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Preface

It is fair to say that no brain disease occupies more research study today than
Alzheimer’s disease (AD). Among the many excellent reasons for this circumstance
are the bleak prognosis and relentless progression; large cohorts of baby boomers
entering an age of greatly increased cognitive risk; spectacular advances in medical 
care that have prolonged lifespan; and ever-mounting risk with age. Moreover, there
is perhaps no dearer feature than self-awareness and the memory of self across
time, all of which are taken as the disease marks its course.

Often unattributed in propelling interest in AD is the success of the research
enterprise that has advanced the understanding of the brain. From Hodgkin and
Huxley’s characterization of the action potential less than 70 years ago, neurosci-
ence has identified nearly all brain neurotransmitters, resolved the structure of
the major ion channels, and stands poised to decipher the operations of hundreds
of thousands of neurons in joint activity. The product of the scientific method
of these successes have instilled a confidence that disease causes will ultimately
succumb to the persistence of research, and that the accumulation of data from
appropriately designed experiments will blossom into therapies that will arrest
and perhaps even reverse AD. Such confidence is being tested, however, and may
be prolonged by the very strategies that repeat the premises of the past research
methods that have so successfully propelled other aspects of neuroscientific
research.

Despite the decades of intense research and a rising wave of elderly people, AD 
remains poorly understood, an enigma amid a tide of neuroscientific advance. 
Identified more than a century ago, AD is characterized by a constellation of cogni-
tive dysfunctions, the earliest and most prominent being that of impaired recollec-
tion. In its many decades of investigation, numerous theories have sought to unify
AD’s disparate symptoms within a common causal frame. Current readings list
some 13 influential hypotheses, the most widely invoked involving the biomarkers, 
β-amyloid plaques, and neurofibrillary tangles, identified by Alois Alzheimer more
than 100 years ago. Other frequently cited causes include dysfunctional energy
resourcing, with evidence pointing toward either glycolytic or electron transport
stages.

The mystery of AD’s origin is compounded by the genetic observations intended
to provide improved predictive diagnosis for a swelling demographic sector. Its
set of risk alleles is large by non-cognitive disease standards, and new alleles are
regularly being added. The current membership is highly diverse, with some
alleles affecting the early onset phase, such as the presenilin genes, the late-phase
β-amyloid protein, lipidogenesis genes, and even cytoskeletal and immune
genes, among a growing set. Most alleles display small phenotypic effects that
are non-Mendelian with low penetrance and that are of a quantitative rather than
a qualitative nature. Overall, the relatively small effects of individual alleles and
the large field of membership obscure rather than enlighten, offering meager
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insight into the causal factors inducing AD’s relentless progression. Indeed, 
genetic observations suggest that affected gene products are neither individually 
crucial nor functionally irreplaceable components of cognitive processes. They 
suggest instead that while exerting a limited influence on individual constitu-
ents, AD’s chief effects may instead target systemic and even global events, 
where cognition is the product of more flexible physical associations, and where 
the dysfunction of individual components does little to diminish functional 
adequacy.

What the inconclusive results thus appear to do is call into question an understand-
ing of cognition that views it from the bottom up—the study of which is eminently 
suited by the scientific method—and that dispenses with a philosophy of biology 
concerned with how organismal properties operate, for which cognition is the 
medium.

Accordingly, the chapters of this text intend to give evidence that “bottom-up” 
approaches—nearly exclusively pursued in AD research—yield limited insight 
into causal etiology and so implicate the need to undertake fundamentally dif-
ferent strategic avenues. Chapter 2, for example, is illustrative for showing how 
singular theories like that of impaired glycolysis face numerous findings that 
conflict with outcomes predicted by theory, as does Chapter 3 on mitochondrial 
dysfunction. Chapter 4 proposes, in consequence, that protective measures 
against cellular lysis may offer a general though non-specific way forward to 
arresting degeneration. The question of whether the findings obtained from 
these studies are etiological, or merely epiphenomenal, accordingly remain 
unaddressed. Indeed, a number of studies point to impairments of global phe-
nomena, like the self-construct, in AD. Recent findings, for example, have dem-
onstrated that functional connectivities between key nuclei within the default 
mode network, a domain linked to self-recognition, are weakened. Relating these 
specific global effects to the sort of generalized disarray that is seen at lower lev-
els of function suggests that old strategies used for exploring the disease would 
be better directed in new strategical ventures concerned with global cognition, 
a point emphasized in the first chapter for looking beyond reductive approaches 
alone.

A significant issue also raised by the present lack of insight into etiology is that of 
determining patient therapy for what is manifestly a debilitating and personally 
tragic circumstance. Extant findings from a large body of research suggest that 
treatment options relying on the correction of single molecular entities are likely 
to offer little that will be therapeutically advantageous or substantially mitigate the 
advance of the disease. In the absence of such singular pharmacological options, 
they suggest that therapies ordered to global aspects of cognition are likely to be 
more fruitful in slowing symptomatic progression. In this vein, widely adopted 
healthcare management models, discussed in Chapters 5 and 6 that emphasize the 
person as a whole, are more likely to improve global self-representation through 
cognitive integration. As pointed out in Chapter 7 on the current level of cultural 
diversity within immigrant populations, these efforts will need to be expanded to 
enable the access of these groups to such care, particularly in cases where cultural 
constraints impede involvement.

V

It is hoped that this text will inspire debate on new “top-down” strategical alterna-
tives to the current preeminent “bottom-up” models and underscore the humanitar-
ian issue that is at the heart of care for the AD patient.

Denis Larrivee
Visiting Scholar,

Loyola University Chicago,
USA

Mind and Brain Group
University of Navarra Medical School,

Pamplona, Spain
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Chapter 1

Introductory Chapter: Beyond Risk 
Alleles - Invoking Cognitive Lesions 
in Top-Down Strategic Analysis
Denis Larrivee

1. Introduction

Improvements in medical care have significantly extended life expectancies, 
upwardly shifting demographic indicators of the elderly worldwide. Coupled with 
falling birth rates, however, the number of patients suffering cognitive deficits has 
also increased. World Health Organization projections, for example, indicate that 
by 2050, more than 20% will fall in this sector, with considerably higher percent-
ages in developed nations, placing large numbers of individuals at risk [1]. Among 
the elderly the most prevalent neurodegenerative disease is Alzheimer’s disease 
(AD) with a lifetime risk above 60 of 33% for males and 45% for females. Its growth 
rate is anticipated to exceed nearly 100% that of current levels in developed nations 
and more than 300% in Southeast Asian countries [2]. These increases in age-
related diseases, moreover, add to an already significant burden from such prevalent 
mental health diseases as schizophrenia and bipolar disorder.

Symptomatically, prevalent diseases like AD and Korsakoff ’s syndrome, exhibit 
profound memory losses. In AD a broad consensus posits that its early symptoms 
include memory lapses that involve episodic memory, semantic recall, and visual 
orienting [3]. Among its earliest is an impaired sense of smell, a feature that may 
relate to evolutionary survival value. With the progression of AD, recent memories 
fade, and there is a proportionately greater retention of older  
ones, a characteristic observation termed Ribot’s law.

Defined as a process of encoding, storing, and retrieving sensorial or mental 
information, memory dysfunctions induced by AD may be functionally interpreted 
as to the manner by which one or more of these phases are affected. Accordingly, 
the loss of formed memories, or retrograde amnesia, observed in AD patients, can 
be explained either by a loss of stored memories or an inability to retrieve them. In 
fact, existing evidence suggests that both phases are affected. Anatomical studies, 
for example, show a deterioration of thinly myelinated regions like the hippocam-
pus relatively early in the disease progression compared to other regions [4]. Since 
the hippocampus is a critical center for recently formed memories, this evidence is 
consistent with loss of memories, particularly those that have formed first.

On the other hand, the disease is known to also specifically affect DMN 
operation [5], a domain thought to be critical to forming the self-construct. First 
identified by nuclear imaging studies that showed consistently higher levels of 
activity during passive task conditions, the DMN was hypothesized to monitor 
the external environment, body, and even emotions [6]. Task-related increases in 
activity in regional brain zones coincided with its decreased activity, indicating a 
reciprocal relation between the two zones related to the performance state of the 
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task. Functional MRI shows that these relative activity levels are substantially and 
progressively altered by Alzheimer’s disease [7]. For example, in AD patients the 
posterior cingulate and right inferior temporal cortical activities decline, whereas 
the activity of the bilateral inferior parietal cortex increases. Because the zones form 
central connectivity hubs within the DMN, the activity changes appear to reflect a 
weakening of causally influential relations among its principal nuclei. Metastability 
indices for AD patients, for example, are reduced in decoupled, desynchronized 
states, revealing that the disease progression significantly reduces the brain’s ability 
to entrain regional dynamical activity [8].

Unlike AD, on the other hand, Korsakoff’s syndrome manifests as a persistent 
memory impairment that associates chiefly with the acquisition of new information 
[9–12]. Accordingly, it has been frequently classified as a disease yielding an antero-
grade form of amnesia. Like AD, on the other hand, its influence is multipronged, with 
studies showing that it also affects memory retrieval. Moreover, other studies show a 
preponderance of perifunctional influences rather than direct influences on episodic 
and semantic memory per se. For example, context memory, which makes an important 
contribution to memory recollection, has been shown to be significantly impaired in 
Korsakoff’s patient. In memory tests, additionally, differential impairments are seen 
between AD and Korsakoff’s disease and also Huntingdon’s disease. For example, KS 
and HD patients performed considerably better than AD patients in recall memory [13].

The complexity of the influences of the two diseases on memory, notwithstand-
ing, the distinctions in their manifestation suggest that these could be exploited 
both to resolve the likely etiological differences between the two and also to gain 
insight into underlying processes of memory and its relation to the self-construct. 
Differences in phenotypic manifestation, notably, have motivated much research, 
on the presupposition that they reflect the presence of different processes contrib-
uting to a single, albeit complex, function. Moreover, differences in manifestation 
also have bearing on therapeutic interventions and managed patient care, illus-
trated in the chapters of this edited volume.

Research into diseases like hemophilia has traditionally sought to resolve under-
lying etiopathological features by exploring genetic and biochemical differences 
that traced their manifestations to single, albeit critical, constituents of biochemical 
mechanisms, like the coagulation defects of Factor VIII in hemophiliac patients 
[14]. Cognitive diseases, on the other hand, are likely to differ greatly from those 
with such ‘metabolite-like features due to the nervous systems’s global role in inte-
grating organismal function. Thus numerous aspects affected by these diseases are 
likely to differ, including their manner of functioning, composition, and hierarchy 
[15, 16]. Hence, there is the question of whether traditional strategies based on 
reductive approaches that attempt to determine etiology from genetic or molecular 
origins are an adequate beginning for investigating normal or disease-affected 
cognition. Indeed, the present volume illustrates both the challenge and the enig-
matic character of such diseases. Accordingly, it is the intention of this introductory 
chapter to consider the limitations to study emerging from the adoption of such 
reductive strategies and the prospects of exploiting “higher-order differences” of 
the sort seen in AD and Korsakoff ’s disease, to infer etiopathological origins.

2. Approaching etiology through risk alleles

Clinically, the identification of risk alleles has significantly benefitted medical diag-
nosis and therapy. For example, diagnosis of the risk allele for hemophilia A, Factor VIII 
has high predictive power of, for example, likely hematoma  when the hemophilia patient 
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is injured. Its utility, however, extends beyond risk prediction. Because mutant alleles 
usually constitute sources of malfunctioning protein products, genetic identification of 
the product can afford access to an otherwise enigmatic etiology. Studies of the Factor 
VIII allele have facilitated, for example, the determination of the disease’s genetic basis, 
the role of the Factor VIII protein in clotting, and moleular therapeutic options [17].

The strategy of investigating etiology via risk alleles is a legacy of experimental 
designs that were successfully pursued for the elucidation of biochemical pathways. 
The presupposition behind these early, now classical approaches conceived of such 
pathways as linear sequences of progressively altered metabolite products, where 
each succeeding step entailed a molecular modification and the succession of steps 
yielded a unique biochemical product. Biochemical pathways fit this decidedly 
causal and prototypical model. The successive conversion of glucose to pyruvate 
in the glycolytic pathway, for example, evidenced the stepwise deconstruction 
by which the larger glucose molecule was gradually disassembled to the smaller 
pyruvate metabolite. Alleles controlled individual steps through their enzymatic 
products, which regulated each biochemical change. By rendering the protein prod-
ucts nonfunctional through techniques like mutagenesis given steps of the pathway 
could be arrested.

Such mutagenesis strategies achieved remarkable success in elucidating pathway 
steps due to the high specificity and mono-functionality of the enzymes regulating 
metabolite conversion. Mutation of the gene loci notably yielded focal and highly 
targeted effects that enabled the reconstruction of the entire pathway, when occur-
ring within a linear sequence and involving a sufficient number of interruptions. 
By building on naturally occurring lesions, the development of reagents capable 
of modifying DNA rapidly expanded available tools for DNA dissection. With the 
advent of molecular biological procedures gene products could be altered at virtu-
ally any locus, allowing both pathway reconstruction and characterization of whole 
clusters of supramolecular assemblies [18].

The success of pathway reconstruction in metabolism led to the implementation 
of mutagenesis to dissect neural function in simple organisms amenable to genetic 
manipulation, like C. elegans and Drosophila on the presupposition that such simple 
functions were composed of similar molecular sequences; later applied for more 
complex neural functions like learning. This presupposition was consistent with the 
nearly universal cellular use of enzymatic catalysis to drive molecular and supramo-
lecular events. It was consistent, moreover, with what was known of causally sequen-
tial events that occurred in neural operation, like the activation of synaptic vesicle 
release following the arrival of an action potential at a synapse. Hence, the use of the 
strategy extended apparently reasonable presuppositions about the construction of 
underlying processes to higher neural function.

The success of the mutagenesis strategy for elucidating biochemical path-
ways, which had motivated its use for exploring neural function, however, 
was due to a fortuitous confluence that juxtaposed the compositional nature of 
metabolism - with its linear and precise factory like assembly - with a causal 
conception involving successive influences effected via steplike sequences. 
Applied to neural function this conception analogized photopotential generation 
to a metabolite and the neural events of transduction to successive changes in 
a single molecular substance. Rather than metering the presence of a physical 
product, assessments were thus made in terms of the physiological feature, which 
was viewed as its conceptual equivalent.

Large-scale mutagenesis of fruit flies generated numerous “risk alleles” affect-
ing various components of the photopotential, including its onset, maintenance, 
termination, and facilitation [19–22]. The strategy usefully characterized highly 
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to a metabolite and the neural events of transduction to successive changes in 
a single molecular substance. Rather than metering the presence of a physical 
product, assessments were thus made in terms of the physiological feature, which 
was viewed as its conceptual equivalent.
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penetrant alleles with Mendelian-like features, such as those affecting the photopig-
ment protein, and physical components directly mediating the photopotential, like  
temperature-sensitive channel variants. However, while the strategy yielded 
numerous novel observations about photoreceptor function—including insight 
into mechanisms of prolonged potential activation, habituation-like responses, and 
degenerative cascades—the resolution of transduction per se was less easily and 
less well resolved. With hindsight and drawing from ongoing parallel studies of 
phototransduction that did not resort to genetic studies, the lack of resolution may 
now be partially traced to the conceptual equating of a physical component with a 
physiological function. Differences in the physical instantiation of a function - as 
opposed to a metabolite - became notably apparent with the discovery of features 
such as gated switching, nonlinear dynamical gain and the use of multicomponent 
protein complexes [23]. For example, generation of the photopotential is critically 
dependent on the asymmetric distribution of Na and K ions across the photo-
receptor cell membrane. Yet, the ionic distribution is not itself generated by the 
transduction event but is an a priori condition that is required to successfully elicit 
the photopotential, one that must be maintained continuously against a concentra-
tion gradient by energy-consuming ionic pumps. A mutation rendering the pumps 
ineffective—for example, through a temperature-sensitive, cell mosaic line—would 
result in the absence of the photopotential and so be interpreted as affecting a step 
in the transduction pathway. Likewise, the photopotential amplitude displays gain 
adjustments that enable the detection of intensity variation under widely variant 
background illumination conditions affecting but not directly constituting the 
phototransduction events. These observations reveal that unlike the succession 
of steps occurring in metabolite processing the generation of the photopotential 
entails a coordinated operation of multiple independent functionalities that are 
each necessary but not sufficient for the potential to occur. Because each of these 
functionalities is potentially influenced by multiple alleles, the number of alleles 
affecting the transduction mechanism is likely to be much larger than that needed 
in a simple sequence of molecular alterations involving a single substance. In other 
words, the number of risk alleles that could affect the function is likely to be consid-
erably more than the number of processional events needed to yield the function and 
indeed is likely to multiply that number. The magnitude of this multiplicative effect 
becomes especially significant when scaled for complex neural events. Accordingly, 
differences between the physical mechanisms of metabolism and those of photo-
potential generation require that the equating of neural function with metabolite 
processing be reconceived, a conceptual adjustment revealed through the findings of 
the mutagenesis approach.

3. Massive allelic effects in cognition

Phototransduction clearly constitutes a moderately complex but nonetheless 
basic function that has evolved to capture light information, in which multiple 
functionalities work together to yield the photopotential. As a neural mechanism, 
however, its level of complexity is arguably much less than many behavioral mecha-
nisms operating at systemic and global scales. Motor execution and action iden-
tification, for example, require the involvement of visual pathways, task positive 
frontoparietal networks, premotor and motor cortices, and cerebellar circuits [24]. 
These are further complicated by the need to evoke egocentric frameworks in goal-
directed actions. Consistent with these broad operational requirements, key risk 
alleles for major cognitive etiopathologies like schizophrenia—with a prevalence of 
0.5–1%—are now known to include more than 120 significant loci, that is, alleles 
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that introduce statistically significant changes in manifest clinical symptoms [25]. 
Moreover, the rate of increase in their discovery has accelerated in recent years, not 
slowed. Classically, traits governed by large numbers of alleles yield only marginal 
and quantitative trait variation, with significant changes observed only in cases of 
rare alleles with high penetrance. Accordingly, many more difficult to detect alleles 
are likely to also contribute to the manifestation of the disease. In like manner, 
genetic studies of AD have also identified numerous risk alleles contributing to its 
etiopathology [26].

Together, the genetic studies show that cognitive diseases, as a group, are poly-
genic, often influencing hundreds of known alleles with perhaps a much greater 
unidentified number also influencing disease severity. Variation in behavioral 
effects due to any single allele, moreover, is small, with observed changes likely to 
be of a quantitative rather than a qualitative nature. Alone, the use of risk alleles as a 
strategical undertaking is therefore unlikely to offer significant insight into a causal 
etiology. The studies, rather, implicate large numbers of affected neurons and 
circuits, that is, effects likely to be mediated at systemic and even organismal levels 
of neural function. The range of investigations that have been undertaken over 
decades of exploration, in fact, from single allele variation to genome-wide inves-
tigations reveal that while genetic influences are clearly at work in cognition—such 
diseases typically display statistically significant familial effects—such influences 
are apparently mediated through a complex overarching matrix of constraints, one 
that bears little resemblance to a stepwise biochemical sequence, for which allele 
study and mutational analyses were first and successfully used.

4. Exploring strategic options in hierarchy

The massive number of affected alleles and the generally enigmatic character of 
cognitive diseases—more than 13 different, major hypotheses have been advanced 
to date to explain AD etiopathology—pose significant quandaries in the selection 
of research strategies, which clearly have as their ultimate objective whole rather 
than partial and ineffective therapeutic intervention. In light of these realities 
that seem linked to the extraordinarily complex scales of cognitive operation, the 
observations from mutagenesis strategies of intermediate-level phenomena like the 
photopotential offer a strong stimulus for moving beyond purely reductive options 
in the strategic analysis of cognitive disease etiology.

The recognition that functions often require supramolecular structures, for 
instance, has motivated the use of proteomics to characterize large-scale protein 
aggregates. This move would dispense with the lower-level allele studies and focus 
on how function emerges from clusters of interacting units. Such an approach also 
holds a promise for its access to the technical virtuosity acquired over decades in the 
use of translational technologies and analytical protein and peptide biochemistries. 
In principal virtually any protein segment can now be modified and analyzed to 
ascertain how such changes causally interact with other protein components to yield 
specific functions.

For example, the flagellar motor that propels bacterial motion is a well-characterized 
example of a large supramolecular aggregate consisting of more than seven distinct 
proteins activated during chemotaxis. Ligand-based stimuli, internal-based phos-
phorylation modifications, and enhanced protein-binding interactions are now all 
known events discerned through proteomic studies. These mechanical features are an 
important aspect of explaining the causal succession for the motor’s function, identified 
in philosophy of science accounts as the “how” question in functional explanation [27]. 
The motor’s performance, however, must also conform to an organizational, that is, 
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that introduce statistically significant changes in manifest clinical symptoms [25]. 
Moreover, the rate of increase in their discovery has accelerated in recent years, not 
slowed. Classically, traits governed by large numbers of alleles yield only marginal 
and quantitative trait variation, with significant changes observed only in cases of 
rare alleles with high penetrance. Accordingly, many more difficult to detect alleles 
are likely to also contribute to the manifestation of the disease. In like manner, 
genetic studies of AD have also identified numerous risk alleles contributing to its 
etiopathology [26].

Together, the genetic studies show that cognitive diseases, as a group, are poly-
genic, often influencing hundreds of known alleles with perhaps a much greater 
unidentified number also influencing disease severity. Variation in behavioral 
effects due to any single allele, moreover, is small, with observed changes likely to 
be of a quantitative rather than a qualitative nature. Alone, the use of risk alleles as a 
strategical undertaking is therefore unlikely to offer significant insight into a causal 
etiology. The studies, rather, implicate large numbers of affected neurons and 
circuits, that is, effects likely to be mediated at systemic and even organismal levels 
of neural function. The range of investigations that have been undertaken over 
decades of exploration, in fact, from single allele variation to genome-wide inves-
tigations reveal that while genetic influences are clearly at work in cognition—such 
diseases typically display statistically significant familial effects—such influences 
are apparently mediated through a complex overarching matrix of constraints, one 
that bears little resemblance to a stepwise biochemical sequence, for which allele 
study and mutational analyses were first and successfully used.

4. Exploring strategic options in hierarchy

The massive number of affected alleles and the generally enigmatic character of 
cognitive diseases—more than 13 different, major hypotheses have been advanced 
to date to explain AD etiopathology—pose significant quandaries in the selection 
of research strategies, which clearly have as their ultimate objective whole rather 
than partial and ineffective therapeutic intervention. In light of these realities 
that seem linked to the extraordinarily complex scales of cognitive operation, the 
observations from mutagenesis strategies of intermediate-level phenomena like the 
photopotential offer a strong stimulus for moving beyond purely reductive options 
in the strategic analysis of cognitive disease etiology.

The recognition that functions often require supramolecular structures, for 
instance, has motivated the use of proteomics to characterize large-scale protein 
aggregates. This move would dispense with the lower-level allele studies and focus 
on how function emerges from clusters of interacting units. Such an approach also 
holds a promise for its access to the technical virtuosity acquired over decades in the 
use of translational technologies and analytical protein and peptide biochemistries. 
In principal virtually any protein segment can now be modified and analyzed to 
ascertain how such changes causally interact with other protein components to yield 
specific functions.

For example, the flagellar motor that propels bacterial motion is a well-characterized 
example of a large supramolecular aggregate consisting of more than seven distinct 
proteins activated during chemotaxis. Ligand-based stimuli, internal-based phos-
phorylation modifications, and enhanced protein-binding interactions are now all 
known events discerned through proteomic studies. These mechanical features are an 
important aspect of explaining the causal succession for the motor’s function, identified 
in philosophy of science accounts as the “how” question in functional explanation [27]. 
The motor’s performance, however, must also conform to an organizational, that is, 
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design, principle to be functional, which is to say that the explanation for the motor’s 
function must include a dimension beyond that of the succession of internal events 
leading to functional output. This latter explanation, termed the “why” question, is 
significant for revealing that efficient causal interactions require the design principle as 
an a priori condition for their realization, hence, answers to the ‘how’ question repre-
sent only causal outcomes of organizational form.

This invocaton of design principle is significant for identifying the primary 
causal origin of a function. Rather than determined from below, the mechanistic 
steps emerge from a predetermined order that is critical for defining material 
composition and operation. Moreover, the elicited function—the motor’s operation, 
for example—is framed within the context of global organismal need. Accordingly, 
the emergence of the function is fundamentally related to non-reductive, top-down 
effects that reflect two aspects of organismal operation; first, an organizational 
order that governs associations of larger-order complexes (e.g., evident in motifs 
and network analysis) and, second, a global requirement to satisfy organismal 
need, seen, for instance, in goal directed activity.

Conceiving of neural function from this higher-order perspective—i.e, dynami-
cally oriented and not static as in the conception of metabolites—has implications 
for considering the primacy of causes eliciting neural organization—not chiefly 
through the structuring of its anatomical features, where it is built from the bottom 
up, but as a dynamic and functional order that has a purposeful orientation, which 
is determined from the top down.

5. Pursuing top-down strategy in autonomy and goal-directed behavior

Viewed from the dynamic aspect of function, the order of causal priority is 
reversed where the chief influences underlying organization and performance are 
systemic and teleological. Lesions of higher-order neural functions, like memory, 
appear thereby as dysfunctional properties of global representations. Risk alleles, in 
this reading, and similar reductive approaches can be expected to offer little insight 
into cognitive operation at the level of neural constructs likely to be impaired in 
cognitive diseases. Investigations into cognition, instead, seem better directed when 
exploring the operation of extended networks that function as components of 
larger systemic or even global operations. By extension, lesions that may fruitfully 
reveal aspects of large-scale operation are more likely to involve systemic effects 
that are more closely apposed to global processes mediating organismal tasking.

Models that define the source of this tasking, accordingly, are likely to be helpful 
for identifying the sorts of lesions that can be usefully exploited for cognitive study. 
Key features underwriting global cognition notably include those preserving existen-
tial independence and the integration of the organism as a whole, that is, those pro-
viding for autonomous existence [28]. Understood as a capacity, autonomy implicates 
dispositional qualities of self-recognition and self-directedness; that is, it invokes 
self-constructs that elicit higher order operations, which, accordingly, can be dis-
rupted by cognitive disease. As one such higher order operation, for instance, memory 
is directly elicited by such self constructs in order to facilitate autonomy. Lesions of 
higher-order capacities like memory, which are evoked by global constructs, may thus 
be usefully exploited for their properties and manner of elicitation [29, 30].

Emerging from the global operation of the brain, constructs like the self are 
clearly extraordinarily complex and in many respects seem less tangible than mate-
rial constituents of reductive and low-level functions. Nonetheless, their organis-
mal reality is clearly evident in manifestations of behavioral activity. For example, 
the association between a representation of the whole individual by his body and its 
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physical realization in the neural activity of the brain, that is, as a global brain state, 
is consistently observed in varied perceptual realizations of the self. And in another 
example the failure of infants in the A not B task to move toward a goal where last 
seen is interpreted as a failure in motor planning due to maturational insufficiency 
in mechanisms needed to situate the motor plan that are associated with represent-
ing the self as the whole body [31]. These examples suggest that top down aproaches 
can offer strategic alternatives that more readily yield insight into global brain 
operations that are manifested at organismal scales.

Indeed, the modern concept of the neural representation of the self, for example, 
evoked in circumstances where the body is dynamically engaged in intentional 
actions, is an increasingly well-understood global operation that has emerged from 
several experimental legacies traced to the notion of the motor image [24]. The 
image is now known to involve a covert action undertaken only mentally and as a 
simulation of a non-executed action, with current evidence suggesting that there is 
a close correspondence between goal-directed information and self-representation 
[32]. Mechanisms that are likely to shape self-content can therefore be expected to 
include, for example, cells, circuits, or processes that bear desires and intentions of 
the author, which are likely to be contained in egocentric networks [33], and which 
encode agent specific content about an experience. These have been sited to specific 
domains of the hippocampus, such as the lateral entorhinal cortex where they appear 
to be influenced by memory recall [34] such as the lateral entorhinal cortex, and to 
the angular gyrus of the parietal cortex, a region that has been previously identified 
with self- and bodily representation. Indeed, goal-directed information contained in 
these networks can be expected to uniquely modify the self-representation by relat-
ing the individual to an intended terminus via information that is goal specific.

6. Reconsidering lesions: AD and KS in top-down strategic analysis

The promise of top-down analysis predicts that global organization is selec-
tively impaired at intermediate and even higher levels of brain function, such as 
those now being investigated through the motor plan. Indeed, disturbances in the 
sense of self that mark schizophrenia, for example, in prodromal and acute stages, 
have led to the recognition of the loss of self as a core symptom [35] where both 
body ownershipa nd sense of agency are impacted [36]. Current evidence on how 
representational content of the self may be affected and how this may be linked to 
the body suggest, in fact, that it is mediated through the motor plan, which thereby 
offers a strategic investigative tool. Insight into the neural features that these results 
may implicate, for example, can be inferred from misattribution errors that are 
experimentally evoked in normal individuals and that appear to be pathologically 
exacerbated in schizophrenic individuals [37].

By extension, memory losses in AD and KS are in their broad features consis-
tent with functional losses that have organismal bearing and that can be revealed 
through such top-down analysis. Accordingly, this volume represents an effort 
to forward an argument for global strategies that can be pursued in cognitive 
etiopathologies. It is a proposal that emerges from the intractability of reductive 
study faced with the incredible complexity of operation that is intrinsic to cogni-
tion. While lacking in the tangible manifestations that have come to mark genetic 
and molecular study, the reality of global operation is nonetheless manifestly 
evident. Moreover, it is a reality for which new investigative tools are emerging 
from research studies, such as the motor plan. Revelation of distinct functional 
differences in memory loss in diseases like AD and KS, therefore, can be expected to 
further options for global, top-down study.
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rial constituents of reductive and low-level functions. Nonetheless, their organis-
mal reality is clearly evident in manifestations of behavioral activity. For example, 
the association between a representation of the whole individual by his body and its 
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physical realization in the neural activity of the brain, that is, as a global brain state, 
is consistently observed in varied perceptual realizations of the self. And in another 
example the failure of infants in the A not B task to move toward a goal where last 
seen is interpreted as a failure in motor planning due to maturational insufficiency 
in mechanisms needed to situate the motor plan that are associated with represent-
ing the self as the whole body [31]. These examples suggest that top down aproaches 
can offer strategic alternatives that more readily yield insight into global brain 
operations that are manifested at organismal scales.

Indeed, the modern concept of the neural representation of the self, for example, 
evoked in circumstances where the body is dynamically engaged in intentional 
actions, is an increasingly well-understood global operation that has emerged from 
several experimental legacies traced to the notion of the motor image [24]. The 
image is now known to involve a covert action undertaken only mentally and as a 
simulation of a non-executed action, with current evidence suggesting that there is 
a close correspondence between goal-directed information and self-representation 
[32]. Mechanisms that are likely to shape self-content can therefore be expected to 
include, for example, cells, circuits, or processes that bear desires and intentions of 
the author, which are likely to be contained in egocentric networks [33], and which 
encode agent specific content about an experience. These have been sited to specific 
domains of the hippocampus, such as the lateral entorhinal cortex where they appear 
to be influenced by memory recall [34] such as the lateral entorhinal cortex, and to 
the angular gyrus of the parietal cortex, a region that has been previously identified 
with self- and bodily representation. Indeed, goal-directed information contained in 
these networks can be expected to uniquely modify the self-representation by relat-
ing the individual to an intended terminus via information that is goal specific.

6. Reconsidering lesions: AD and KS in top-down strategic analysis

The promise of top-down analysis predicts that global organization is selec-
tively impaired at intermediate and even higher levels of brain function, such as 
those now being investigated through the motor plan. Indeed, disturbances in the 
sense of self that mark schizophrenia, for example, in prodromal and acute stages, 
have led to the recognition of the loss of self as a core symptom [35] where both 
body ownershipa nd sense of agency are impacted [36]. Current evidence on how 
representational content of the self may be affected and how this may be linked to 
the body suggest, in fact, that it is mediated through the motor plan, which thereby 
offers a strategic investigative tool. Insight into the neural features that these results 
may implicate, for example, can be inferred from misattribution errors that are 
experimentally evoked in normal individuals and that appear to be pathologically 
exacerbated in schizophrenic individuals [37].

By extension, memory losses in AD and KS are in their broad features consis-
tent with functional losses that have organismal bearing and that can be revealed 
through such top-down analysis. Accordingly, this volume represents an effort 
to forward an argument for global strategies that can be pursued in cognitive 
etiopathologies. It is a proposal that emerges from the intractability of reductive 
study faced with the incredible complexity of operation that is intrinsic to cogni-
tion. While lacking in the tangible manifestations that have come to mark genetic 
and molecular study, the reality of global operation is nonetheless manifestly 
evident. Moreover, it is a reality for which new investigative tools are emerging 
from research studies, such as the motor plan. Revelation of distinct functional 
differences in memory loss in diseases like AD and KS, therefore, can be expected to 
further options for global, top-down study.
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Chapter 2

Fact, Fiction, or Evolution: 
Mechanism Hypothesis of 
Alzheimer’s Disease
José V. Pardo

Abstract

The metabolism hypothesis of Alzheimer’s disease (AD) was first proposed in 
1975. In normal aging and very mild AD, the cerebral metabolic rate for oxygen 
(CMRO2) and cerebral blood flow (CBF) remained approximately constant, but 
the metabolism of glucose (CMRglu) declined markedly. This decline in CMRglu 
identified a specific and primary metabolic defect that triggered downstream 
cellular cascades evolving into AD and its characteristic neuropathological lesions. 
These findings led research about AD into the role of insulin resistance that foresaw 
modern trials of insulin for AD treatment. The metabolism hypothesis evolved over 
subsequent decades with improved in-vivo measurement of metabolic parameters 
and AD biomarkers in humans. A more recent model highlights the interrelation-
ships between the default mode network (DMN) and biomarkers such as CMRglu, 
amyloid, and tau. In other words, metabolic conditions related to sustained cortical 
activity during aging throughout the lifetime are conducive to the deposition of 
amyloid. This activity is thought to underlie the “autobiographical self.” These ideas 
and findings motivate aging and AD-research focus on the biochemistry and cell 
biology of cerebral metabolism.

Keywords: dementia, amyloid, tau, cerebral metabolism, default mode networks, 
cerebral energetics, aerobic glycolysis, cognitive aging, functional connectivity

1. Introduction

Hoyer et al. proposed the metabolism hypothesis of AD based on observations 
of normal aging and early AD focusing on the relationships between CMRglu, 
CMRO, and CBF [1–3]. This hypothesis has both weak and strong versions. The 
weak version, not of interest here, suggests that amyloid deposition is an epi-
phenomenon, potentially unrelated to AD; the causative pathophysiology must 
lay elsewhere—perhaps a primary mitochondrial failure. The more interesting 
hypothesis relies on a stronger version: neural activity sustained during resting 
and introspection (i.e., wakefulness [4]) over a lifetime (i.e., the “autobiographical 
self”) drives AD pathology.

A more recent model of the strong version posited sustained metabolic activity 
in the default mode network (DMN) is a substrate for amyloid deposition through 
the mediation of some process related to neural activity [5]. CMRglu declined with 
aging. Since oxidative metabolism was largely preserved, a primary abnormality in 
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the handling of glucose was posited with the observation that aerobic glycolysis (AG) 
declined precipitously during normal aging [6, 7]. Concomitantly, molecular imaging 
of critical biomarkers in AD identified for the first time the distribution of proteins 
such as fibrillar amyloid and tau in the brain, both in asymptomatic healthy elderly 
and in patients with various neurodegenerative disorders including AD [8–10].

Such progress led to the definition and characterization of preclinical and 
clinical AD based on biomarkers for staging [11–14]. To understand the pathophysi-
ology of the hypothesized metabolic dysfunction, understanding the relationships 
between brain metabolism and these neuropathological biomarkers became critical 
during both normal aging and AD. These advances detail the evolution of imaging 
biomarkers along with their relationship to the brain’s structural, metabolic, and 
cognitive dysfunction.

Here, recent findings relevant to aging and AD are reviewed briefly as back-
ground. Current understanding of the development and ontogenesis of biomarkers 
for AD are summarized. Data are integrated with advances in neuroimaging and 
brain metabolism as well as in preclinical models mostly focusing on the resting 
state. These results bear on the metabolism hypothesis of AD. Notable gaps in 
this hypothesis and its relationship to cognitive aging highlight avenues requiring 
further research for progress in the field.

2. Amyloid and tau in aging and AD

Several studies of patients developing dementia (both early and late-onset spo-
radic AD; familial AD) as well as Down’s syndrome show amyloid deposition begins 
decades before overt symptoms of dementia arise [11, 15, 16]. Amyloid deposition 
of plaques, particularly the diffuse type, in AD begins in inferior neocortex with 
spread to other neocortical regions including precuneus, lateral parietal, and frontal 
association neocortices [17, 18]. Amyloid positivity predicts past and future pro-
gressive cognitive decline [19]. Glucose metabolism tends to decline where amyloid 
localizes; it is first seen in preclinical AD, mild cognitive impairment (MCI), and 
early AD using fluorodeoxyglucose (FDG) positron emission tomography (PET) in 
the posterior cingulate cortex (PCC) followed by biparietal involvement [20–22]. 
The steepest increases in amyloid deposition during healthy aging according to 
amyloid PET, thought to measure fibrillar amyloid or neuritic plaques, occurs in 
anterior cingulate cortex (ACC), PCC, precuneus, and temporal cortices [23]. The 
earliest detectable amyloid deposits by PET localize to precuneus, PCC, and medial 
orbitofrontal cortex; these deposits were not associated with atrophy or hypome-
tabolism despite changes in functional connectivity [24].

Although there is some overlap between amyloid deposition and cortical 
hypometabolism [22], other factors such as APOE genotype and tau deposition 
affect the distribution of amyloid. Whole-brain amyloid positivity appears a 
greater determinant of gross cognitive dysfunction compared to the precise areal 
distribution; however, measures of non-crystallized intelligence (e.g., executive 
functions, reasoning, problem solving) are sensitive to the amount deposited [19]. 
It is not unusual to find a dissociation between amyloid deposition and metabolic 
hypometabolism or between amyloid deposition and cortical thinning [25–27]. As 
discussed below (Section 6.1), while clinically normal elders can show significant 
correlation between thinning and amyloid deposition in the PCC, they do not show 
a significant association between these biomarkers in the ACC [28]. Amyloid depo-
sition although predictive of future cognitive decline correlates poorly with actual 
cognitive status: the number of neurofibrillary tangles (NFTs), not senile amyloid 
plaques, correlates with cognitive status before death [29]. Classically, amyloid 
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is necessary but not sufficient for the diagnosis of AD; tau with neurofibrillary 
changes is also required [30, 31]. However, over one-third of patients with clinically 
diagnosed mild to moderate AD who do not carry an APOE4 allele show minimal 
amyloid yet extensive neurofibrillary degeneration on autopsy [32]. Whether this 
group is pathophysiologically an AD variant or a tauopathy remains unclear [32, 33].

Deposits of tau generally follow amyloid. Immunohistochemical studies of tau 
and neuroimaging of humans using tau radiotracers converge on tau’s more restricted 
involvement in the temporal lobe in early AD [17, 34, 35]. Tau does not follow the 
global miliary pattern of amyloid neocortical involvement with disease progression. 
Tau’s presence more directly correlates with cognitive dysfunction and cortical thin-
ning than does amyloid [14, 36]. These changes reflect presumably the final stages 
of neurodegeneration. Unlike amyloid deposition, the localization of tau mirrors the 
clinical and neuroanatomical phenotypic variability of AD [37, 38]. Longitudinal 
data of both amyloid and tau have enabled assessment of directionality of biomarker 
spread as well as potential relationships with gene expression [39]. APOE played a 
central role in the lipid interactome affecting both Aß and tau spread, while tau- and 
Aß-risk genes differentially contributed to the specific spread of each biomarker.

3. The default mode network (DMN)

The distribution of amyloid has been noted to overlap with the neural system 
related to the default mode of brain function [5]. The observation has prompted 
hypotheses about the relationship of neural activity, the default mode network, and 
AD that continue to evolve.

PET studies have shown a broad region of relative deactivation in resting states 
compared to active states with greatest deactivation within the ventromedial 
prefrontal cortex (VMPFC) with peak minimum at Brodmann area 10 (BA10; 
Figure 1) [40]. Additional regions showing deactivations localized bilaterally to the 
inferior and superior frontal cortex, PCC/precuneus, prefrontal cortex, inferior 
parietal cortex, and several temporal areas.

The deactivation in the VMPFC during rest was shown not to reflect a relative 
activation as the OEF did not change significantly from whole-brain (e.g., Figure 1;  

Figure 1. 
Transverse sections (z = −6) of stereotactically normalized parametric data showing convergence across 
studies between CBF change and FC as well as relative stability of OEF. Left: Region of common relative CBF 
deactivation (VMPFC) in mega image contrast between active scans and passive scans (peak Z-score − 7.7; 
modified from [40]); middle: Default mode oxygen extraction fraction during rest with eyes closed; uniform 
OEF; no OEF increase in VMPFC [41]. Right: Resting state FC of the VMPFC with the DMN [49]. Middle & 
left: Copyright (2003) National Academy of Sciences, U.S.A.
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the handling of glucose was posited with the observation that aerobic glycolysis (AG) 
declined precipitously during normal aging [6, 7]. Concomitantly, molecular imaging 
of critical biomarkers in AD identified for the first time the distribution of proteins 
such as fibrillar amyloid and tau in the brain, both in asymptomatic healthy elderly 
and in patients with various neurodegenerative disorders including AD [8–10].

Such progress led to the definition and characterization of preclinical and 
clinical AD based on biomarkers for staging [11–14]. To understand the pathophysi-
ology of the hypothesized metabolic dysfunction, understanding the relationships 
between brain metabolism and these neuropathological biomarkers became critical 
during both normal aging and AD. These advances detail the evolution of imaging 
biomarkers along with their relationship to the brain’s structural, metabolic, and 
cognitive dysfunction.

Here, recent findings relevant to aging and AD are reviewed briefly as back-
ground. Current understanding of the development and ontogenesis of biomarkers 
for AD are summarized. Data are integrated with advances in neuroimaging and 
brain metabolism as well as in preclinical models mostly focusing on the resting 
state. These results bear on the metabolism hypothesis of AD. Notable gaps in 
this hypothesis and its relationship to cognitive aging highlight avenues requiring 
further research for progress in the field.

2. Amyloid and tau in aging and AD

Several studies of patients developing dementia (both early and late-onset spo-
radic AD; familial AD) as well as Down’s syndrome show amyloid deposition begins 
decades before overt symptoms of dementia arise [11, 15, 16]. Amyloid deposition 
of plaques, particularly the diffuse type, in AD begins in inferior neocortex with 
spread to other neocortical regions including precuneus, lateral parietal, and frontal 
association neocortices [17, 18]. Amyloid positivity predicts past and future pro-
gressive cognitive decline [19]. Glucose metabolism tends to decline where amyloid 
localizes; it is first seen in preclinical AD, mild cognitive impairment (MCI), and 
early AD using fluorodeoxyglucose (FDG) positron emission tomography (PET) in 
the posterior cingulate cortex (PCC) followed by biparietal involvement [20–22]. 
The steepest increases in amyloid deposition during healthy aging according to 
amyloid PET, thought to measure fibrillar amyloid or neuritic plaques, occurs in 
anterior cingulate cortex (ACC), PCC, precuneus, and temporal cortices [23]. The 
earliest detectable amyloid deposits by PET localize to precuneus, PCC, and medial 
orbitofrontal cortex; these deposits were not associated with atrophy or hypome-
tabolism despite changes in functional connectivity [24].

Although there is some overlap between amyloid deposition and cortical 
hypometabolism [22], other factors such as APOE genotype and tau deposition 
affect the distribution of amyloid. Whole-brain amyloid positivity appears a 
greater determinant of gross cognitive dysfunction compared to the precise areal 
distribution; however, measures of non-crystallized intelligence (e.g., executive 
functions, reasoning, problem solving) are sensitive to the amount deposited [19]. 
It is not unusual to find a dissociation between amyloid deposition and metabolic 
hypometabolism or between amyloid deposition and cortical thinning [25–27]. As 
discussed below (Section 6.1), while clinically normal elders can show significant 
correlation between thinning and amyloid deposition in the PCC, they do not show 
a significant association between these biomarkers in the ACC [28]. Amyloid depo-
sition although predictive of future cognitive decline correlates poorly with actual 
cognitive status: the number of neurofibrillary tangles (NFTs), not senile amyloid 
plaques, correlates with cognitive status before death [29]. Classically, amyloid 
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is necessary but not sufficient for the diagnosis of AD; tau with neurofibrillary 
changes is also required [30, 31]. However, over one-third of patients with clinically 
diagnosed mild to moderate AD who do not carry an APOE4 allele show minimal 
amyloid yet extensive neurofibrillary degeneration on autopsy [32]. Whether this 
group is pathophysiologically an AD variant or a tauopathy remains unclear [32, 33].

Deposits of tau generally follow amyloid. Immunohistochemical studies of tau 
and neuroimaging of humans using tau radiotracers converge on tau’s more restricted 
involvement in the temporal lobe in early AD [17, 34, 35]. Tau does not follow the 
global miliary pattern of amyloid neocortical involvement with disease progression. 
Tau’s presence more directly correlates with cognitive dysfunction and cortical thin-
ning than does amyloid [14, 36]. These changes reflect presumably the final stages 
of neurodegeneration. Unlike amyloid deposition, the localization of tau mirrors the 
clinical and neuroanatomical phenotypic variability of AD [37, 38]. Longitudinal 
data of both amyloid and tau have enabled assessment of directionality of biomarker 
spread as well as potential relationships with gene expression [39]. APOE played a 
central role in the lipid interactome affecting both Aß and tau spread, while tau- and 
Aß-risk genes differentially contributed to the specific spread of each biomarker.

3. The default mode network (DMN)

The distribution of amyloid has been noted to overlap with the neural system 
related to the default mode of brain function [5]. The observation has prompted 
hypotheses about the relationship of neural activity, the default mode network, and 
AD that continue to evolve.

PET studies have shown a broad region of relative deactivation in resting states 
compared to active states with greatest deactivation within the ventromedial 
prefrontal cortex (VMPFC) with peak minimum at Brodmann area 10 (BA10; 
Figure 1) [40]. Additional regions showing deactivations localized bilaterally to the 
inferior and superior frontal cortex, PCC/precuneus, prefrontal cortex, inferior 
parietal cortex, and several temporal areas.

The deactivation in the VMPFC during rest was shown not to reflect a relative 
activation as the OEF did not change significantly from whole-brain (e.g., Figure 1;  

Figure 1. 
Transverse sections (z = −6) of stereotactically normalized parametric data showing convergence across 
studies between CBF change and FC as well as relative stability of OEF. Left: Region of common relative CBF 
deactivation (VMPFC) in mega image contrast between active scans and passive scans (peak Z-score − 7.7; 
modified from [40]); middle: Default mode oxygen extraction fraction during rest with eyes closed; uniform 
OEF; no OEF increase in VMPFC [41]. Right: Resting state FC of the VMPFC with the DMN [49]. Middle & 
left: Copyright (2003) National Academy of Sciences, U.S.A.
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Raichle et al. [41]). If the VMPFC were activated, it should show increased OEF 
(as some regions in the visual cortices, see red color). The activated network during 
passive tasks was hypothesized instead to reflect a return to baseline or default 
mode network (DMN) that was interrupted by active tasks. The regional specificity 
of the DMN suggested some ill-defined brain function.

The DMN can be detected even in the presence of deep anesthesia suggesting 
a degree of invariance with respect to consciousness possibly reflecting intrinsic 
brain organization such as anatomical connectivity [42]. The VMPFC becomes 
more active not only at rest relative to other active task states (e.g., attentional) but 
also during a variety of other conditions where attention is directed away from the 
external environment. Such states include introspection, “mind wandering” [43], 
self-appraisal or introspection [44], stimulus independent thought [45], episodic 
future simulation, trait emotional self-awareness [46], and interoceptive tasks (e.g., 
recall of visceral information) [47]. As this book notes, these are reflections of the 
“autobiographical self.”

Previous work in the mid to late 1990s observed physiological fluctuations 
occurring during active states and even during rest in the MR blood oxygen level 
dependent (BOLD) signal in humans and in CBF in rodents that were correlated 
at low frequency (0.1 Hz) across regions known to have anatomical and functional 
relatedness [48]. However, it remained unclear how these temporal signals related 
to the DMN as defined from PET studies.

Remarkably, when the VMPFC region in the DMN (showing relative deactiva-
tion during active tasks using PET) was used as a seed region to correlate BOLD 
signals throughout the brain, a network surface based on interregional temporal 
coherence of the BOLD MR signal that was visually superimposable on the 
DMN. Use of a spiral MR pulse sequence avoiding signal dropout in ventral prefron-
tal regions enabled good signal recovery within VMPFC (Figure 1 [49]). Subsequent 
fMRI studies examining resting state networks displayed a more variable pattern in 
the medial prefrontal regions frequently showing more dorsal localization [50–52]. 
The significance of this disparity is unclear but may relate to low signal recovery 
with fMRI in ventral brain regions or other subnetworks (see below).

The analysis of BOLD data from the resting state using independent compo-
nent analysis of FC identified numerous subnetworks showing both anatomical 
(known afferent and efferent anatomical projections) and functional (coactiva-
tion during tasks) architecture converging with other datasets (Figure 2) [53]. The 
four principal RSNs are the dorsal attention network (DAN), DMN (as above), 
salience network (SAL; also termed cingulo-opercular), and bilateral frontopa-
rietal control network (FPC). The latter is sometimes segmented to dorsal and 
ventral systems [54].

The precise components of these RSNs need further refinement. For example, 
how does the “anterior medial prefrontal cortex” relate to VMPFC, pgACC, dACC, 
and medial superior frontal gyrus? What elementary cognitive operations do these 
different areas serve? Similarly, how does the “PCC/precuneus” relate to the vari-
ous medial parietal subregions, and what functions do they serve? In this regard, 
preliminary dissection divides the PCC into dorsal and ventral regions, each with 
two additional subregions that in turn connect with other differing cortical projec-
tion regions [55].

These four major networks based on data averaged across individuals only hint 
at the complexity on a more fine-grained analysis. ICA can produce many more net-
works, and the Human Connectome Project points to 180 parcels per hemisphere 
[56]. When resting BOLD is collected over many hours for one individual, much 
more complex, interdigitated, parallel, distributed networks become apparent 
without the blurring caused by inter-subject averaging [57].
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Data on the effects of aging and amyloid/tau deposition on these subnetworks 
continue to accrue, but there appears differential vulnerability of different subnet-
works. For example, amyloid decreased the FC of the DMN subnetworks relevant to 
episodic memory (PCC, angular gyrus, VMPFC) while increasing FC in dorsolateral 
and anterior medial prefrontal cortices as well as lateral temporal regions [58]. The 
latter regions were interpreted as reflecting compensatory responses to the amyloid-
related dysfunction in the memory subnetworks. Furthermore, the mere presence 
of biomarkers such as amyloid in preclinical AD can confound FC findings within 
and across RSNs. Cognitively normal subjects without vs. with amyloid positivity 
show small vs. large age-related changes in RSN functional, respectively [59].

The DMN shares considerable connectivity with the hippocampus [60, 61]. The 
DMN couples with different sectors of the hippocampus [62] through the parahip-
pocampal gyrus depending on task context during rest [63]; spontaneous, uncon-
strained thought (e.g., thinking about one’s past or future [64]); episodic memory 
retrieval [65]; and associative episodic memory encoding [63]. This network 
becomes disrupted early occurring both in preclinical and early AD (see Section 6, 
below) [60, 66].

4. Cerebral energetics

The energetic balance sheet indicates a large part of oxidative metabolism main-
tains the resting state [67–69]. The classic work of Seymour Kety showed oxygen 
consumption in the brain differed little across a wide variety of abnormal mental 
states such as in psychosis, whether in schizophrenic decompensation or acute 
drug intoxication [70]. In response to external stimulation, the brain only increases 
oxygen consumption by 5% [71]. Similarly, few differences in oxygen consumption 
occur between sleep vs. wakefulness [72]. Although the bulk of brain work at rest 
and on activation derives from oxidative phosphorylation [71], the metabolism 
hypothesis of AD focuses on a specific metabolic pathway: AG (i.e., glycolysis in the 
presence of adequate levels of oxygen; i.e., nonoxidative metabolism of glucose [73]).

Regions high in oxidative phosphorylation do not necessarily have high rates 
of AG. As an example, the visual cortex has very high glucose metabolism; high 
cerebral blood flow (CBF); high oxidative metabolism (cerebral metabolic rate for 
oxygen) with high levels of cytochrome oxidase; but low AG [73]. The focus on AG 
follows from the visual cortex having relative resistance to amyloid deposition and 
being one of the regions showing little decrease in metabolism with aging. In con-
trast, the PCC has high flow, oxidative metabolism, glucose metabolism, and high 

Figure 2. 
Four major RSNs revealed by ICA: DAN, dorsal attention network; DMN, default mode network; SN, salience 
network (also called cingulo-opercular network); right FPC, frontoparietal control network. Modified from [54].
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Raichle et al. [41]). If the VMPFC were activated, it should show increased OEF 
(as some regions in the visual cortices, see red color). The activated network during 
passive tasks was hypothesized instead to reflect a return to baseline or default 
mode network (DMN) that was interrupted by active tasks. The regional specificity 
of the DMN suggested some ill-defined brain function.

The DMN can be detected even in the presence of deep anesthesia suggesting 
a degree of invariance with respect to consciousness possibly reflecting intrinsic 
brain organization such as anatomical connectivity [42]. The VMPFC becomes 
more active not only at rest relative to other active task states (e.g., attentional) but 
also during a variety of other conditions where attention is directed away from the 
external environment. Such states include introspection, “mind wandering” [43], 
self-appraisal or introspection [44], stimulus independent thought [45], episodic 
future simulation, trait emotional self-awareness [46], and interoceptive tasks (e.g., 
recall of visceral information) [47]. As this book notes, these are reflections of the 
“autobiographical self.”

Previous work in the mid to late 1990s observed physiological fluctuations 
occurring during active states and even during rest in the MR blood oxygen level 
dependent (BOLD) signal in humans and in CBF in rodents that were correlated 
at low frequency (0.1 Hz) across regions known to have anatomical and functional 
relatedness [48]. However, it remained unclear how these temporal signals related 
to the DMN as defined from PET studies.

Remarkably, when the VMPFC region in the DMN (showing relative deactiva-
tion during active tasks using PET) was used as a seed region to correlate BOLD 
signals throughout the brain, a network surface based on interregional temporal 
coherence of the BOLD MR signal that was visually superimposable on the 
DMN. Use of a spiral MR pulse sequence avoiding signal dropout in ventral prefron-
tal regions enabled good signal recovery within VMPFC (Figure 1 [49]). Subsequent 
fMRI studies examining resting state networks displayed a more variable pattern in 
the medial prefrontal regions frequently showing more dorsal localization [50–52]. 
The significance of this disparity is unclear but may relate to low signal recovery 
with fMRI in ventral brain regions or other subnetworks (see below).

The analysis of BOLD data from the resting state using independent compo-
nent analysis of FC identified numerous subnetworks showing both anatomical 
(known afferent and efferent anatomical projections) and functional (coactiva-
tion during tasks) architecture converging with other datasets (Figure 2) [53]. The 
four principal RSNs are the dorsal attention network (DAN), DMN (as above), 
salience network (SAL; also termed cingulo-opercular), and bilateral frontopa-
rietal control network (FPC). The latter is sometimes segmented to dorsal and 
ventral systems [54].

The precise components of these RSNs need further refinement. For example, 
how does the “anterior medial prefrontal cortex” relate to VMPFC, pgACC, dACC, 
and medial superior frontal gyrus? What elementary cognitive operations do these 
different areas serve? Similarly, how does the “PCC/precuneus” relate to the vari-
ous medial parietal subregions, and what functions do they serve? In this regard, 
preliminary dissection divides the PCC into dorsal and ventral regions, each with 
two additional subregions that in turn connect with other differing cortical projec-
tion regions [55].

These four major networks based on data averaged across individuals only hint 
at the complexity on a more fine-grained analysis. ICA can produce many more net-
works, and the Human Connectome Project points to 180 parcels per hemisphere 
[56]. When resting BOLD is collected over many hours for one individual, much 
more complex, interdigitated, parallel, distributed networks become apparent 
without the blurring caused by inter-subject averaging [57].
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Data on the effects of aging and amyloid/tau deposition on these subnetworks 
continue to accrue, but there appears differential vulnerability of different subnet-
works. For example, amyloid decreased the FC of the DMN subnetworks relevant to 
episodic memory (PCC, angular gyrus, VMPFC) while increasing FC in dorsolateral 
and anterior medial prefrontal cortices as well as lateral temporal regions [58]. The 
latter regions were interpreted as reflecting compensatory responses to the amyloid-
related dysfunction in the memory subnetworks. Furthermore, the mere presence 
of biomarkers such as amyloid in preclinical AD can confound FC findings within 
and across RSNs. Cognitively normal subjects without vs. with amyloid positivity 
show small vs. large age-related changes in RSN functional, respectively [59].

The DMN shares considerable connectivity with the hippocampus [60, 61]. The 
DMN couples with different sectors of the hippocampus [62] through the parahip-
pocampal gyrus depending on task context during rest [63]; spontaneous, uncon-
strained thought (e.g., thinking about one’s past or future [64]); episodic memory 
retrieval [65]; and associative episodic memory encoding [63]. This network 
becomes disrupted early occurring both in preclinical and early AD (see Section 6, 
below) [60, 66].

4. Cerebral energetics

The energetic balance sheet indicates a large part of oxidative metabolism main-
tains the resting state [67–69]. The classic work of Seymour Kety showed oxygen 
consumption in the brain differed little across a wide variety of abnormal mental 
states such as in psychosis, whether in schizophrenic decompensation or acute 
drug intoxication [70]. In response to external stimulation, the brain only increases 
oxygen consumption by 5% [71]. Similarly, few differences in oxygen consumption 
occur between sleep vs. wakefulness [72]. Although the bulk of brain work at rest 
and on activation derives from oxidative phosphorylation [71], the metabolism 
hypothesis of AD focuses on a specific metabolic pathway: AG (i.e., glycolysis in the 
presence of adequate levels of oxygen; i.e., nonoxidative metabolism of glucose [73]).

Regions high in oxidative phosphorylation do not necessarily have high rates 
of AG. As an example, the visual cortex has very high glucose metabolism; high 
cerebral blood flow (CBF); high oxidative metabolism (cerebral metabolic rate for 
oxygen) with high levels of cytochrome oxidase; but low AG [73]. The focus on AG 
follows from the visual cortex having relative resistance to amyloid deposition and 
being one of the regions showing little decrease in metabolism with aging. In con-
trast, the PCC has high flow, oxidative metabolism, glucose metabolism, and high 

Figure 2. 
Four major RSNs revealed by ICA: DAN, dorsal attention network; DMN, default mode network; SN, salience 
network (also called cingulo-opercular network); right FPC, frontoparietal control network. Modified from [54].
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AG [73]. As summarized above, the PCC is very susceptible to amyloid deposition 
and is among the earliest dysfunctional regions in AD. These observations further 
refined the metabolism hypothesis of AD.

In a group of mostly cognitively intact elders, those globally without amyloid did 
not have tau accumulation in areas prone toward tau deposits (precuneus, amyg-
dala, entorhinal, inferior temporal, inferior and superior parietal, fusiform, and lat-
eral occipital cortices) and did not have decreased CMRO or AG [69]. They showed 
a positive correlation between AG and CMRglu; no correlations surfaced between 
CMRO, CMRglu, or tau deposition. In contrast, those who were amyloid positive 
globally showed an inverse relationship between tau and AG but not between tau 
and CMRO or CMRglu. These data suggest the loss of AG in tau-prone regions with 
tau accumulation leads to decreased plasticity and decreased neuroprotection (i.e., 
decreased redox buffering) leading to accelerated tauopathy.

5. Role of DMN and amyloid

The default network shows overlap with brain regions high in AG which in 
turn show overlap with areas of amyloid deposition in AD [74]. Unlike oxidative 
phosphorylation used to generate energy, AG proceeds less efficiently energetically 
(2 ATP vs. 38 ATP per glucose molecule) but more suitably for reduction of bio-
molecules for anabolism [75]. Anabolism that appears to play a much greater role in 
early human development could also provide, albeit to a lesser extent, the substrates 
for plasticity related to learning and memory in adults [76, 77]. The metabolism 
hypothesis is important because it motivates the search for AD pathophysiology 
beyond amyloid deposition to some aspect of cerebral metabolism particularly 
AG. Normal aging is associated with the loss of AG in regions which sustain higher 
levels of AG in youth; these are the very regions showing susceptibility to amyloid 
deposition [7]. The metabolism hypothesis could help explain why the frequency of 
AD rises relentlessly with aging and oxidative stress.

Several lines of evidence support the metabolism hypothesis of AD through 
altered processing of Aß [78]. The processing pathways include both increased 
production and decreased clearance. Most AD-causing dominant mutations in APP, 
PSEN1, and PSEN2 increase Aß production [79]. One mutation that is protective for 
AD occurs near the APP BACE1 cleavage site impairing γ cleavage; it is associated 
in vitro with decreased amyloidogenic peptides [80]. Likewise, vibrissal stimulation 
of APP transgenic mice increases Aß in interstitial CSF and amyloid plaques while 
decreasing lactate, a proxy for neural activity [81]. In-vitro mouse slice preparations 
show based on microdialysis rapid increases in Aß correlated with synaptic activity 
[82]. In cognitively normal older adults, greater hippocampal activity during encod-
ing at baseline correlates with longitudinal amyloid deposition and diminished 
cognitive performance [83]. APOE, the major risk locus for AD, plays a key role 
in Aß aggregation, fibrillogenesis, and maturation of neuritic plaques [84]. AD 
patients relative to controls have decreased clearance of CSF Aß with normal rate of 
Aß production [85].

6. Gaps in the metabolism hypothesis

Here, issues informing discussions about the amyloid hypothesis of AD and 
relationships to cerebral metabolism are outlined. These raise questions about 
the strong version of the metabolism hypothesis and its implications, or at least 
suggest a need for revision. Significant circumstantial evidence centers on several 
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observations: (1) normal cognitive aging; (2) familial AD; (3) healthy individuals 
at very high risk of AD (APOE*E4 homozygotes); (4) the evolving role of tau in 
AD; (5) interrelationships between amyloid and tau in AD pathology; and (6) the 
implications for cognitive function in “real time.”

6.1 The metabolism hypothesis and cognitive aging

The metabolism hypothesis suggests that if chronically elevated levels of resting 
brain activity over the lifetime drive Aß deposition with attendant cognitive dys-
function leading to AD, there should be amyloid deposition during healthy aging 
as well. Based on this mechanism, the PCC region should show major hypometabo-
lism, atrophy, and amyloid deposition as seen in early AD [21, 86–88].

Yet, this phenomenon is not observed. The PCC in normal aging shows relative 
preservation (Figure 3). Among the regions showing the least decline in metabo-
lism with aging is the PCC. Older healthy adults show minimal PCC atrophy rates 
over 12 months [89]. Older healthy adults, especially E4 non-carriers, do not show 
amyloid deposition in the PCC [90–92]. Young adult E4 carriers with positive 
family history of AD and at high risk of future AD already show PCC hypome-
tabolism implying DMN hyperactivity related to AD must have occurred before 
then [93]. Of note, older healthy E4 non-carriers begin to show amyloid positivity 
at around 71 years of age, while the E4 carriers develop amyloid positivity about 
20 years earlier. Interestingly, when separating the independent effects of aging vs. 
E4 load, amyloid deposition shows a more frontal involvement. Of note, the effects 
of aging and E4 load interact: the peak hazard ratio occurs ~60 years of age and 
declines thereafter; E4 is a risk factor for AD even for younger adults (<65 years) 
[94]. Furthermore, resting connectivity of the PCC/precuneus region to the ACC 
is reduced in older healthy adults who carry E4 even in the absence of detectable 
fibrillar amyloid or decreased CSF Aß42 suggesting both Aß-dependent and 
Aß-independent aging-related mechanisms [95].

The principal locus of declining metabolism in healthy elders does not map to 
the PCC but localizes instead to the ACC (Figure 3) [96–101]. ACC hypometabo-
lism correlates also with aging-related decline in cognitive function [99]. Whereas 

Figure 3. 
Decline of brain activity with aging in healthy volunteers. Voxel-wise Pearson correlation (r) map of glucose 
uptake vs. age in stereotactically normalized brain (3D-SSP; S. Minoshima, University of Utah). A, lateral; B, 
medial; C, dorsal (left)/ventral (right). Color scale shows peak r = −0.8. Note the greatest decline in glucose uptake 
with age localizes to the ACC (BA 32/9; region 1). A midline circuit (regions 1-3) includes dorsomedial thalamus 
and basal forebrain/subgenual cingulate; the metabolism in this circuit correlates with declining executive function 
(verbal fluency). Other regions with lower correlations are not associated with cognitive performance. Reprinted 
from Neuroimage, Vol 35(3), Pardo JV et al., Where the brain grows old: Decline in anterior cingulate and medial 
prefrontal function with normal aging. Copyright (2007), with permission from Elsevier.
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AG [73]. As summarized above, the PCC is very susceptible to amyloid deposition 
and is among the earliest dysfunctional regions in AD. These observations further 
refined the metabolism hypothesis of AD.

In a group of mostly cognitively intact elders, those globally without amyloid did 
not have tau accumulation in areas prone toward tau deposits (precuneus, amyg-
dala, entorhinal, inferior temporal, inferior and superior parietal, fusiform, and lat-
eral occipital cortices) and did not have decreased CMRO or AG [69]. They showed 
a positive correlation between AG and CMRglu; no correlations surfaced between 
CMRO, CMRglu, or tau deposition. In contrast, those who were amyloid positive 
globally showed an inverse relationship between tau and AG but not between tau 
and CMRO or CMRglu. These data suggest the loss of AG in tau-prone regions with 
tau accumulation leads to decreased plasticity and decreased neuroprotection (i.e., 
decreased redox buffering) leading to accelerated tauopathy.

5. Role of DMN and amyloid

The default network shows overlap with brain regions high in AG which in 
turn show overlap with areas of amyloid deposition in AD [74]. Unlike oxidative 
phosphorylation used to generate energy, AG proceeds less efficiently energetically 
(2 ATP vs. 38 ATP per glucose molecule) but more suitably for reduction of bio-
molecules for anabolism [75]. Anabolism that appears to play a much greater role in 
early human development could also provide, albeit to a lesser extent, the substrates 
for plasticity related to learning and memory in adults [76, 77]. The metabolism 
hypothesis is important because it motivates the search for AD pathophysiology 
beyond amyloid deposition to some aspect of cerebral metabolism particularly 
AG. Normal aging is associated with the loss of AG in regions which sustain higher 
levels of AG in youth; these are the very regions showing susceptibility to amyloid 
deposition [7]. The metabolism hypothesis could help explain why the frequency of 
AD rises relentlessly with aging and oxidative stress.

Several lines of evidence support the metabolism hypothesis of AD through 
altered processing of Aß [78]. The processing pathways include both increased 
production and decreased clearance. Most AD-causing dominant mutations in APP, 
PSEN1, and PSEN2 increase Aß production [79]. One mutation that is protective for 
AD occurs near the APP BACE1 cleavage site impairing γ cleavage; it is associated 
in vitro with decreased amyloidogenic peptides [80]. Likewise, vibrissal stimulation 
of APP transgenic mice increases Aß in interstitial CSF and amyloid plaques while 
decreasing lactate, a proxy for neural activity [81]. In-vitro mouse slice preparations 
show based on microdialysis rapid increases in Aß correlated with synaptic activity 
[82]. In cognitively normal older adults, greater hippocampal activity during encod-
ing at baseline correlates with longitudinal amyloid deposition and diminished 
cognitive performance [83]. APOE, the major risk locus for AD, plays a key role 
in Aß aggregation, fibrillogenesis, and maturation of neuritic plaques [84]. AD 
patients relative to controls have decreased clearance of CSF Aß with normal rate of 
Aß production [85].

6. Gaps in the metabolism hypothesis

Here, issues informing discussions about the amyloid hypothesis of AD and 
relationships to cerebral metabolism are outlined. These raise questions about 
the strong version of the metabolism hypothesis and its implications, or at least 
suggest a need for revision. Significant circumstantial evidence centers on several 
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observations: (1) normal cognitive aging; (2) familial AD; (3) healthy individuals 
at very high risk of AD (APOE*E4 homozygotes); (4) the evolving role of tau in 
AD; (5) interrelationships between amyloid and tau in AD pathology; and (6) the 
implications for cognitive function in “real time.”

6.1 The metabolism hypothesis and cognitive aging

The metabolism hypothesis suggests that if chronically elevated levels of resting 
brain activity over the lifetime drive Aß deposition with attendant cognitive dys-
function leading to AD, there should be amyloid deposition during healthy aging 
as well. Based on this mechanism, the PCC region should show major hypometabo-
lism, atrophy, and amyloid deposition as seen in early AD [21, 86–88].

Yet, this phenomenon is not observed. The PCC in normal aging shows relative 
preservation (Figure 3). Among the regions showing the least decline in metabo-
lism with aging is the PCC. Older healthy adults show minimal PCC atrophy rates 
over 12 months [89]. Older healthy adults, especially E4 non-carriers, do not show 
amyloid deposition in the PCC [90–92]. Young adult E4 carriers with positive 
family history of AD and at high risk of future AD already show PCC hypome-
tabolism implying DMN hyperactivity related to AD must have occurred before 
then [93]. Of note, older healthy E4 non-carriers begin to show amyloid positivity 
at around 71 years of age, while the E4 carriers develop amyloid positivity about 
20 years earlier. Interestingly, when separating the independent effects of aging vs. 
E4 load, amyloid deposition shows a more frontal involvement. Of note, the effects 
of aging and E4 load interact: the peak hazard ratio occurs ~60 years of age and 
declines thereafter; E4 is a risk factor for AD even for younger adults (<65 years) 
[94]. Furthermore, resting connectivity of the PCC/precuneus region to the ACC 
is reduced in older healthy adults who carry E4 even in the absence of detectable 
fibrillar amyloid or decreased CSF Aß42 suggesting both Aß-dependent and 
Aß-independent aging-related mechanisms [95].

The principal locus of declining metabolism in healthy elders does not map to 
the PCC but localizes instead to the ACC (Figure 3) [96–101]. ACC hypometabo-
lism correlates also with aging-related decline in cognitive function [99]. Whereas 

Figure 3. 
Decline of brain activity with aging in healthy volunteers. Voxel-wise Pearson correlation (r) map of glucose 
uptake vs. age in stereotactically normalized brain (3D-SSP; S. Minoshima, University of Utah). A, lateral; B, 
medial; C, dorsal (left)/ventral (right). Color scale shows peak r = −0.8. Note the greatest decline in glucose uptake 
with age localizes to the ACC (BA 32/9; region 1). A midline circuit (regions 1-3) includes dorsomedial thalamus 
and basal forebrain/subgenual cingulate; the metabolism in this circuit correlates with declining executive function 
(verbal fluency). Other regions with lower correlations are not associated with cognitive performance. Reprinted 
from Neuroimage, Vol 35(3), Pardo JV et al., Where the brain grows old: Decline in anterior cingulate and medial 
prefrontal function with normal aging. Copyright (2007), with permission from Elsevier.
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AG localizes to ACC, PCC, and parietal regions, loss of regions high in AG during 
youth appears to occur in all three regions without selectivity for any one of these 
regions [76]. So, unless AD per se involves hyperactivity of the DMN beyond that 
in normal elders for which there is no evidence, the hypothesis does not address the 
inconsistency between mechanisms of cognitive aging versus AD to account for the 
observed dissociation between ACC and PCC findings.

Several observations related to cognitive aging need reconciliation with the 
metabolism hypothesis. Healthy elders free from amyloid deposition show a 
remarkable disconnection between the anterior and posterior default networks 
(i.e., ACC and PCC) [102]. Yet, nothing about the metabolism hypothesis explains 
why DMN regions with high AG, where amyloid will be deposited as AD develops, 
should disconnect—both regions should show aging-related hypometabolism as a 
result of white matter damage. Similarly, cognitively normal elders not at high risk 
for AD (no E4) show increases and decreases within anterior DMN connectivity, 
while showing only decreases in posterior DMN FC [103]. Cognitively intact elders 
with minimal amyloid deposition without E4 have greater connectivity of the ACC 
to the precuneus than those with E4 [95]. The aging-related anterior vs. posterior 
dissociations in connectivity within DMN networks remain theoretically difficult to 
predict based solely on the metabolism hypothesis.

The ACC also has high glucose metabolism, flow, oxygen consumption, and 
AG; yet, the ACC does not show amyloid deposition akin to the PCC with healthy 
aging (those >60 years without amyloid positive scans [23]). Thus, chronic neural 
activity along with AG during the lifespan per se is not sufficient to lay down 
amyloid. Just as PCC hypometabolism marks focal atrophy early in AD, the region 
of ACC hypometabolism with aging should likewise display cortical thinning. 
However, several large studies do not support the prediction [104, 105], although 
not all findings are convergent [106]. Additionally, recent studies of tau deposition 
in preclinical AD show early deposition in the PCC but not in the ACC [107]. Those 
elders with cognitive function akin to much younger subjects (i.e., “SuperAgers”) 
show thickening of the ACC and increased spindle cells suggestive of plasticity with 
aging; or alternatively, “SuperAgers” may be endowed with ACC thickening before 
aging [108, 109]. Also, age can confound years of education; the latter is associated 
with increased ACC thickness and metabolism [110, 111]. However, studies of the 
effects of aerobic fitness exercise on cognition and cortex show ACC thickening in 
older adults in support of the potential for plasticity in this region [112].

A clear dissociation can arise also between amyloid deposition and FDG metabo-
lism in the ACC in AD that is difficult to explain with the metabolism hypothesis. 
Patients who initially had mild AD, as confirmed with metabolic and amyloid 
biomarkers, were followed for 2 years along with a matched, amyloid negative 
control group. Despite extensive amyloid deposition in the ACC of the AD patients, 
no hypometabolism colocalized in the ACC during follow-up [22]. The aging-
related ACC hypometabolism noted previously likely led to a floor effect across 
groups. Likewise, aging-related ACC hypometabolism would tend to spare amyloid 
deposition in patients appearing inconsistent with the metabolism hypothesis given 
extensive amyloid involvement of the ACC in AD.

6.2 The metabolism hypothesis and autosomal dominant AD

A corollary of the metabolism hypothesis suggests those with familial AD 
would show similar patterns of hypometabolism and amyloid deposition to 
late-onset, sporadic AD. However, those with mutations (APP, PSEN1, PSEN2) 
show greatest amyloid deposition in the basal ganglia, a site that only becomes 
involved late in typical sporadic AD [113–115]. However, the specific pattern of 
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amyloid deposition may depend to some extent on the specific mutation. For 
example, the PS1 mutation, E280A, shows amyloid deposition more like late-
onset sporadic AD than many other mutations with early onset. This variability 
may not surprise given the complexity of the underlying biology of different 
mutations in PS1 [116].

6.3 Role of APOE genotype in the metabolism hypothesis

If regional brain activity drives amyloid deposition in the pattern seen in AD, then 
the AD metabolic pattern should arise in those at highest risk for the future develop-
ment of AD—asymptomatic APOE*E4 homozygotes, who have a 12-fold increased 
risk of LOAD. So far, there are seven such individuals in the Alzheimer’s Disease 
Neuroimaging Initiative’s (ADNI) database. Their pattern of amyloid deposition 
highlights bilateral lenticular nuclei and the ACC/medial prefrontal involvement with 
the PCC notably unaffected (see Figure 3). In fact, the deposition of amyloid in the 
homozygotes is reminiscent of that seen in Down’s syndrome and most mutations 
found in autosomal dominantly inherited forms of AD arising in APP, PS1, or PS2 
[113–115, 117]. This pattern of amyloid deposition in E4 homozygotes is consistent 
with findings reported previously in an independent group of eight homozygotes [91].

6.4 Role of tau in the metabolism hypothesis

Another difficulty with the metabolism hypothesis of AD is the notable absence 
of tau involvement in this theory. The role of tau, its modifications, and its etiologic 
role in neurodegeneration in AD has been reviewed previously [118]. Although the 
metabolism hypothesis of AD focuses on amyloid deposition, there is increasing evi-
dence that tau plays at least as great if not greater etiopathological role. Of interest in 
this context, recent studies show tau deposition during preclinical AD in the PCC; the 
metabolism hypothesis cannot explain this dissociation between PCC and ACC [107].

AD cases with neurofibrillary changes (neuritic plaques, neurofibrillary tangles, 
neurofibrillary threads, tau tangles) typically show extensive amyloid deposition. 
However, not all cases with extensive amyloid deposition show neurofibrillary 
changes [17]. Amyloid deposits and neuritic plaques vary widely across individuals 
both temporally and regionally; so, they do not provide useful biomarkers for stag-
ing of AD [17]. In contrast, the distribution of tau is consistent across individuals 
and provides useful staging of disease progression [17].

Hyper-phosphorylated intraneuronal tau (“pretangle”) has been reported even in 
young adults in the absence of amyloid particularly in subcortical nuclei such as the 
locus coeruleus [119]. The significance of these findings in the context of AD remains 
uncertain as the pretangle material may be transient, related incidentally to other pro-
cesses (e.g., traumatic brain injury), or the earliest manifestations of AD. Furthermore, 
studies of transgenic mice with APOE isoform knock-in and APOE knock-out show 
that even in the absence of amyloid, E4 is particularly neurotoxic in mice with mutant 
tau transgenes, and this toxicity is in part mediated by neuroinflammation via the 
innate immune system produced by microglia and type A1 astrocytes [120].

A recent study identified the significant role of tau in the context of amyloid 
deposition [121]. High resolution fMRI of cerebral blood volume (CBV), coupled 
to regional metabolism, mapped the earliest changes in preclinical AD to lateral 
entorhinal (LEC), transentorhinal, and perirhinal cortices, as predicted from 
neuropathological studies [17]. The former region’s CBV correlated significantly 
with a test of delayed retention. Three lines of mice were generated with dif-
ferential expression in entorhinal cortex of pathological human APP, tau, or both 
transgenes.
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aging [108, 109]. Also, age can confound years of education; the latter is associated 
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older adults in support of the potential for plasticity in this region [112].

A clear dissociation can arise also between amyloid deposition and FDG metabo-
lism in the ACC in AD that is difficult to explain with the metabolism hypothesis. 
Patients who initially had mild AD, as confirmed with metabolic and amyloid 
biomarkers, were followed for 2 years along with a matched, amyloid negative 
control group. Despite extensive amyloid deposition in the ACC of the AD patients, 
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related ACC hypometabolism noted previously likely led to a floor effect across 
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A corollary of the metabolism hypothesis suggests those with familial AD 
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amyloid deposition may depend to some extent on the specific mutation. For 
example, the PS1 mutation, E280A, shows amyloid deposition more like late-
onset sporadic AD than many other mutations with early onset. This variability 
may not surprise given the complexity of the underlying biology of different 
mutations in PS1 [116].

6.3 Role of APOE genotype in the metabolism hypothesis

If regional brain activity drives amyloid deposition in the pattern seen in AD, then 
the AD metabolic pattern should arise in those at highest risk for the future develop-
ment of AD—asymptomatic APOE*E4 homozygotes, who have a 12-fold increased 
risk of LOAD. So far, there are seven such individuals in the Alzheimer’s Disease 
Neuroimaging Initiative’s (ADNI) database. Their pattern of amyloid deposition 
highlights bilateral lenticular nuclei and the ACC/medial prefrontal involvement with 
the PCC notably unaffected (see Figure 3). In fact, the deposition of amyloid in the 
homozygotes is reminiscent of that seen in Down’s syndrome and most mutations 
found in autosomal dominantly inherited forms of AD arising in APP, PS1, or PS2 
[113–115, 117]. This pattern of amyloid deposition in E4 homozygotes is consistent 
with findings reported previously in an independent group of eight homozygotes [91].

6.4 Role of tau in the metabolism hypothesis

Another difficulty with the metabolism hypothesis of AD is the notable absence 
of tau involvement in this theory. The role of tau, its modifications, and its etiologic 
role in neurodegeneration in AD has been reviewed previously [118]. Although the 
metabolism hypothesis of AD focuses on amyloid deposition, there is increasing evi-
dence that tau plays at least as great if not greater etiopathological role. Of interest in 
this context, recent studies show tau deposition during preclinical AD in the PCC; the 
metabolism hypothesis cannot explain this dissociation between PCC and ACC [107].

AD cases with neurofibrillary changes (neuritic plaques, neurofibrillary tangles, 
neurofibrillary threads, tau tangles) typically show extensive amyloid deposition. 
However, not all cases with extensive amyloid deposition show neurofibrillary 
changes [17]. Amyloid deposits and neuritic plaques vary widely across individuals 
both temporally and regionally; so, they do not provide useful biomarkers for stag-
ing of AD [17]. In contrast, the distribution of tau is consistent across individuals 
and provides useful staging of disease progression [17].

Hyper-phosphorylated intraneuronal tau (“pretangle”) has been reported even in 
young adults in the absence of amyloid particularly in subcortical nuclei such as the 
locus coeruleus [119]. The significance of these findings in the context of AD remains 
uncertain as the pretangle material may be transient, related incidentally to other pro-
cesses (e.g., traumatic brain injury), or the earliest manifestations of AD. Furthermore, 
studies of transgenic mice with APOE isoform knock-in and APOE knock-out show 
that even in the absence of amyloid, E4 is particularly neurotoxic in mice with mutant 
tau transgenes, and this toxicity is in part mediated by neuroinflammation via the 
innate immune system produced by microglia and type A1 astrocytes [120].

A recent study identified the significant role of tau in the context of amyloid 
deposition [121]. High resolution fMRI of cerebral blood volume (CBV), coupled 
to regional metabolism, mapped the earliest changes in preclinical AD to lateral 
entorhinal (LEC), transentorhinal, and perirhinal cortices, as predicted from 
neuropathological studies [17]. The former region’s CBV correlated significantly 
with a test of delayed retention. Three lines of mice were generated with dif-
ferential expression in entorhinal cortex of pathological human APP, tau, or both 
transgenes.
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Mice with mutant entorhinal tau alone, but not mutant APP alone, had dimin-
ished CBV in LEC with aging [121]. The double mutant had decreased LEC CBV 
with aging compared to the single mutants and other controls thereby demonstrat-
ing that APP increased tau-related metabolic dysfunction. Decreased CBV in aged 
double mutant spread even to posterior parietal cortex, a pattern reminiscent of 
human AD. APP immunohistochemistry of older mice showed no changes between 
mutant APP and double mutant mice; the label localized mostly to entorhinal 
cortex. However, tau immunohistochemistry of older mice showed increased signal 
in the double mutants with the suggestion of relocalization of phospho-tau from 
neuropil to the somatodendritic compartment.

The differing roles of amyloid and tau in the evolution of AD were recently high-
lighted in cognitively intact elders [58]. Those positive for amyloid (Aß+) showed 
hyperconnectivity within DMN and SN when tau deposits were low. In contrast, 
the Aß + subjects showed decreased FC with increasing tau deposition. Thus, 
the effects of PET biomarkers on FC appear complex and likely involve multiple 
neuropathological processes.

These data make clear that tau cannot be ignored in understanding the ontogen-
esis of AD. The metabolism hypothesis needs modification for relevance beyond 
amyloid deposition to AD pathophysiology.

6.5 Cognitive processing in “real time”

The biomarkers discussed so far are not dynamic in terms of real time. These 
scans, even when measured during rest, probe parameters over many minutes—
totally divorced from cognitive processes that occur at the scale of milliseconds to 
seconds. Recent studies hint that the metabolism hypothesis has relevance to the 
latter time scale.

As mentioned in Section 5, lactate is a proxy for neural activation and through 
regulation of NADH/NAD+ becomes a modulator of rCBF in response to activation 
[122]. Astrocytes on activation show a metabolic switch toward AG shifting oxy-
genation from astrocytes to neurons [123]. In turn, lactate produced through AG is 
critical for memory formation [124]. Because AG can provide reducing equivalents 
for biosynthesis of macromolecules for plasticity, learning tasks demonstrate focal 
increases in AG on-line with experience-dependent plasticity [77]. The elevation 
in AG can persist for many minutes after an activation task [125]. How amyloid 
impacts real-time learning through changes in AG remains to be elucidated.

Preliminary studies have examined using magnetoencephalography (MEG) 
oscillatory power in real time in cognitively normal elders either with amyloid 
deposition (“preclinical AD”) or without amyloid deposition [126]. Increases in 
power in the alpha range in the amyloid-positive preclinical cases at rest local-
ized over the ACC and correlated with increased glucose metabolism. These 
metabolic changes did not yet correlate with structural atrophy or cognitive 
decline. The findings begin to define the earliest on-line physiological changes in 
preclinical AD. Similarly, increased functional connectivity at rest localized to the 
ACC. Proposed hypotheses include cognitive compensation (i.e., cognitive reserve) 
or amyloid-related hyper-excitability in preclinical AD [58, 127].

7. Concluding remarks about the metabolism hypothesis

The observations reviewed above argue that even if chronic neural activity in 
the DMN biases Aß production and clearance toward amyloid deposition, differ-
ent mechanisms participate in Aß localization in normal elderly, E4 homozygotes, 
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Mitochondria and Alzheimer’s 
Disease: An Electron Microscopy 
Study
Stavros J. Baloyannis

Abstract

Alzheimer’s disease is a progressive, irreversible presenile or senile neurode-
generative disorder, implicating mainly the mental faculties, characterized by 
decline of memory and judgment, learning impairment, loss of professional skills 
and verbal capacities, alterations of social behavior, decline of motor skills and 
eventual disarrangement of the autonomic equilibrium. Among the pathogenetic 
factors, oxidative stress and mitochondrial dysfunction may play an essential role. 
Alterations of mitochondria may enhance amyloid toxicity, which in turn may 
aggravate mitochondrial dysfunction. We describe ultrastructural alterations of 
mitochondria in the soma of neurons, in axons, dendritic profiles and synaptic 
terminals, in astrocytes in early cases of Alzheimer’s disease on various areas of 
the cerebral and the cerebellar cortex, the hippocampus, the hypothalamus, the 
mammillary bodies and the medial geniculate body. The morphological and mor-
phometric study of the mitochondria revealed an impressive polymorphism at any 
area of the brain. The mitochondria demonstrated variation of size and shape, frag-
mentation of the cristae and marked changes of their structure. The most dramatic 
mitochondrial alterations were observed in dendritic profiles, spines and synaptic 
terminals. A substantial number of astrocytes demonstrated mitochondrial altera-
tions, which coexisted with fragmentation of Golgi apparatus and dilatation of the 
cisternae of the smooth endoplasmic reticulum. On the basis of our observations, 
we feel that therapeutic strategies aiming at protecting the mitochondria might be 
beneficial in the treatment of early cases of AD.

Keywords: Alzheimer’s disease, mitochondria, Golgi apparatus, astrocytes, synapses, 
electron microscopy

1. Introduction

Alzheimer’s disease (AD) is one of the most enigmatic and multidimensional 
neurodegenerative diseases of the brain. The high incidence in aging, the ongoing 
number of the patients and the social, humanitarian and economic impact of the 
disease [1], as well as the irreversible course of the disease, the failure of therapeutic 
interventions [2] and the fatal outcome impose on the neuroscientists and the 
society a combined attempt for the amelioration of the quality of life of the patients 
at least by the reduction of risk factors in the initial stages of the disease [3].
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The clinical manifestation of Alzheimer’s disease, starting from the inabil-
ity to encode new memories, includes progressive and irreversible cognitive 
decline, affecting memory and judgment, loss of professional skills and verbal 
capacities, impairment of learning new informations and gradual disarrange-
ment of the social behavior [4, 5] resulting in isolation of the patient in the 
framework of an obvious functional incapacity, encountering in vegetative state 
eventually.

The neuropathological background of AD mostly consists of selective neuronal 
loss [6, 7], substantial morphological and morphometric alterations of the synapses 
[8–11], marked mitochondrial alterations, even in the initial stages of the disease 
[12, 13], tau pathology [14] resulting in the formation of neurofibrillary tangles 
(NFT) by the accumulation of hyperphosphorylated tau protein [15], many inflam-
matory phenomena, alterations of brain capillaries [16] and various extensive 
extracellular deposits of Aβ peptide’s polymers, in the form of polymorphic neuritic 
plaques, [17, 18].

Pathological alterations of the organelles in the soma, the axons, the dendrites 
and the synapses of neurons are observed in electron microscopy, even in the 
initial stage of the disease [19] in areas with minimal typical Alzheimer’s pathol-
ogy, namely aggregations of Aβ peptide and neurofibrillary tangles. The majority 
of the alterations of the organelles in Alzheimer’s disease particularly concern 
the Golgi complex [19], the microtubules, the synaptic vesicles and mostly the 
mitochondria [20–22].

The etiopathology of the sporadic cases of Alzheimer’s disease remains a real 
problem in spite of the multidimensional extensive ongoing research in the last 
decades [23, 24] on the crucial fields of genetics [25, 26], molecular biology [27, 
28], neuropathology [29, 30], neuroimmunology [31, 32], pathophysiology [33], 
neuroimaging [34] and neurochemistry [35–38].

The pathogenetic mechanisms embrace a diverse range of hypotheses which 
attempt to decipher the real cause of memory and reasoning decline in AD. Among 
the many hypothesis, the most mattering are (a) the amyloid hypothesis [39, 40], 
(b) the metabolic and synaptic dysfunction hypothesis [41], (c) the hypothesis 
of translational neurodegeneration [42], (d) the tau hypothesis [43], (e) the 
hypothesis of neuroinflammation [44], (f) the cholinergic hypothesis [45], (g) the 
oxidative stress [46], (h) the vascular hypothesis [47, 48], (i) the glucose hypome-
tabolism hypothesis [49], (j) the autoimmune hypothesis [50], (k) the endocrine 
hypothesis [51, 52], (l) the mitochondrial dysfunction [53, 54] and (m) the Golgi 
complex hypothesis [55–57].

Many of those hypotheses are basely interrelated, such as the amyloid 
hypothesis and the oxidative stress ones [58, 59], the amyloid and the tau 
hypothesis [60], the oxidative stress and the mitochondrial dysfunction [61], 
the mitochondrial dysfunction, energy deficiency and oxidative stress [61, 62], 
the mitochondria dysfunction and the synaptic pathology [22, 63], the tau 
pathology and the vascular hypothesis [64], the cholinergic dysfunction and 
the amyloid hypothesis [65], amyloid, tau and neurodegeneration hypothesis 
[66], the mitochondria and the dendritic hypothesis [67–69] and the immune 
reactions, microglia, tau, Aβ peptide, lipid processing and neurodegeneration 
hypothesis [70–73].

Mitochondria hypothesis advocates in favor of the important role that mitochon-
drial dysfunction may play in the early stages of Alzheimer’s disease [21] by induc-
ing energy deficiency and oxidative stress [22], which would be associated with 
β-amyloid (Aβ) neurotoxicity. It is well known that mitochondria, which has been 
defined as organelles in tissue culture since 1914 [74] are normally involved in aging 
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process [75–77], since mitochondrial function declines as the age advances, result-
ing in decrease of ATP production and increase of free oxygen radicals formation, 
given that ATP synthase is located in the inner mitochondrial membrane, playing a 
key role in the energy homeostasis of the cell.

In addition, morphological alterations of mitochondria, resulting in deficiency 
of mitochondrial electron transport proteins, with considerable consequences upon 
the energy supply of nerve cells have been described in Alzheimer’s disease and 
other degenerative conditions of the brain [12, 21, 78, 79], which are also associated 
with oxidative stress [80].

It is also particularly noticeable that morphological abnormalities of mito-
chondria are seen in neurons lacking neurofibrillary tangles [12] suggesting that 
mitochondrial degeneration might be among the earliest signs of Alzheimer’s 
morphological alterations.

The fact that maternal influence seems to be a risk factor for Alzheimer’s disease 
morbidity, according to epidemiologic studies [81, 82], and to combined neuropsy-
chological and neuroimaging investigations [83] plead in favor of the substantial 
role that mitochondria may also play in the pathogenetic cascade of Alzheimer’s 
disease.

In this perspective article, we attempted to describe the ultrastructural altera-
tions of mitochondria in various neocortical and subcortical areas of the brain of 
patients who suffered from Alzheimer’s disease at the early stages.

2. Material and methods

2.1 Material

This electron microscope study is based on examination of 25 brains obtained at 
autopsy 2–7 hours after death at a room temperature of 40°C. All of the brains were 
derived from patients aged 55–80 years, who have had a history of dementia, which 
was definitely diagnosed 1 or 3 years prior to the end of their life.

The patients fulfilled on repeated clinical examinations and assessments all the 
psychological, psychiatric and neurological criteria of AD [84–86]. The patients 
have had 18 years of education, and had a fluency in their native language, two of 
them being also bilingual with equal fluency in both of the languages. The usual 
diagnostic assessment was based on the medical history, the physical examination, 
including cardiological investigation, neurological examination, psychiatric evalua-
tion and detailed neuropsychological testing.

The cognition of the patients was evaluated by battery of neuropsychological 
testing [87], including mini mental state examination (MMSE) [88, 89], dementia 
rating scale (DRS) [90, 91], ADAS-COX test [92, 93] and the brief memory execu-
tive test (BMET) [94].

All the patients underwent an EEG examination and a carotid examination by 
duplex Doppler. Neuroimaging was performed including computerized tomography 
(CT), magnetic resonance imaging (MRI) of the brain and a single-photon emission 
computed tomography (SPECT) [95]. All the methods of clinical and laboratory 
investigations were evocative for Alzheimer’s disease. The patients passed away due 
to heart arrest.

In addition, we dissected and examined in electron microscopy 25 brains, which 
were unremarkable from the neuropathological point of view, derived from appar-
ently healthy individuals of the same age range with the AD patients, using them as 
normal controls.
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2.2 Methods

2.2.1 Electron microscopy

Multiple samples of a small size (2 × 2 × 2 mm) were excised from the hippo-
campus, the prefrontal area of the cortex, the superior parietal lobe, the occipital 
pole, the visual cortex, the Hessl gyri of the temporal neocortex, the vermis of the 
cerebellum and the cerebellar hemispheres, the hypothalamus, the mammillary 
bodies and the medial geniculate bodies. The samples were selected bilaterally and 
immersed directly in Sotelo’s fixing solution [96], composed of 1% paraformalde-
hyde, 2.5% glutaraldehyde in cacodylate buffer 0.1 M, adjusted at pH 7.35.

Then all the specimens were post fixed in 1% osmium tetroxide for 30 min at 
a room temperature of 18°C and dehydrated in graded alcohol solutions and in 
propylene oxide twice. After dehydration, the specimens were embedded in araldite 
mixture and cut in ultrathin sections by a Reichert ultratome.

The sections were placed on the grids where they were contrasted with uranyl 
acetate and lead citrate, and studied in a Zeiss electron microscope of the type 9aS.

The study electron microscopy examination was particularly focused on the 
morphology of the organelles, mainly on the mitochondria of neurons and astro-
cytes. In addition, the Golgi complex, the endoplasmic reticulum, the endosomes, 
the dendritic profiles, the spines, the axons, the axonic collaterals and the synaptic 
components were studies in all of the sections.

The morphometric estimation was carried out on micrographs of a standard 
magnification of 56,000×. The analysis of each macrograph was performed with 
an image analyzer. The surface area of mitochondria as well as the volume and the 
circularity ratio (CR) were calculated on a total of 8000 mitochondria.

The statistical analysis of the data was evaluated by Student t tests.

3. Results

The ultrastructural study of the mitochondria revealed an impressive polymor-
phism at any area of the brain. The mitochondria demonstrated a wide variation of 
size and shape in the soma, the axons, the dendrites and the synaptic terminals in 
the majority of the neurons (Figure 1). The majority of the mitochondria demon-
strated fragmentation of the cristae and obvious disarrangement of their interior 
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structure (Figures 1 and 2). The mitochondria in the presynaptic terminals were 
either small and round with few cristae (Figure 3) or very large showing disruption 
of the cristae (Figure 4).

It should be underlined that in areas of the brain with minimal Alzheimer’s 
pathology, such as the cerebellum, the visual, the acoustic cortex, the mammil-
lary bodies and the hypothalamus, mitochondria demonstrated obvious mor-
phological alterations. Very large mitochondria were observed in the soma and 
the dendritic profiles of Purkinje cells (Figure 5), in the granule cells (Figure 6) 
as well as in the climbing fibers, the mossy fibers and the synaptic terminals of 
parallel fibers (Figure 7). Large number of small mitochondria with disruption 
of cristae was observed in the visual cortex (Figure 8) and the acoustic cortex 
(Figure 9).

Mitochondrial alterations were also observed in many synaptic profiles in the supra-
chiasmatic and the paraventricular hypothalamic nuclei of AD brains (Figure 10).

The morphometric estimation of the mitochondria in the soma, the dendrites 
and the dendritic spines of a considerable number of neurons of the suprachi-
asmatic nucleus in AD brains revealed that they have an average diameter of 
440 ± 250 nm and a mean axial ratio of 1.7 ± 0.2 [97].

The polymorphism of the mitochondria was the most frequent finding at 
any studied area of the cortex of the brain hemispheres, the cerebellum and the 
subcortical structures. Small round mitochondria intermixed with very large 
ones with disarrangement of the cristae and accumulation of fibrillary elements 
(Figure 11) or dense osmiophilic material (Figure 12). The mitochondria in the 
dendritic profiles and the synaptic terminals at the prefrontal cortex were large 
occupying the majority of the volume of the synaptic component (Figure 1). Large 
mitochondria were also observed in axonic collaterals among the myelinated fibers 
at the prefrontal and the parietal cortices (Figure 13). Small mitochondria were 
frequently observed in association with Golgi complex alterations in the soma of 
neurons and astrocytes (Figure 14).

A substantial number of astrocytes demonstrated small or very large mito-
chondria with disruption of the cristae in association with dilated cisternae of the 
smooth endoplasmic reticulum (Figure 15). Small mitochondria were also observed 

Figure 2. 
Large mitochondrion in a postsynaptic terminal in the molecular layer of the cerebellum in a case of AD. The 
disruption of the mitochondrial cristae is obvious. Electron micrograph Mag. 248,000×.
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2.2 Methods
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the dendritic profiles of Purkinje cells (Figure 5), in the granule cells (Figure 6) 
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parallel fibers (Figure 7). Large number of small mitochondria with disruption 
of cristae was observed in the visual cortex (Figure 8) and the acoustic cortex 
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Mitochondrial alterations were also observed in many synaptic profiles in the supra-
chiasmatic and the paraventricular hypothalamic nuclei of AD brains (Figure 10).

The morphometric estimation of the mitochondria in the soma, the dendrites 
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occupying the majority of the volume of the synaptic component (Figure 1). Large 
mitochondria were also observed in axonic collaterals among the myelinated fibers 
at the prefrontal and the parietal cortices (Figure 13). Small mitochondria were 
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A substantial number of astrocytes demonstrated small or very large mito-
chondria with disruption of the cristae in association with dilated cisternae of the 
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Figure 3. 
Small round mitochondria in Purkinje cell dendritic spines (postsynaptic components) in the molecular layer 
of the cerebellum in a case of AD. Electron micrograph Mag. 248,000×.

Figure 5. 
Very elongated and large mitochondria in dendritic profiles (d) and dendritic spines (ds) in the molecular 
layer of the vermis of the cerebellum in a case of AD. The presynaptic terminals of the parallel fibers (pf) 
contain small round dense mitochondria. Electron micrograph Mag. 124,000×.

Figure 4. 
Very large mitochondria in dendritic profiles (d) and dendritic spines (ds) in the molecular layer of the 
cerebellum in a case of AD. The disruption of the mitochondrial cristae and the disarrangement of the interior 
structure are obvious. Electron micrograph Mag. 56,000×.
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in oligodendrocytes in the subcortical white mater in association with dilated 
cisternae of the smooth endoplasmic reticulum and alterations of the Golgi complex 
(Figure 16).

The dendritic spines of the cortical neurons were dramatically reduced in num-
ber and size and most of the presynaptic terminals included small round and dense 
mitochondria and were also characterized by the dramatic poverty of the synaptic 
vesicles (Figure 17), a finding advocating in favor of a previous concept that the 

Figure 6. 
Large abnormal mitochondria (m) in the perikaryon of a granule cell (GC) of the vermis of the cerebellum in 
a case of AD. Electron micrograph Mag. 124,000×.

Figure 7. 
Small dense mitochondria in a presynaptic terminal (pst) of a parallel fiber (pf) in contact with a large 
dendritic branch of Purkinje cell (PCd) in the molecular layer of the left cerebellar hemisphere in a case of 
AD. Electron micrograph Mag. 124,000×.
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Figure 9. 
Small dense mitochondria in postsynaptic terminal (ps) in the acoustic cortex in a case of AD. Electron 
micrograph Mag. 124,000×.

Figure 8. 
Mitochondria with obvious disruption of the cristae in presynaptic terminal (prs) in the visual cortex in a case 
of AD. Electron micrograph Mag. 124,000×.
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Figure 10. 
Small abnormal mitochondria with disruption of the cristae and disintegration of the interior structure in the 
suprachiasmatic nucleus of the hypothalamus in a case of AD. Electron micrograph Mag. 124,000×.

Figure 11. 
Very large mitochondria (m) intermixed with small ones (m) in a dendritic profile of Purkinje cell (PCd) in 
the vermis of the cerebellum in a case of AD. Electron micrograph Mag. 124,000×.
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morphological alterations of the synapses and dendritic spines coincide, as a rule, 
with marked mitochondrial alterations [22].

In morphometric estimation, the mitochondria in normal control aged brains 
appeared to have an average diameter of 250–650 nm and a mean axial ratio of 
1.9 ± 0.2. The round or global mitochondria in normal controls appeared to have a 
mean mitochondrial radius of 350 nm. In Alzheimer’s disease, ellipsoid mitochon-
dria of Purkinje cells appeared to have an average diameter of 250–510 nm and a 
mean axial ratio of 1.7 ± 0.2. Round mitochondria were characterized by a mean 
radius of 280 nm.

Figure 13. 
Large mitochondrion in an axonic collateral among myelinated fibers in the prefrontal area of the cortex in a 
case of AD. Electron micrograph Mag. 124,000×.

Figure 12. 
Very small dense mitochondria in an axonic profile (ax) in the acoustic cortex in a case of AD. Electron 
micrograph Mag. 124,000×.
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Figure 14. 
Small mitochondrion (m) near dilated cisternae of Golgi apparatus (GA) and multivesicular body (mvb) 
in the soma of an astrocyte in the prefrontal area of the cortex of a case of AD. Electron micrograph Mag. 
54,000×.

Figure 15. 
Small mitochondria (m) among dilated cisternae of smooth endoplasmic reticulum (er) in the soma of an 
astrocyte in the parietal cortex of a case of AD. Electron micrograph Mag. 54,000×.
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4. Discussion

Mitochondria play an essential role in energy supply of the cells, given that they 
provide most of the energy by oxidative phosphorylation of glucose, been basely 
key organelles for energy production involved in many metabolic pathways of the 
cell [98]. Mitochondrial dysfunction, associated with aging may be also a crucial 
factor in neurodegenerative disorders including Alzheimer’s disease.

Decrease in energy metabolism and altered cytochrome C oxidase (CytOX) 
activity are among the earliest detectable defects in AD [99], affecting presumably 
neuronal plasticity and synaptogenesis. It is important to underline that reduced 
respiratory activity has also been reported in platelets of patients who suffered from 
AD [100], in the early stages of the disease. In addition, postmortem cytochrome-
C oxidase activity is lower than normal in the cerebral cortex and in the platelets 
of AD patients [101] and mutations in cytochrome-C oxidase genes have been 
reported in late-onset AD [102].

Mitochondria and mtDNA are very sensitive to oxidative damage, such as 
protein oxidation and lipid peroxidation and inversely mitochondrial alterations 
may induce or enhance the existing oxidative stress, a fact pleading for an intimate 

Figure 17. 
Small mitochondria (m) in presynaptic profiles which show a dramatic poverty of synaptic vesicles (v) in the 
molecular layer of the cerebellum of AD. Electron micrograph Mag. 124,000×.

Figure 16. 
Small mitochondria (m) among dilated cisternae of smooth endoplasmic reticulum (er) and fragmented 
cisternae of Golgi apparatus in the soma of an oligodendrocyte in the subcortical white matter of the parietal 
lobe of a case of AD. Electron micrograph Mag. 54,000×.
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and early association between oxidative stress and mitochondrial abnormalities 
[103, 104].

In addition, the combined effect of high calcium ions with oxidative stress may 
induce serious impairment of the mitochondrial function, leading to release of 
cytochrome C and triggering the initiation of the intrinsic pathway for apoptosis in 
many systems [105–107].

Oxidative stress can also enhance the production and the aggregation of 
Aβ [108] as well as the hyperphosphorylation of tau protein, which contribute 
extensively in the pathogenetic mechanism of AD [109]. The overproduction of 
Aβ peptide in AD induces fission and fragmentation of mitochondria, a fact that 
further increases oxidative stress and causes a considerable decline of energy 
production, which is associated with the increased expression of dynamin-related 
protein 1 (Drp1) [110]. The Aβ peptide enhances the activity of Drp1 protein in 
neurons, which subsequently induces morphological alteration of the mitochondria 
and increases the mitochondrial dysfunction in AD.

Mitochondrial alterations are closely connected with the over expression of the 
amyloid precursor protein (APP) and the amyloid-β peptide [58]. The Aβ peptides are 
generated either extracellularly or within the cisternae of the endoplasmic reticulum 
(ER) and the mitochondria. APP is folded and modified in the ER and transported 
through the Golgi complex to the plasma membrane. Transmembrane arrest of APP 
causes considerable impairment of mitochondrial function in neurons [111].

A substantial amount of amyloid-β peptide is generated in mitochondria-associ-
ated ER membranes (ER-MAMs or MAMs), which is a dynamic sub-compartment 
of the ER, which is connected with mitochondria [112]. In Alzheimer’s disease, 
intraneuronal amyloid precursor protein and amyloid-β are mostly localized to mito-
chondria [112], where amyloid-β peptide may induce mitochondrial dysfunctions by 
interaction with cyclophilin D, which is a subunit of the mitochondrial permeability 
transition pore [113]. Amyloid-β peptide may also interact with Aβ binding alcohol 
dehydrogenase (ABAD) on the mitochondrial membranes and induce further 
mitochondrial dysfunction [114]. Moreover, alterations in the lipid composition of 
cellular membranes may influence proteolytic processing of AβPP and increase the 
release of Alzheimer’s amyloid beta-peptide from membranes [115].

In addition, Aβ peptide inhibits protein influx in the mitochondria, resulting in 
mutation of mitochondrial DNA (mtDNA), aggravating therefore mitochondrial 
dysfunction and disintegration eventually [116]. Experimental studies, on the other 
hand, revealed that the soluble form of Aβ peptide causes a reduced mitochondrial 
membrane potential (MMP) and energy production [117].

Mitochondrial dysfunction on the other hand may play an important role for 
enhancing the neurotoxicity of the Aβ peptide in AD, aggravating furthermore the 
oxidative stress. Oxidative stress is reasonably associated with amyloid β peptide 
accumulation in the neocortex [118], a fact which plays a crucial role in the patho-
genesis of Alzheimer’s disease, inducing alterations to the cytoplasm of sensitive cells 
[119] by increasing reactive oxygen species (ROS) production [120]. This condition 
may cause further mitochondrial dysfunction, since the lack of histones in mito-
chondrial DNA makes them particularly vulnerable to oxidative stress [121, 122].

It is important that morphological alterations of the mitochondria in AD are 
observed in areas of the brain with minimal Alzheimer’s pathology, such as in the 
cerebellum, the hypothalamus and the mammillary bodies [123] suggesting that they 
are independent of the accumulation of neurofibrillary tangles and neuritic plaques.

It is well known that shape and the size of the mitochondria are highly variable 
[124], since they undergo continual fission and fusion, which are necessary for cell 
survival and harmonious adaptation to changing conditions [125] and are related, 
at the same time, with the processes of biogenesis [126] and the mitophagy [127].
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cytochrome C and triggering the initiation of the intrinsic pathway for apoptosis in 
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In addition, mitochondrial morphology is sometimes controlled by the cyto-
skeleton, namely the neurofilaments and the microtubules [128]. The change of 
the shape of the mitochondria occurs mostly during their course through axons, 
dendrites and synaptic terminals via anterograde transport [129].

Many proteins are also important for the mitochondrial morphological integrity 
and for binding to the cytoskeletal components [130]. Porin is a protein in the outer 
membrane of the mitochondria that forms voltage-dependent anionic channels, 
between the mitochondrial inter membrane space and the cytosol [131]. Porin 
may play crucial role in binding to cytoskeleton [132], because porin-rich domains 
mostly contain binding sites for MAP2. In addition, recent evidence suggest that 
amyloid β increases the contact points between endoplasmic reticulum and mito-
chondria, a phenomenon that occurs in cellular stress, which usually increases 
ER-mitochondrial coupling [133].

Normally, approximately one-third of the mitochondria are in motion along 
with microtubules and actin filaments [128, 134], transported to regions where 
energy requirement is particularly high. The number of the mitochondria is 
adjusted, according to the requirement of energy by the cell. It is reasonable that the 
dysfunctional mitochondria may undergo mitophagy [135], a fact which is associ-
ated with neurodegeneration [136] and many devastating conditions of the brain.

Morphometric studies of the mitochondria in non-nerve cells in AD revealed a 
significant reduction in mitochondrial density in endothelial cells [137] as well as 
in fibroblasts and other cells obtained from patients with AD [138]. Mitochondria 
from fibroblasts grown in tissue culture from skin samples taken during autopsy of 
patients of AD, took significantly less calcium than did mitochondria of fibroblasts 
from age matched normal controls, suggesting that Alzheimer’s fibroblast mito-
chondria have impaired calcium transport processes and showed increased sensitiv-
ity to oxygenic free radicals [139].

The most dramatic morphological alterations of the mitochondria are seen in 
dendritic profiles and the synaptic terminals. The defective mitochondria in AD 
neurons may not supply adequate levels of adenosine triphosphate (ATP), which is 
very important factor at the synaptic level for normal neural communication. The 
low levels of cellular ATP at nerve terminals may lead to the loss of synapses and 
considerable decline of synaptic function, causing serious cognitive impairment 
and profound dementia ultimately.

Mitochondrial alterations in AD are observed also in astrocytes, although mito-
chondrial dynamics of astrocytes are not yet extensively studied. Astrocytes partici-
pate in the degradation of neuronal mitochondria via the process of transmitophagy 
[140] that occurs following internalization of axonal mitochondria by astrocytic 
processes, which normally contain very small mitochondria [141]. Astrocytic 
alterations have been described in cases of familial Alzheimer’s disease [142] as well 
as in advanced cased of sporadic type of Alzheimer’s disease [143], demonstrating 
evidence of the toxicity of the Aβ peptide [144]. The mitochondrial alterations of 
the astrocytes in early case of Alzheimer’s disease enhance the noxious role of the 
Aβ peptide on the function and the integrity of the astrocytes [145] with serious 
implications on neuroprotection [146] due to the increased excitotoxicity, which 
would be a reasonable consequence of the disruption of glutamate/GABA-glutamine 
cycle [147].

In all of the cases, it was noticed that the morphological alterations of mitochon-
dria in neurons and astrocytes are frequently associated with the fragmentation 
of Golgi apparatus and the decrease of the vesicles in cis- and trans-Golgi network 
[19, 56]. The morphological alterations of the mitochondria and the fragmentation 
of Golgi complex coincide with the dendritic and synaptic pathology in early cases 
of Alzheimer’s disease [22, 148].
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Understanding the important role the mitochondrial factor plays in the etio-
pathogenetic cascade of Alzheimer’s disease [13], new therapeutic strategies aim 
at protecting the mitochondria [149] and preventing oxidative stress, calcium 
imbalance and eventual apoptosis might be beneficial in the treatment of early 
cases of AD.

5. Conclusions

The study in electron microscopy of various areas of the cerebral cortex, includ-
ing the prefrontal area, the superior parietal lobe, the occipital pole, the visual cor-
tex and the Hessl gyri of the temporal neocortex, and various areas of the cerebellar 
cortex, the hypothalamus, the mammillary bodies and the medial geniculate body 
in early cases of Alzheimer’s disease, revealed serious morphological alterations 
of the mitochondria in the perikaryon, the dendritic branches the axons and the 
synapses.

The most dramatic alteration of the mitochondrial morphology was observed 
in the dendritic profiles, the dendritic spines and the synapses, associated with 
poverty of synaptic vesicles and accumulation of multi vesicular bodies.

The morphological alterations of the mitochondria were not dependent on the 
typical Alzheimer’s pathology, since they were seen in areas with minimal β amyloid 
aggregations and no neurofibrillary tangles, such as the cerebellum, the hypothala-
mus and the visual cortex, suggesting that the mitochondrial alterations are not the 
direct consequence of amyloid toxicity.

Mitochondrial alterations were also seen in astrocytes and oligodendrocytes 
frequently in association with dilatation of the cisternae of the smooth endoplasmic 
reticulum and Golgi complex.

The mitochondria alterations induce a substantial decline of energy supply to 
neuronal processes, affecting the protein trafficking, the membrane dynamics as 
well as the synaptic activity, resulting in gradual synaptic and dendritic degenera-
tion and in neuronal apoptosis eventually.

Mitochondria are strategic points in the pathogenetic field of Alzheimer’s dis-
ease. New therapeutic strategies aiming at protecting the mitochondria, increasing 
the energy supply and preventing oxidative stress and calcium imbalance, might be 
beneficial in the treatment of early cases of AD.
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Chapter 4

Putative Involvement of Thiol 
Protease Inhibitor in the Function 
of Alzheimer Drug
Fakhra Amin and Bilqees Bano

Abstract

The intermolecular structure gets altered when drug-protein interaction takes 
place. It brings about alterations in the conformation of protein. An acetyl cho-
linesterase inhibitor (AChE) is the most used drug for patients who are suffering 
from Alzheimer’s disease to curb its instigated symptoms. So, it is used as first-line 
defense in the insightful symptoms. This study is of concern with the interaction 
of cystatin purified from buffalo brain with its simple tri-step procedure including 
alkaline action, ammonium sulfate fractionation, and gel filtration chromatography 
on Sephadex G-75 with % yield of 64.13 and fold purification of 384.7. The inhibi-
tor (brain cystatin (BC)) showed a single papain inhibitory peak drifted as single 
band on native PAGE; this purified inhibitor was interacted with donepezil to 
analyze the side effect of this drug since cystatin is an important regulatory protein 
that maintains the protease antiprotease balance. The conformational change was 
predicted when the UV spectra of cystatin was analyzed in the presence of donepe-
zil contextual with the fluorescence spectra, but the fluorescence spectra showed 
40 nm of red shift suggesting the change on interaction leading to a conclusion that 
donepezil is pertinent to imbalance to protease and antiprotease inhibitor perhaps 
the side effect of drug.

Keywords: acetyl cholinesterase (ach), acetyl cholinesterase inhibitor (AChE), 
Alzheimer’s disease (AD), brain cystatin, (BC), thiol protease inhibitor

1. Introduction

Brain is exposed to a variety of neuromodulating agents given as therapy. The 
consequential action of these agents should be investigated to have the knowledge 
of their side influence. The primary degenerative disease of brain is dementia 
subsequently causing Alzheimer’s disease. It is instigated in late life with cumulative 
properties like diminishing of memory, cognition, linguistic ability, and judgment. 
It is an advanced brain disorder relating to a person’s inability to learn, reason, and 
carry out daily activities [1, 2]. The significant neurotransmitter acetylcholine is 
associated with normal functioning of the brain, and if the level of acetylcholine 
goes down in the cerebral cortex, this promulgates to  Alzheimer’s disease, the 
debilitating brain condition [3, 4].

Alzheimer’s disease (AD) patients have lesser level of acetylcholine with 
the progressive abnormalities in cholinergic neurons. One line of attack to 
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reduce the impact of these abnormalities is to obstruct the relevant enzyme 
AChE (acetylcholinesterase) which acts as a foremost agent in the breakdown 
of acetylcholine (ACh) [2]. Acetylcholine hydrolysis into choline and acetate is 
prevented by AChE inhibitors in the synaptic clefts and ensuing in activating 
cholinergic transmission [3]. Donepezil (Figure 1) is a piperidine-class (piperi-
dine is a widely used building block and chemical reagent in the synthesis of organic 
compounds, including pharmaceuticals; piperidine is a widely used secondary amine) 
AChE inhibitor, sensibly designed especially for Alzheimer’s disease [5, 6].  
It is used to improve cognitive function in patients of AD and shows no sign of 
hepatotoxicity [7–9]. The trade name of this drug is Aricept and it functions as 
an acetylcholinesterase inhibitor [10]. It has 100% of an oral bioavailability and 
easily passes the blood–brain barrier. Shows the half life of 70 hrs. The primary 
action of donepezil is by plummeting the breakdown of acetylcholine thus 
amassing the concentration of acetylcholine in the brain retaining back to its 
normal function [11].

The major neuropathological hallmarks of AD are senile plaque, neurofibril-
lary tangles, and neuronal loss. Both cathepsins and cystatins (cystatin A and B) 
are found in close association with senile plague, cerebrovascular amyloid 
deposits, and neurofibrillary tangles in Alzheimer’s disease, Parkinson’s, and 
patients suffering from senile dementia supporting the fact that they are amyloid 
constituents. Recent researches have shown that cathepsins are one of the most 
important proteases involved in the processing of neuropeptides in the central 
nervous system (CNS) of brain (Figure 2) [12], while cystatin C is also existing 
in high concentration and their concentration relevant in brain diseases. Cysteine 
proteinases in normal persons help in 𝛽𝛽-peptide clearing. The disturbance between 
the accumulative action of cathepsins and cystatins may lead to aggregation of 
potentially amyloidogenic fragment collection aggravates to form amyloid fibrils 
in nerve cells of AD patients causing cystatin concentration to shrink (Figure 3). 
Generated by imbalance of cathepsins and cystatin, these potentially amyloido-
genic fragments at liberty into the extracellular space cause the aggravation of 
disease [12].

The powerful regulatory system is constituted by cystatins for endogenous 
cysteine proteinases (cathepsins) which are often permeable from the lysosomes of 
dying or diseased cells [13]. Cystatins are the natural inhibitors of cysteine pro-
teases with wide occurrence in tissues and cells which belong to a super family of 
proteins [14]. Cystatin super family has been divided into three families on the basis 
of homology, inhibition of target enzymes, and presence or absence of disulfide 
bonds.

Family 1, also called as stefins, includes members of low-molecular-weight pro-
teins (11 kDa) which lack disulfide bonds and carbohydrate contents. This family 
includes cystatins A and B and stefins C and D.

Figure 1. 
Structure of donepezil [17].
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The figure shows the detailed interaction of cystatin-cathepsin imbalance and 
the role of acetylcholine esterase inhibitor as function in restoration of Alzheimer’s 
diseases. They are found both in the body fluids and cells. Common illustration is 
cystatin C.

Kininogens or family 3 cystatins are large precursor molecules of the vasoactive 
kinins. They are glycoproteins of single chain that perform the multiple biologi-
cal functions such as kinin delivery, induction of endogenous blood coagulation 
cascade, and acute phase response intercession. They are inhabitants of blood 
plasma [15].

Figure 2. 
Graphical abstract – Showing the function of cystatin in brain, how it is combating the several diseases.

Figure 3. 
Graphical abstract-2.
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Cystatins tightly bind and impede the activity of cathepsins; if the activity of 
cathepsins is not regulated, it instigates chronic diseases [13]. Senile plaque, cere-
brovascular amyloid deposits, and neurofibrillary tangles in Alzheimer’s disease 
are all the ramifications of imbalance between proteinases and their endogenous 
inhibitor cystatins [1].

Normal functioning of the brain is balanced by maintaining the level of ace-
tylcholine and acetylcholinesterase inhibitor [16]. A previous report showed that 
donepezil binds along with HSA modifying it conformationally by effecting its free 
concentration in plasma [17].

The supplementation of donepezil was explored to find out any effect on 
cystatin (major regulator of thiol proteases: cathepsins B, H, and L, etc.) in the 
mammalian system. If the activity of these proteases is not controlled, it will lead 
to protease and antiprotease imbalance and repercussion to several diseases [18]. 
Therefore, it was thought worthwhile to investigate the donepezil cystatin binding 
and its role in the proper accomplishment of drug delivery and if it lead to kind 
of side effects as well as to gain knowledge about any conformational change in 
cystatin effecting its activity?

The study shows that the imbalance of protease-antiprotease purportedly 
leads the way to Alzheimer’s disease, while the presence of drug donepezil unfolds 
cystatin which becomes unfit to bind cathepsins leading to a number of diseases as 
a considerable side effect of the drug. As cystatins play significant role in several 
diseases like, cancer and cardiovascular diseases [19]. Therefore, the usage of 
donepezil in such patients requires additional attention.

2. Materials

Papain (99% purity) was obtained from Sigma Chemical Company (St. Louis, 
USA). Donepezil (an Alzheimer drug) was purchased from Ranbaxy (India). The 
solutions were prepared in 50 mM phosphate buffer of pH 7.4. Salts were purchased 
from Merck (India). The protein concentration was determined spectrophotometri-
cally. All other reagents were of analytical grade, and double distilled water was 
used throughout.

3. Methods

Purification of brain cystatins. Buffalo brain whole mass (150 g) was brought 
fresh from slaughter house in a box containing ice packs. It was carefully washed 
and rinsed with water, eliminating thin membrane and nerves by forceps, and the 
whole brain tissue was homogenized in 50 mM sodium phosphate buffer (300 mL) 
of pH 7.5 containing 0.15 M NaCl, 3 mM EDTA, and 2% n-butanol. After centrifu-
gation at 11,000 rpm for 15 min at 40°C, residue was cast off, and the supernatant 
was further processed. The procedure involved a combination of alkaline treatment 
(pH 11.0), ammonium sulfate fractionation, and gel filtration chromatography. The 
brain was homogenized and fractionated with ammonium sulfate between 40 and 
60% saturation; the precipitated protein was then dialyzed against 50 mM sodium 
phosphate buffer pH 7.4 containing 0.1 M NaCl. Elution profile showed two protein 
peaks—one major and one minor called as peak-I and peak-II. Peak-I is conforming 
to high-molecular-weight buffalo brain cystatin with significant inhibitory activity 
and protein content; however, peak-II with insignificant protein concentration and 
low inhibitory activity was not taken into consideration for further studies. Peak-I 
named as BC was purified with fold purification of 384.72 and yield of 64.13%. 
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Papain inhibitory fractions of peak-I were pooled, concentrated, and checked for 
purity. Five milliliter fractions were collected and assayed for protein and cystatin 
activity. Homogeneity of the preparation was investigated by 7.5% PAGE [20].

4. Spectroscopic studies

4.1 Fluorescence spectra of brain cystatin with drug

Brain cystatin (BC) (1 𝜇𝜇M) was incubated for 30 min with subsequent higher 
concentration of donepezil in 0.05 M sodium phosphate buffer pH 7.5 in a final 
reaction volume of 1 mL at room temperature. The same buffer is used for prepara-
tion of drug solutions. Fluorescence measurements were carried out on a Shimadzu 
Spectroflourimeter model RF-5301PC (Shimadzu, Japan) equipped with a 150 W 
Xenon lamp and a slit width of 10 nm at 298 K. The fluorescence was recorded in 
wavelength region 300–400 nm after exciting the protein at 280 nm. The slits were 
set at 10 nm for excitation and emission. The path length of the sample was 1 cm.

4.2 UV spectra of cystatin in the presence of donepezil

The UV measurement of brain cystatin in the presence and absence of drug 
was made in the range of 200–300 nm, and the inhibitor (cystatin) concentration 
was fixed at 1 𝜇𝜇M, while the drug concentration was varied from 0.16 to 1.6 𝜇𝜇M. 
Absorption spectra were recorded on a double-beam Shimadzu UV-vis spectropho-
tometer UV-1700 using a cuvette of 1 cm path length.

4.3 Activity measurement of brain cystatin in the presence of donepezil

The inhibitory activity of the purified inhibitor (BC) under native conditions 
was assessed by its ability to inhibit caseinolytic activity of papain by the method 
of Kunitz [21]. The inhibitor (1 𝜇𝜇M) was incubated with increasing concentra-
tions of donepezil at 25°C for 30 min before the activity was measured. Activity of 
untreated BC was taken as 100%.

5. Results

5.1 Interaction of donepezil with brain cystatin

Alzheimer’s disease is a progressive brain disorder that gradually destroys a 
person’s memory and ability to learn, reason, and make judgments. AChE is respon-
sible for degradation of the neurotransmitter acetylcholine (ACh) in the synaptic 
cleft of neuromuscular junctions and of neuronal contacts in the central nervous 
system [22, 23]. Donepezil belongs to the important class of acetylcholinesterase 
inhibitors (AChEIs) [24]. The results of the interaction of donepezil with cystatin 
are given below.

5.2 Intrinsic fluorescence studies of cystatin in the presence of donepezil

Cystatin (1 𝜇𝜇M) was incubated with various concentrations of donepezil vary-
ing from 2 to 10 𝜇𝜇M for 30 min. The fluorescence was recorded in the wavelength 
region of 300–400 nm after exciting the protein solution at 280 nm for total 
protein fluorescence. Donepezil caused unfolding of the cystatin as indicated by 
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enhancement in fluorescence intensity accompanied by the red shift of 40 nm 
as compared to –max of native cystatin (340 nm), while the drug (native) 
shows –max at 370 nm. However at 1.6 𝜇𝜇M, when it forms complex with cystatin, 
there was a shift in –max of 10 nm with significant enhancement in fluorescence 
intensity (Figure 4).

Cystatin (1 𝜇𝜇M) was incubated with various concentrations of donepezil 
varying from 0.16 to 1.6 𝜇𝜇M for 30 min. The fluorescence was taken in the range 
of wavelength 300–400 nm after exciting the protein solution at 280 nm for total 
protein fluorescence. The slits were set at 10 nm for excitation and emission. The 
path length of the sample was 1 cm in the final reaction volume of 1 mL in 0.05 M 
sodium phosphate buffer pH 7.5.

5.3 UV-vis spectra of cystatin in the presence and absence of donepezil

Cystatin concentrations were fixed at 1 𝜇𝜇M, while the donepezil concentrations 
varied from 0.16 to 1.6 𝜇𝜇M. Absorption spectra of native cystatin and in the pres-
ence and absence of donepezil were recorded in the range of 200–300 nm. The UV 
absorption intensity of cystatin increased with increasing concentration of donepe-
zil concentration; however, the slight decrease in absorption intensity may be due to 
disruption or perturbation of absorbing groups (Figure 5).

5.4 Inhibitory activity of cystatin in the presence of donepezil

A change in the inhibitory activity of cystatin with increasing concentration 
of donepezil is shown in Table 1. The effect of donepezil on cystatin function was 
assessed by monitoring its changes in antiproteolytic activity by caseinolytic assay 
of papain [21]; 1 𝜇𝜇M of cystatin was incubated with increasing concentration of 

Figure 4. 
Fluorescence spectra of cystatin in the presence and absence of donepezil. Cystatin (1 μM) was incubated with 
various concentration of Donepezil varying from 0.16 to 1.6 μM for 30 min. The fluorescence was recorded in the 
wavelength region 300–400 nm after exciting the protein solution at 280 nm for total protein fluorescence. The 
slits were set at 10 nm for excitation and emission. The path length of the sample was 1 cm in the final reaction 
volume of 1 ml in 0.05 M sodium phosphate buffer pH 7.5.
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donepezil (0.16–1.6 𝜇𝜇M). Exposure of cystatin to increasing concentration of done-
pezil resulted in rapid decline of antiproteolytic activity; 85% decline in the activity 
was seen at 1.6 𝜇𝜇M of donepezil with more than half of the inactivation of cystatin 
which was taking place at concentration as low as 0.32 𝜇𝜇M.

Table 1 shows changes in the inhibitory activity of brain cystatin after its incuba-
tion for its inhibitory activity with increasing concentrations of donepezil. Cystatin 
(1 𝜇𝜇M) was treated with varying concentrations of donepezil (0.16–1.6 𝜇𝜇M) for 
30 min in the final reaction volume of 1 mL in 0.05 M sodium phosphate buffer pH 7.5.

5.5 2-D gel electrophoresis

Purity of brain cystatin was confirmed by 2-D gel electrophoresis; purified cys-
tatin was run in one dimension on the isoelectric focusing, and after this, it was run in 
second dimension on 12.5% PAGE. On 2-D gel electrophoresis, BC migrated as a single 

S.no Drug concentration % Remaining inhibitory activity of cystatin

1 Cystatin alone 100

2 Cystatin + 0.16 μM donepezil 57 ± 0.623

3 Cystatin + 0.32 μM donepezil 40 ± 0.938

4 Cystatin + 0.64 μM donepezil 38 ± 0.772

5 Cystatin + 0.96 μM donepezil 24 ± 0.932

6 Cystatin + 1.6 μM donepezil 15 ± 0.680

All data are expressed as mean ± SE for three different sets of experiments; statistical significance was conducted 
employing one-way ANOVA. A probability level of 0.05 was selected showing that results are significant.
The table shows changes in the inhibitory activity of brain cystatin after its incubation for its inhibitory activity 
with increasing concentrations of donepezil. Cystatin (1  μM) is treated with varying concentrations of donepezil 
(0.16–1.6 μM) for 30 min in the final reaction volume of 1 ml in 0.05 M sodium phosphate buffer pH 7.5.

Table 1. 
Inhibitory activity of cystatin in the presence of donepezil.

Figure 5. 
UV-vis spectra of cystatin in the presence and absence of donepezil. Cystatin concentrations were fixed at 1 μM, 
while the donepezil concentration was varied from 0.16 to 1.6 μM. Absorption spectra of native cystatin in the 
presence and absence of donepezil were recorded in the range of 200–300 nm cuvette of 1 cm path length for 
30 min in the final reaction volume of 1 ml in 0.05 M sodium phosphate buffer pH 7.5.
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Figure 6. 
2-D gel electrophoresis of purified BC: after isoelectric focusing, IPG was run horizontally over 12.5% gel 
between the glass slabs. A single dot was obtained toward the negative side of the IPG strip.

dot further supporting the purity nature of BC. The position of the spot was approxi-
mately in the range of 7–8 pH on IPF strip (pH 3–10) suggesting the pl of BC as 7–8.

All data are expressed as mean ± SE for three different sets of experiments; 
statistical significance was conducted employing one-way ANOVA. A probability 
level of 0.05 was selected showing that results are significant (Figure 6).

6. Discussion

The drug inducing changes in protein function leading to adverse side effects is 
the area of continual scientific investigation [25, 26].

Even small structural differences in protein conformation can lead to drastic changes 
in functional parameters [26]. Addition of small molecules such as many drugs, par-
ticularly those with local anesthetics, tranquilizers, and antidepressants, can bind to the 
native state and can alter the delicate balance of various interactions in proteins [27–30].

The adverse drug reactions are triggered due to gathering of drug molecules 
at localized sites in the body causing their elevated concentration [31] and 
ligand-induced protein structure conformational changes [32]. The drugs used as 
medical therapy are unable to act in the specified area because of these intricate 
mechanisms; therefore, all the varied external parameters are taken into account 
which combine the study of the conformational modifications in proteins along 
with drugs resulting complexes causing any side effect which are paramount 
for the study. These studies enable us to understand how ligand affinity can be 
planned and how the protein conformation upon complexation can be managed 
[26] which is decisive in a massive range of imperative biochemical phenomena.

In the present work and structural and functional analyses of cystatin, a protein 
ubiquitously present in mammalian cells and tissues was studied which showed 
a significant increase in fluorescence intensity due to unfolding of cystatin in the 
presence of donepezil (Figure 4). Such kind of changes have also been documented 
earlier, after interaction of ligands (phytohormones, cytokinins, abscisic and gib-
berellic acids) with wheat germ agglutinin resulting in 60% increase in fluorescence 
intensity of native protein [33].
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Donepezil-cystatin complexation showed 40 nm red shift in λmax indicating 
exposure of aromatic residues to the solvent caused by conformational changes in 
the protein [34, 35]. Absorption spectral measurements of cystatin in the presence 
of drug showed a peak noticeable at 275 and 210 nm in spectra obtained at 0.16 𝜇𝜇M 
donepezil concentration (Figure 5). Suggesting changes mainly due to tryptophan 
and tyrosine residues [36].

Thus, the results indicate that the UV absorption and fluorescence emission 
changes in donepezil-mediated interaction are due to conformational changes in 
cystatin mainly arising from interaction affecting the chromophoric groups of the 
protein which produce significant effect on the activity of cystatin. The study shows 
that in the presence of donepezil, cystatin gets unfolded which is a side effect of 
donepezil.

There is a gradual decline in the cystatin activity with increasing drug concen-
tration resulting in 62% loss at 0.64 𝜇𝜇M donepezil (Table 1). Further magnitude 
of decline was relatively smaller with increasing drug concentration up to 1.6 
𝜇𝜇M. Cystatin retained only 15% of its antiproteolytic potential.

The knowledge about the pharmacokinetics and pharmacodynamics of the 
drug-protein interaction continues to expand. The increased information available 
to clinicians might help in optimizing the use of these agents in the management of 
patients with Alzheimer’s disease and other diseases. The clinical utility of measur-
ing these parameters in daily practice awaits further research [37].
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Chapter 5

Non-pharmacological Treatment 
of Alzheimer’s
Terezia Fertalova and Iveta Ondriova

Abstract

Caring for a patient with dementia is challenging, as we cannot cure Alzheimer’s 
disease but only slow its progress. In the presented chapter, we offer non-pharma-
cological approaches for influencing the patient’s behaviour, actions and emotions, 
and to arouse their interest and motivation, while preserving the highest quality 
of life. In the past, many experts have looked at specific approaches to dementia 
patients and devoted their entire professional lives to senior citizens. Our aim is 
to offer an overview of the most frequently used therapeutic approaches with 
dementia patients and use practical demonstrations to reinvigorate the theoretical 
basis. At the end of the chapter we deal with the burden on the carer in the family 
environment.

Keywords: Alzheimer’s disease, memory, non-pharmacological,  
treatment, carer

1. Introduction

With the increasing number of seniors, the number of newly diagnosed patients 
with dementia syndrome, including Alzheimer’s disease, is rising. At the same time, 
the costs of treatment are increasing. This has led experts to focus on less costly, 
non-pharmacological treatment of dementia.

Examining non-pharmacological approaches to patients with dementia and 
their family carers does not have such a long tradition or history as the scientific 
examination of pharmacological approaches. Certainly, scientists have always taken 
it as given that besides pharmacotherapy, it is useful to activate, reassure, adapt the 
environment and other procedures experienced by non-medical staff in particu-
lar. These procedures have long been considered appropriate and useful, but not 
too stimulating or interesting for further scientific research. However, in the last 
decade, work has appeared examining non-pharmacological approaches to demen-
tia patients and their family members [1].

The goal of non-pharmacological treatment is to maintain or improve the level 
of gross and fine motor skills, walking, self-sufficiency and cognitive functions. 
At the same time, another goal is to meaningfully fill free time and to influence the 
symptoms of dementia and activities of daily life, to improve verbal and non-verbal 
communication between the sufferer and their relative or nurse….

The activities we choose must be appropriate to the condition of the sufferer. 
There are multiple non-pharmacological approaches; the therapist selects from 
a spectrum of options, taking into account the age of the patient, the stage of the 
disease, the gender, therefore it is necessary to emphasize the individual approach.
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Activities should be comprehensive, adequately influence the mental and physi-
cal aspects and the psychosocial contacts. Activities should always promote the 
patient’s strengths. It is important to have a familiar environment for the patient. 
The process of the activities themselves is important. An activity that does not 
come off successfully does not mean a loss. Treatment of this type should become a 
regular part of the daily regimen of a patient with dementia [2].

Non-pharmacological approaches to dementia management focus on the follow-
ing problem areas:

• Early diagnosis and patient support in the initial phase of the disease.

• Providing information, preserving or improving cognitive functions.

• Preservation or improvement of the patient’s self-sufficiency.

• Mitigating or eliminating problematic behaviour and the psychological symp-
toms of dementia.

• Improving the quality of life for the patient with dementia.

• Improving the communication between the patient and the doctor treating 
them.

• Improving the quality of life of patients in the terminal stages of dementia.

• Support for carers [3].

The aim of our work is to summarize current theoretical knowledge about non-
pharmacological approaches with patients with Alzheimer’s disease and to illustrate 
examples of the implementation of specific approaches. When formulating the 
theoretical basis, we used the available specialist and scientific publications. The 
practical examples are the result of qualitative research aimed at verifying activa-
tion approaches for Alzheimer’s disease patients.

Caring for a patient with Alzheimer’s disease requires that we recognize the basic 
principles and recommendations for care.

2. Non-pharmacological treatment of Alzheimer’s

A regular daytime routine is an important part of care for a patient with demen-
tia because in the advanced stages of dementia, patients benefit from a certain regu-
larity of the daily routine. A natural rhythm comes from the time of eating, time for 
leisure activities or for hygiene. If we offer a variety of options to the patient and we 
program the individual activities for specific days, we fill the patient’s time mean-
ingfully, thereby preventing periods of troubles. Overly interesting or too many 
activities can have the opposite effect, so we emphasize the individual approach and 
accepting the patient’s abilities.

Nutritional support is part of comprehensive therapy and has an important 
place in the comprehensive treatment of dementia patients. Nutritional care can 
improve the results of treatment [4]. Epidemiological and clinical studies abroad 
have shown that dietary supplements can reduce the risk of cognitive impairment 
and greatly improve its further course. Aging individuals who consume enough 
fish (sea fish two to three times a week) and fish products, omega-3 fatty acids 
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and Ginkgo biloba see an effect on their cognitive function which can slow down 
the development of cognitive deficits [5]. Walnuts are an important part of nutri-
tion for a patient with dementia. They are rich in protein, vitamins, omega 3 fatty 
acids, trace elements, lecithin and oils. Walnuts are an important part of the diet 
with regard to brain activity. Compared to other nuts, which usually contain a large 
amount of monounsaturated fatty acids, walnuts contain especially polyunsatu-
rated fatty acids. They have only a negligible amount of sodium and are free of 
cholesterol. They also contain enough folic acid and thiamine and a useful amount 
of vitamin E in the form of tocopherol. They contain manganese, magnesium, phos-
phorus and iron. The folk saying is that walnuts have the shape of a brain so they 
undoubtedly support the health of the brain [6, 7].

Apples, spinach, extra virgin olive oil, grape juice and red wine, salmon, curry 
pepper and curcumin, cinnamon, coffee and hot chocolate improve brain activity 
and have a preventive effect.

When stretching our thinking or memory, we lean towards the substances that 
irritate the nervous system. They are sometimes called ‘memory poisons’. These 
substances stimulate the current intellectual capacity and improve memory and 
focus. Substances like this include: caffeine, nicotine, alcohol, calming drugs 
(tranquilizers) [8].

Leading the patient towards self-sufficiency is an important principle in the 
care of a dementia patient. All care providers should be sufficiently qualified and 
have the patience to use gradual steps, instruction and help to lead patients to per-
form their own care by themselves. This approach too must be applied sensitively, 
with knowledge of the condition and the patient’s capabilities, the patient cannot 
be expected to perform activities that they are no longer able to do. This approach is 
recommended in the mild and moderate stages of the disease.

Patient activation is understood the preservation and improvement of their 
capabilities by assigning different tasks. Particularly, pet therapy is more of a home-
based type of therapy when the dementia patient’s level of activity is maintained by 
looking after a pet [9].

Orientation in reality is one of the oldest approaches to patients. At present, 
only some elements of orientation in reality are used. This approach, if applied 
consistently and thoroughly, improves patient orientation but at the cost of total 
discomfort [10]. Nowadays, orientation in reality is used mainly in the initial stages 
of Alzheimer’s disease when the patient has short-term losses of memory. The 
patient has a calendar, saying the day, month, year, their name, address, and other 
information that would return them to reality during a short-term loss of memory. 
Suitable approaches include the colour coding of rooms and the use of pictograms 
to improve the spatial orientation of the patient. Orientation in reality is impor-
tant in the light and moderate stages of the illness, when the patient experiences 
memory loss, and aids can be used to orient them in the real situation.

Programming activities is suitable for people undergoing advanced dementia. 
The progression of the disease leads to a worsening of the overall condition, when 
patients need the most individualized care. In the event that the individual activities 
burden the patient, we stop trying to force their active participation and adapt to 
the specific pace, needs and possibilities of the patient. Programming activities is an 
important part of care in the advanced stage of the disease and it can be said that it 
is to a great extent a specific need at this stage of the disease [10].

Milieu therapy is also known as environmental manipulation. Its use is appro-
priate in the mild and moderate stage of Alzheimer’s disease. It is a comprehensive 
individual approach to the patient and the adaptation of the environment in which 
they function so that they feel pleasant and can better orient themselves through 
plenty of sensory stimuli provided. Some facilities for seniors that are specially 
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designed for dementia patients accept this concept in advance. In particular, it is 
important for the patient to be easily orientated in the interior. One problem may 
be, for example, an unusual design for flushing the toilet, which the patient may 
not know or the taps/faucets. Sometimes it is advisable to camouflage the entrance 
door, for example with wallpaper, so as not to tempt the patient to leave the ward. 
The space should be stable and should change as little as possible [10].

Practical demonstration:
In the gerontological psychiatry ward, patients’ rooms were numbered. Patients found 

it harder to orient themselves in this space and often did not return to their room. When 
the door of the room was marked with pictures of fruit (pear, apple, plum, banana, 
oranges), it turned out that the orientation of the patient in the space was easier.

Lifestyle approach is sharing information among care providers. Patients may 
have different individual habits, which should also be accepted during dementia. 
They include the daily routine of the patient, their habits, way of dressing, using 
the toilet, the activities they perform by themselves, and those for which they need 
help. If the treating staff respect long-followed habits and rituals, it will facilitate 
care. Failure to do this often causes aggression, unrest, and other situations that lead 
to a worsening of the patient’s condition. Some facilities have questionnaires, entry 
interviews to this end, which aim to get as much detail as possible. If the attending 
staff does not accept routine habits and rituals, it usually increases the aggressive 
behaviour of the patient. Practice shows that the experience of family carers is a 
valuable aid in the care of the sick [10].

Practical demonstration:
In a social care facility for the elderly, a patient did not evacuate into the toilet but 

always onto the floor. Repeated instructions from the treating staff did not help, nor did 
labelling the toilet with a pictogram. Unpleasant and bewildering situations occurred like 
this. In a deeper study into why the patient does not accept evacuating into the toilet, it was 
found that the patient was from a socially deprived environment and he only began using a 
toilet during adulthood. By simple intervention—removing the toilet door and the coloured 
curtain at the entrance to the toilet, the patient was able to learn where to evacuate. Another 
solution to the situation could be, for example, the use of a disposable diaper, which would 
be uncomfortable for the patient, but would facilitate the work of the attending staff. An 
individual approach can also bring about an easy solution to a seemingly simple situation.

2.1 Cognitive training

In the following section we list non-pharmacological approaches to dementia 
patients. For each approach, we provide practical examples of how we have used 
them in the care of patients with dementia.

Cognitive training is targeted stimulation of brain functions with a focus on 
multiple cognitive abilities. It is mainly used in initial and middle stage Alzheimer’s 
patients who want to train their cognitive skills by themselves. It slows the develop-
ment of the disease and improves the quality of life. Sometimes it also serves as a 
daily activity or fun, depending on how the patient takes it. Studies have shown 
that in some patients in the moderate and serious stages of the disease cognitive 
training leads to negative reactions, such as depression and frustration [11]. We can 
use the techniques of cognitive training in ordinary life. For example, we can go 
shopping without a shopping list, solve mathematical problems without a calcula-
tor, sometimes we can even learn something ‘by heart’ such as a song or poem, or 
we can imitate the main actors after a film has ended [12]. Cognitive training has a 
particularly important role to play in preventing cognitive decline, strengthening 
self-esteem, self-confidence, promoting self-sufficiency in day-to-day activities, 
helping maintain quality of life, promoting social contacts, and enhancing welfare 
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and enjoyment of success [13]. The worst thing for memory is inactivity and a lack 
of stimuli for processing. If the memory is not regularly stimulated it gets ‘lazy’ and 
its functioning worsens, just like another organ or muscle [12].

Practical demonstration:
Example 1: An 81-year-old patient has observed over several years that her memory 

is getting worse and she forgets everything quickly. She forgets everything she wants to buy 
or take out of the refrigerator, she does not remember her relatives’ birthdays and other 
special days. All her information and appointments must be written in a calendar or 
diary. She does smaller shopping trips on her own, but she always has to prepare a shop-
ping ticket. The client leads an active life. Every day she goes for 30-minute walks, which 
promotes brain oxygenation and supports memory functions. She attends university of 
the third-age and a retirees’ club, where she gets new enthusiasm and meets people. She 
reads books every day, does crosswords, watches quizzes on television. These day-to-day 
activities are a natural part of the daily life of an active senior which stimulate cognitive 
functions and train the brain in an unforced way.

Example 2: In a retirement home, seniors trained their memory functions. As an 
activity they chose preparing food. Patients under the supervision of their therapist, 
remembered a variety of different recipes, specifically for: pancakes. Because they are 
in a social care facility and are not preparing meals themselves they had to think more 
deeply about recipes. Together, they agreed on a recipe which they then prepared under 
the supervision of the therapist.

This activation is an example of how we could implement cognitive training without 
realizing it and it can become a natural part of the daily program of senior citizens in 
institutionalized care.

2.2 Snoezelen therapy

Snoezelen therapy is a multifunctional method that is performed in a par-
ticularly pleasant and adapted environment. This therapy offers patients with 
dementia a suitable alternative solution with the ability to become aware of their 
surroundings. It allows them to better respond to the environment they are part of. 
The stimulating environment helps to reduce aggression and improve the mood 
just by calming the body and mind, so it can induce inner balance and peace. 
Through stimuli, such as sound and light effects, relaxing music, tactile surfaces, 
or the pleasant smell of essential oil, it stimulates external senses such as hearing, 
sight, touch, smell or taste. It creates an environment that creates nice and pleasant 
memories, and it also helps stimulate and activate old habits [14].

Snoezelen is the name for a multi-sensory room that provides beautiful sen-
sory experiences using technology that generates sensual responses and reactions 
from the client. This room produces a sense of well-being, it releases and relaxes, 
activates and awakes the senses. But it also provokes memories, directs and unites 
stimuli, destroys fear, brings security, reduces aggression, self-destruction and 
violent behaviour [15].

When using Snoezelen therapy, it is not possible to determine in advance how 
the patient will respond. Even if it makes us feel comfortable, we can equally expect 
the opposite reaction. Multi-sensory stimulation is recommended at least once or 
twice a week with an interval of at least 30 minutes to prevent the patient from 
becoming saturated with stimuli. Snoezelen therapy is appropriate in all stages of 
dementia, but it is especially beneficial if we are interested in a patient in a severe 
stage and we can stimulate the psyche and arouse pleasant feelings.

Practical demonstration of a negative reaction:
An 86-year-old patient with a severe degree of Alzheimer’s dementia does not recog-

nize his relatives, he is limited in movement, speaks incomprehensibly, sleeps during the 
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nize his relatives, he is limited in movement, speaks incomprehensibly, sleeps during the 
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day and is restless at night. At the entrance to the Snoezelen room, the patient sharpened 
his gaze and began to look around. The patient was placed in the centre of the room in 
the wheelchair, we began the light effects: bubble cylinders, starry sky, we quietly turned 
on the music. Through his knees, we passed interactive optical fibers that he touched with 
his hands. The patient was silent for about 10 minutes, observing the surroundings, play-
ing with the interactive fibers in his hands. After a while the patient began to be nervous, 
he was fidgeting, he lowered his eyes, and muttered something quietly. After a while, he 
started to shout nonsensically. He was aggressive. We finished the Snoezelen therapy.

In repeat therapies, the patient responded in the same manner, so we will not use this 
multisensory stimulus for the specific patient, but we will choose another non-pharmaco-
logical approach.

2.3 Reminiscence therapy

Reminiscence therapy is a method that uses memories and their recall using 
various stimuli. Of course, it is also suitable for healthy seniors, for its preventive 
and activating significance. It is mainly useful for patients with dementia, who have 
short-term memory disorders, but conversely, they are often have surprisingly good 
recall of events from the past [3].

Reminiscence therapy typically refers to a therapist’s conversation with an elderly 
person (or group) about their life up to that point, their past activities, events and 
experiences, often using appropriate tools (old photographs, objects, tools and home 
appliances, and old working tools, fashion accessories, movies, folk or dance music, 
and so on). The activity may be more or less structured, but also completely sponta-
neous, unstructured, with the therapeutic aspect sometimes coming more or less to 
the fore. The use of reminiscence is especially useful for people with dementia, when 
it comes to reviving past experiences, especially those that are positively and person-
ally important, such as family events, holidays, weddings, celebrations, etc. [16].

This type of therapy uses memories and stimulates their recall using various 
stimuli. Its goal is to improve the overall state and strengthen human dignity, and 
improve communication. It can be individual or group and its methods vary, such 
as: viewing photo albums, watching old films, telling old stories, and other activi-
ties such as singing, reciting, etc. [17].

In some facilities, memory rooms are also available for clients, in which the 
interior furnishings and environmental adaptations correspond to the period of the 
youth of clients [18].

Practical recommendations:
In reminiscence therapy, different situations can arise that cause both positive and 

negative emotions, such as memories of parents, siblings, time that can no longer be 
returned. If the patient expresses anger or sadness, we do not have to worry about these 
emotions and avoid them at all costs. An individual approach is very important, because 
in some people the emotional expression will cause relief, while conversely in some people 
it will deepen their depressive mood. Aging is a natural cycle of life that must be accepted 
and accepted with respect and sometimes it is necessary to lead the patient to that.

If reminiscence leads to very unpleasant and painful memories, it is more appropri-
ate to avoid such an approach.

2.4 Validation therapy

Validation therapy is considered to be one of the first specific non-pharmacolog-
ical approaches to patients affected by dementia.

Considering the specifications of the procedure we devote greater attention to 
the theoretical basis, which should be of more benefit to the reader. The validation 
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method was developed by Naomi Feil. Naomi Feil was born in Munich in 1932 
and grew up in a retirement home where her father was the director. She was also 
employed by her mother, who worked there as head of the social department. After 
completing her studies of social work, she was awarded a Master’s degree in social 
work, after which she started working with the elderly. Based on her dissatisfaction 
with the approaches and methods of old-age care of time, she began to develop a 
different manner of therapy. The whole development of this therapy took place 
between 1963 and 1980. In addition to the theoretical foundations, she developed 
her model primarily from her own experience. As long as she had spent almost all 
her life among old people, she had a lot of experience. As a child grew up among the 
seniors, she worked with them for 7 years. Later she worked for over 40 years with 
very old and confused people aged over 80.

Nowadays, the Naomi Feil Validation Concept is recognized as a method based 
on the latest knowledge in the care of elderly people with Alzheimer’s disease, 
dementia or related diseases. This method is accepted in both palliative medicine 
and gerontology [19]. Validation is a form of communication and therapy used with 
old people suffering from dementia syndrome or other disorders whose manifesta-
tion is mental disorientation. It is based on the different principles of psychology, 
therapeutic approaches and biography [13]. The validation method is considered 
to be high moral support and a form of assistance we can provide to a senior with 
dementia syndrome. However, the springboard to providing it must be the willing-
ness of workers to take a completely different view of this issue, to try to understand 
the right cause of the behaviour of disoriented seniors, and also effort and consis-
tency in using new approaches to the patient.

Validation as such is a sensitive generalization by experts dealing with people 
with dementia. Its main principle is respect for the person. We do not violently 
oppose the misconceptions of a person with dementia, nor do we support them in 
that. Validating someone means accepting their emotions, telling him that their 
emotions are true. The refusal of emotion causes uncertainty.

The purpose of validation is to help elderly people stay as long as possible in 
their home environment, to restore self-confidence, to reduce stress, to make sense 
of life as experienced, to deal with unaddressed conflicts of the past, to improve 
verbal and non-verbal communication, to prevent a return to vegetation, to 
improve the ability to walk and physical health in general, to provide the carer with 
joy and energy, to help families communicate with their disoriented relatives [20].

There are several principles that a user of validation must consider if they want to 
perform validation therapy on old, disoriented people. One must realize a few facts:

1. Even porly oriented or disoriented seniors are unique and have their value.

2. Do not try to change them at all costs, accept them as they are.

3. We must be able to listen; empathic listening creates an environment condu-
cive to confiding, reduces their anxiety and, above all, brings dignity.

4. Expressed, accepted and validated painful feelings become weaker. But if 
ignored and suppressed they remain strong.

5. There are reasons for the behaviour the poorly oriented and disoriented old 
people.

6. The behaviour of these people can be rooted in one or more human needs. 
Processing unresolved task for a peaceful and balanced death, the need to live 



Redirecting Alzheimer Strategy - Tracing Memory Loss to Self Pathology

80

day and is restless at night. At the entrance to the Snoezelen room, the patient sharpened 
his gaze and began to look around. The patient was placed in the centre of the room in 
the wheelchair, we began the light effects: bubble cylinders, starry sky, we quietly turned 
on the music. Through his knees, we passed interactive optical fibers that he touched with 
his hands. The patient was silent for about 10 minutes, observing the surroundings, play-
ing with the interactive fibers in his hands. After a while the patient began to be nervous, 
he was fidgeting, he lowered his eyes, and muttered something quietly. After a while, he 
started to shout nonsensically. He was aggressive. We finished the Snoezelen therapy.

In repeat therapies, the patient responded in the same manner, so we will not use this 
multisensory stimulus for the specific patient, but we will choose another non-pharmaco-
logical approach.

2.3 Reminiscence therapy

Reminiscence therapy is a method that uses memories and their recall using 
various stimuli. Of course, it is also suitable for healthy seniors, for its preventive 
and activating significance. It is mainly useful for patients with dementia, who have 
short-term memory disorders, but conversely, they are often have surprisingly good 
recall of events from the past [3].

Reminiscence therapy typically refers to a therapist’s conversation with an elderly 
person (or group) about their life up to that point, their past activities, events and 
experiences, often using appropriate tools (old photographs, objects, tools and home 
appliances, and old working tools, fashion accessories, movies, folk or dance music, 
and so on). The activity may be more or less structured, but also completely sponta-
neous, unstructured, with the therapeutic aspect sometimes coming more or less to 
the fore. The use of reminiscence is especially useful for people with dementia, when 
it comes to reviving past experiences, especially those that are positively and person-
ally important, such as family events, holidays, weddings, celebrations, etc. [16].

This type of therapy uses memories and stimulates their recall using various 
stimuli. Its goal is to improve the overall state and strengthen human dignity, and 
improve communication. It can be individual or group and its methods vary, such 
as: viewing photo albums, watching old films, telling old stories, and other activi-
ties such as singing, reciting, etc. [17].

In some facilities, memory rooms are also available for clients, in which the 
interior furnishings and environmental adaptations correspond to the period of the 
youth of clients [18].

Practical recommendations:
In reminiscence therapy, different situations can arise that cause both positive and 

negative emotions, such as memories of parents, siblings, time that can no longer be 
returned. If the patient expresses anger or sadness, we do not have to worry about these 
emotions and avoid them at all costs. An individual approach is very important, because 
in some people the emotional expression will cause relief, while conversely in some people 
it will deepen their depressive mood. Aging is a natural cycle of life that must be accepted 
and accepted with respect and sometimes it is necessary to lead the patient to that.

If reminiscence leads to very unpleasant and painful memories, it is more appropri-
ate to avoid such an approach.

2.4 Validation therapy

Validation therapy is considered to be one of the first specific non-pharmacolog-
ical approaches to patients affected by dementia.

Considering the specifications of the procedure we devote greater attention to 
the theoretical basis, which should be of more benefit to the reader. The validation 

81

Non-pharmacological Treatment of Alzheimer’s
DOI: http://dx.doi.org/10.5772/intechopen.84893

method was developed by Naomi Feil. Naomi Feil was born in Munich in 1932 
and grew up in a retirement home where her father was the director. She was also 
employed by her mother, who worked there as head of the social department. After 
completing her studies of social work, she was awarded a Master’s degree in social 
work, after which she started working with the elderly. Based on her dissatisfaction 
with the approaches and methods of old-age care of time, she began to develop a 
different manner of therapy. The whole development of this therapy took place 
between 1963 and 1980. In addition to the theoretical foundations, she developed 
her model primarily from her own experience. As long as she had spent almost all 
her life among old people, she had a lot of experience. As a child grew up among the 
seniors, she worked with them for 7 years. Later she worked for over 40 years with 
very old and confused people aged over 80.

Nowadays, the Naomi Feil Validation Concept is recognized as a method based 
on the latest knowledge in the care of elderly people with Alzheimer’s disease, 
dementia or related diseases. This method is accepted in both palliative medicine 
and gerontology [19]. Validation is a form of communication and therapy used with 
old people suffering from dementia syndrome or other disorders whose manifesta-
tion is mental disorientation. It is based on the different principles of psychology, 
therapeutic approaches and biography [13]. The validation method is considered 
to be high moral support and a form of assistance we can provide to a senior with 
dementia syndrome. However, the springboard to providing it must be the willing-
ness of workers to take a completely different view of this issue, to try to understand 
the right cause of the behaviour of disoriented seniors, and also effort and consis-
tency in using new approaches to the patient.

Validation as such is a sensitive generalization by experts dealing with people 
with dementia. Its main principle is respect for the person. We do not violently 
oppose the misconceptions of a person with dementia, nor do we support them in 
that. Validating someone means accepting their emotions, telling him that their 
emotions are true. The refusal of emotion causes uncertainty.

The purpose of validation is to help elderly people stay as long as possible in 
their home environment, to restore self-confidence, to reduce stress, to make sense 
of life as experienced, to deal with unaddressed conflicts of the past, to improve 
verbal and non-verbal communication, to prevent a return to vegetation, to 
improve the ability to walk and physical health in general, to provide the carer with 
joy and energy, to help families communicate with their disoriented relatives [20].

There are several principles that a user of validation must consider if they want to 
perform validation therapy on old, disoriented people. One must realize a few facts:

1. Even porly oriented or disoriented seniors are unique and have their value.

2. Do not try to change them at all costs, accept them as they are.

3. We must be able to listen; empathic listening creates an environment condu-
cive to confiding, reduces their anxiety and, above all, brings dignity.

4. Expressed, accepted and validated painful feelings become weaker. But if 
ignored and suppressed they remain strong.

5. There are reasons for the behaviour the poorly oriented and disoriented old 
people.

6. The behaviour of these people can be rooted in one or more human needs. 
Processing unresolved task for a peaceful and balanced death, the need to live 



Redirecting Alzheimer Strategy - Tracing Memory Loss to Self Pathology

82

in peace, the need to regain their balance, as mobility memory and senses are 
lost, the need to give meaning to a gloomy reality, to find a place where they 
can feel happy, the need for status, recognition, self-sufficiency, the need to 
be productive and useful, the need to be respected and to belong, the need to 
express their feelings and be heard, the need for human contact, the need for 
certainty and security, not limitation, the need for any stimulation, and finally 
the need to reduce pain and complications.

7. In the case of failure of verbal expression and short-term memory, old learned 
patterns of behaviour return.

8. Things, persons, or objects of the past are replaced by personal symbols that 
represent them and have an emotional charge.

9. Disoriented or partially oriented seniors live at different levels of conscious-
ness, often at the same time.

10. By weakening the five senses, these seniors can stimulate and use their own 
‘inner meaning’, seeing through their inner vision and hearing the tones from 
the past.

11. Various emotions, colours, sounds, coincidences, smells, tastes and images can 
now awaken emotions that recall similar emotion from the past [21].

During validation, we do not quarrel with the old person and do not confront 
them with the opposite view, we do not try to provide a view of their behaviour, and 
we do not try to improve their orientation in time unless it is of interest to the old 
person. Individual or group therapy does not establish firm rules to target it over 
time. The user of validation is not perceived as an authority but as a diligent assistant.

2.4.1 Forms of validation therapy

The basic forms of validation therapy include individual and group forms. In the 
individual form, the therapist works in three steps.

1. In the first step, they collect all available information that is needed for the 
validation itself, but also for evaluating its effectiveness. The therapist gets 
information on things ‘here and now’ and about ‘things then and there’.

2. The second step involves determining the phase in which the person is. In this 
step, they compare the information obtained with the individual’s statements 
and determines the stage or phase in which the old person is located.

3. The third step is the validation therapy itself. A therapist should come regu-
larly and use validation techniques that can help them at different stages.

Group therapy is conditional on the creation of mutual trust so that individual 
members can express their own feelings, communicate verbally and non-verbally, 
solve problems, be active in selected social roles, learn the highest possible degree of 
control and, in particular, to gain a feeling of their own about their own value. The goal 
of group validation is to reduce fear, reduce the need for limiting and calming meth-
ods, and prevent vegetation in old dementia patients. Another less important goal for 
relatives and staff is for validation to reduce their risk of burnout syndrome [21].
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It is possible, for the best use of the validation team, to involve all workers—not 
only nursing staff, but also staff from cleaning, kitchens, offices, social workers or 
physiotherapists. The most appropriate solution is to create a validation team that 
would stimulate the client or patient with the same validation techniques [22].

The therapy itself in the group consists of seven steps.
The first step is getting to know the person. At this point it is necessary also to 

evaluate the phase or stage of disorientation in individual validation too. For the 
correct evaluation, it is possible to use the questionnaire ‘Selecting members of the 
validation group’ or the ‘Life story and basic behaviour’ form can be used. All this is 
necessary, because the knowing the group members is also the basis for its success.

The second step is selecting the group members. As the group is diverse, it is 
necessary to assemble it so that everyone has its place in it. A former clergyman can 
begin by praying, a former teacher of singing can lead singing. Naomi Feil exactly 
describes what the composition of the members should be like and at what stage of 
disorientation they should be. There should be five to ten people in the group—one 
leader personality, one wise and hospitable person, four or five people who like 
discussion, about two people in the third stage who could respond to the validation 
therapist, and two people still do not feel threatened by disoriented persons.

The third step is to find a role for each member. At each meeting an individual 
should play the same role, because it represents a certainty for him and promotes 
dignity. As an example, Naomi Feil gives an introducer, who opens and ends the 
meeting, a singer who sets the rhythm and conducts, someone who reads in the 
group, the person who prepares the chairs, the flowers, the secretary, the host.

In the fourth step, it is appropriate to involve all the staff in the validation. This 
can help with preparation and implementation. They can provide a room and/or 
refreshment, bring individual members of the group, and suggest new members or 
new topics.

The fifth step is music itself, the discussion, movement, eating. The music 
should start and end the session, and one song is enough. For the discussion, it is 
advisable to choose the topics in advance—the loss of a loved one, home or work, 
boredom, searching for a new sense of life.

The sixth step is to schedule a meeting. This step consists not only of a meeting 
plan, but also of the preparation of materials and room, of the timetable and all the 
information available to help the meeting.

In the seventh step is meeting itself alone. It should be done at least once a week at 
the same time and in the same place. It is composed of four parts—introduction, life, 
conclusion and preparation of the next meeting [21]. The basis for validation meetings 
is how and what a person with dementia really wants to express themselves, and even 
if it does not coincide with reality, appropriately and adequately respond to it [23].

Practical demonstration:
An 82-year-old patient in a severe stage of Alzheimer’s disease was admitted to the 

psychiatric ward. The patient was disoriented in time and space. The patient had an 
increased risk of falls due to his advanced age and limited mobility. The patient used 
antipsychotics and sedatives. Hospitalization was necessary because in the domestic envi-
ronment the patient was always going away, not accepting the guidance of the carers, he 
was restless at night, he shouted. During hospitalization, despite the psychopharmaceuti-
cals, the patient’s behaviour did not change. During the day he was restless, always want-
ing to go home, he ran out of the room. The treating staff constantly focused on reality and 
reminded him that he was hospitalized, could not go home, must lie in bed…The patient’s 
behaviour was difficult to handle. According to the Naomi Feil validation concept, we are 
not trying to improve his orientation, we do not argue and do not confront him with the 
opposite view. We tried to use these recommendations in communicating with the patient. 
If the patient requested to go home, we did not give him the reasons why he could not go 
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It is possible, for the best use of the validation team, to involve all workers—not 
only nursing staff, but also staff from cleaning, kitchens, offices, social workers or 
physiotherapists. The most appropriate solution is to create a validation team that 
would stimulate the client or patient with the same validation techniques [22].

The therapy itself in the group consists of seven steps.
The first step is getting to know the person. At this point it is necessary also to 
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correct evaluation, it is possible to use the questionnaire ‘Selecting members of the 
validation group’ or the ‘Life story and basic behaviour’ form can be used. All this is 
necessary, because the knowing the group members is also the basis for its success.
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describes what the composition of the members should be like and at what stage of 
disorientation they should be. There should be five to ten people in the group—one 
leader personality, one wise and hospitable person, four or five people who like 
discussion, about two people in the third stage who could respond to the validation 
therapist, and two people still do not feel threatened by disoriented persons.

The third step is to find a role for each member. At each meeting an individual 
should play the same role, because it represents a certainty for him and promotes 
dignity. As an example, Naomi Feil gives an introducer, who opens and ends the 
meeting, a singer who sets the rhythm and conducts, someone who reads in the 
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In the fourth step, it is appropriate to involve all the staff in the validation. This 
can help with preparation and implementation. They can provide a room and/or 
refreshment, bring individual members of the group, and suggest new members or 
new topics.

The fifth step is music itself, the discussion, movement, eating. The music 
should start and end the session, and one song is enough. For the discussion, it is 
advisable to choose the topics in advance—the loss of a loved one, home or work, 
boredom, searching for a new sense of life.

The sixth step is to schedule a meeting. This step consists not only of a meeting 
plan, but also of the preparation of materials and room, of the timetable and all the 
information available to help the meeting.

In the seventh step is meeting itself alone. It should be done at least once a week at 
the same time and in the same place. It is composed of four parts—introduction, life, 
conclusion and preparation of the next meeting [21]. The basis for validation meetings 
is how and what a person with dementia really wants to express themselves, and even 
if it does not coincide with reality, appropriately and adequately respond to it [23].

Practical demonstration:
An 82-year-old patient in a severe stage of Alzheimer’s disease was admitted to the 

psychiatric ward. The patient was disoriented in time and space. The patient had an 
increased risk of falls due to his advanced age and limited mobility. The patient used 
antipsychotics and sedatives. Hospitalization was necessary because in the domestic envi-
ronment the patient was always going away, not accepting the guidance of the carers, he 
was restless at night, he shouted. During hospitalization, despite the psychopharmaceuti-
cals, the patient’s behaviour did not change. During the day he was restless, always want-
ing to go home, he ran out of the room. The treating staff constantly focused on reality and 
reminded him that he was hospitalized, could not go home, must lie in bed…The patient’s 
behaviour was difficult to handle. According to the Naomi Feil validation concept, we are 
not trying to improve his orientation, we do not argue and do not confront him with the 
opposite view. We tried to use these recommendations in communicating with the patient. 
If the patient requested to go home, we did not give him the reasons why he could not go 
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home and where he was, but we turned the communication in a different direction. We 
asked why he wanted to go home, what he would do at home, what he used to do outside 
in the garden, with whom he met…The patient began to talk about what he used to do at 
home and where he worked. This does not mean that the patient was getting better, but 
he lightened his tone in communication, he did not shout, after a group walk around the 
department, the patient could be directed and was sitting quietly in the chair.

We have found a way how we can influence patient behaviour and actions….

2.5 Doll therapy

Doll therapy is a very effective form of comprehensive therapy in patients with 
various forms and degrees of dementia, mental retardation, physical disability, 
and various psychiatric disorders. It is known for its low financial burden and easy 
accessibility. The therapeutic dolls resemble young children in terms of their size 
and appearance. Dolls are made with natural material, which is also anti-allergic. To 
touch it is pleasant, soft and positively stimulates the patient’s senses. The indi-
vidual body parts are specially balanced for better handling. The legs are malleable, 
suitable for enveloping the patient and encouraging hugging. Such manipulation is 
used as part of basal stimulation. The indirect gaze of all the dolls (eyes do not look 
ahead) is deliberately neutral. It feels peaceful to the patients and does not cause 
negative emotions. Doll therapy is based on long-term memory paths. It is normal 
that these patients, especially women, are looking for their children and want to 
take care of something or someone. It is through dolls that we try to stimulate this 
ability. Furthermore, we try to stimulate fine motor skills, nerve activity, especially 
attention, memory, supporting patient activity, dialog, establishing relationships, 
inducing a sense of security, love and peace. In some cases, the use of psychophar-
maceuticals has been reduced.

The use of dolls with a patient is associated with a number of benefits that 
include increasing welfare, inducing positive emotions, good sleep, improving 
eating habits, reducing agitation, irritability, anxiety episodes, apathy, depression, 
aggression and tension by distraction towards a substitute, improving communica-
tion and sociability. In spite of the benefits, the use of therapeutic dolls also has 
its negatives, such as the infantilization of the senior, thereby breaking ethics. For 
these reasons, we must emphasize the individual approach and we cannot general-
ize their mass use under any circumstances [24].

Before starting to use therapeutic dolls with a patient with Alzheimer’s disease, 
it is necessary to train the attending staff or relatives. It is essential to realize the 
benefits and potential problems that may arise over time. Success also depends on 
the attitude of the staff. In the case of an uncommitted or negative attitude on the 
part of the staff, success will usually not occur. Before starting doll therapy, one 
needs to get some fundamental information about their role as a mother or father, 
because sometimes negative experiences in the life of the patient may render the use 
of doll therapy inappropriate. This is, for example, the death of a child, a severely ill 
child, or a child not interested in the parent….

Each patient should have their own doll. It is recommended to find out whether 
the patient had a son or daughter, to find their hair colour and choose the type of 
doll accordingly. Dolls should be different, whether in terms of their faces, height or 
clothing, to minimize confusion issues. Clothing may vary according to the wishes 
of the patient or be supplemented with appropriate accessories such as a cap, socks, 
gloves, boots, blankets, and the like. We try to keep them clean. With doll therapy, 
we begin slowly and gradually to avoid problems that may be expressed as negative 
behaviour on the part of the patient, or repulsion from therapy, or the therapist. 
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We leave the doll for a short time, it is not appropriate to leave it all day, because the 
feelings that we should re-find in a patient with dementia may be lost that way.

We give the doll to the patient in an unforced manner, in order for them to 
decide whether to pay attention or not. It is appropriate if we place it in a well-
visible and easily accessible place, where it can be seen and asked about or taken. 
If the patient is immobile or has a bad eyesight, we take the doll in our arms, sit 
down near them and start talking about it and talking to it. We monitor the patient’s 
responses carefully, and when they show interest, we give it to them. Women and 
men may equally be interested in the doll, we do not discourage them from being so. 
When the patient communicates with their doll, we monitor and listen carefully to 
how they address her. We make sure we use their form of address to reassure them 
that we perceive it in the same way they do.

Some patients think the doll is their baby and they expect emotions and sur-
prises, in which case we only leave it only for a short time. We take it only with their 
permission, with a logical explanation and detailed descriptions of where we are 
taking it and when we will return it. We do not leave the doll all day with the patient 
because it will stop interesting them. We never use the doll as something to negoti-
ate or force the patient to do something. They can become emotionally attached to 
it, and so this can cause negative behaviour (anxiety, agitation, aggression). We can 
use it as an intermediary for other activities such as walks, talking and work.

There can also be undesirable situations in doll therapy. One of these is the recall 
of memories of a patient’s negative life experiences. In such situations, the therapist 
must identify these events and pacify the patient appropriately.

Practical example:
We used doll therapy with a patient who had been diagnosed with Alzheimer’s 

disease at a moderate level. She is aware of her illness, so she is reticent when talking 
about herself. From her past, she remembers most about the countryside near her home 
village. She answered every question asked after a pause and often indefinitely. She does 
not sufficiently show her emotions externally. She attributes her memory loss to age.

Sometimes she has hallucinations and attention disorders. Sometimes she talks 
nonsense. When communicating, she avoids direct gaze. We decided to use a therapeutic 
doll with the patient. We started in an unforced manner. One morning we brought the 
therapeutic doll that we held in our hands to the patient, and after a while the patient 
began to ask who it was, she wanted to take it in her arms. She began talking with her, 
singing her nursery rhymes. At other meetings she even named her after her daughter. We 
left the baby 1 or 2 hours, according to the interest shown. We did not use the baby every 
day so that the therapy did not become jaded but a pleasant emotional experience to 
revive the patient’s psyche.

2.6 Ervin Böhm’s psychobiographic model

Ervin Böhm’s psychobiographic model is an internationally recognized nurs-
ing model and is currently the most widely used in German-speaking countries 
in the field of geriatric and gerontological psychiatric care. The model is aimed at 
supporting the ability to care for oneself, for old and confused people, and at ways 
to retain or restore this ability for as long as possible, by resurrecting the seniors’ 
interest and reviving their psyche. In the psychobiographic model, one seeks to 
broaden the perspective on the patient—the senior, when care must become more 
tolerant and leave the ‘caring mother’ role. Previous methods of care, where the 
attending staff took care of all the tasks, did not reflect the retained skills and 
knowledge of the client, focused primarily on fulfilling needs, and created client 
dependence on care [25].



Redirecting Alzheimer Strategy - Tracing Memory Loss to Self Pathology

84

home and where he was, but we turned the communication in a different direction. We 
asked why he wanted to go home, what he would do at home, what he used to do outside 
in the garden, with whom he met…The patient began to talk about what he used to do at 
home and where he worked. This does not mean that the patient was getting better, but 
he lightened his tone in communication, he did not shout, after a group walk around the 
department, the patient could be directed and was sitting quietly in the chair.

We have found a way how we can influence patient behaviour and actions….

2.5 Doll therapy

Doll therapy is a very effective form of comprehensive therapy in patients with 
various forms and degrees of dementia, mental retardation, physical disability, 
and various psychiatric disorders. It is known for its low financial burden and easy 
accessibility. The therapeutic dolls resemble young children in terms of their size 
and appearance. Dolls are made with natural material, which is also anti-allergic. To 
touch it is pleasant, soft and positively stimulates the patient’s senses. The indi-
vidual body parts are specially balanced for better handling. The legs are malleable, 
suitable for enveloping the patient and encouraging hugging. Such manipulation is 
used as part of basal stimulation. The indirect gaze of all the dolls (eyes do not look 
ahead) is deliberately neutral. It feels peaceful to the patients and does not cause 
negative emotions. Doll therapy is based on long-term memory paths. It is normal 
that these patients, especially women, are looking for their children and want to 
take care of something or someone. It is through dolls that we try to stimulate this 
ability. Furthermore, we try to stimulate fine motor skills, nerve activity, especially 
attention, memory, supporting patient activity, dialog, establishing relationships, 
inducing a sense of security, love and peace. In some cases, the use of psychophar-
maceuticals has been reduced.

The use of dolls with a patient is associated with a number of benefits that 
include increasing welfare, inducing positive emotions, good sleep, improving 
eating habits, reducing agitation, irritability, anxiety episodes, apathy, depression, 
aggression and tension by distraction towards a substitute, improving communica-
tion and sociability. In spite of the benefits, the use of therapeutic dolls also has 
its negatives, such as the infantilization of the senior, thereby breaking ethics. For 
these reasons, we must emphasize the individual approach and we cannot general-
ize their mass use under any circumstances [24].

Before starting to use therapeutic dolls with a patient with Alzheimer’s disease, 
it is necessary to train the attending staff or relatives. It is essential to realize the 
benefits and potential problems that may arise over time. Success also depends on 
the attitude of the staff. In the case of an uncommitted or negative attitude on the 
part of the staff, success will usually not occur. Before starting doll therapy, one 
needs to get some fundamental information about their role as a mother or father, 
because sometimes negative experiences in the life of the patient may render the use 
of doll therapy inappropriate. This is, for example, the death of a child, a severely ill 
child, or a child not interested in the parent….

Each patient should have their own doll. It is recommended to find out whether 
the patient had a son or daughter, to find their hair colour and choose the type of 
doll accordingly. Dolls should be different, whether in terms of their faces, height or 
clothing, to minimize confusion issues. Clothing may vary according to the wishes 
of the patient or be supplemented with appropriate accessories such as a cap, socks, 
gloves, boots, blankets, and the like. We try to keep them clean. With doll therapy, 
we begin slowly and gradually to avoid problems that may be expressed as negative 
behaviour on the part of the patient, or repulsion from therapy, or the therapist. 

85

Non-pharmacological Treatment of Alzheimer’s
DOI: http://dx.doi.org/10.5772/intechopen.84893

We leave the doll for a short time, it is not appropriate to leave it all day, because the 
feelings that we should re-find in a patient with dementia may be lost that way.

We give the doll to the patient in an unforced manner, in order for them to 
decide whether to pay attention or not. It is appropriate if we place it in a well-
visible and easily accessible place, where it can be seen and asked about or taken. 
If the patient is immobile or has a bad eyesight, we take the doll in our arms, sit 
down near them and start talking about it and talking to it. We monitor the patient’s 
responses carefully, and when they show interest, we give it to them. Women and 
men may equally be interested in the doll, we do not discourage them from being so. 
When the patient communicates with their doll, we monitor and listen carefully to 
how they address her. We make sure we use their form of address to reassure them 
that we perceive it in the same way they do.

Some patients think the doll is their baby and they expect emotions and sur-
prises, in which case we only leave it only for a short time. We take it only with their 
permission, with a logical explanation and detailed descriptions of where we are 
taking it and when we will return it. We do not leave the doll all day with the patient 
because it will stop interesting them. We never use the doll as something to negoti-
ate or force the patient to do something. They can become emotionally attached to 
it, and so this can cause negative behaviour (anxiety, agitation, aggression). We can 
use it as an intermediary for other activities such as walks, talking and work.

There can also be undesirable situations in doll therapy. One of these is the recall 
of memories of a patient’s negative life experiences. In such situations, the therapist 
must identify these events and pacify the patient appropriately.

Practical example:
We used doll therapy with a patient who had been diagnosed with Alzheimer’s 

disease at a moderate level. She is aware of her illness, so she is reticent when talking 
about herself. From her past, she remembers most about the countryside near her home 
village. She answered every question asked after a pause and often indefinitely. She does 
not sufficiently show her emotions externally. She attributes her memory loss to age.

Sometimes she has hallucinations and attention disorders. Sometimes she talks 
nonsense. When communicating, she avoids direct gaze. We decided to use a therapeutic 
doll with the patient. We started in an unforced manner. One morning we brought the 
therapeutic doll that we held in our hands to the patient, and after a while the patient 
began to ask who it was, she wanted to take it in her arms. She began talking with her, 
singing her nursery rhymes. At other meetings she even named her after her daughter. We 
left the baby 1 or 2 hours, according to the interest shown. We did not use the baby every 
day so that the therapy did not become jaded but a pleasant emotional experience to 
revive the patient’s psyche.

2.6 Ervin Böhm’s psychobiographic model

Ervin Böhm’s psychobiographic model is an internationally recognized nurs-
ing model and is currently the most widely used in German-speaking countries 
in the field of geriatric and gerontological psychiatric care. The model is aimed at 
supporting the ability to care for oneself, for old and confused people, and at ways 
to retain or restore this ability for as long as possible, by resurrecting the seniors’ 
interest and reviving their psyche. In the psychobiographic model, one seeks to 
broaden the perspective on the patient—the senior, when care must become more 
tolerant and leave the ‘caring mother’ role. Previous methods of care, where the 
attending staff took care of all the tasks, did not reflect the retained skills and 
knowledge of the client, focused primarily on fulfilling needs, and created client 
dependence on care [25].



Redirecting Alzheimer Strategy - Tracing Memory Loss to Self Pathology

86

Böhm puts the following goals at the forefront of care:

a. reviving the human psyche,

b. reviving the interest of the carers, and

c. broadening the perception of social normality.

Reviving the Human Psyche—the ultimate goal of Böhm’s care is to revive the 
soul of the old person, described as the human energy of the soul, the ‘elan vital’, 
which is the original source of our action and life-motivation. Revitalizing the inter-
est of carers—reviving the professional interest of care providers can be achieved by 
increasing their expertise [25].

Böhm perceives his model of care as a complete systemic theory to supplement 
medical care. Regardless of whether a patient has organ damage, therapeutic 
treatment must be based on a thymopsychic biography, and must provide an 
improvement in their mental and physical well-being, even without psychophar-
maceuticals [25].

If we focus on the medical and nursing diagnosis, then we take care of dementia, 
whereas if we focus on the biography of the client, we look after patient as a person-
ality, so we see a person with his soul as a priority [26].

Practical demonstration:
A 67-year-old patient with a severe degree of Alzheimer’s disease is hospitalized in 

the psychiatric ward for behavioural disorders, verbal and physical aggression, insom-
nia. At the age of 62 he had a stroke. The patient is disoriented with increased irrita-
bility and impulsiveness. Despite pharmacotherapy, the patient’s behaviour is difficult 
to manage, and cooperation is limited. We focused on the biography of the patient,  
and together with the patient’s wife, we looked for options that could influence  
patient behaviour and actions. The wife began talking about a special blanket that 
the patient had received as a wedding gift, having an emotional relationship, so we 
decided to use it during the hospitalization. The patient immediately recognized 
his blanket and expressed interest in it. The patient did not immediately reverse his 
behaviour, but with an empathic approach we managed to influence collaboration 
with the patient and mitigate aggressive behaviour.

Sometimes human desire is enough to achieve great goals.

3. The patient in the home environment

The family plays an essential role in the care of Alzheimer’s disease. Most often 
it is the care provided by husbands, wives or children. In addition to the role of 
family members in the care of the sick, it is necessary to provide the carers with 
the support required. A common component of Alzheimer’s disease is, in addition 
to behavioural disorders from disturbed cognition, various psychiatric symptoms. 
These are the main source of burden for carers and the most common cause of 
institutionalization of the sick. Problem behaviour by a sick person is often an effort 
to express or demonstrate their need. It arises as a result of the lack of consistency 
between the patient’s needs and the ability of the environment to meet these needs. 
It may be a consequence of boredom or fatigue or the consequence of a psychiatric 
disorder. It is only a symptom of dementia, not deliberate or a bad intention. If we 
learn to recognize the needs of the sick, to satisfy them, then we can prevent these 
difficulties. Most often, this includes non-cooperation with care, restlessness, 
aggressive behaviour, wandering, getting lost and sleeping disorders [10].
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3.1 Burden on the carer

The treatment of Alzheimer’s disease stands on two pillars, but some authors 
add a third pillar, namely caring for the carer.

Nursing care provided in the home social environment is a historically proven 
form of effective care for an individual, family or community. It has a series of 
benefits for the care recipient themselves. The management of nursing care in 
the natural social environment varies in the individual countries of the European 
region, depending on historical development, the educational system, the financial 
possibilities and the requirements of society [27].

The family is the simplest, best and at the same time the most important source 
of support in old age and aging.

The family is the guarantor of the interconnection and continuity of individual 
generations and, under optimal functioning, forms an irreplaceable environment 
of mutual assistance, support and understanding for all its members, despite the 
intergenerational differences [28].

A home carer who provides care to a family member has an important place in the 
social and healthcare system. A home carer is a person who helps meet the needs of their 
family member—the person cared for. They also carry out activities that the patient would 
perform themselves if they had enough strength, will or the necessary knowledge [29].

The carer’s role in the care of a sick person with dementia is a key factor. The 
work of caring for an elderly person is a task requiring a great deal of patience, 
empathy and sensitivity; it cannot be compared to normal work, especially if they 
do not feel satisfaction. Being the carer of an older person is to take on the respon-
sibility of another person and includes the overall care for the person cared for. The 
carer must perform their duties extremely conscientiously and must think primarily 
of the welfare of the other person.

People who have to take care of the sick are exposed to many negative influ-
ences, because care is physically and mentally strenuous. Families often go through 
financial problems. The carer often loses the option of leaving the sufferer and it 
completely alters their rhythm of life. They may have problems at work, or have to 
leave employment. In addition to the above-mentioned negatives, they often feel 
helpless because they cannot help as they would wish, because the medical and 
nursing options are limited.

The perceived burden on the carer may be physical, psychological, social and 
financial. It can be a burden in areas such as free time, obligations towards one’s 
own family, employment, but also relationships with others [29].

Counselling, self-help groups and nursing education programs are proven to 
de-institutionalize the patient, improve their quality of life and the satisfaction of 
family members and those affected by dementia [3].

In 2012, we conducted research aimed at identifying the extent and nature of the 
burden on people caring for relatives with Alzheimer’s disease in the home environ-
ment. As a method for collecting empirical data, a valid, reliable questionnaire, The 
Zarit Caregiver Burden Interview, was used. The sample group consisted of 50 respon-
dents, family carers for people with Alzheimer’s disease. The results of the survey con-
curred with the results of several studies confirming that dependence of the patient on 
one caregiver is the most important factor affecting the caregiver’s subjective burden.

4. Discussion

Caring for a patient with dementia is demanding, whether in the form of home or 
institutionalized care. Many experts have devoted large periods of their professional 
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lives to studying care for patients with dementia, summarizing their knowledge and 
practical experience in theses as stated in the previous section. If we are concerned 
with the question of why the area of care for people with dementia is interesting for 
us, the answer is clear. Where pharmacological treatment is unsatisfactory and the 
actions and behaviour of the patient are impossible to control or predict, we search 
for opportunities to activate, stimulate, calm and fill time with meaningful activities. 
Doing nothing, lying in bed, wandering, negative moods and aggressive behaviour 
aggravate the overall condition of the patient and accelerate the progression of the 
disease. In addition to these important facts, it is important to remember the inabil-
ity of a family carer or professional carer in institutionalized care to reverse this 
negative situation and do something extra for the sufferer. This is exactly how we 
see non-pharmacological approaches, which are based on a deep human principle. 
The experience of other professionals is extremely beneficial to those whom can be 
helped by these approaches to manage the actions and behaviour of patients and to 
arouse their interest. When working with relatives, we were deeply impressed by the 
approach of a daughter who was caring for her mother with Alzheimer’s disease in 
her home environment. To the question: ‘Why don’t you put your mother in an old 
people’s home, she doesn’t know who you are anyway?’ the daughter of the patient 
said, ‘But I know who she is, she’s my mother…’. Not everything can be quantified, 
verified or proven, so we continue to find new opportunities to improve the care of 
patients with dementia. The family or professional carer is the person who knows 
the patient very closely and chooses the approach that suits a particular patient. The 
conclusions of the experts are advisory, and the patient determines what is best. That 
is why care for a given patient can only ever be highly individualized.

The first empirical research into using therapeutic dolls for Alzheimer’s disease 
was carried out in England in 2006. Later, further studies were performed and these 
confirmed a reduction in negative behaviour and wandering in patients, increased 
attention during contact with other people, increased food intake and improved 
mood [30].

Feil and de Klerk-Rubin proved their positive reactions by disoriented seniors.
If staff can create an atmosphere without conflict for their patients, and without 

the feeling that each thing has to be ‘fought for’ it means a lot to them. Another 
benefit to the patient is undoubtedly the fact that validation treats each person as a 
unique personality and respects them exactly as they are. This aspect applies in all 
spheres of the lives of seniors, starting with how they are spoken to [20].

Based on our findings, we can assume that the use of the psychobiographic 
model helps alleviate negative psychological phenomena, which is consistent 
with E. Böhm’s assertions, and therefore the closer we approach the client with 
structured care, the more we reduce the many conflicting and hectic situations that 
lead to regression and pathological changes in client behaviour. Many studies have 
shown that increasing emotional stability leads to improvement of cognitive func-
tions and conversely, decreasing emotional stability increases the progression of the 
cognitive deficit [25].

5. Conclusion

Given the demographic evolution of the population, it is essential to focus on 
identifying risk factors, focusing on appropriate planning of health care at the 
primary secondary and tertiary level [3]. Until there is a drug available to eliminate 
the cause of the disease, we rely on current therapeutic procedures, including phar-
macological and non-pharmacological treatment and in the state of dependence not 
excluding care for the carer.
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her home environment. To the question: ‘Why don’t you put your mother in an old 
people’s home, she doesn’t know who you are anyway?’ the daughter of the patient 
said, ‘But I know who she is, she’s my mother…’. Not everything can be quantified, 
verified or proven, so we continue to find new opportunities to improve the care of 
patients with dementia. The family or professional carer is the person who knows 
the patient very closely and chooses the approach that suits a particular patient. The 
conclusions of the experts are advisory, and the patient determines what is best. That 
is why care for a given patient can only ever be highly individualized.

The first empirical research into using therapeutic dolls for Alzheimer’s disease 
was carried out in England in 2006. Later, further studies were performed and these 
confirmed a reduction in negative behaviour and wandering in patients, increased 
attention during contact with other people, increased food intake and improved 
mood [30].

Feil and de Klerk-Rubin proved their positive reactions by disoriented seniors.
If staff can create an atmosphere without conflict for their patients, and without 

the feeling that each thing has to be ‘fought for’ it means a lot to them. Another 
benefit to the patient is undoubtedly the fact that validation treats each person as a 
unique personality and respects them exactly as they are. This aspect applies in all 
spheres of the lives of seniors, starting with how they are spoken to [20].

Based on our findings, we can assume that the use of the psychobiographic 
model helps alleviate negative psychological phenomena, which is consistent 
with E. Böhm’s assertions, and therefore the closer we approach the client with 
structured care, the more we reduce the many conflicting and hectic situations that 
lead to regression and pathological changes in client behaviour. Many studies have 
shown that increasing emotional stability leads to improvement of cognitive func-
tions and conversely, decreasing emotional stability increases the progression of the 
cognitive deficit [25].

5. Conclusion

Given the demographic evolution of the population, it is essential to focus on 
identifying risk factors, focusing on appropriate planning of health care at the 
primary secondary and tertiary level [3]. Until there is a drug available to eliminate 
the cause of the disease, we rely on current therapeutic procedures, including phar-
macological and non-pharmacological treatment and in the state of dependence not 
excluding care for the carer.
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Chapter 6

Healthcare Models in Alzheimer’s 
Disease
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Abstract

Alzheimer’s disease is currently a health care problem and in the future, when 
we have effective treatments, it will become a public health priority. Health sys-
tems should adapt to this situation. New technologies are tools that can improve 
healthcare and lower costs. The mobile phone with call o video call conference is 
going to suppose a radical change in the control of these patients. The telephone 
assistance to patient or relatives is very satisfactory for both due to the rapidity in 
the response to their problem and the comfort with which they are attended to. 
Also the health system reduces the costs of face-to-face consultation.  
In addition, this telemedicine could be applied for cognitive stimulation, with 
specific programs for each patient and for the follow-up of patients in their 
homes, delaying their entry into residences. The objective is to turn the patients 
and their caregiver into cotherapists together with the nurse and the physician, 
in the follow-up of Alzheimer’s disease.

Keywords: healthcare, Alzheimer’s disease

1. Alzheimer’s disease: public health priority

Alzheimer’s disease (AD) is a degenerative disease produced by the accumula-
tion of beta-amyloid and tau protein in the brain. From the clinical point of view, 
it is characterized by a prodromal phase with mild cognitive impairment, which is 
followed by the dementia phase [1].

Early dementia screening by a primary care physician should be completed 
once a patient or a knowledgeable informant has noticed decline in memory or 
difficulty [2]. Screening is not indicated at the general population level [3, 4], 
because currently there are no specific treatments to block the progression of 
cognitive decline in AD and other neurocognitive dementias. Is very important 
reasons from a patient’s social and personal perspective that an early diagnosis 
is important as Alzheimer’s disease is a terminal illness; you can minimize some 
of the effects if you understand the disease and know what to do [5]. Numerous 
screening tests are available for confirmed cognitive impairment, and laboratory 
tests and imaging studies should be obtained to rule out reversible etiologies. If 
patients meet diagnostic criteria for AD, clinicians should educate patients and 
caregivers on the expected course and help them complete advance directives. 
Troublesome behaviors should be managed with nonpharmacotherapeutic mea-
sures first. Drugs for improving cognition can be prescribed but do not prevent 
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disease progression [6]. Patients with advanced illness need end of life care 
(EoLC) with adequate pain control and palliative care interventions to shorten 
their hospital stay. Bamford et al. [7] take seven factors influencing good EoLC for 
people with dementia (Table 1). By incorporating stakeholders’ perspectives and 
preferences when planning and developing coordinating interventions, we may 
increase the likelihood of successful implementation and patient benefits [8].

In 1984, the National Institute of Neurological and Communicative Disorders 
and Stroke and the Alzheimer’s Disease and Related Disorders Association 
(NINCDS-ADRA) developed the first diagnostic criteria for Alzheimer’s dementia 
[9]. In 2011, the National Institute of Aging/Alzheimer’s Association (NIA-AA) 
revised these criteria including two new phases of the disease and introduced the 
utilization of biomarkers in research. Firstly, the introduction of the use  
of biomarkers would aim to detect pathological changes of AD before the onset of 
cognitive symptoms—“the preclinical phase” [10]. Secondly, the introduction of  
a mildly symptomatic but not dementia phase, which defines the onset of mild cog-
nitive symptoms, was introduced. Clinical biomarkers such as deposition of Aβ seen 
on PET imaging were introduced to increase the clinical likelihood of diagnosis of 
AD on the presentation of mild cognitive impairment (MCI) however, these are yet 
to be utilized for routine clinical use [11]. In 2014, the International Working Group 
updated their clinical entity of prodromal AD by introducing improved biomarkers 
for AD and defining a criteria for atypical and non-AD dementia [12]. And finally, 
the diagnostic standard for dementia is the Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition (DSM-5). DSM-5 recognizes two cognitive syn-
dromes: major neurocognitive impairment and mild neurocognitive impairment. 
The diagnosis of major neurocognitive impairment requires objective cognitive 

Table 1. 
Summary of the seven factors influencing good EoLC for people with dementia.
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decline that is severe enough to interfere with activities of daily living and is not 
caused by delirium or another neurologic, medical, or psychiatric disorder [13].

The socio-health needs of dementias are similar, regardless of their etiology, 
although there are some peculiarities that characterize each of them like hal-
lucinations in dementia by Lewy bodies, behavioral problems in frontotemporal 
dementia, and social and emotional level of loneliness, which is higher in Korsakoff 
syndrome [14]. This social and emotional loneliness is more frequent and earlier 
income in a residence of the patients with Korsakoff syndrome [15].

In 2010, annual healthcare costs attributable to dementia were between $41,000 
and $56,000 per person [16]. About three quarters of these costs are from institu-
tional and home-based long-term care. Although these estimates place a monetary 
value on informal care provided by family members and friends, they do not 
account for the substantial non-monetary costs to caregivers in terms of negative 
consequences to social, physical, and psychological well-being [17]. If we can delay 
dependency and institutionalization, by even a couple of years, it has the potential 
to save hundreds of billions in direct healthcare costs and even more in terms of 
improved well-being for caregivers.

The AD from the clinical point of view is today a public health problem rec-
ognized by the WHO [18], because it is a very frequent disease. It is estimated 
that 46.8 million people live with dementia in the world in 2015. This number is 
expected to double every 20 years, reaching 74.7 million in 2030 and 131.5 million 
in 2050. This translates to approximately two new cases per 1000 people age 65–74, 
13 new cases per 1000 people age 75–84, and 39 new cases per 1000 people age 
85 and older, and the greatest risk factor by far is aging [19–21]. It is also a disease 
with great impact on the health of the patient, who becomes totally dependent, 
and the family environment, for their involvement in the care from the physical 
and psychological point of view. On average, a person with Alzheimer’s disease will 
spend more years (40% of the total number of years with Alzheimer’s) in the most 
severe stage of the disease than in any other stages. However, currently, and from an 
epidemiological point of view, it is not a priority in health, given that although we 
have a screening test for the population, we do not have a drug with the potential to 
significantly modify the natural course of the disease. The quality of care received 
by a person with dementia positively is critical to the physical and mental health of 
the person with dementia [22]. It is a challenge for socio-health systems to deter-
mine what needs should be provided and financed.

2. Needs and demands socio-health of the patients

Dementia is a chronic and progressive disease, with an average survival of more 
than 10 years. Patient and the family environment with this disease go through 
different phases that have different needs and demands. The needs are determined 
by the interventions that have shown efficacy through scientific studies, while 
the demands are determined mainly by sociocultural factors. A clear example of 
this is that new generations accept new technologies much better than previous 
generations [23]. Any socio-health system should try to provide its patients and 
caregivers with those needs and demands as efficiently as possible (actions with 
studies that demonstrate their effectiveness and that are viable from the economic 
point of view). In general, caregivers claim and request less formal attention than 
in other pathologies [24]. Each patient with dementia and its family have different 
characteristics and needs that require individual attention [25]. The NICE guide 
recommends periodic evaluation and caregiver programs, including telephone or 
Internet support. Such supportive interventions could be effective both preventive 
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disease progression [6]. Patients with advanced illness need end of life care 
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Table 1. 
Summary of the seven factors influencing good EoLC for people with dementia.
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and therapeutic of the consequences of the burden [26]. The unmet needs may 
be higher in caregivers with lower education and individuals with early-stage 
dementia and low-income. The identifying and treating symptoms of depression in 
patients with dementia and caregivers are necessary for them to know their other 
unmet needs [27].

Socio-sanitary assistance to dementia has the highest degree of complexity, 
comparable to multi-pathological patients, according to the categorization of chronic 
patients adopted by the Department of Health of the United Kingdom, the approach 
of the Kaiser Permanente. These patients require a comprehensive and continuous 
treatment, which must be based on the coordination of healthcare and social assis-
tance, as well as between the different levels of care (primary care and specialized 
care). And more specifically in health care, the link between the specialist physician 
and the case management nurse of the unit with primary care is key, so that this 
assistance has a versatility that allows ensuring adequate care more appropriate [28].

The personalized care plan focuses on the patient with the disease but involves 
the entire family environment of the patient, understanding this environment 
widely, including friends and volunteers, among others.

The aim of the personalized care plan are: (1) promotion of the autonomy of 
the patient with activation and self-management of care and improvement of their 
quality of life; (2) pharmacotherapeutic optimization at all times during the disease; 
(3) prevent complications, cognitive and functional impairment, and ultimately 
dependence; (4) integral assessment of the patient from a biomedical or clinical, 
psychological, functional and socio-family point of view; (5) establishment of a 
prognosis in each phase of the disease; (6) establish advance planning of decisions.

The needs or demands of patients and caregivers with dementia are typified 
and all socio-health systems establish different socio-sanitary responses to similar 
pathologies [26, 29, 30]. However, this assistance must be individualized in each 
specific user always, considering it as a biopsychosocial organism, with its particular 
desires and preferences. Therefore, assistance to users with AD must be protocolized 
in a multidisciplinary way and provided individually to each patient and caregiver.

In spite of the increase of the income in residences in the last years, the family 
environment is the therapeutic reference that is more effective, efficient, and very 
difficult to substitute for the emotional implications that it has. And above all, it is 
preferred by most patients with dementia [31–33]. The competence of caregivers is 
essential for the life quality of patient with dementia, and multicomponent inter-
ventions may be appropriate for nurses to practice [34].

3. Social sanitary assistance management tools

We must overcome health care in the terms of first-visit patients and regulated 
reviews (at 3, 6, 9, or 12 months) and use management tools that use information 
and communication technologies to satisfy the needs and demands, avoiding refer-
rals, appointments, and bureaucratic reviews.

Among the emerging management tools in recent years that are most useful are:

1. Caregivers: we have to pay much more attention to the caregiver or caregivers 
and use them as cotherapists, throughout the process, especially in the final 
phase [35].

2. Case management nurse [36, 37]: together with the medical specialist or gen-
eral practitioner who is, usually, the axis around which health care is provided. 
The case management nurse coordinates all the actions of the patient and their 
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family. The liaison nurse of the dementia unit, within a neurology service, was 
the axis around which social-health assistance was established. In our study 
[37], the case management nurse of the dementia unit, was the axis around 
which social-health assistance was established.

3. Coordination with de Alzheimer’s association using their ability to bring 
together the patient and the family environment, using their infrastructures 
and volunteering to monitor users [38, 39].

4. Digital clinical history: access to the digital clinical history instantly, from any 
terminal of the health system (both primary care and specialized care), allows to 
efficiently solve healthcare problems in relation to the patient without the incon-
venience of having to travel or the delay of having to wait for an appointment.

5. Prescription on line: also accessible from any terminal of the health system. It 
allows to see the medication prescribed by any doctor to the patient. It has the 
potential to establish alerts, system of interactions and allergies, and maxi-
mum duration of treatments, among others.

6. Telecare: At the beginning it arose to solve the problems of accessibility in 
remote areas and sanitary underfunded, allowed accessibility by spacing dis-
tances. Subsequently, it was considered that telemedicine contributed essential 
quality by facilitating the continuity of care, and recently it is considered an 
efficient and essential tool in the organization of health care. The application 
of technology in health has become a strategic objective to address the demo-
graphic challenge and allow “aging at home.”

The modalities of telecare can be very diverse, and the telemedicine projects of 
attention to users with dementia performed include [1] support for patients so that 
they can continue to live independently; [2] support services for informal caregivers 
through “online” training, video conferencing with professionals, telealarm with 
videoconference, and cognitive stimulation; [3] networks for patient and caregiv-
ers; [4] monitoring of the state of the patient, personalized intervention, and adap-
tive care; [5] platform that integrates smart home technologies, with sensors and 
interoperability with professionals and institutions; and [6] computer programs to 
caregivers to improve their overload, mainly emotional.

The main problems of this technology are the risks of privacy in relation to data 
protection and health care. Other issues technological aspects that are solved with the 
progress of technology: complexity of use, cost of acquisition and technical failures.

The main resistance for its establishment is given by the three protagonists of the 
assistance: patients and caregivers, professionals, and mainly the managers of the 
health administration [40].

These tools used by each socio-health system according to their possibilities 
allow a better assistance to patients and caregivers.

4. Health model units of cognitive disorder and conduct

Dementia is the paradigm of disease that practically in its entirety is diagnosed 
and/or followed by the national health systems (public and free). It is a disease that 
does not start abruptly and for which medicines are expensive. Patient assistance 
involves the neurologists and other specialists who directly assist patients with neuro-
logical problems. The growing complexity of neurology in general, as a specialty, with 



Redirecting Alzheimer Strategy - Tracing Memory Loss to Self Pathology

96

and therapeutic of the consequences of the burden [26]. The unmet needs may 
be higher in caregivers with lower education and individuals with early-stage 
dementia and low-income. The identifying and treating symptoms of depression in 
patients with dementia and caregivers are necessary for them to know their other 
unmet needs [27].

Socio-sanitary assistance to dementia has the highest degree of complexity, 
comparable to multi-pathological patients, according to the categorization of chronic 
patients adopted by the Department of Health of the United Kingdom, the approach 
of the Kaiser Permanente. These patients require a comprehensive and continuous 
treatment, which must be based on the coordination of healthcare and social assis-
tance, as well as between the different levels of care (primary care and specialized 
care). And more specifically in health care, the link between the specialist physician 
and the case management nurse of the unit with primary care is key, so that this 
assistance has a versatility that allows ensuring adequate care more appropriate [28].

The personalized care plan focuses on the patient with the disease but involves 
the entire family environment of the patient, understanding this environment 
widely, including friends and volunteers, among others.

The aim of the personalized care plan are: (1) promotion of the autonomy of 
the patient with activation and self-management of care and improvement of their 
quality of life; (2) pharmacotherapeutic optimization at all times during the disease; 
(3) prevent complications, cognitive and functional impairment, and ultimately 
dependence; (4) integral assessment of the patient from a biomedical or clinical, 
psychological, functional and socio-family point of view; (5) establishment of a 
prognosis in each phase of the disease; (6) establish advance planning of decisions.

The needs or demands of patients and caregivers with dementia are typified 
and all socio-health systems establish different socio-sanitary responses to similar 
pathologies [26, 29, 30]. However, this assistance must be individualized in each 
specific user always, considering it as a biopsychosocial organism, with its particular 
desires and preferences. Therefore, assistance to users with AD must be protocolized 
in a multidisciplinary way and provided individually to each patient and caregiver.

In spite of the increase of the income in residences in the last years, the family 
environment is the therapeutic reference that is more effective, efficient, and very 
difficult to substitute for the emotional implications that it has. And above all, it is 
preferred by most patients with dementia [31–33]. The competence of caregivers is 
essential for the life quality of patient with dementia, and multicomponent inter-
ventions may be appropriate for nurses to practice [34].

3. Social sanitary assistance management tools

We must overcome health care in the terms of first-visit patients and regulated 
reviews (at 3, 6, 9, or 12 months) and use management tools that use information 
and communication technologies to satisfy the needs and demands, avoiding refer-
rals, appointments, and bureaucratic reviews.

Among the emerging management tools in recent years that are most useful are:

1. Caregivers: we have to pay much more attention to the caregiver or caregivers 
and use them as cotherapists, throughout the process, especially in the final 
phase [35].

2. Case management nurse [36, 37]: together with the medical specialist or gen-
eral practitioner who is, usually, the axis around which health care is provided. 
The case management nurse coordinates all the actions of the patient and their 

97

Healthcare Models in Alzheimer’s Disease
DOI: http://dx.doi.org/10.5772/intechopen.84630

family. The liaison nurse of the dementia unit, within a neurology service, was 
the axis around which social-health assistance was established. In our study 
[37], the case management nurse of the dementia unit, was the axis around 
which social-health assistance was established.

3. Coordination with de Alzheimer’s association using their ability to bring 
together the patient and the family environment, using their infrastructures 
and volunteering to monitor users [38, 39].

4. Digital clinical history: access to the digital clinical history instantly, from any 
terminal of the health system (both primary care and specialized care), allows to 
efficiently solve healthcare problems in relation to the patient without the incon-
venience of having to travel or the delay of having to wait for an appointment.

5. Prescription on line: also accessible from any terminal of the health system. It 
allows to see the medication prescribed by any doctor to the patient. It has the 
potential to establish alerts, system of interactions and allergies, and maxi-
mum duration of treatments, among others.

6. Telecare: At the beginning it arose to solve the problems of accessibility in 
remote areas and sanitary underfunded, allowed accessibility by spacing dis-
tances. Subsequently, it was considered that telemedicine contributed essential 
quality by facilitating the continuity of care, and recently it is considered an 
efficient and essential tool in the organization of health care. The application 
of technology in health has become a strategic objective to address the demo-
graphic challenge and allow “aging at home.”

The modalities of telecare can be very diverse, and the telemedicine projects of 
attention to users with dementia performed include [1] support for patients so that 
they can continue to live independently; [2] support services for informal caregivers 
through “online” training, video conferencing with professionals, telealarm with 
videoconference, and cognitive stimulation; [3] networks for patient and caregiv-
ers; [4] monitoring of the state of the patient, personalized intervention, and adap-
tive care; [5] platform that integrates smart home technologies, with sensors and 
interoperability with professionals and institutions; and [6] computer programs to 
caregivers to improve their overload, mainly emotional.

The main problems of this technology are the risks of privacy in relation to data 
protection and health care. Other issues technological aspects that are solved with the 
progress of technology: complexity of use, cost of acquisition and technical failures.

The main resistance for its establishment is given by the three protagonists of the 
assistance: patients and caregivers, professionals, and mainly the managers of the 
health administration [40].

These tools used by each socio-health system according to their possibilities 
allow a better assistance to patients and caregivers.

4. Health model units of cognitive disorder and conduct

Dementia is the paradigm of disease that practically in its entirety is diagnosed 
and/or followed by the national health systems (public and free). It is a disease that 
does not start abruptly and for which medicines are expensive. Patient assistance 
involves the neurologists and other specialists who directly assist patients with neuro-
logical problems. The growing complexity of neurology in general, as a specialty, with 



Redirecting Alzheimer Strategy - Tracing Memory Loss to Self Pathology

98

the improvement of diagnostic methods as well as therapeutic interventions, means 
that the assistance provided by a neurologist or psychiatrist or geriatrist is greater.

The guiding principles of the assistance in the unit of memory are [1] univer-
sality and equality; [2] integrality and transversality, with coordination of all the 
members; and [3] efficiency and sustainability. This unit must be endowed with the 
human and material resources to meet its objectives [41, 42].

• Comprehensive care for affected people and support for caregivers in all phases 
of dementia.

• Information, training, and advice to affected people, caregivers, associations, 
and professionals involved in dementia assistance.

• Sensitization of public opinion, institutions, entities, and media.

• Adequacy of health and social resources, as well as the establishment of proto-
cols and joint procedures.

• Promotion of volunteering and promotion of associations.

• Promote lines of research and intervention.

To fulfill these objectives, within the unit there should be another specialist 
doctor (neurologist, psychiatrist, and geriatrist), nurse manager of hospital cases, 
clinical psychologist or neuropsychologist, and social worker.

In primary care, it should consist of a family doctor and nurse who manages 
primary care cases and social work. The coordination and communication between 
these professionals is key in dementia care process.

To carry out all its objectives, you should use the tools, mainly new technologies, of 
which the health system has: digital clinical history, prescription “online,” and telecare.

Key aspects in the operation of the unit that should be considered:

1. Management of communication at all levels: horizontal internal, between the 
members of the unit among themselves and with the other professionals of the 
organization; internal vertical, with the address of the hospital and primary 
care center; external with patients and relatives, with associations of relatives 
of patients and with society in general [43].

2. Control of the satisfaction of all those who participate in the unit: patients 
and relatives, professionals, and the administration in relation to the activities 
developed in relation to the healthcare process.

3. Establish indicators of care process, health outcomes, and specific situations: 
all this must be reflected in an annual report of the unit, which includes all the 
activity of the unit carried out, mainly in the care, research, and teaching areas.

The personalized attention in the chronic disease improves the indicators of 
physical and psychological health, as well as the ability to manage the disease with 
respect to usual care. The differences increase when they are more complete and more 
intense and integrated into the routine. Care with a more personalized and gradu-
ated approach allows to maintain the autonomy and integration of the patient in his 
environment [44, 45]. The coordination at the health level between primary and 
specialized care, with a social worker and in association with Alzheimer’s patients’ 
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relatives, all tools being available (telephone, email, digital medical record, prescrip-
tion “online”), is key for the success in monitoring patients and caregivers [37].

5. Future perspectives

The optimism generated by recent and anticipated developments in the under-
standing and treatment of Alzheimer’s disease presents a great opportunity to innovate 
and adapt our services to incorporate the next exciting development in the field of 
dementia [46]. Almost 100 treatments are currently being investigated, often target-
ing individuals earlier in the disease process, and a very promising phase II work has 
been published about the antibody aducanumab [47]. Today, health services in Europe 
would not be prepared to treat patients with Alzheimer’s disease that are subsidized 
by an effective treatment [48]. It seems likely that interventions will be available in the 
near future for people diagnosed with prodromal dementia. This would fundamentally 
transform how the Alzheimer’s disease is perceived, diagnosed, and managed.

There are two key points: [1] equity in access of patients and caregivers and [2] 
specific preparation of professionals. There will be a need for substantial education 
and training for primary and secondary care professionals about new disease-
modifying treatment for Alzheimer’s disease. In primary care this would need to 
focus on early symptoms and risk factors. In secondary care it would cover the safe 
and effective use of biomarkers. A reconfigured service would require seamless 
collaboration between disciplines, patient groups, and specialties in order to expand 
the dementia-focused clinical services to include an Alzheimer’s disease service. 
While many people currently present with moderate or severe dementia, in the 
future, hopefully the majority of people will be diagnosed much earlier, even in the 
prodromal/preclinical stages. A distinct approach for the preclinical, prodromal, 
and dementia stages of Alzheimer’s disease would be necessary.

• Healthcare systems will need to identify and engage with prodromal popula-
tions who might benefit from such interventions. These people may not 
be in contact with health services or, if they are, this will not be because of 
Alzheimer’s disease.

• Realistic planning is needed now to direct the evolution of services to optimize 
appropriate patient access and prepare protocols for phase IV testing of these 
treatments to inform real-world practice and commissioning decisions.

Although in the near future we will have treatment for Alzheimer’s disease, the 
social-health system will have to continue providing assistance in stages of dementia, 
in an integral and personalized way, adapting to the specific needs of each case that 
is determined by the type of dementia (frontotemporal, dementia by bodies of Lewy, 
and Korsakoff syndrome), characteristics of the patient, or caregiver environment.
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Chapter 7

An Examination of Factors
Influencing Equitable Access to
Dementia Care and Support
Programs among Migrants and
Refugees Living with Dementia:
A Literature Review
Winnie Sun, Srija Biswas, Michelle Dacanay and Ping Zou

Abstract

Canada is working on improving the diagnosis and treatment of Canadians with
cognitive impairment and promoting living well with dementia. Despite the avail-
ability of support network, Canadians living with dementia are identified to com-
monly experience social isolation and exclusion. This issue is particularly significant
among migrants and refugees, for whom access to dementia care and support pro-
grams are found to be significantly less than the non-migrated Canadians. The
purpose of this critical analysis is to examine the existing literature related to the
sociocultural factors that contribute to the access of dementia care and support
programs by persons with dementia. Specifically, a literature review was conducted
to examine the barriers and facilitating factors that influence equitable access to
dementia care and support programs among migrants and refugees. A thematic
analysis was conducted to identify the following four major themes: (1) stigma, (2)
culturally preferred coping strategies, (3) misconceptions regarding aging and
dementia, and (4) language barriers.. This review identifies the need for future
research to explore the key barriers faced by migrants and refugees with dementia
in accessing timely and appropriate dementia care and support programs, as well as
developing equitable programs and culturally sensitive services that adequately
address their needs.

Keywords: literature review, migrants, immigrants, refugees,
sociocultural barriers, access, dementia care

1. Introduction

1.1 Background

Dementia has been identified as one of the leading issues concerning people over
the age of 65. A number of Canadians aged 40 and older living with Alzheimer’s
disease and other forms of dementia are expected to increase over time. In fact, this
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increase will be from about 395,000 in 2016 to 674,000 in 2031 [1]. In the Statistics
Canada 2016 report, it estimated that 35.6 million global citizens were living with
dementia and that the number is expected to double within the next 20 years [2].
When diagnosing an individual with dementia, physicians refer to the Diagnostic
Manual of Mental Disorders (DSM) as a guide when determining whether the
individual shows progressive tendencies of dementia [3]. The manual that is cur-
rently in practice is the DSM-5, which classifies dementia as a neurocognitive
disorder. Generally, dementia is an umbrella term that encompasses a variety of
symptoms related to the decline of cognitive function, which influences a person’s
ability to execute everyday activities [3]. In order to be diagnosed with dementia,
one must meet certain criterions listed in the DSM-5 when determining major
neurocognitive disorders such as (a) showing evidence of significant mental decline
that interferes with mundane daily routines or (b) for milder cases showing signs
of modest cognitive decline with only little interference of daily active living [4].
The DSM-5 criteria for tendencies of dementia include (1) cognitive changes,
including new forgetfulness and difficulty finding words; (2) psychiatric
symptoms, such as withdrawal or apathy, depression, and anxiety; (3) personality
changes, such as blunting and disinterest and social withdrawal; (4) problem
behaviors, such as wandering, agitation, and restlessness; and (5) changes in
day-to-day functioning, including difficulty driving, getting lost, neglecting
self-care, and difficulty handling money [3].

There are different forms of dementia due to variances in the distinct expression
of symptoms in addition to structural brain abnormalities. One of the most common
forms of dementia is Alzheimer’s disease, followed closely then by vascular
dementia [5]. Other known types of dementia include dementia with Lewy bodies
(DLB) and frontotemporal dementia. Moreover, impaired mental functions that
arise due to the neurodegenerative disease include memory, language and commu-
nication, judgment and reasoning, and attention span [3]. Even emotional control
and social behavior and motivation are altered and may deteriorate as the disease
progresses. Rates of dementia, including Alzheimer’s disease and other forms of
illness, are projected to increase continuously and double every 20 years [6]. It is
estimated that in 2010, over 35 million people worldwide were living with dementia
[7]. Dementia and Alzheimer’s disease are considered as an abnormal process of
aging. Common symptomology includes frequent memory loss and finding family
members and friends unrecognizable [8]. It is believed that people first experience
an asymptomatic period where neurodegenerative changes occur in the brain, while
cognitive abilities remain stable. This preliminary phase occurs for a long duration
and is followed by the progressive cognitive decline and the eventual, late-stage
development of dementia [9].

Living with dementia means coping with the progressive loss of physical and
mental abilities. It can have an overwhelming negative impact on the individual and
those around them by progressively altering every part of their life until the indi-
vidual becomes completely dependent on either their loved ones, paid caregivers, or
a combination of both. Living with dementia imposes a large physical health, men-
tal health, and economic burden on the patients, informal caregivers, and family
member [10]. It can affect the patient in many ways starting from increased
dependency on caregivers for daily life activities, inability to be engaged in activi-
ties that they were previously able to, leading to frustration and short-
temperedness, depression and anxiety, confusion, and fear [11]. Regardless of the
availability of a strong support network, people with dementia have been identified
to commonly face isolation, loneliness, and social exclusion. In order to improve
the quality of life of individuals living with dementia and their caregivers, Canada is
implementing national strategies and community level actions to improve and
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strengthen their support network and with the aim of promoting living well with
dementia [12]. Cultural diversity is one of the key characteristics that defines the
current Canadian demographic shift. It is estimated that by 2031, visible minorities
from multicultural backgrounds among whom majority have lived in Canada for
less than 15 years will make up approximately 63% of the population in Toronto, the
largest city in Canada [13]. Increasing the number of migrants will lead to an
increasing number of persons with dementia from various cultural backgrounds. As
the dementia community possesses increased cultural diversity, it is crucial to
identify the relationship between sociocultural factors and access to support pro-
grams aimed at promoting living well with dementia [14, 15]. Similarly, refugee
populations of every age group living in a foreign country often suffer from various
challenges including language difficulties, acculturative stress, loneliness, and
societal prejudice, leading to a depleted social network and barriers to accessing
necessary services and supports [4]. In particular, a reduced level of participation is
observed in dementia care and support programs among immigrants and refugees
compared to their nonimmigrant counterparts [15]. There is a need to increase our
understanding about the unique needs of the immigrants and refugees with
dementia that would promote their timely and appropriate access to dementia
support services in the community.

1.2 Objective

The purpose of this chapter is to review the existing literature related to the
persons living with dementia who have migrated as a refugee or immigrant and to
explore the sociocultural factors that contribute to the access to dementia care and
support programs among these vulnerable populations. Our literature review will
place special emphasis on the Southeast Asian population because the number of
people living with dementia in the Asia Pacific region will triple between now and
year 2050 with Alzheimer’s disease being projected to rise by 300% among South-
east Asians, the highest projected rise among other ethnic groups [31].

This literature review aims at:

1. identifying the sociocultural factors influencing access to and participation in
dementia care and support programs among migrants and refugees, with
emphasis on Southeast Asian populations;

2. exploring knowledge gaps in the existing literature to identify further research
opportunities in relation to improving access to dementia care and support
programs for migrant and refugee populations.

2. Method

In order to address the above objectives, a literature review was conducted using
a predetermined inclusion-exclusion criteria and search strategy as outlined below.

2.1 Inclusion and exclusion criteria

The search strategy for the literature review included journal articles and
research papers that were published until May 2017. A preliminary search was
conducted on this topic to determine the scope of the existing literature, which has
revealed a lack of published research in the field of dementia care for migrants and
refugees. As a result, no specific boundary was set on the date range of publication,
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dementia [5]. Other known types of dementia include dementia with Lewy bodies
(DLB) and frontotemporal dementia. Moreover, impaired mental functions that
arise due to the neurodegenerative disease include memory, language and commu-
nication, judgment and reasoning, and attention span [3]. Even emotional control
and social behavior and motivation are altered and may deteriorate as the disease
progresses. Rates of dementia, including Alzheimer’s disease and other forms of
illness, are projected to increase continuously and double every 20 years [6]. It is
estimated that in 2010, over 35 million people worldwide were living with dementia
[7]. Dementia and Alzheimer’s disease are considered as an abnormal process of
aging. Common symptomology includes frequent memory loss and finding family
members and friends unrecognizable [8]. It is believed that people first experience
an asymptomatic period where neurodegenerative changes occur in the brain, while
cognitive abilities remain stable. This preliminary phase occurs for a long duration
and is followed by the progressive cognitive decline and the eventual, late-stage
development of dementia [9].

Living with dementia means coping with the progressive loss of physical and
mental abilities. It can have an overwhelming negative impact on the individual and
those around them by progressively altering every part of their life until the indi-
vidual becomes completely dependent on either their loved ones, paid caregivers, or
a combination of both. Living with dementia imposes a large physical health, men-
tal health, and economic burden on the patients, informal caregivers, and family
member [10]. It can affect the patient in many ways starting from increased
dependency on caregivers for daily life activities, inability to be engaged in activi-
ties that they were previously able to, leading to frustration and short-
temperedness, depression and anxiety, confusion, and fear [11]. Regardless of the
availability of a strong support network, people with dementia have been identified
to commonly face isolation, loneliness, and social exclusion. In order to improve
the quality of life of individuals living with dementia and their caregivers, Canada is
implementing national strategies and community level actions to improve and
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strengthen their support network and with the aim of promoting living well with
dementia [12]. Cultural diversity is one of the key characteristics that defines the
current Canadian demographic shift. It is estimated that by 2031, visible minorities
from multicultural backgrounds among whom majority have lived in Canada for
less than 15 years will make up approximately 63% of the population in Toronto, the
largest city in Canada [13]. Increasing the number of migrants will lead to an
increasing number of persons with dementia from various cultural backgrounds. As
the dementia community possesses increased cultural diversity, it is crucial to
identify the relationship between sociocultural factors and access to support pro-
grams aimed at promoting living well with dementia [14, 15]. Similarly, refugee
populations of every age group living in a foreign country often suffer from various
challenges including language difficulties, acculturative stress, loneliness, and
societal prejudice, leading to a depleted social network and barriers to accessing
necessary services and supports [4]. In particular, a reduced level of participation is
observed in dementia care and support programs among immigrants and refugees
compared to their nonimmigrant counterparts [15]. There is a need to increase our
understanding about the unique needs of the immigrants and refugees with
dementia that would promote their timely and appropriate access to dementia
support services in the community.

1.2 Objective

The purpose of this chapter is to review the existing literature related to the
persons living with dementia who have migrated as a refugee or immigrant and to
explore the sociocultural factors that contribute to the access to dementia care and
support programs among these vulnerable populations. Our literature review will
place special emphasis on the Southeast Asian population because the number of
people living with dementia in the Asia Pacific region will triple between now and
year 2050 with Alzheimer’s disease being projected to rise by 300% among South-
east Asians, the highest projected rise among other ethnic groups [31].

This literature review aims at:

1. identifying the sociocultural factors influencing access to and participation in
dementia care and support programs among migrants and refugees, with
emphasis on Southeast Asian populations;

2. exploring knowledge gaps in the existing literature to identify further research
opportunities in relation to improving access to dementia care and support
programs for migrant and refugee populations.

2. Method

In order to address the above objectives, a literature review was conducted using
a predetermined inclusion-exclusion criteria and search strategy as outlined below.

2.1 Inclusion and exclusion criteria

The search strategy for the literature review included journal articles and
research papers that were published until May 2017. A preliminary search was
conducted on this topic to determine the scope of the existing literature, which has
revealed a lack of published research in the field of dementia care for migrants and
refugees. As a result, no specific boundary was set on the date range of publication,
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and any relevant article was included in the literature review regardless of its
publication date. Articles that were published in English were only included in the
search. The keywords used for the literature search were “migrants,” “cultural
barrier,” and “dementia support program,” and these search terms were used to
explore the cultural barriers faced by migrants in order to access dementia support
programs. “Immigrants,” “refugees,” and “new comers” were also used within the
keyword set as migrated population contains immigrants, newcomers, and refugee
subgroups. Both “dementia” and “Alzheimer” research related to support programs
and care designed for dementia and Alzheimer’s disease are often comparable in
nature and content, and frequently these two words were used interchangeably.
Research regarding both support programs and care services are included in the
literature review to encompass all types of barriers faced in regard to access to
dementia care and support programs. Research conducted on populations including
persons living with dementia, informal and formal caregivers (such as nurses,
personal support workers, and other service providers), and dementia program
facilitators and coordinators were included in the literature review. Research about
barriers to equitable access among certain subgroups such as indigenous people was
excluded from this review. Despite the diverse cultural background of indigenous
population, this subgroup is not considered migrants.

2.2 Search strategy and data analysis

An extensive search of the literature was performed using the University of
Ontario Institute of Technology (UOIT) library databases, including the PubMed
databases and Wiley Library. The search strategy was consistent for every database
and was based on the predetermined set of inclusion and exclusion criteria. Only
full-text papers published in peer-reviewed journals and proceedings were selected
for further review. Editorials, letters, and conceptual papers were excluded. All
papers that addressed the keywords and search terms that were relevant to the
research topic of interest were retrieved, regardless of their study design.

A total of 4451 research publications resulted from the keyword search from
both databases which included peer-reviewed journal articles, eBooks/books, dis-
sertations/thesis, and book chapters. Abstracts that were identified to be relevant to
the research question were kept, and full-text papers were retrieved for further
review. In the absence of an abstract, full-text papers were retrieved and reviewed
for prospective inclusion. Reference lists of selected papers were examined to iden-
tify other relevant articles. There were a total of 15 articles included in the final data
analysis using a thematic analysis method based on its relevance and the scope of
research for data extraction purposes. The data extraction details about these 15
articles are presented in Appendix A. The findings were analyzed and synthesized
to identify common themes, methodologies, and research gaps. In addition to the
scholarly literature, gray literature found in credible websites were used to obtain
information and findings such as statistical data, current approaches, and recom-
mendations from the Alzheimer Society of Canada, Alzheimer’s Society of the
United Kingdom, and Statistics Canada.

3. Results and discussion

3.1 Key findings from literature review

Analysis of the existing literature that explored the underlying factors associated
with the access to dementia support programs among migrant and refugee
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populations from diverse cultural backgrounds has led to the emergence of the
following four themes, which are discussed below.

3.1.1 Stigma associated with dementia

The most common and impactful factor associated with the access to dementia
support programs among migrants was stigma. The Alzheimer’s Society of Ireland
(2008) reported on two types of stigma, one as external, indicating stigma toward
the person by community members, and the other as internal, indicating perceived
feelings of shame about themselves that they are “less of a person” because of the
symptoms of dementia [16]. Stigma affects the individual with dementia, which
includes but is not limited to willingness to seek diagnosis and to seek support once
diagnosed and a lack of willingness to participate in research [16]. In some cases,
stigma about mental health impairments such as dementia was so deeply rooted that
individuals and family members would deny to “recognize the illness” [17]. Data
obtained from persons with dementia and family members reported that stigma
often prevented them from seeking necessary information or support as “people
would gossip about you if something went wrong” and “people don’t want to get
branded as odd or weird” [17].

In South Asian culture, mental health impairments including dementia are asso-
ciated with perceived stigma toward the individual and their family members. A
great deal of stigma appears to be associated with mental illness in such cultures
where open discussion of a relative’s mental health issues could cause the family to
be stigmatized, with a reduced social standing that could affect later generations,
such as interfering with marriage arrangements [15]. South Asian migrants thus
appeared to be engaged in “concealment” as a mechanism to protect the reputation
of the person with dementia and reputation of their family [15, 18]. The most
common explanation for not using any support services among informal caregivers
was that seeking support from outside agencies “put an already precarious balance
between shame and inner pride in jeopardy” [18]. In Eastern European cultures,
stigma associated with dementia also reinforces the tendency to “keep it in the
family” instead of seeking support [18] as “going public” about having a family
member with dementia is linked with a perceived fear of inviting condemnation
from others in the community [18]. This reinforces the behavior of informal care-
givers around providing support alone instead of seeking help from social and
community support networks.

Persons with dementia were also identified to be vulnerable to experience
stigma associated with chronic and severe mental illness, such as schizophrenia,
because they shared a set of similar behavioral symptoms including depression,
delusions, hallucinations, and agitation. For instance, researchers from Hong Kong
outlined the social consequences of stigma associated with mental illness among
Asian culture [19]. Lee and colleagues identified that concealment and anticipated
stigmatization had a significant impact on non-compliance with care-seeking
behavior. Persons with dementia and their family members attempted to hide
their diagnosis from the community and forbid further interaction between the
person with the illness and community members in the attempt to hide any
shameful incidence [19]. Among Asian Americans such as Chinese and
Vietnamese, shame and “loss of face” were identified to contribute to
stigmatization associated with dementia [20] where shame was triggered by
public display of abnormal behavior. Concealment was adopted to deflect such
situations [21], resulting in delays and nonadherence to acquiring external care and
support.
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and any relevant article was included in the literature review regardless of its
publication date. Articles that were published in English were only included in the
search. The keywords used for the literature search were “migrants,” “cultural
barrier,” and “dementia support program,” and these search terms were used to
explore the cultural barriers faced by migrants in order to access dementia support
programs. “Immigrants,” “refugees,” and “new comers” were also used within the
keyword set as migrated population contains immigrants, newcomers, and refugee
subgroups. Both “dementia” and “Alzheimer” research related to support programs
and care designed for dementia and Alzheimer’s disease are often comparable in
nature and content, and frequently these two words were used interchangeably.
Research regarding both support programs and care services are included in the
literature review to encompass all types of barriers faced in regard to access to
dementia care and support programs. Research conducted on populations including
persons living with dementia, informal and formal caregivers (such as nurses,
personal support workers, and other service providers), and dementia program
facilitators and coordinators were included in the literature review. Research about
barriers to equitable access among certain subgroups such as indigenous people was
excluded from this review. Despite the diverse cultural background of indigenous
population, this subgroup is not considered migrants.

2.2 Search strategy and data analysis

An extensive search of the literature was performed using the University of
Ontario Institute of Technology (UOIT) library databases, including the PubMed
databases and Wiley Library. The search strategy was consistent for every database
and was based on the predetermined set of inclusion and exclusion criteria. Only
full-text papers published in peer-reviewed journals and proceedings were selected
for further review. Editorials, letters, and conceptual papers were excluded. All
papers that addressed the keywords and search terms that were relevant to the
research topic of interest were retrieved, regardless of their study design.

A total of 4451 research publications resulted from the keyword search from
both databases which included peer-reviewed journal articles, eBooks/books, dis-
sertations/thesis, and book chapters. Abstracts that were identified to be relevant to
the research question were kept, and full-text papers were retrieved for further
review. In the absence of an abstract, full-text papers were retrieved and reviewed
for prospective inclusion. Reference lists of selected papers were examined to iden-
tify other relevant articles. There were a total of 15 articles included in the final data
analysis using a thematic analysis method based on its relevance and the scope of
research for data extraction purposes. The data extraction details about these 15
articles are presented in Appendix A. The findings were analyzed and synthesized
to identify common themes, methodologies, and research gaps. In addition to the
scholarly literature, gray literature found in credible websites were used to obtain
information and findings such as statistical data, current approaches, and recom-
mendations from the Alzheimer Society of Canada, Alzheimer’s Society of the
United Kingdom, and Statistics Canada.

3. Results and discussion

3.1 Key findings from literature review

Analysis of the existing literature that explored the underlying factors associated
with the access to dementia support programs among migrant and refugee
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populations from diverse cultural backgrounds has led to the emergence of the
following four themes, which are discussed below.

3.1.1 Stigma associated with dementia

The most common and impactful factor associated with the access to dementia
support programs among migrants was stigma. The Alzheimer’s Society of Ireland
(2008) reported on two types of stigma, one as external, indicating stigma toward
the person by community members, and the other as internal, indicating perceived
feelings of shame about themselves that they are “less of a person” because of the
symptoms of dementia [16]. Stigma affects the individual with dementia, which
includes but is not limited to willingness to seek diagnosis and to seek support once
diagnosed and a lack of willingness to participate in research [16]. In some cases,
stigma about mental health impairments such as dementia was so deeply rooted that
individuals and family members would deny to “recognize the illness” [17]. Data
obtained from persons with dementia and family members reported that stigma
often prevented them from seeking necessary information or support as “people
would gossip about you if something went wrong” and “people don’t want to get
branded as odd or weird” [17].

In South Asian culture, mental health impairments including dementia are asso-
ciated with perceived stigma toward the individual and their family members. A
great deal of stigma appears to be associated with mental illness in such cultures
where open discussion of a relative’s mental health issues could cause the family to
be stigmatized, with a reduced social standing that could affect later generations,
such as interfering with marriage arrangements [15]. South Asian migrants thus
appeared to be engaged in “concealment” as a mechanism to protect the reputation
of the person with dementia and reputation of their family [15, 18]. The most
common explanation for not using any support services among informal caregivers
was that seeking support from outside agencies “put an already precarious balance
between shame and inner pride in jeopardy” [18]. In Eastern European cultures,
stigma associated with dementia also reinforces the tendency to “keep it in the
family” instead of seeking support [18] as “going public” about having a family
member with dementia is linked with a perceived fear of inviting condemnation
from others in the community [18]. This reinforces the behavior of informal care-
givers around providing support alone instead of seeking help from social and
community support networks.

Persons with dementia were also identified to be vulnerable to experience
stigma associated with chronic and severe mental illness, such as schizophrenia,
because they shared a set of similar behavioral symptoms including depression,
delusions, hallucinations, and agitation. For instance, researchers from Hong Kong
outlined the social consequences of stigma associated with mental illness among
Asian culture [19]. Lee and colleagues identified that concealment and anticipated
stigmatization had a significant impact on non-compliance with care-seeking
behavior. Persons with dementia and their family members attempted to hide
their diagnosis from the community and forbid further interaction between the
person with the illness and community members in the attempt to hide any
shameful incidence [19]. Among Asian Americans such as Chinese and
Vietnamese, shame and “loss of face” were identified to contribute to
stigmatization associated with dementia [20] where shame was triggered by
public display of abnormal behavior. Concealment was adopted to deflect such
situations [21], resulting in delays and nonadherence to acquiring external care and
support.
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3.1.2 Culturally preferred coping strategies

Culturally preferred coping strategies were most prominent in South Asian
immigrants and refugees where this specific characteristic reflected the ascribed
stigma as discussed above. In fact, religion and culturally preferred coping strategies
were identified to be particularly important within South Asian communities,
opposed to the value of understanding symptom management and access to avail-
able resources, which is observed more in other ethnic minority groups [15]. South
Asian subgroups appear to place high value on family where providing care for a
family member is associated with the perception of responsibility toward their
loved ones. In some South Asian cultures, “caring” was identified to be a religious
obligation regardless of the religion, where caring was perceived as “duty” or a way
of “gaining blessings” or “repaying” the person with dementia for previous acts of
kindness [18]. Thus, South Asians have been reported to prefer providing care for a
family member with a mental illness rather than seeking medical care, social care,
or community support and assistance [15], leading to reduced engagement in
dementia support programs or other social/medical care supports. Some South
Asian subgroups were observed to use “faith” as an alternative coping strategy
where faith is perceived to be associated with enhancing mental resilience and
alleviation of stress experienced by persons with mental illnesses such as dementia
and their caregivers [15]. Meditation and prayers were identified as tools used in
religiously preferred coping strategies. The ideology of “caring” was also observed
among Asian American migrants in addition to South Asian migrants. A study
conducted on Korean immigrants with dementia revealed a concept of “Korean way
of thinking,” where caring for ill elderly in the family is considered a responsibility
and is associated with “saving face” [22].

The concept of “acculturation” also appears as an important concept in terms of
implications for support services among migrants. Acculturation varied depending
on the length of stay in a migrated country and historical time of migration [22, 23].
Adoption of a foreign culture appears to be a selective process where fundamental
values and beliefs appear to stay unchanged after immigration [22]. A study
conducted on Korean immigrants in America indicated that those who migrated
recently are more “Americanized” than those that migrated a long time ago and
tend to preserve their traditional beliefs [22]. Failure to adopt the foreign culture
can lead to the preservation of conventional norms and methods of practice in one’s
culture when dealing with chronic diseases, such as dementia.

3.1.3 Misconception regarding aging and Dementia

“Normalization” of functional and cognitive decline among older adult
populations is observed to be a vastly shared belief in many cultures. Studies reveal
that populations from ethnic minorities are less likely to recognize symptoms of
dementia as an illness than Caucasian individuals, perceiving such symptoms as
part of the aging process [24]. Normalization is observed among Asians, African-
Caribbeans, and Hispanic Americans where dementia symptoms such as memory
loss, disorientation, and loss of functional abilities were recognized but not concep-
tualized as an illness [25]. In Asian culture, dementia related to changes such as
confusion is often normalized and expected as part of the aging process [20]. A
majority of the common symptoms of dementia are interpreted as “age-related
cognitive and functional change.” Symptoms such as “memory failure” or “confu-
sion” are considered normal among “very old” members of the family. Interviews
conducted on subgroups originating from Chinese and Vietnamese cultures identi-
fied a culturally shaped metaphor that emphasized holism and the inevitability of
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deterioration in dementia [20], reinforcing the lack of understanding regarding the
necessity of accessing dementia support programs.

Evidence from South Asian subgroups residing in England has identified that
people from South Asian culture may recognize the symptoms associated with
dementia but not conceptualize these as part of an illness even when they are
severe [17], leading to the idea that individual and family efforts are sufficient to
ameliorate dementia-related symptoms. Research conducted on South Asian fami-
lies recognizes a generalized picture of aging that exists in South Asian culture
where it is perceived that aging changes older people into an “intolerant and wor-
rying” group and aging makes people “difficult and angry” [17]. Many dementia-
related symptoms such as confusion, becoming quiet and sad, feelings of isolation
and loneliness, and other mental health impairments are often viewed as “negative”
aspects of normal aging [17, 24] in South Asian families. This leads to the concep-
tualization of not viewing dementia as an illness and therefore creating a barrier to
accessing the external resources that support living well with dementia.

Another common misconception that exists in many different cultures is the
lack of understanding on the causation of dementia. Dementia is often perceived as
a mental illness by certain South Asian groups who are especially sensitive to
traditional, religious, and spiritual explanations of the nature and causation of
dementia [18]. Many South Asian cultures lack a defined vocabulary to interpret the
word “dementia”; thus cases of dementia are often classified as a mental illness
[15, 18]. Many individuals from South Asian cultures residing in the United King-
dom classify dementia as “madness” as the meaning of dementia is nonexistent in
the vocabulary of South Asian languages [23]. In such cases, family members and
the community at large frequently use concealment for avoiding rejection, which
acts as an obstacle to accessing dementia support programs.

3.1.4 Language barrier

Language barrier was a significant factor leading to the reduced access to
dementia support programs and services. Current literature revealed that migrants
and refugees who do not speak the language of the host country might be at a
greater disadvantage in accessing the health-care system [23], making the individ-
ual with a lack of language proficiency more vulnerable to inequitable access to
dementia support services. Language difficulties often appear in Alzheimer’s disease
and other neurodegenerative dementias with word-finding difficulties, decreased
verbal fluency, or difficulties with naming and comprehension, which are particu-
larly prominent among bilingual individuals [26]. Older bilinguals often revert to a
single language despite a lifetime of dual language use, losing the ability to speak the
second language [26]. This issue is particularly prominent among migrants and
refugees with dementia who lose their ability to speak their second languages,
which is often the language of their host country, leading to difficulty in communi-
cating with the health-care professionals and service providers [27]. Bilingual indi-
viduals with dementia are frequently observed to be inclined to asymmetrical
language impairment with preferential preservation and the use of the first acquired
language [28], which can be inferred among individuals that have migrated to a
foreign country that speaks a different language than one’s country of emigration.
Moreover, recently learned information is retained the least in the case of dementia,
whereas information and memory that are more remote are often relatively pre-
served, leading to a regression toward the predominant use of the language learnt
earlier in life or the first language [26, 28].

Evidence obtained from the study of immigrants in Sweden suggested that
immigrants with dementia noticeably preferred music and television programs that
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3.1.2 Culturally preferred coping strategies
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stigma as discussed above. In fact, religion and culturally preferred coping strategies
were identified to be particularly important within South Asian communities,
opposed to the value of understanding symptom management and access to avail-
able resources, which is observed more in other ethnic minority groups [15]. South
Asian subgroups appear to place high value on family where providing care for a
family member is associated with the perception of responsibility toward their
loved ones. In some South Asian cultures, “caring” was identified to be a religious
obligation regardless of the religion, where caring was perceived as “duty” or a way
of “gaining blessings” or “repaying” the person with dementia for previous acts of
kindness [18]. Thus, South Asians have been reported to prefer providing care for a
family member with a mental illness rather than seeking medical care, social care,
or community support and assistance [15], leading to reduced engagement in
dementia support programs or other social/medical care supports. Some South
Asian subgroups were observed to use “faith” as an alternative coping strategy
where faith is perceived to be associated with enhancing mental resilience and
alleviation of stress experienced by persons with mental illnesses such as dementia
and their caregivers [15]. Meditation and prayers were identified as tools used in
religiously preferred coping strategies. The ideology of “caring” was also observed
among Asian American migrants in addition to South Asian migrants. A study
conducted on Korean immigrants with dementia revealed a concept of “Korean way
of thinking,” where caring for ill elderly in the family is considered a responsibility
and is associated with “saving face” [22].

The concept of “acculturation” also appears as an important concept in terms of
implications for support services among migrants. Acculturation varied depending
on the length of stay in a migrated country and historical time of migration [22, 23].
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part of the aging process [24]. Normalization is observed among Asians, African-
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tualized as an illness [25]. In Asian culture, dementia related to changes such as
confusion is often normalized and expected as part of the aging process [20]. A
majority of the common symptoms of dementia are interpreted as “age-related
cognitive and functional change.” Symptoms such as “memory failure” or “confu-
sion” are considered normal among “very old” members of the family. Interviews
conducted on subgroups originating from Chinese and Vietnamese cultures identi-
fied a culturally shaped metaphor that emphasized holism and the inevitability of
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deterioration in dementia [20], reinforcing the lack of understanding regarding the
necessity of accessing dementia support programs.

Evidence from South Asian subgroups residing in England has identified that
people from South Asian culture may recognize the symptoms associated with
dementia but not conceptualize these as part of an illness even when they are
severe [17], leading to the idea that individual and family efforts are sufficient to
ameliorate dementia-related symptoms. Research conducted on South Asian fami-
lies recognizes a generalized picture of aging that exists in South Asian culture
where it is perceived that aging changes older people into an “intolerant and wor-
rying” group and aging makes people “difficult and angry” [17]. Many dementia-
related symptoms such as confusion, becoming quiet and sad, feelings of isolation
and loneliness, and other mental health impairments are often viewed as “negative”
aspects of normal aging [17, 24] in South Asian families. This leads to the concep-
tualization of not viewing dementia as an illness and therefore creating a barrier to
accessing the external resources that support living well with dementia.

Another common misconception that exists in many different cultures is the
lack of understanding on the causation of dementia. Dementia is often perceived as
a mental illness by certain South Asian groups who are especially sensitive to
traditional, religious, and spiritual explanations of the nature and causation of
dementia [18]. Many South Asian cultures lack a defined vocabulary to interpret the
word “dementia”; thus cases of dementia are often classified as a mental illness
[15, 18]. Many individuals from South Asian cultures residing in the United King-
dom classify dementia as “madness” as the meaning of dementia is nonexistent in
the vocabulary of South Asian languages [23]. In such cases, family members and
the community at large frequently use concealment for avoiding rejection, which
acts as an obstacle to accessing dementia support programs.

3.1.4 Language barrier

Language barrier was a significant factor leading to the reduced access to
dementia support programs and services. Current literature revealed that migrants
and refugees who do not speak the language of the host country might be at a
greater disadvantage in accessing the health-care system [23], making the individ-
ual with a lack of language proficiency more vulnerable to inequitable access to
dementia support services. Language difficulties often appear in Alzheimer’s disease
and other neurodegenerative dementias with word-finding difficulties, decreased
verbal fluency, or difficulties with naming and comprehension, which are particu-
larly prominent among bilingual individuals [26]. Older bilinguals often revert to a
single language despite a lifetime of dual language use, losing the ability to speak the
second language [26]. This issue is particularly prominent among migrants and
refugees with dementia who lose their ability to speak their second languages,
which is often the language of their host country, leading to difficulty in communi-
cating with the health-care professionals and service providers [27]. Bilingual indi-
viduals with dementia are frequently observed to be inclined to asymmetrical
language impairment with preferential preservation and the use of the first acquired
language [28], which can be inferred among individuals that have migrated to a
foreign country that speaks a different language than one’s country of emigration.
Moreover, recently learned information is retained the least in the case of dementia,
whereas information and memory that are more remote are often relatively pre-
served, leading to a regression toward the predominant use of the language learnt
earlier in life or the first language [26, 28].

Evidence obtained from the study of immigrants in Sweden suggested that
immigrants with dementia noticeably preferred music and television programs that
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had more familiarity, such as programs in their native language [27]. They were also
more likely to participate and engage in dementia support programs and services
where they could communicate in their native language [23, 26]. Research evidence
from Korean Americans with dementia suggested that treatment and intervention
programs designed to promote living well with dementia were observed to be more
effective when using a familiar language or the native language of the individual
[29]. Inability to communicate well in the language of the program due to losing the
ability to speak one’s second language has been identified as one of the leading
issues among individuals with dementia, particularly among those who have
migrated from a foreign country with a different language than the host country.

4. Implications and conclusion

The literature review revealed that the most common underlying factors that
influence reduced participation and access to dementia care and support programs
among immigrant and refugee populations were stigma, culturally preferred coping
strategies, misconceptions regarding aging and dementia, and language barriers. In
particular, coping strategies were significantly influenced by the stigma associated
with dementia as most cultures preferred concealment to avoid being negatively
labeled in the community [15]. Misconceptions regarding aging and normalization
of dementia are a commonly observed phenomenon among the majority of the well-
known cultures in Europe and North America [16].

Research conducted on sociocultural factors and access to dementia care is often
conducted among caregivers as opposed to the persons with dementia themselves,
where conclusions made regarding the needs of persons with dementia were
obtained indirectly from their care partners, formal and informal caregivers, and
service providers. The rationale behind this approach was largely due to the diffi-
culty of conducting research on persons with dementia as a result of their levels of
cognitive impairment. In particular, there is a lack of empirical evidence obtained
directly from persons living with dementia among migrated and refugee
populations. Moreover, majority of the existing research about dementia care were
conducted in certain countries such as in Europe and Australia. Findings from
North American settings focused mainly on the American immigrants with demen-
tia. There is a lack of research about the influencing sociocultural factors and access
to dementia care/support programs among Canadian migrants. Most research
examined barriers to access related to geographical location, economic status, edu-
cational level, and knowledge of dementia/care. There is a lack of empirical evi-
dence on the impact of how stigma, cultural background, and language influence
appropriate access to dementia support programs among migrants. There is also a
lack of research that focuses on identifying the existing needs among immigrant
populations with dementia in regard to their access to dementia care. These findings
highlight the need to conduct further research on Canadian immigrants/refugees
with dementia to further explore the key barriers faced by these populations in
regard to accessing dementia care and support programs, as well as to identify the
facilitating factors that meet the unique needs of Canadian migrants to promote
living well with dementia.

Currently there are 564,000 Canadians living with dementia, and this number is
doubling every 20 years [12, 30]. In addition to the rising number of persons with
dementia, there has been a shift in the population triangle of Canada, with an
increasing number of the population reaching the age 65 and up, which is the most
vulnerable stage of life to develop dementia [30]. In particular, migratory increase
has been identified as the major driving force of population growth in Canada,
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which indicates a change in the composition of the population with an increased
cultural diversity [31]. As a result, it is imperative to increase our understanding of
the influence of sociocultural factors in relation to equitable access of dementia care
and support programs among the Canadian migrants. This knowledge is vital to the
future transformation of the existing programs and services, shaping them to be
more culturally inclusive for the marginalized, migrated, and refugee populations
in Canada.
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Author
(date)

Study purpose Study design Summary of key findings

• The language used in
the current literature
and the media and in
the community
creates an incorrect
portrayal of persons
living with the
symptoms of
dementia and creates
and supports further
stigmas and
misconceptions
regarding experience
living with dementia.
This eventually
abolishes the value of
the expression of the
lived experiences,
adding to the disbelief
and stigma

Fontaine
et al.
(2007)

Explore the perceptions of
aging, dementia, and aging-
associated mental health
difficulties among British
people of Punjabi Indian
origin

A focus group study was
conducted between 2001
and 2003, involving 49
British South Asian
individuals speaking
English, Hindi, and Punjabi,
aged 17–61 years. Data was
collected on views of aging
and aging-associated
difficulties in initial groups.
Following primary data
collection, vignettes were
used for more specific
exploration of awareness
and understanding of
dementia in a second set of
groups. Thematic analysis
method was adopted to
analyze data

• Perception of aging
was as a time of
withdrawal and
isolation, and
frequently mentioned
health problems
involved physical or
emotional and
cognitive impairment

• Identified
implications that
symptoms of
dementia partly
resulted from lack of
effort by the person
themselves and
possibly from lack of
family care; thus
overcoming own
problems and family
actions might be part
of the solution

• A sense of stigma and
a lack of knowledge
were identified about
mental illness and
services, along with
disillusionment with
doctors and exclusion
from services

Giebel et al.
(2015)

Examining the barriers and
facilitators in accessing to
culturally appropriate
mental health care among
South Asian older adults
with memory impairment,
dementia, and mental illness

A literature search was
conducted in Web of
Knowledge, PubMed, and
Ovid databases to search for
literatures from 1984 to
2012 regarding South Asian
older adults or their family
carers, their understandings

The following factors were
identified by South Asians
and health professionals
that prevented help seeking
and access to care: a lack of
knowledge of dementia and
mental illness and of local
services, stigma, culturally
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Author
(date)

Study purpose Study design Summary of key findings

of mental illness and
dementia, and their pattern
of service use. Assessment
of abstracts for relevance
and three researchers rated
the quality of each included
study. A narrative synthesis
was used to extract and
chart data

preferred coping strategies,
and linguistic and cultural
barriers in communication
and decision-making

MacKenzie
J (2006)

Summarize findings from a
3-year project to develop
and deliver culturally
appropriate support group
materials for South Asian
and Eastern European
family carers of relatives
with dementia living in the
United Kingdom

Stage 1 involved semi-
structured interviews for 21
participants to explore
carers’ experiences of
caregiving. Stage 2 involved
developing and delivering
of three 10-week support
group programs, specified
to reflect the needs of carers
(identified in Stage 1) in a
range of preferred
community languages.
Follow-up interview was
conducted in stage 3 with
each of the family carers
6 weeks after the
completion of group
program

Understandings of dementia
in different cultural
contexts can become
operationalized through
stigma processes, thus
influencing the ways in
which person with dementia
and their family carers’
participation in formal and
informal support programs

Lee et al.
(2005)

Identify and compare the
interpersonal experiences of
stigma in patients with
mental health impairments,
schizophrenia, and diabetes
mellitus in Hong Kong

Four focus groups were
conducted to develop a self-
report questionnaire. Data
were collected from
outpatients

Stigma was more frequently
experienced among people
living with mental health
impairment from family
members, partners, friends,
and colleagues than those
living with diabetes

Liu et al.
(2008)

Examining the relationship
of stigma and dementia
among Chinese and
Vietnamese family
caregivers

32 qualitative interviews
were conducted among
Chinese and Vietnamese
family caregivers living in
the USA to collect narrative
data and identify key
themes

Two sources of stigma were
identified: the stigma of
chronic and severe mental
illness and a stigma
reflecting negative
stereotypes of aging or the
elderlies. Chinese and
Vietnamese cultural
perceptions of normal aging
accommodate different
paths of aging, some more
and some less desired. With
regard to persons with
dementia, a “normalized”
but negative path of aging
carried with it significant
stigma that was distinct
from but in addition to the
stigma of chronic and severe
mental illness

Yang and
Kleinman
(2008)

An analysis of how “face” is
embodied in China to
understand an articulation
of how the social aspects of

Analysis of existing
conceptual writings and
empirical studies

Face—both moral and in
particular social face—can
be seen to function as forms
of symbolic capital. Shame
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stigma might incorporate
the moral standing defined
within a local context

and “loss of face” were
identified to lead to
stigmatization associated
with mental health
impairments including
dementia

Kong et al.
(2009)

To identify and describe
experiences of Korean
immigrant caregivers
regarding American nursing
home placement of their
non-English-speaking older
relatives with dementia

Qualitative descriptive
methods and qualitative
content analysis using a
total of 17 semi-structured
interviews with 10 Korean
immigrant family caregivers

The “Korean way of
thinking” was identified to
be a fundamental cultural
belief about caregiving. Six
major themes were
identified: (a) I never
thought about a nursing
home; (b) if I think in a
Korean way, I feel; (c)
nursing home staff cannot
communicate with; (d) my
care recipient maintains
Korean culture; (e) nursing
home services are better
than expected but; and
(f) my care recipient is
more vulnerable because of
dementia

Iliffe and
Manthorpe
(2010)

Argue that sociocultural/
ethnical issues are
applicable to all individuals
with dementia, independent
of apparent ethnicity, and
that promotion of cultural
competence in service
provision should not be
relegated to an ethnic
minority agenda

Analysis of existing
literature

The experience of accessing
to support is associated with
three key factors:

1. Language and literacy
2. Religious belief and

cultural practices
3. Coping mechanism

and social support
4. Protective factors

Bunn et al.
(2012)

Evaluate the qualitative
evidence regarding how
individuals accommodate
and adapt to the diagnosis of
dementia and its immediate
consequences, to guide
practice

Systemic review of
qualitative studies using 102
studies from PubMed,
PsycINFO, Embase,
CINAHL, and the British
Nursing Index databases.
Thematic analysis was
conducted

Three overarching themes
emerged from the study:
(1) pathways through
diagnosis, including its
impact on identity, roles,
and relationships;
(2) resolving conflicts to
accommodate a diagnosis,
including the acceptability
of support, focusing on the
present or the future, and
the use or avoidance of
knowledge; and
(3) strategies and support to
minimize the impact of
dementia

Mukadam
et al.
(2011)

Explore the factors due to
which people from minority
ethnic (ME) groups with
dementia present later to
specialist, diagnostic, and

Systemic review using three
quantitative and ten
qualitative studies

Barriers to accessing
support for dementia
included not
conceptualizing dementia as
an illness; believing
dementia was a normal
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Author
(date)

Study purpose Study design Summary of key findings

therapeutic dementia
services

consequence of aging;
thinking dementia had
spiritual, psychological,
physical health or social
causes; feeling that caring
for the person with
dementia was a personal or
family responsibility;
experiences of shame and
stigma within the
community; believing there
was nothing that could be
done to help; and negative
experiences of health-care
services. Accessing to help
was facilitated by
recognition of dementia as
an illness and knowledge
about dementia. Minority of
the ethnic groups face
significant barriers to help
seeking for dementia, often
diagnosed in late stage

McMurtay
et al.
(2009)

To explore whether
regression to a primary
language may be associated
with development of
cognitive impairment and
increased risk for
development of dementia

Studying two cases of
bilingual patients who
presented with early
symptoms of dementia after
regression to their primary
language

The cases described in the
report support the
hypothesis that an
association may exist
between regression to the
use of primary language
among bilinguals and poor
cognitive performance and
diagnosis of dementia

Rosendahl
et al.
(2016)

Explore and elaborate the
experiences of family
members and professional
caregivers regarding the
care provided to immigrants
with dementia in group
homes in Sweden

Exploratory, descriptive
study with a qualitative
approach was chosen using
in-depth semi-structured
interviews. Qualitative
content analysis was
conducted to analyze data

Three main categories were
determined with seven
subcategories. The first
main category was a new
living situation which
included the following
subcategories: adjusting to
new living arrangements
and expectations regarding
activities and traditional
food at the group home; the
second main category,
challenges in
communication with the
subcategories: limited
communication between the
immigrant with dementia
and the Swedish-speaking
nursing staff and the
consequences of linguistic
misunderstandings and
varied communication in a
common language; and the
third main category, the role
of the family member at the
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CINAHL, and the British
Nursing Index databases.
Thematic analysis was
conducted

Three overarching themes
emerged from the study:
(1) pathways through
diagnosis, including its
impact on identity, roles,
and relationships;
(2) resolving conflicts to
accommodate a diagnosis,
including the acceptability
of support, focusing on the
present or the future, and
the use or avoidance of
knowledge; and
(3) strategies and support to
minimize the impact of
dementia

Mukadam
et al.
(2011)

Explore the factors due to
which people from minority
ethnic (ME) groups with
dementia present later to
specialist, diagnostic, and

Systemic review using three
quantitative and ten
qualitative studies

Barriers to accessing
support for dementia
included not
conceptualizing dementia as
an illness; believing
dementia was a normal
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Author
(date)

Study purpose Study design Summary of key findings

therapeutic dementia
services

consequence of aging;
thinking dementia had
spiritual, psychological,
physical health or social
causes; feeling that caring
for the person with
dementia was a personal or
family responsibility;
experiences of shame and
stigma within the
community; believing there
was nothing that could be
done to help; and negative
experiences of health-care
services. Accessing to help
was facilitated by
recognition of dementia as
an illness and knowledge
about dementia. Minority of
the ethnic groups face
significant barriers to help
seeking for dementia, often
diagnosed in late stage

McMurtay
et al.
(2009)

To explore whether
regression to a primary
language may be associated
with development of
cognitive impairment and
increased risk for
development of dementia

Studying two cases of
bilingual patients who
presented with early
symptoms of dementia after
regression to their primary
language

The cases described in the
report support the
hypothesis that an
association may exist
between regression to the
use of primary language
among bilinguals and poor
cognitive performance and
diagnosis of dementia

Rosendahl
et al.
(2016)

Explore and elaborate the
experiences of family
members and professional
caregivers regarding the
care provided to immigrants
with dementia in group
homes in Sweden

Exploratory, descriptive
study with a qualitative
approach was chosen using
in-depth semi-structured
interviews. Qualitative
content analysis was
conducted to analyze data

Three main categories were
determined with seven
subcategories. The first
main category was a new
living situation which
included the following
subcategories: adjusting to
new living arrangements
and expectations regarding
activities and traditional
food at the group home; the
second main category,
challenges in
communication with the
subcategories: limited
communication between the
immigrant with dementia
and the Swedish-speaking
nursing staff and the
consequences of linguistic
misunderstandings and
varied communication in a
common language; and the
third main category, the role
of the family member at the
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Author
(date)

Study purpose Study design Summary of key findings

group home with the
subcategories: a link to the
healthy life story of the
family member with
dementia and an expert and
interpreter for the nursing
staff

Mendez
et al.
(1999)

Explore the linguistic state
of bilingual individuals with
dementia

Survey 51 patients who
reported regular use of
another language, as well as
varying fluency in English,
and who presented for an
evaluation because of
progressive memory or
cognitive problems such as
dementia

Despite patients’ differences
in educational level, age at
acquisition of English,
frequency of use, and
baseline fluency in English,
a greater preference of the
patients for their original
language and decreased
conversation in English was
reported by all participating
caregivers. With regard to
characterizing the errors
made by patients, majority
of caregivers stated a
tendency for words and
phrases from the mother
language used within
English conversational
speech

Kim et al.
(2014)

Explore the relationship
between nursing assistants’
communication style and
behavioral symptoms of
individuals with dementia,
focused on Korean
American older adults with
dementia residing in
nursing homes

Reviewing currently
available studies using eight
studies from PubMed,
CINAHL, PsycINFO, and
ProQuest Digital
Dissertations databases

Utilization of familiar
language can increase an
intervention’s effect to
potentially reduce or
prevent behavioral
symptoms of dementia for
immigrants from various
countries
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