion.
Younger adults showed mainly le
 hemispheric activation
with some bilateral activation of frontal and parietal regions
at high loads, suggesting that increasing task demand typ-
ically leads to recruitment of contralateral brain regions as
posited by Reuter-Lorenz andCappell [33] and the CRUNCH
model. Older adults, on the other hand, exhibited increased
neural activity (overactivation of bilateral brain regions)
during lowWM loads (2–4 item sets) and underactivation at
high loads, suggesting that overactivation occurs only when
tasks are easy enough for compensatory mechanisms to be
bene�cial. Underactivation occurs when the task exceeds
WM capacity (4+ items for older adults). �e authors spec-
ulate that older adults’ brain activity peaked during low loads
and declined during high loads because a smaller WM span
results in decreased attentional control and greater suscep-
tibility to interfering stimuli, a marker of failed inhibition
[36]. Interestingly, the authors examined neural activation
in relation to each participant’s WM span and found no
di	erences in levels of brain activity at respective peak WM
capacity across age groups.

5. Working Memory in MCI

MCI is o
en characterized by slight but noticeable de�cits
in attention, learning and memory, executive function, pro-
cessing speed, and semantic language [13–15]. Over the
years, researchers have adjusted the de�nition of MCI as
well as the cognitive and pathological criteria that de�ne
the various subsets of MCI [39, 40]. MCI is divided into
three subtypes: amnestic-MCI (a-MCI), multiple domain a-
MCI (a-MCI+), and nonamnestic-MCI (na-MCI) [13]. a-
MCI adults exhibit objective episodic memory impairments,
a-MCI+ adults exhibit episodic memory and other cogni-
tive impairments (e.g., WM, executive function, processing
speed, and attentional processing), and na-MCI adults exhibit
cognitive impairments not related to episodic memory [13].
It was previously believed that a-MCI had the highest rate
of conversion to AD given the profound episodic memory
de�cits in AD; however, recent �ndings suggest that early
impairments in visual episodic memory, executive function,
semantic language/memory, attention, and WM are also
strong predictors of progression fromMCI to AD [13, 41, 42].

As demonstrated by Schneider-Garces et al. [36], control-
ling forWM load di	erences yields a reliable measure ofWM
capacity that is independent of age. Kochan et al. [12] used
task load to assess visuospatialWM inMCI because assessing
WM decline in this preclinical population compared to
nonimpaired adults may provide insight into how pre-AD
pathogenesis a	ects WM. �e researchers recruited 35 MCI
individuals with various MCI subtypes and 22 age-matched
nonimpaired controls to complete a visuospatial WM task
with three load levels (low, medium, and high) while being
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imaged in an fMRI scanner. During each trial, participants
viewed a grid with abstract square shapes, the target stimuli.
During the encoding phase of the task participants had to
remember the position of each square on the grid, and in the
retrieval phase that followed seconds later they had to identify
whether there was at least one square that remained in the
same encoding trial position. �e researchers implemented
a calibration method for the WM task to control for each
participant’s performance level to maintain 75–85% accuracy
for the medium-load trials and 60–70% accuracy for the
high-load trials.

�e behavioral results from Kochan et al. [12] indi-
cated that the percentage of MCI adults receiving lower
load stimulus sets compared to higher load sets in order
to achieve the calibration criteria was signi�cantly greater
than nonimpaired adults. Additionally, MCI participants
exhibited slower response rates for the 2-target and 3-target
trials compared to the nonimpaired controls, although this
di	erencewas onlymarginally signi�cant. Upon examination
of the brain imaging data, nonimpaired age-matched controls
displayed increased activation of the right precuneus region
of the parietal lobe and the right anterior cingulate gyrus
(regions associated with WM) with increasing task load. �e
reverse was observed for the MCI group, where activation
of these regions was greater than the nonimpaired group at
low loads (overactivation) and decreased as load increased
(underactivation). �e MCI group as a whole, regard-
less of subtype classi�cation, showed WM behavioral and
neurological de�cits compared to the age-matched control
group.

Clément et al.’s [11] research demonstrates that compen-
sation and neuroplasticity occur not just in normal aging but
in MCI, too, as lesions and brain damage are not signi�-
cant enough to hinder the recruitment of additional neural
resources needed to accomplish cognitive tasks requiring
executive function control (e.g., manipulation and divided
attention). �e authors proposed that as MCI progressed
toward AD there would be a disintegration of the compen-
satory networks as observed by underactivation of the lateral
PFC, precuneus, and posterior parietal regions, all involved in
executive function, compared to nonimpaired age-matched
controls. Furthermore, the authors hypothesized that MCI
participants with higher cognitive functioning would display
overactivation of those brain regions relative to nonimpaired
controls and that this overactivation would be positively
correlated with performance on the two tasks. �e 14 a-MCI
and a-MCI+ participants were split evenly into two groups,
MCI higher-cognition and MCI lower-cognition, based on
their scores on the Mattis Dementia Rating Scale (MDRS)
[43] assessing global cognitive function. �e manipulation
task required online monitoring and manipulation of the
alphabet while solving alphanumeric equations. For the
divided attention task participants were required to solve
more alphanumeric equations while monitoring if a color
change occurred on the screen.�ere was a focused attention
control task for both the manipulation and divided attention
tasks, during which participants looked at a random string
of numbers and letters and had to report whenever the font
color changed from black to red.

�e behavioral results showed that the MCI lower-
cognition group was signi�cantly more impaired than the
MCI higher-cognition group and the nonimpaired control
group on neuropsychological measures of processing speed
and executive function. For the manipulation task, the two
MCI groups performed signi�cantly worse (i.e., answered
fewer questions correctly) than the control group, and there
was no signi�cant di	erence between the two MCI groups.
For the divided attention task, the MCI lower-cognition
group performed worse than both the MCI higher-cognition
group and the nonimpaired control group, and there was
no signi�cant di	erence between the MCI higher-cognition
group and the nonimpaired controls.

�e neuroimaging data showed that during the manip-
ulation task MCI higher-cognition participants displayed
signi�cant overactivation in the le
 postcentral gyrus and the
le
 middle and superior frontal gyri compared to the non-
impaired controls. �e MCI lower-cognition group showed
underactivation in the le
 inferior and middle frontal gyri
and le
 occipitotemporal regions compared to the nonim-
paired controls. As for the divided attention task,MCIhigher-
cognition participants demonstrated overactivation of the le

inferior frontal gyrus, the le
 insula, the le
 caudate and
putamen, the le
 thalamus, le
 cerebellum and midbrain,
le
 fusiform gyrus, and the le
 and right anterior cingulate
cortex. For theMCIhigher-cognition group increased perfor-
mance on the divided attention task was directly correlated
with greater activation of the right putamen, the anterior
cingulate cortex (responsible for WM), the le
 caudate, the
le
 insula, and the le
 inferior frontal gyrus [11].

Clément et al. [11] claim that the data support their
hypothesis that greater activation is indicative of neuro-
plasticity, which compensates for cognitive decline in the
very early stages of MCI when individuals still have rela-
tively intact cognitive abilities. �is compensation is evident
from the positive correlation between brain activation and
performance on the divided attention task for the MCI
higher-cognition group. On the other hand, performance
on the manipulation task was not positively correlated
with the observed overactivation in MCI higher-cognition
participants. �ese inconsistencies could be a sign that
manipulation capabilities start to deteriorate earlier than
divided attention, but more research on these two attentional
processes is needed using di	erent assessment tools to clarify
the existing discrepancies. Based on these �ndings, tracking
executive function performance with divided attention and
manipulation tasks in older adults can be a useful tool to
assess an individual’s cognitive abilities as one ages.

6. Factors Predicting Progression from
MCI to AD

In order to examine when executive function and WM
de�cits appear, Belleville and colleagues [16] compared atten-
tional control performance using tasks to assess divided
attention, online manipulation of stimuli, and the ability to
inhibit unrelated stimuli among participants in a-MCI, a-
MCI+, and mild early-stage AD. Manipulation skills were
assessed using an alphabetical recall task [44, 45], inhibition
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of interfering stimuli was assessed with the Hayling task
[46], and divided attention was assessed using the adapted
Brown-Peterson procedure [45]. AD participants performed
signi�cantly worse than the nonimpaired age-matched adults
on all three tasks of attentional control, whereas MCI partic-
ipants performed worse than nonimpaired controls just on
the Brown-Peterson procedure when there was a 30-second
delayed recall.

One year following the study, a subset of the MCI
participants was assessed for progression to AD. Eight people
were diagnosed with AD, leading authors to revisit the data
to determine if there were factors that predicted their AD
prognosis. Belleville et al. [16] reported that those MCI
participantswho later declined toADperformed signi�cantly
worse than the control group on measures of manipulation
skills and divided attention. �e Brown-Peterson procedure
proved to be the most sensitive of the three assessments,
suggesting that de�cits in divided attention may be one of
the �rst signs of WM decline in the preclinical stages of
AD. �ese de�cits in divided attention may appear around
the same time that episodic memory de�cits emerge. �e
attentional control de�cits that quickly follow as individuals
with MCI progress to AD include manipulation skills and
failed inhibition of irrelevant stimuli. �e results indicate
that individual scores on divided attention and manipulation
skills seem to be predictors of progression fromMCI to AD.

In light of recent research suggesting the importance of
de�cits in attention,WM, and episodicmemory in predicting
the conversion of MCI to AD, Summers and Saunders [15]
designed a longitudinal study to track which MCI subtypes
were more likely to progress to AD over a 20-month period;
this study was an extension of a previous longitudinal study
by Saunders and Summers [13]. Researchers administered
a series of clinical and neuropsychological tests assessing
verbal and visual episodic memory,WM, attention, executive
function, and language processing at the start of the study
and 20 months a
er study commencement. At the 20-
month assessment, 10 of the 81 MCI participants (12%) were
determined to have progressed to AD and 20 participants
(25%) regained normal cognitive function andmemory. Only
participants with a baseline diagnosis of a-MCI+ were identi-
�ed as having “probableAD” at 20months by a physicianwho
was blind to the participants’ initial diagnosis.�e remaining
51 participants (63%) continued to meet MCI criteria, and
25% of the 12 participants initially diagnosed with a-MCI
progressed to a-MCI+. Researchers point to the need for
more sensitive diagnostic criteria for MCI and for predicting
which MCI individuals will progress to AD by means of
longitudinally assessing cognitive function and testing for
biomarkers for AD [15, 39, 40].

In agreement with Summers and Saunders [13], Kleko-
ciuk et al. [42] argue that the current MCI diagnostic tools
are not sensitive enough, thus leading to great variability in
the number of MCI individuals who regain normal levels of
function over time and those who remain to be diagnosed
with MCI. �e researchers utilized a mix of cognitive and
neuropsychological assessments to better predict which par-
ticipants hadMCI and wouldmost likely progress to AD.�e
battery of neuropsychological tests used at screening was not

the same as the battery of assessments used at the 9-month
and at 20-month poststudies, though the same categories
of function were assessed. A robust set of tests assessing
nonmemory components were administered throughout the
study. �e results indicate that tests of sustained attention,
semantic memory, WM, episodic memory, and selective
attention led to correct predictions of MCI or unimpaired
function with 80% accuracy. �ese assessments can also be
used in clinical settings to monitor cognitive function and
serve as a red �ag for worsening performance on executive
function and WM tasks over time, especially in conjunction
with worsening episodic memory. �e authors suggest that
the a-MCI+ subtype is the only true form of MCI because
declines in episodic memory and cognitive function together
are distinctly associated with MCI.

�epresent literature has not conclusively shownwhether
WM, speci�cally executive function, predicts the progression
towards AD. For example, a fairly recent study by Peters et al.
[47] examined neuropsychological tests and brain imaging
data to determine which factors accounted for progression
from MCI to AD. Of importance is the fact that the authors
did not account for di	erent MCI subtypes. �e participants
in the 2014 study were diagnosed with MCI based on criteria
established previously by Petersen andMorris [48]: (1) partic-
ipant complaints of cognitive or memory de�cits; (2) a score
of 1.5 standard deviations below average (based on age and
level of education) on measures assessing episodic memory,
language, or attention; (3) no functional impairment with
activities of daily living; and (4) a score of 26 or below on
the Mini Mental Status Exam (MMSE) [49] and 130 or below
on the MDRS [43] which are the two major assessments of
global cognitive function. As argued by Klekociuk et al. [42],
theMMSE is not sensitive in diagnosingMCI and produces a
high false-positive rate. Consequently, the screening criteria
used by Peters et al. [47] are too broad to distinguish between
the three MCI subtypes, and as a result correlations between
AD onset and speci�c MCI subtypes cannot be distinguished
in this study.

Participants completed neuropsychological and brain
imaging tests three times during a two-year period to
determine which participants progressed to AD [47]. At the
two-year mark 18 of the 40 total MCI participants (45%)
progressed to dementia; of those, three (17%) were diagnosed
with mixed dementia (i.e., met criteria for both probable AD
and vascular dementia) and 15 (83%) were diagnosed with
probable AD. �e imaging results showed that progression
from MCI to AD could be predicted by observing structural
brain changes, speci�cally cortical thinning of the right
anterior cingulate and middle frontal gyri.�e neuropsycho-
logical results reported that poor performance of episodic
memory and free recall, but not of executive function and
WM, predicted progression to AD. However, the right ante-
rior cingulate and middle frontal gyri are associated with
WM, speci�cally with selection and inhibition, processes by
which individuals choose relevant information to remember
and irrelevant information to discard [50]. �e discrepancy
between the imaging and neuropsychological data in Peters
et al.’s [47] study could be due to the type of WM assessment
which speci�cally measured task switching and planning but
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not inhibition. �us the limited neuropsychological tests do
not tell the full story behind the observed structural changes.
Furthermore, the authors note the small sample size of 40
MCI participants.

7. Working Memory in AD

Baudic et al. [51] examined executive functioning skills in
adults with AD to determine when executive function de�cits
emerged as the disease progressed. Participants with very
mild and mild AD exhibited executive function de�cits
relative to nondemented control subjects as determined
by their scores on a verbal �uency test, Raven’s Colored
ProgressiveMatrices [52] testing visuospatial abilities,Mental
Control task (naming the months backwards) [53], Trail
Making Test, Part B [54], assessing executive function, and a
Modi�ed Card Sorting Test [55] assessing perseveration. �e
observed de�cits in visuospatial skills were explained in terms
of executive functioning through poor decision-making.
Although there was no signi�cant di	erence between the two
AD populations in performance on the Mental Control task,
the mild AD patients (but not the very mild AD patients)
performed worse than nonimpaired controls on the Men-
tal Control task. Additionally, both AD groups performed
signi�cantly worse than nondemented controls on the Trail
Making Test and the Modi�ed Card Sorting Test. As a whole
the results support the idea of persisting executive function
de�cits and perseveration in early-stage mild AD.

Castel and colleagues [56] examined two components
of WM in AD by measuring WM e�ciency (the number
value of the words recalled) and capacity (number of words
recalled). To measure WM e�ciency, Castel et al. [56]
assigned a value from 1 to 12 to words that participants were
required to memorize from a list. Participants with early-
stage AD (mild and very mild) and nonimpaired younger
and older adults were instructed to memorize words with
the highest point value to maximize their score. �e results
indicated that young adults recalled signi�cantly more words
than all other groups, thereby demonstrating greater WM
capacity. �e younger and older nonimpaired adults earned
signi�cantly greater value scores (a sign of WM e�ciency)
than both of the early AD groups. �is pattern was present
even when controlling for recall performance (a measure of
WM capacity), thus indicating de�cits in selective attention
in the AD population.

8. Therapeutic Approaches and Cognitive
Tasks to Activate WM

Researchers have learnedmuch aboutWMdecline in normal
aging over the recent years. Reuter-Lorenz and Park [57]
suggest that aging puts a strain on WM and that the brain
must recruit additional contralateral resources even at low
task demand to compensate for the decline (for a review of
their Sca	olding �eory of Aging and Cognition, STAC, see
[57]). Identi�cation of the functional, structural, and behav-
ioral hallmarks of normal aging aids in our understanding
of atypical changes indicative of dementia. �ere is some
research to suggest that this cognitive restructuring occurs in

the MCI brain too, before the pathology has caused further
brain damage, as in the case of AD [11].�e underrecruitment
theory [32] suggests that the frontal brain regions may be
viable but not voluntarily activated during encoding and
retrieval in MCI. �is calls for intervention strategies to
strengthen neural pathways and preserve cognitive abilities,
especially WM and executive function, in MCI. Based on the
current literature reviewed, the interventions should target
selective and divided attention, manipulation skills, and
inhibition of interfering stimuli. �ese cognitive functions as
part of the central executive are essential for WM e�ciency
and maximizing capacity; they are compromised early in AD
and even during MCI. �e current research on therapeutic
approaches inMCI is encouraging but results are inconsistent
across studies due to varying methodologies, small sample
sizes, and lack of long-term follow-up.

Li et al. [58] conducted a meta-analysis of 17 studies
assessing the e	ects of cognitive stimulation or cognitive
rehabilitation onMCI participants.�e results indicated that
while the nonimpaired controls did not improve on mea-
sures of global cognition (MMSE scores), episodic memory,
executive function/WM, visuospatial processing, or atten-
tion/processing speed, the MCI participants receiving some
form of cognitive intervention made signi�cant gains in
episodic memory and executive function/WM relative to
the MCI controls. Some of the interventions focused on
attention, executive control, auditory processing speed and
auditory WM, practical problem solving, stress reduction
techniques, and occupational therapy.

A theoretical rehabilitation model for MCI proposed by
Huckans et al. [59] shows how identi�ed protective factors
(Mediterranean diet and physical/mental exercise) and risk
factors (smoking and heavy alcohol consumption) mediate
the progression to dementia or reversal to normal cognition.
�e authors reviewed multiple studies of four nonpharmaco-
logical cognitive rehabilitation therapies (CRTs) used to pro-
mote reversal to normal cognitive functioning and decrease
risks of progression to AD: restorative cognitive training,
compensatory cognitive training, lifestyle interventions, and
psychotherapeutic interventions. As a whole, the studies
failed to consistently show the bene�cial e	ects of CRTs,
but some of the reviewed articles implemented a stronger
experimental design and their results re�ect the positive
impacts of CRTs on MCI. For example, Scherder et al. [60]
reported that aerobic exercise for at least 30 minutes daily (3
times a week) helped improve executive control. Additional
CRT studies examining lifestyle interventions reported that
resistance training twice a week for a 12-month period helped
improve executive functioning, memory, and selective atten-
tion in MCI adults [61]. A study by Tsolaki et al. [62], which
featured the largest sample size, implemented a multimodal
CRT program in which MCI participants took part in sixty
1-hour sessions over a period of 6 months focusing on
attention, memory, and executive function in addition to
psychotherapeutic treatment. �e MCI participants in the
CRT group signi�cantly improved on measures of global
cognition, memory, attention, visuomotor ability, executive
function, language, and daily functioning between pre- and
postassessment.�ese studies, reviewed in depth in Huckans
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et al. [59], demonstrate that neuroplasticity and cognitive
restructuring in the MCI brain can decrease the risk of
developing AD.

9. Conclusions

Recent research has illuminated compensatory mechanisms
that occur in the brain as a result of aging. Older adults recruit
bilateral regions of the PFC to complete WM tasks requiring
executive control. Overactivation of bilateral PFC regions
in older adults is an example of cognitive restructuring as
individuals begin to experience di�culties with executive
function tasks such as divided attention and inhibition of
interfering stimuli. As a result older adults have a lower WM
capacity than younger adults.

Executive dysfunction becomesmore pronounced during
MCI, and an increasing number of studies have reported
the existence of both cognitive and memory de�cits in MCI.
Brain imaging data also demonstrate that MCI individuals
display underactivation compared to nonimpaired adults on
WM tasks of increasing load. �is evidence promotes the
use of WM and executive function assessments to track
behavioral and functional changes to distinguish between
normal aging, MCI, and AD. One suggestion is to implement
a robust set of neuropsychological tests into clinical practice
which detect WM and executive functioning de�cits over
time. Follow-up on WM and executive function skills over
time can pinpoint stages of cognitive decline and prompt for
cognitive intervention during the preclinical stages of AD
when interventions are likely to have the greatest e	ect on
cognitive functioning.

Importantly, very early stages of AD are marked by
executive dysfunction and WM impairments in addition
to episodic memory de�cits. �ese cognitive de�cits begin
during MCI and appear to be a sign of progression to AD.
�erefore, future studies are recommended to detect and
monitor changes in WM, attention, and executive function
in MCI and older nonimpaired individuals. �e critical
preclinical period also provides the opportunity for cognitive
interventions to stop or slow the progression to AD. Such
studies on therapeutic interventions should focus on tasks
that emphasize executive function skills like selective or
divided attention, inhibition, manipulation, and task switch-
ing. Incorporation of assessments and interventions that are
targeted towards WM, attention, and executive function in
research and clinical settings expands the tools available to
monitor and treat patients at the early stage of disease and
provide the bene�t of being of low cost, noninvasive, and
relatively easy to implement.

Conflict of Interests

�e authors declare that there is no con�ict of interests
regarding the publication of this paper.

References

[1] S. L. Murphy, J. Q. Xu, and K. D. Kochanek, “Deaths: �nal data
for 2010,” in National Vital Statistics Reports, vol. 4, National
Center for Health Statistics, Hyattsville, Md, USA, 2013.

[2] B. L. Plassman, K. M. Langa, G. G. Fisher et al., “Prevalence
of dementia in the United States: the aging, demographics, and
memory study,”Neuroepidemiology, vol. 29, no. 1-2, pp. 125–132,
2007.

[3] T. Hänninen, M. Hallikainen, S. Tuomainen, M. Vanhanen,
and H. Soininen, “Prevalence of mild cognitive impairment: a
population-based study in elderly subjects,” Acta Neurologica
Scandinavica, vol. 106, no. 3, pp. 148–154, 2002.

[4] O. L. Lopez, W. J. Jagust, S. T. DeKosky et al., “Prevalence and
classi�cation of mild cognitive impairment in the cardiovascu-
lar health study cognition study: part 1,” Archives of Neurology,
vol. 60, no. 10, pp. 1385–1389, 2003.

[5] O. L. Lopez, W. J. Jagust, C. Dulberg et al., “Risk factors for
mild cognitive impairment in the cardiovascular health study
cognition study. Part 2,” Archives of Neurology, vol. 60, no. 10,
pp. 1394–1399, 2003.

[6] A. J. Mitchell and M. Shiri-Feshki, “Rate of progression of mild
cognitive impairment to dementia—meta-analysis of 41 robust
inception cohort studies,” Acta Psychiatrica Scandinavica, vol.
119, no. 4, pp. 252–265, 2009.

[7] R. C. Petersen, R. Doody, A. Kurz et al., “Current concepts in
mild cognitive impairment,” Archives of Neurology, vol. 58, no.
12, pp. 1985–1992, 2001.

[8] J. Attems and K. A. Jellinger, “Olfactory tau pathology in
Alzheimer disease and mild cognitive impairment,” Clinical
Neuropathology, vol. 25, no. 6, pp. 265–271, 2006.

[9] T. W. Mitchell, E. J. Mufson, J. A. Schneider et al., “Parahip-
pocampal tau pathology in healthy aging, mild cognitive
impairment, and early Alzheimer’s disease,” Annals of Neurol-
ogy, vol. 51, no. 2, pp. 182–189, 2002.

[10] M. N. Sabbagh, K. Cooper, J. Delange et al., “Functional, global
and cognitive decline correlates to accumulation of Alzheimer’s
pathology in MCI and AD,” Current Alzheimer Research, vol. 7,
no. 4, pp. 280–286, 2010.

[11] F. Clément, S. Gauthier, and S. Belleville, “Executive functions
in mild cognitive impairment: emergence and breakdown of
neural plasticity,” Cortex, vol. 49, no. 5, pp. 1268–1279, 2013.

[12] N. A. Kochan, M. Breakspear, M. J. Slavin et al., “Functional
alterations in brain activation and deactivation in mild cog-
nitive impairment in response to a graded working memory
challenge,” Dementia and Geriatric Cognitive Disorders, vol. 30,
no. 6, pp. 553–568, 2010.

[13] N. L. J. Saunders and M. J. Summers, “Longitudinal de�cits to
attention, executive, and working memory in subtypes of mild
cognitive impairment,” Neuropsychology, vol. 25, no. 2, pp. 237–
248, 2011.

[14] M. Storandt, E. A. Grant, J. P. Miller, and J. C. Morris,
“Longitudinal course and neuropathologic outcomes in original
vs revised MCI and in pre-MCI,” Neurology, vol. 67, no. 3, pp.
467–473, 2006.

[15] M. J. Summers and N. L. J. Saunders, “Neuropsychological
measures predict decline to alzheimer’s dementia from mild
cognitive impairment,”Neuropsychology, vol. 26, no. 4, pp. 498–
508, 2012.

[16] S. Belleville, H. Chertkow, and S. Gauthier, “Working memory
and control of attention in persons withAlzheimer’s disease and
mild cognitive impairment,” Neuropsychology, vol. 21, no. 4, pp.
458–469, 2007.

[17] L. R. Clark, D. M. Schiehser, G. H. Weissberger, D. P. Salmon,
D. C. Delis, and M. W. Bondi, “Speci�c measures of executive
function predict cognitive decline in older adults,” Journal of the



8 BioMed Research International

International Neuropsychological Society, vol. 18, no. 1, pp. 118–
127, 2012.

[18] P. S. Sachdev, D. M. Lipnicki, J. Crawford et al., “Factors
predicting reversion frommild cognitive impairment to normal
cognitive functioning: a population-based study,” PLoS ONE,
vol. 8, no. 3, Article ID e59649, 2013.

[19] Y. E. Geda, R. O. Roberts, D. S. Knopman et al., “Physical
exercise, aging, and mild cognitive impairment: a population-
based study,” Archives of Neurology, vol. 67, no. 1, pp. 80–86,
2010.

[20] L. K. Lee, S. Shahar, A.-V. Chin, and N. A. M. Yuso	,
“Docosahexaenoic acid-concentrated �sh oil supplementation
in subjects with mild cognitive impairment (MCI): a 12-
month randomised, double-blind, placebo-controlled trial,”
Psychopharmacology, vol. 225, no. 3, pp. 605–612, 2013.

[21] L. K. Lee, S. Shahar, A.-V. Chin, N. A. Mohd Yuso	, N. Rajab,
and S. A. Aziz, “Prevalence of gender disparities and predictors
a	ecting the occurrence of mild cognitive impairment (MCI),”
Archives of Gerontology and Geriatrics, vol. 54, no. 1, pp. 185–191,
2012.

[22] N. Gates and M. Valenzuela, “Cognitive exercise and its role in
cognitive function in older adults,” Current Psychiatry Reports,
vol. 12, no. 1, pp. 20–27, 2010.

[23] A. D. Baddeley, Working Memory, Clarendon Press, Oxford,
UK, 1986.

[24] A. Baddeley, M. Eysenck, and M. C. Anderson, Memory,
Psychology Press, New York, NY, USA, 2015.

[25] V. S. Mattay, F. Fera, A. Tessitore et al., “Neurophysiological
correlates of age-related changes in working memory capacity,”
Neuroscience Letters, vol. 392, no. 1-2, pp. 32–37, 2006.

[26] L. Nyberg, E. Dahlin, A. Stigsdotter Neely, and L. Bäckman,
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