EDITORIAL

Working memory and memory loss
in neurodegenerative disease
“Basing cognitive rehabilitation on tested
theoretical assumptions will increase the
probability of managing the disabling cognitive
symptoms that accompany neurodegenerative
diseases.”

Joshua Sandry*,1,2
Cognitive impairment is a troubling comorbid consequence of many neurodegenerative diseases that often negatively
impacts day-to-day activities, results in
unemployment and leads to reductions in
quality of life. Long-term memory (LTM)
is one commonly impaired system; however, there is significant variability across
patients. Some individuals experience
LTM loss while others with similar cerebral insults may not. The heterogeneity
across patients has been accounted for, in
part, by the theory of Cognitive Reserve
(CR), which suggests that the behaviors
that people engage in over the course of
their lifetime may protect them from the
negative cognitive consequences of neurodegeneration [1,2] . These findings have
been frequently replicated in healthy aging
and diseased populations. CR estimates
that correlate with cognitive impairment
include IQ, socioeconomic status and
educational or occupational attainment,
as well as participation in intellectually
enriching cognitive leisure activities.
Given strong support for CR predictions, one unexplored next step is to

identify the cognitive mechanisms and
processes that underlie CR [3] . It may
be that individuals with high CR are
more efficient at processing information
[4] or these individuals may use superior
cognitive strategies [5,6] . Understanding
these mechanisms and processes may
serve as a specific cognitive biomarker
useful for identifying who will and will
not improve from cognitive rehabilitation. Additionally, this understanding
may lead to novel treatments directed at
increasing CR and rehabilitating impaired
LTM. Drawing on theoretical models
from cognitive psychology and using a
translational approach will be one promising direction to better understand the
mechanics of CR.
In recent work, my colleagues and I
used a translational approach to test one
possible underlying cognitive mechanism
that could help to explain the relationship between CR and LTM impairment
in neurological populations. We hypothesized that individual differences in working memory (WM) capacity, which is the
cognitive system involved in the control,
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“Revised accounts of the
hippocampus implicate this brain
region as an important structure
for both working memory and
long-term memory.”

Neuropsychology & Neuroscience Research, Kessler Foundation, 300 Executive Drive, Suite 70, West Orange, NJ 07052,
USA
2
Department of Physical Medicine & Rehabilitation, Rutgers New Jersey Medical School, Newark, NJ, USA
*Author for correspondence: JSandry@KesslerFoundation.org
1

10.2217/NMT.14.51 © 2015 Future Medicine Ltd

Neurodegener. Dis. Manag. (2015) 5(1), 1–4

part of

ISSN 1758-2024

1

Editorial Sandry

“...many interpretations
regarding the efficacy of
cognitive training rely on
experiments that recruit
healthy individuals...”

regulation and maintenance [7] of only a limited amount of information [8] , would mediate this relationship. Well-specified theoretical
views from cognitive psychology offer a solid
foundation for this prediction and provide support for this assumption. Individual differences
in WM positively correlate with intelligence,
efficiency in accessing or retrieving existing
memory representations out of LTM and the
binding or encoding of new information into
LTM [9] . Using composite scores for CR, LTM
and WM capacity, we tested and found support
for this mediation hypothesis in separate samples of multiple sclerosis [10] and traumatic brain
injury [11] patients. Importantly, the composite
WM score in both studies included simple and
complex span tasks, equating our estimates of
WM more closely with traditional laboratory
measures of WM that are frequently used in
basic research [12] . Recently, similar evidence
showed a WM-LTM relationship in a sample of
healthy older adults and patients with amnestic
mild cognitive impairment [13] . WM appears to
be one cognitive mechanism that underlies CR.
Future work is needed to replicate these
findings in other neurodegenerative populations, ideally using sensitive laboratory measures of WM capacity. Neural evidence related
to the hippocampus may further support the
CR–LTM–WM intercorrelation. Revised
accounts of the hippocampus implicate this
brain region as an important structure for both
WM and LTM [14] and a region that may be
functionally important for binding information [15] . The hippocampus is also related to
CR; larger hippocampal volume is positively
related to intellectual enrichment (a proxy of
CR) and LTM functioning in multiple sclerosis
[16] . The hippocampus may be one key anatomical structure that supports the CR–LTM–WM
association and this may be a promising direction for future research. Now the prevailing
question is what implications are there for
WM as a CR mechanism and what does this
mean for managing cognitive impairment that
accompanies neurodegenerative disease? The
answer may be multifaceted with implications for both compensatory and restorative
treatment approaches.
Managing LTM impairment
●●Implications for compensatory treatment

LTM impairment is not homogeneous across
patients, thus, the nature of the patients’
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specific memory deficit should guide rehabilitation options; similar to how an oncologist would approach cancer treatment using a
varied medicinal arsenal. For example, LTMimpaired patients may respond differently to
internal or external compensatory rehabilitation. Internal compensatory strategies teach
the patient a novel technique to learn and
remember information (e.g., using an acronym to remember a grocery list). External
compensatory strategies teach the patient to
use some outside device to assist in retaining
information (e.g., recording daily events on a
notepad). The evidence supporting compensatory treatment is encouraging; however, treatments may not be uniformly effective across
cognitively heterogeneous neurodegenerative
disease populations. WM capacity may serve
as a cognitive biomarker for who will and will
not benefit from different LTM treatments.
For example, high WM capacity patients may
better understand and successfully implement
compensatory strategies because they can
efficiently process the treatment instructions.
Alternatively, low WM capacity individuals
may not efficiently process the compensatory
strategy instructions, resulting in an ineffective treatment or even hindering performance.
Additional predictions are also possible and the
data may eventually suggest measurements of
WM capacity will prove to be a clinically useful diagnostic tool to predict LTM treatment
responsiveness. Using a translational approach
may ultimately lead to patient-specific cognitive
rehabilitation options.
●●Implications for restorative treatment

Identifying WM as a CR mechanism may
have implications for attempts to increase CR,
through cognitive training. Cognitive training is a restorative treatment. This differs from
compensatory treatments in that restoration
is designed to improve or alter cognition so
that it operates similarly to the efficiency it was
prior to neurodegeneration. Some assume this
can be accomplished by requiring the patient
to engage in repetitive cognitive exercises and
that specific cognitive training will lead to generalized improvements in cognition, in other
words, hypothesizing that training WM will
lead to transferred improvements in LTM.
Training programs are widely marketed and
claims regarding cognitive changes caused
by training are often quite extraordinary.
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Unfortunately, the empirical evidence supporting transfer from cognitive training is
highly mixed with discordant findings in the
literature, including meta-analytic reports.
Some suggest that cognitive training does not
result in generalized changes in cognition [17,18]
while others present evidence in favor of generalized and lasting cognitive changes [19,20] .
Many claims regarding the efficacy of cognitive training may be premature, exaggerated
and overly optimistic.
Importantly, many interpretations regarding
the efficacy of cognitive training rely on experiments that recruit healthy individuals while
evaluations of cognitive training programs
in neurodegenerative disease patients have
received less attention. Cognitively intact participants may exhibit near ceiling performance
and it may be less feasible to improve cognition
in these individuals. This healthy sampling bias
limits the generalizability of these findings for
cognitively impaired patients because impaired
patients may be the most likely to benefit from
training [10] . Unfortunately, many of the cognitive training studies in impaired patients suffer
from critical methodological flaws including
inappropriate enrollment criteria, inadequate
control groups and unspecified treatments, etc.
Currently, it may be too early to draw hard conclusions regarding the restorative benefits of
cognitive training in neurological patients and
whether training will ultimately increase CR.
Moving forward and adopting a translational
approach will be valuable when designing and
testing restorative treatments in impaired
populations and WM may be a particularly
important construct to target when trying to
boost CR and improve impaired LTM. The lessons learned from ongoing cognitive research
will provide a solid theoretical basis for testing
restorative treatments in neurodegenerative
disease patients. At this point, claims related
to the benefits of cognitive training in neurological patients need to be evaluated using
high-quality randomized controlled trials and
preferably, the interventions will be theoretically informed. When it comes to restoration,
only when treatment targets the appropriate
overlapping cognitive subsystems should we
expect an improvement in a related but separate system, for example, transfer between WM
training and LTM improvement. It may be that
only patients with WM and LTM deficits will
show a LTM benefit from WM training. For
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example, some of the heterogeneity in LTM
impairment might be explained by individual
differences in WM capacity whereby patients
with low capacity do not efficiently bind information into LTM. Other patients may have
impairments in WM related to LTM retrieval.
Taking translational steps early during design
will strengthen the possibility of identifying successful cognitive rehabilitation treatments. Further, we may find that the most
effective option will come from a synergistic
effect between compensatory and restorative
treatments.
Conclusion & future perspective
Favorable progress in medicine often results
from translating basic scientific research to
practice, with treatments based on an understanding of the basic disease mechanisms.
Similarly, understanding the basic mechanisms
of cognition will inform cognitive rehabilitation treatment options. The massive literature
on CR has demonstrated that there is a significant amount of heterogeneity among cognitive
impairment in diseased populations and recent
work suggests WM may be one mediating variable [10,11] . Existing memory theory is a rich
source of information that can in turn be used to
develop a strong foundation for treating cognitive impairment. As we identify the mechanisms
underlying CR, researchers should draw from
cognitive psychology theory to make predictions
and understand different patient outcomes, a
patient-specific individual differences approach
to cognitive rehabilitation. Researchers should
also draw from cognitive psychology theory
to craft and test novel cognitive rehabilitation
treatment strategies that target specific CR
mechanisms. Basing cognitive rehabilitation on
tested theoretical assumptions will increase the
probability of managing the disabling cognitive
symptoms that accompany neurodegenerative
diseases.
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