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Preface

The science of changes in metabolism, gene expression, tissue function, and organ
physiology as humans age has been expanding exponentially since the 1980s when
a clinical specialty was created by the American Boards of Internal Medicine and
Family Medicine. Although often used interchangeably, gerontology is considered
to stress the psychological, functional, and social problems facing elders, while
geriatrics is considered to focus on the physiologic, metabolic, tissue, and organ
processes that result in medical problems. Both fields are concerned with quality of
life as individuals reach the decades of life between 60 years of age and death.

This volume is a collection of reports organized into three sections. The first section
is an introduction to the evolution of knowledge considered to be inclusive in the
clinical specialty of geriatrics. It also includes an example of an important area of
gerontology, that of identity changes in the aging woman. The second section is
devoted to cutting-edge issues in diagnosing and managing dementia. This is the
largest section in this book and concludes with a chapter on the future treatment

of Alzheimer’s disease. Finally, a third section deals with newer developments

in geriatrics and covers hearing loss and acute and chronic lymphoproliferative
diseases. The section concludes with a very important chapter on the use of electri-
cal stimulation of nerves and muscles to reduce morbidity in a variety of neurologic
degenerative diseases that occur in the elderly.

I have been involved in the care of the elderly for more than forty-five years. The
chapters in this book present a short survey of the transformation of the field that
has occurred over this time. I thank all the contributors who give this book a world-
wide perspective. All reports dealing with elders and their medical, psychological,
and social problems are more important than ever as we are in the middle of the
wave of baby boomers who have passed the age of 60 years.

Edward T. Zawada Jr.
University of South Dakota,
United States of America
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Chapter1

Introductory Chapter: Geriatrics

Edward T. Zawada

1. Introduction

Geriatrics has been identified as a subspecialty by virtue of a board certification
since the mid-1980s by the American Board of Internal Medicine. The original core
of knowledge was primarily the extension of the diagnoses and management of
diseases of organ systems to the three age groups over the age of 60 years: young-
old was 60-70, old was 70-80, and old-old was over 80 years of age. At that time
I became interested in geriatrics by focusing on elders with renal and urology
diseases [1]. At the beginning I researched the anatomic and physiologic changes of
the kidney and urinary system, and then later each other major organ system of the
body. My work in renal and urologic diseases led to editing my first book in the field
[2]. As I delved into caring for the elderly, I became exposed to the knowledge of
problems which are outside of the individual organ systems like “falls” or problems
which affect every organ system like “geropharmacology.” Over the decades since
then, the role of the geriatrician who is the primary care provider for the elderly
requires knowledge in a multitude of other specialties beyond internal medicine
such as ophthalmology, ENT, audiology, neurology, orthopedics, and physiatry.

I will present the earliest skills needed for the care of the elderly followed by the
newest skills now incorporated into the subject matter of geriatrics. The chapters in
this book mostly represent a catalog of the newer skills.

2. Previous geriatric skills
2.1 Geriatric assessment

One of the first skills I learned when preparing for practice in geriatrics was
that of geriatric assessment. I saw the amazing statistics of increased diagnostic
accuracy, prevention of iatrogenic problems, and improved functional status which
translated to better quality of life. We developed this tool for our practice [1] and
spent the next 2 years unraveling difficult diagnostic and management problems for
the patients in our clinic. Our multidisciplinary team included a nurse, physician,
pharm. D., social worker, mental health expert, physical therapist, occupational
therapist, dietician, and speech therapist. Our day consisted of intake by the nurse,
exam by the physician, sequential evaluation by each of the other team members,
and contact by the physician to the patient’s referring physician. After a preliminary
meeting of the team, the patient and family were invited to a brainstorming session
in which the findings were reviewed and additional questions were invited. Then
a second team meeting finalized our findings and recommendations which were
again presented to the family and patient and transmitted to the referring physi-
cian. I realized that the complex problems of the elderly with their age-related lack
of compensation ability, their multiple comorbid conditions, and the large number
of socioeconomic issues that influenced the quality of life of these patients could
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only be completely dealt with by this tremendous manpower commitment. We liter-
ally committed 1 full day per patient.

2.2 Nutrition

I had a prior background in nutritional research and was board-certified by
the American College of Nutrition (now absorbed into the American Society of
Parenteral and Enteral Nutrition or ASPET). In light of the huge number of patients
whose medical and socioeconomic problems and limited resources led to nutritional
deficiencies, we undertook a project to provide supplements to elders involved in
communal meal programs like Meals on Wheels or congregate dining at senior
centers [2]. We called the program as our “Meal Mate” program.

2.3 Pharmacology

We discovered the problem of polypharmacy in many of our clinic patients. We
sought not only to streamline their medications but to reach out to our rural com-
munity as well [3]. We would bring our team to community centers after announcing
free consultation for medication simplification, and we offered education concern-
ing possible adverse reactions and adverse drug interactions. The recommendations
were made after consulting with their primary care providers. A written summary of
recommendations was given to the patients and transmitted to their primary physi-
cians. We were among the earliest to use the term “MedRed” program.

2.4 Nephrology

I became interested in geriatrics when I decided to focus my primary specialty of
nephrology to the care of elders with renal insufficiency. My collaborators and I put
together what in my opinion was the first subspecialty textbook of geriatrics [4].
My basic research team and I focused on factors which led to age-related changes in
renal anatomy and physiology independent of diseases [5]. We explored the dietary
and other means to slow down such aging of the kidneys.

3. Current skills

The American Geriatrics Society has published its syllabus to serve as a compen-
dium of the core information considered as the standard data base for geriatricians
to be able to successfully care for their patients in modern day practice [6]. As
mentioned above, besides the “internal medicine” organ system diseases, there are
large sections devoted to visual loss, hearing loss, syncope, dizziness, falls, frailty,
swallowing problems, nutrition management, pressure wounds, behavior distur-
bances, delusions, dermatology, addiction, and gynecology.

In addition, the current practice of geriatrics requires an incredible knowledge
of socioeconomic management issues such as ethics and advanced directives, elder
abuse, insurance coverage and payments, mobility, and driving competence.

4. Conclusions
In conclusion, the field of geriatrics has undergone a transformation from the
hospital-based application of internal medicine subspecialty care to the outpatient

broader application of multiple medical specialties as deliverable by office practice.
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From a solitary or episodic intervention, it has expanded to a continuous, ongoing
set of interventions designed not so much to perform diagnostic studies or prescribe

curative medications, but instead to improve mobility, mentation, and special
senses and in that way improve quality of life.
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Old Age and Women’s Identity

Greco Francesca Romana, D’Onofrio Grazia, Sevipa Davide,
Ciccone Filomena, Sancarlo Daniele, Mangiacotti Antonio
and Greco Monica

Abstract

Female identity is a dynamic concept, and it has been a very discussed issue by
contemporary cultural critic. How does old age affect identity construction and per-
ception in elderly woman? Has feminine gender an impact in subjective well-being?
Psychological changes of midlife women have been as conflicting as the idea that
society has about them. Personality changes after young adulthood in women is a con-
troversial matter. Erikson proposed that women might not develop identities in early
adulthood as men do. In fact, he argued that women develop them later, in the context
of an intimate relationship. Moreover, identity development appears to have impor-
tant consequences for midlife well-being. For example, Vandewater et al. found that
women’s midlife well-being was facilitated by earlier attainment of a well-articulated
identity. In these situations accomplishment of developmentally earlier tasks (identity
formation) sets the stage for later psychological health. Our work sheds additional
light on how women live this period of life in terms of happiness and purpose of life.

Keywords: old age, identity, woman, well-being

1. Introduction

Aging is a complex and natural process both for women and men, but there are
some differences about the way they become confident with it. In fact, in women,
the representation of emotional and cognitive feeling concerning identity is very
different than in men [1].

It has been widely assumed that women of middle age usher in a long period
of decline toward death and that therefore it will be associated with an increase in
thoughts about death and mortality, as well as with declines in perceived physical,
relational, and psychological capacities [2].

As Gergen highlighted women have always been associated to their reproductive
capacities. Therefore, aging may have a great impact on women’s self-identity as it
can be interpreted as a loss of power [3].

However, there is an evidence that some aspects of women’s well-being (positive
relations with others and personal growth) are somewhat better than men’ at all
ages and none are worse [4].

Moreover, Montepare in 1996 found that middle-aged women had more favor-
able body images, in some respects, than younger women.

Finally, it is generally assumed that concern about aging, especially the physi-
cal processes associated with it, is more common and age-appropriate among the

elderly than the middle-aged [5].
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Since the turn of the century, there has been enormous progress in aging
research in many fields.

In this book chapter, we focused on women and their identity.

The aim of this chapter is to shed additional light on women’ identity and how
they live their “silver years” in terms of happiness and purpose of life.

Finally, our work shows how aging depends on women’s mental attitude, not
only on physical changes related to biological age.

2. Emotional aging and women’s well-being

In contrast to decline associated with physical and cognitive aging, emotional
aging appears to improve with age.

Furthermore, dispositional tendencies, life events, and individuals’ management
of such events can all influence whether well-being improves or deteriorates with age.

Nevertheless, researches carry out that reasonably high levels of affective
well-being and emotional stability are normal at least until after adults reach 70 or
80 years of age [6].

Experts proposed many theories about emotional aging.

Some theories on life-span emotional-motivational development highlight
that normative shifts in emotional goals and strategies in adulthood are common
in women’s and men’s adulthood. On the other hand, socio-emotional selectiv-
ity theory focuses on the importance of the acceptance of life-end in order to
experience pleasant moment at present. This would help people to focus on pres-
ent challenges rather than eluding them aiming to future rewards. Getting old is
physiologically linked to the concept of endings; therefore, the theory predicts
motivational changes during aging. This concept may be valid also for those people
with a short life expectancy [7].

Dynamic integration theory underlines that as aging is linked to cognitive ability
decrease, elderly often have problems with social integration and make great efforts
when experiencing negative feelings [8].

The life-span theory of control holds that individuals’ capacity to control their
environment and achieve their developmental goals declines in older adulthood [9].
Consequently, when experiencing a new condition, elderly tend to change the
self rather to the situation itself. On the other hand, authors suggest that experienc-
ing and practicing emotional situations may play a positive role on elderly ability of

managing them [10, 11].

In conclusion, according to the model of selection, optimization, and compensa-
tion, the ability of shifting between emotional preferences helps elderly to contrast
progressive cognitive decline. As explained by Howden and Meyer structural and
anatomical changes occurring during aging have a great impact of the concept of
well-being. They noticed that structural degradation and functional slowing of the
autonomic system may diminish physiological arousal after exposure to emotional
stimuli, thereby reducing the impact of negative events.

However, once an autonomic reaction starts, the same mechanism can lengthen physi-
ological reactions, thereby increasing the duration of negative emotional states [12, 13].

3. Women’s experiences of body image and their identity in aging
Highlighting the complexities of women’s psychological and physical aspects of

aging, clinical psychology suggests that women over 50 currently cover over 17.2%
of the total population and this percentage is expected to increase [14].
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Of concern, over the last decade, we have observed an increase in the number of
middle-aged and older women presenting for inpatient eating disorder treatment
and a rise in the prevalence of obesity in women aged over 60 years [15, 16].

However, our understanding of women’s experiences of body image in relation
to the aging process is limited.

To date, most of the body image research has been on younger samples and has
focused on satisfaction with weight and size [17].

A focused research on middle-aged and old women’s concept of their body is
necessary in order to target researchers’ attention. With this aim the Gender and
Body Image study was developed [18].

This study was conducted to capture the thoughts, feelings, and attitudes that
women at middle age have about their bodies and the experience of aging.

This research gathered survey-based information related to body image, health,
identity, and aging from 1,849 women over age 50 across the United States.

Quantitative data revealed body dissatisfaction, eating disorder symptoms, and
extreme weight control methods in a significant number of these women.

According to other studies, it was also demonstrated that body dissatisfaction in
women appears to be fairly stable across age despite the fact that body appreciation
increases [19].

It is commonly known that aging is associated with unwelcome changes in physical
appearance, increased dependency on others, and negative societal stereotypes [20].

Thus, middle and old age are generally seen as a period of decline in Western
society, a problem with particular relevance for women due to Western society’s
long history of placing value on physical appearance, youth, and thinness [21-23].

To date, several interview-based qualitative studies illustrate the contradictory
nature of women’ experiences of aging and body image [24]. While aging women
experience unwelcome changes in physical appearance. At the same time, they
become more focused on physical health and more rejecting about social pressures
related to appearance [25].

Unfortunately, all these qualitative studies refer to interviews conducted on narrow
age groups or focused on one particular aspect of aging (e.g., weight and body size).

The GABI analysis, however, inquired on perceptions and experiences of women
over 50 focusing on body image, aging, and identity in order to generate ideas for
future study and to inform clinical practice.

Women enrolled in this study were interested both in physical and psychological
aspects of aging.

This topic was identified in another qualitative study of aging and body image
among older women in a narrower age group [24] and supports quantitative
research indicating that body image becomes more complex with age.

According to similar researches [26, 27], women were disappointed to weight
and metabolism change, which were considered as signs of aging.

Many of the enrolled female subjects referred that as experiencing body
changes, cognitive adaptations to the physical experience of aging and the psycho-
logical experience of body image simultaneously changed. Women referred that
unforeseen body change acceptance was a frightening task; on this matter meno-
pause was described as a crucial period as women referred contrasting feelings.
They have to face the occurrence of physical changes due to their old age, regretting
their younger bodies. Older women strongly voiced a sense of injustice in their
aging experience, recounting external pressures from the society about appearance
that were different for aging men.

Women interviewed in this study described an awareness of these internal
shifts, acknowledging that they were less interested in adhering to the societal
expectations, yet still felt challenged to adhere to them regardless of age [28].
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Women commented on feelings of invisibility and irrelevance, a phenomenon
that has also been highlighted [29].

The lack of representation of aging women in the media documented in quanti-
tative reports did not go unnoticed by our participants [30].

Women commented on the increasing importance of self-care, noting that car-
ing for their physical health assumed priority over physical appearance as they grew
older, concurring with previous descriptions [23, 31].

Young women’s confidence is usually based on beauty and appearance. On the
other hand, old women consider health and physical autonomy as the most relevant
values. However, society does not seem to accord to these changes.

In fact women reported to be undervalued while getting old. As Twigg and
Majima remark, women aim to be still considered for their capacities, and although
their priorities may shift toward functionality, they are still interested on their
appearance. In fact they still enjoy clothing and cosmetic shopping [32].

Women asserted that although their priorities may shift toward functionality,
this does not mean that appearance no longer matters.

4. When the old age become a challenge

Being old can be a challenge. Senses become less sophisticated, friends are fewer,
and stress easily increases. Additionally, loneliness, sense of dependence from
others, anxiety, sadness, and apathy are some of the most common feelings and
emotions perceived by the older.

How to escape from that? Many therapeutic interventions were proposed,
especially for women:

4.1 Dance therapy

Dance therapy for the elderly is a cognitive and social activity which improves
levels of resilience and adaptation to the stresses of aging [33]. Working both on
physical and intellectual aspects, dance sessions showed great results concerning
self-esteem, communication, and general well-being.

4.2 Pet-assisted therapy to the health of the elderly

Recently, there has been a growing interest toward elderly’s affective and
emotional needs.

The aim of relational therapies is to increase the understanding of those needs
and patients’ well-being.

As well as being wonderful companions, studies revealed that pets provide
significant health benefits to their owner [34]. Many studies were also conducted on
ill subjects. As Sollami et al. underlined, pet therapy could have a great emotional
and social impact, bringing relief to patients and their family members but also to
health professionals [35].

5. The incredible art of gossip: An healthy women habit
Gossip is an healthy women habit. Getting older people have to face up new and
unpleasant situations, and social contact plays a key role on the ability to overcome them.

Once again, men and women react differently, using various cognitive and social
strategies. During aging many cognitive functions (i.e., memory) may decrease
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and deafness occurs; however, women keep on being curious about neighbors’
and friends’ news. Gossip is more than an ordinary behavior. In fact, the Konstanz
Department of Psychology in Germany has recently pointed out the importance
of communication as the heart of social and cultural life [36]. Being capable of
building relationships represents a powerful ability that guides human and social
intelligence over the entire life span.

Hartung and Renner underline the central role of relationships. They suggest
that social curiosity and the tendency to gossip are inherently related to each
other. In fact they represent two different social functioning drives. On the one
hand, curiosity is described as the main component for development and learning
behaviors. The main curiosity functions are creating interpersonal strings and
facilitating the feeling of belonging to others. People with interpersonal curiosity
are more sociable and resilient to stressful events. Therefore, they need to control
social world in order to feel safe and relaxed. To sum up, curiosity is defined as the
“drive to know.”

On the other hand, gossip is generally described as “an entertainment of
pleasure”

Information, friendship, influence, and entertainment are considered to
be the main social functions. Sharing gossip and news stands as a dynamic
strategy in order to socialize, create relationship, and prevent from outsiders’
exclusion.

Gossip represents a type of exploratory and learning behavior in a word that is
going to be more complex, especially for elderly people.

6. It is time to get online: the importance of being in touch and the role of
social media

To date, social media and technology play a central role in our social life, and
they are considered to be the best and easiest ways to communicate as they allow
people to keep in touch with friends reducing distance. It is interesting to consider
how is elderly approach to 2.0 reality and how it could have a crucial role in their
daily life. Discussion boards, social networks, blogs, videos, and virtual reality
are all ways to share information, bringing people together and improving social
contact, and they can prevent elderly from social isolation.

Denecke et al. suggest that the “social media phenomenon” is increasing through
the elderly, especially through those who suffer from chronic illness [37].

Moreover, peer-to-peer healthcare is emerging as a source of information and
social support for chronically ill patients.

Nowadays, technology and social media represent a great opportunity to sup-
port and prevent social isolation. The last one is the major seniors’ noxious factors.
Social media also stand as a place to share information and personal stories. This
virtual place could be a chance to create a fertile and stimulating open space in order
to share interpersonal feelings and fears.

Virtual reality is another way elderly could use to express themselves. Arlati
et al. conducted an interesting research on this matter. The aim of the study was
to improve the patient’s adherence to treatments, promoting collaboration and
competition using virtual reality.

Researchers proposed a dual-task training program. They asked users to cycle on
an uncommon bike while recognizing target animals as they appear along the way.
The chance of training with other users in order to reduce the risk of social isolation
was also given. Using “social bike,” users can choose the multiplayer mode, in order
to stimulate competition or cooperation with the others [38].
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7. Conclusions

Before a woman becomes old, a long journey has just begun from the adolescents
to juvenile period and from adult to old age.

Usually, the old age is commonly viewed as a sort of the final destination instead
of the start of something knew.

Aslong-term memory appears to be reinforced by the time, also identity seems
to be more stable and temperament, and character is already intrinsically connected
to each other.

Old age is considered as a fully formed stone where the heart and mind are
strictly connected.

Despite off, many authors suggest that before women become old, she could
start to have some typical deficit as amnestic and neurocognitive problem, going
through the mild cognitive impairment.

This is a critical stage in which the couple begins to decline, when they deal with
losses, support the middle generation, and conduct a life review.

In this stage, usually considered between 65 years old, men and especially
women are more sensitive to adverse events and health problem and begin to be
more frailty.

Frailty is an important factor in functional and cognitive emotional decline,
morbidity, and mortality for some older people.

Actually, anxiety, and depressive symptoms are much common in elderly people
especially in women.

In older age, loneliness, social isolation, feeling of contribution/uselessness, lack
of leisure activities, anxiety for the health, social deprivation, and depression are
increasing [39].

In 2015, a writer and illustrator Matthew Johnstone tells the story of overcoming
the “black dog of depression” [40].

He presents depression as a black dog, and it is clear to explain how depression is
largely preventable and treatable.

The black dog could reduce the ability of concentrating, doing everything you
were used to appreciate before, fear of being with other people, and constantly
having fear to be discovered by other people’s exhausting energy.

It could make you sad until damaging your identity.

Getting old with good attitudes like managing stressful events with resilience
and being compassionate with other people could be a strategy to live better.

When a woman gets old, the frailty of identity and personality increase, and this
is the reason why prevention is important to do not present these symptoms.

Being resilient, having a good relation with other people, and conducting a
sport exercise are demonstrated to be essential on mental health overcoming the
black dog [40].

In conclusion, our work shows how aging depends on women’s mental attitude,
not only on physical changes related to biological age [41].
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Chapter 3

Primary Prevention of Alzheimer’s
Disease (AD)

Ettore Bergamini and Gabriella Cavallini

Abstract

Alzheimer dementia (AD) is a complex, aging-associated disease whose effects
on the brain (an organ made up by nonreplaceable cells) are devastating. Disease is
not curable, but progress in pathobiology shows that intervention on aging can make
primary prevention of AD feasible. According to the amyloid-cascade hypothesis,
mechanisms of AD include: an age-related alteration of free radical metabolism in
membranes, leading to a higher yield in the toxic AB1-42 peptide and an overwhelm-
ing impact on the weaker repair mechanisms of the aging cells. The proposed inter-
vention on aging with anti-AD effects includes a daily assumption of antioxidants
(red wine polyphenols enriched with resveratrol), a reinforcement of membrane
antioxidant defenses by the assumption of polyunsaturated fatty acids at the first
meal after fasting, and an enhancement of cell repair function (at the proteasome
and autophagy level by an intermittent feeding regimen and physical exercise plus
the assumption of antilipolytic agents during time of fasting). The beneficial effects
of diet and physical activity on the endogenous production of protective nerve
growth factors are magnified by an enriched environment. Treatment has already
been started on healthy individuals at a higher risk of AD in the city of Volterra.

Keywords: Alzheimer’s disease, proteasome, autophagy, antioxidants, PUFAs, APP,
cholesterol, antilipolytic drugs, calorie restriction, physical exercise, brain plasticity,
nerve growth factors

1. Introduction

Like many other degenerative diseases, AD is an irreversible and progressive
cerebropathy, the cause of one of the most common types of dementia affecting
the elderly. It is a brain disorder characterized by the accumulation of two main
protein aggregates, senile plaques and neurofibrillary tangles, leading to a progres-
sive neuronal degeneration. It causes death after years of disability, progressive
loss of memory, inability to perform normal daily activities, and, finally, dementia.
The senile plaques are generated by the deposition in human brain of fibrils of the
p-amyloid peptide (Ap), a fragment derived from the proteolytic processing of the
amyloid precursor protein (APP). There is evidence that oxidative stress might be
the main factor that turns APP into a proteolytically processable substrate. The
neurofibrillary tangles (NFTs) are seen as a compact filamentous network formed
by paired helical filaments (PHFs), whose major component is a hyperphosphory-
lated Tau protein. Two main protein kinases appear to be involved in the anomalous
tau phosphorylation: the cyclin-dependent kinase Cdk5 and glycogen synthase
kinase GSK3. Dysfunction of the ubiquitin-proteasome system may be the cause [1]
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possibly together with a secondary failure of the engulfed lysosomal degradation
resulting in apoptosis. Pathology is a consequence of the extensive neuronal death,
and when it manifests clinically, it is already incurable. Human, social, and health
costs of this incurable disease are immense. It is highly desirable indeed an effective
primary prevention to postpone the appearance of the debilitating manifestations,
hopefully to the time of death.

2. Biological aging: Is it a major risk or the basic causative factor for
neurodegeneration?

Age is the main factor in major debilitating and life-threatening conditions,
including cancer, cardiovascular disease, diabetes, and neurodegeneration, all
of which are therefore increasing in prevalence [2]. Nowadays almost all can
make it to the old and nobody can say anymore that reaching old age is a fortune,
and between those who should solve social and health problems of older people
prevails the old slogan “old age is not a disease.” For many scholars, however,
modern scientific discoveries confirm the deductions of ancient philosophers: all
living beings, without exception, would be affected by an innate chronic degenera-
tive disease, we call it aging, characterized by having an incubation period as long
as be compatible with the reproductive success of the species. If aging is a disease
and not a simple disability and disease risk factor, it is not surprising that the
diseases associated with it (cancer, neurodegeneration, atherosclerosis, diabetes,
etc.) can be regarded as signs or easily preventable complications, all together, by
fighting the underlying disease. The prescription is simple but hard to follow a
sober physically active lifestyle; to eat fruits, vegetables, fish, and little red meat;
to take food after having been hungry for a few hours; to take supplements rich
in polyunsaturated fatty acids (PUFAs) after dinner regularly; and to make good
use of all functions of all organs of our body, including brain. This is exactly what
cardiologists, diabetologists, oncologists, and neurologists all recommend for
primary prevention. Understanding exactly the causes of aging and of all age-
associated diseases may help to tackle the growing problem of neurodegeneration.
Free radicals are the root of all evil. They may be generated either by endogenous
(metabolic) causes or by environmental factors, including pollution (living less
than 50 m from a major traffic road may increase hazards ratio of incident demen-
tia by a 10% [3] and even oral hygiene and chronic inflammation [4]). Perhaps,
we should remind here the oxygen paradox: without oxygen we die in minutes;
with oxygen we grow old and die [5]. Oxygen is actually slowly poisonous, and
it just takes 75-100 years to kill us, difference depending on how much we use
and how we deal with it and repair the endogenous oxidative damage to protein,
lipids, and (most important) DNA responsible for intrinsic aging, as well as the
additional free radical-mediated damage from the inflammatory responses and
environmental factors (e.g., ionizing radiation) [6]. It was computed that the
oxygen consumption of human brain may be higher than 3 mL (i.e., about 1020
oxygen molecules)/g/min. In humans, over 99% of these molecules do generate
water safely, but 10" per min will produce free radicals, approximately 10° free
radicals per cell per min. It was estimated that the number of oxidative hits to DNA
in the human cell per day is about 10,000 and that DNA-repair enzymes efficiently
remove 99.9% of the lesions formed so that only one oxidative lesion accumulate
in the DNA of any cell every day. This is not nothing: it makes over 30,000 lesions
in along life [7]. Since there are about 20,000 genes in human cells, by the age of
100 years, all neurons may carry about two mutations a gene on the average. Why
be surprised if over time cell functions are reduced?
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3. Pathology of AD

With AD patients, the brain is smaller than normal and of reduced weight. A
reduction of the thickness of the convolutions is evident. Atrophy is more evident in
the temporal lobe, particularly in the parahippocampus, but also in the frontal and
parietal regions. The occipital lobe and the motor cortex may be spared. Histologically,
several major changes are recognized in AD. Amyloid, consisting of accumulations
of AP peptide, is deposed in the cerebral cortex in the form of spherical deposits
called senile plaques. Intraneuronal inclusions are formed in the cortical neurons,
constituted by abnormal, often flame-shaped, bundles of filaments called neurofibril-
lary tangles, which occupy a large part of the neuronal cytoplasm, and are made up
of a protein that binds to the microtubules, called tau protein. The processes of the
cortical nerve cells diverge, twist, and dilate due to the accumulation of filaments in
the form of tangles [8]. Changes are due to oxidative stress damage and to the relative
failure of repair mechanisms at the molecular and subcellular (autophagy) level and
result in the disruption of the neural network (Table 1). It is customary to distinguish
two forms of AD. There is indeed a precocious rare form that occurs between 30 and
60 years, with a peak in the fifties, with a formation of the amyloidogenic peptide Af
(1-42) from APP genetically favored by particular isoforms of presenilin 1 and 2 or of
APP. The other form, sporadic, more frequent, late-onset (observed after age 65 with a
frequency that increases with age) is due to the progressive increase in oxidative stress
and decline with increasing age in mitochondrial and peroxisomal maintenance and in
the efficiency of the mechanisms that neutralize free radicals and repair damage. This
latter form might be postponed successfully to time of death by anti-aging interven-
tions (nutrition, physical activity, damage repair, nerve growth factors).

4. The primary cause of AD and the roles of cholesterol and unsaturated
fatty acids

It is obvious that native APP cannot be the ultimate substrate for y-secretase
trimming. Hence, both with the earlier and the later form of AD, the rate of Ap

Mechanism of repair Effects of the age-related decline
Molecular level

DNA repair Accumulation of DNA lesion
Proteasome Accumulation of altered proteins
Phospholipid repair Changes in polyunsaturated fatty acids
Subcellular Level

Autophagy and lysosomal function Accumulation of altered mitochondria

Accumulation of protein aggregates
Changes in membrane proteins and lipids

Cellular and tissue level

Apoptosis Accumulation of damaged, misfunctional cells in all tissues

There is evidence that the above-mentioned repair mechanisms are responsible for cleaning cells from any produced
waste and for getting tissues vid of irreversibly alterved cells. In younger persons, functions are redundant but
progressively decline with increasing age, and may gradually fail in older persons resulting in the accumulation of
“waste” in cells and tissues. On a healthy life, “waste” is the limiting factor for cell and tissue “cleaning” activities,
but waste recognition-acuity co-varies with cell and body request for nutrients and vepaiv. Function of all vepair
mechanisms are inducible (or suppressible) depending on life style. Benefits from healthy life style, diet restriction,
and physical activity depend at least in part from the induction of vepair mechanisms.

Table 1.
Effects of failure of vepair mechanisms at the molecular, subcellular, and cellular level.
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production from APP should depend on a higher production of the ultimate sub-
strate, possibly by a posttranslational modification of the APP molecules, likely to
be secondary to oxidative stress. Age-related changes in the machinery that protects
membrane proteins from free radical-mediated injury might help to account for age
dependency [9]. With regard to the higher production of Ap (1-42) in AD patients,
a displacement of the free radical-mediated attack from the wanted site in the APP
molecule might account for the higher involvement of the § and y secretase path-
ways and the higher yield in Ap 1-42. The effect may be favored either by genetic
factors and/or aging.

4.1 Role of cholesterol

Elevated cholesterol levels may be associated with a higher risk of AD [10].
Evidence was found suggesting an intimate connection between APP processing
and lipid rafts [11]. An age-related increase in cholesterol and oxidized cholesterol
products (namely 24-hydroxycholesterol and 27-hydroxycholesterol) was shown
indeed to be increasingly associated with AD progression (brain levels are higher
in AD patients, and levels of 24-hydroxycholesterol, 27-hydroxycholesterol and
cholesterol in the cerebrospinal fluid appear to be useful biomarkers for the evalu-
ation of mild cognitive impairment (MCI) and AD, together with Ap42, total tau,
and phospho-tau) [12]. It has been shown recently that higher total cholesterol
levels in the blood are observed long before the clinical manifestation of MCI and
AD in patients without psychiatric or somatic comorbidities and are independent of
APOE genotype [13]. However, evidence was produced that changes in cholesterol
metabolism in AD may not be the primary cause of the disease (see below): they
may simply be a tightly associated sign with Af production by sharing a common
cause (a higher intramembrane oxidative stress) (see below).

4.2 Role of polyunsaturated fatty acids (PUFAs)

PUFAs and their oxylipins may affect the onset of AD [14]. The administration
of omega-3 fatty acids may cause a dose-dependent reduction of triglyceridemia
and cholesterolemia and exert an antiatherogenic effect [15]. With regard to
mechanisms, in view of the proposed protective role of unsaturated fatty acids in
phospholipids against the free radical-mediated injury of membrane proteins [9],
it should be mentioned that the distribution of unsaturation (the trap for unpaired
electrons) across the membrane leaflets is not uniform, and minima (the least
protected areas from oxidative stress) were observed close to the C-6 site (i.e., very
close to the membrane exterior, to the phosphorylable site of HMGCoAR, and to
the vulnerable site of APP) and at the C-15 and C-17 levels (closer to the free radical
conductor dolichol) [16]. Quite interestingly, signal might help focus free radical-
mediated injury on the right target; more interestingly, in ad-libitum-fed (shorter-
lived) rats, is its recognizability that may fade on aging: the abundancy of double
bonds near the C-6 site (but not at the C-15 and C-17) indeed appears to increase up
to a doubling by age 24 months. Furthermore, this age-related change is prevented
in part by nutritional anti-aging intervention [17]. Perhaps age-related changes in
the production of Ap1-42, in the activity of HMGCoA reductase, and in the PUFA
content of membrane phospholipids are all somehow bound together and involved
all in the risk of AD. As an additional comment, beneficial intervention on Ap1-42
production may require the administration of antioxidants (e.g., polyphenols and
resveratrol) to curb oxidative stress and of omega-3 fatty acids at a high dosage at
the first good meal after fast (on the anabolic phase of metabolism) to counteract
age-related changes in phospholipid unsaturated fatty acids and increase membrane
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resistance to oxidative stress. An enhancement of the membrane turnover rate
may be useful (e.g., by dietary restriction and/or pharmacological stimulation of
autophagy) [18].

5. The pathogenesis of AD

The hypothesis of the amyloid cascade attributes to beta-amyloid, the respon-
sibility of all cases of AD, and considers the tau pathology and other degenerative
changes secondary to the Ap pathology. Indeed, the extracellular accumulation
of AP, a hallmark of AD, produces ROS, including hydrogen peroxide (H,0,) in
the presence of Fe**or Cu’* [19, 20]. The amyloid B-peptide responsible for AD is
generated within the transmembrane domain (TMD) of a C-terminal fragment
of the amyloid p protein-precursor (APP CTF) by the proteolytic action of the
y-secretase complex [21]. Very interestingly, it was shown that some mutation(s)
that promote destabilization of TMD helix might affect the length of the accu-
mulated AP species and the ratio of the toxic AB42 to the safer Ap40 peptide and
may result in a young-onset AD [22]. Hence, the speculation may be invited that a
free radical-induced modification in (some) amino acids of APP close to the C-6
carbon of phospholipid fatty acids might have a similar effect and enhance amyloid
deposition. With regard to disease progression, many different active factors in
sequence would determine timing of neuronal damage and symptom development,
such as: (1) an overproduction of the toxic Ap peptide (1-42) for genetic reasons
and/or decrease in the quality of the antioxidant device of the membranes, (2) an
ensuing increase in Ap excretion in the oligomeric form may concentrate the redox-
active copper at neuronal membranes before stacking in amyloid fibrils to form an
ROS generating complex, (3) oxidative stress may be enhanced with an ensuing
increase in lipid peroxidation and di-tyrosine formation, and (4) inflammation
and activation of the microglia, which may further increase free radical generation,
spread lytic enzymes, and cause cytotoxicity and anticipation of apoptotic neuro-

nal death [23].

6. AD-associated changes in cholesterol metabolism

Abnormal cholesterol metabolism is an established feature of AD: levels of
cholesterol are increased in MCI subjects and levels of 24-hydroxycholesterol and
27-hydroxycholesterol are elevated compared to controls both in AD and MCI sub-
jects [24]. It appears that the rate of cholesterol production may be boosted by a free
radical attack via a constitutive activation of HMGCoA-reductase, the rate-limiting
step in sterol biosynthesis. Mechanism was clarified by Bergamini group in Pisa in
cooperation with Trentalance group in Rome: in the rat, a free radical attack may
prevent AMP-dependent protein kinase from phosphorylating a serine residue close
to the C-terminus of HMGCoA reductase, Ser 872 with human enzyme [25, 26]. It
has been proposed by several authors that higher cholesterol may disturb the lipid
raft domains in various membrane organelles and affect the functioning of a, f, and
v secretases as well as APP itself and the production of Af 42; and that by converse,
the toxicity of AB may be produced, in part, by disturbing the composition of the
lipid raft domains in which they reside [27, 28]. Both with in vitro experiments and
with animal models, statins strongly lowered blood cholesterol and reduced the
levels of Ap peptides, AB 42 and A p40 [29, 30]. However, a statistically significant
correlation between two events does not necessarily imply the existence of a causal
link: an alternative explanation is that the events share a common cause. This might
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be the case here: aging is known to lower antioxidant defenses, and any increase in
oxidative stress either in vitro (e.g., by UV radiation of isolated rat liver cells) or

in vivo (by chronic deprivation either of vitamin E or PUFA) may cause the consti-
tutive increase in HMGCoA reductase and deregulate cholesterol synthesis [26, 31].

7. Alzheimer’s disease: treatment or prevention strategies?

The pharmacological treatments for AD can be divided into two categories:
symptomatic treatments such as acetylcholinesterase inhibitors and N-methyl-
D-aspartate (NMDA) receptor antagonists and etiology-based treatments such as
secretase inhibitors, amyloid binders, and tau therapies [32].

Despite significant investments in therapeutic drug discovery programs,
no drugs to alter the course of disease have been found so far. Only four drugs
with cholinergic (donepezil, galantamine, rivastigmine) or glutamatergic activ-
ity (Memantine) are currently approved and marketed for the treatment of
AD-associated dementia, and their utility is very limited; several trials on inhibitors
of y-secretase and f-secretase have been discontinued; the available drug treat-
ments of AD are merely symptomatic and unsatisfactory, and only minor benefits
are obtained even if therapy is started at a very early time [33]. By the way, the
physiological function of the amyloidogenic peptide has not been clarified yet,
though it may be synchronized with life history [34].

In conclusion, no effective therapy is available to cure AD so far, and attention
had to be shifted to the primary prevention of the disease. It was realized indeed
that there is an extremely long, symptom-free prodromal phase in the path toward
dementia in which deficits in synaptic density and plasticity are the principal altera-
tion [35]. As an additional comment, better diagnostic tools and earlier diagnosis
are needed (earlier timing is an important factor for the success rate of interven-
tion), and novel strategies toward primary intervention may be wanted [36].

Problems in primary prevention were tackled recently. Qiu et al. [37] stressed
the potential risk roles of vascular risk factors and disorders (e.g., cigarette smok-
ing, midlife high blood pressure and obesity, diabetes, and cerebrovascular lesions)
and the possible beneficial roles of psychosocial factors (e.g., high education,
active social engagement, physical exercise, and mentally stimulating activity) in
the pathogenetic process and clinical manifestation of the dementing disorders.
Paillard-Borg et al. [38] showed that the participation in activities (mental, physi-
cal, or social activity) can retard the onset of dementia significantly (a 17 months’
delay was seen in mean age at dementia onset between an inactive group and the
most active group).

It may be worthwhile to remind here that the primary risk factor for AD is old
age and that the prevalence of AD and other age-related dementias increases with
increasing age [2]. It is very surprising, indeed, that little attention has been given so
far to benefits from the most effective antiaging interventions (dietary restriction
and physical activity) on the age of onset of neurodegeneration [39].

Antiaging diet restriction is known to be the most effective intervention that
retards aging and extends lifespan and health span. Effects are known to involve the
activation of macroautophagy, a cell repair mechanism [40] that can be intensified
by the administration of antilipolytic agents during fasting to safely improve cell
housekeeping and boost the benefits of caloric restriction [41]. Physical exercise,
which is available at low cost and largely free of adverse effects, is another powerful
antiaging strategy that can influence, at least partly, most of the hallmarks of bio-
logical aging [42]. It is known that greater levels of physical activity are associated
with decreased risk of a future diagnosis of MCI or AD [43], extend longevity, and
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reduce the risk of physical disability and may be an important adjunct to pharmaco-
logical treatment of AD [44].

Looking at mechanisms, it appears that dietary restriction and physical exer-
cise share common neuroprotective mechanisms and should be included both in
primary prevention of AD to increase the quality of nerve cells and oppose neu-
rodegeneration and apoptosis (the third item in the Table 1, a repair mechanism
harmful to brain) and give synergic support in a “train body and brain” program
aimed to enhance neurotrophic antiapoptotic signals and defer or suppress neuron
misfunctioning and death [45].

Antiaging diet restriction improves metabolism and promotes rejuvenation (by
stimulating autophagy) of visceral organs that talk to brain via the vagus nerve and
spinal afferent nerves [46]. Physical exercise improves metabolism and promotes
rejuvenation of the lean body mass by the process of autophagy, which is very active
in skeletal muscle and more intense when strenuous exercise is performed in the
fasted state [47] and helps communication of the exercising muscle with the brain
via increase in the discharge frequency of thinly myelinated (Group III) and unmy-
elinated (Group IV) nerve fibers [48]. Under these conditions, physical exercise
is good both for physical health and mental health and abilities, and constitutes a
practical neuroprotective strategy that provides a remarkable protection against
brain insults of different etiology and anatomy [49].

Quite interesting, it has been clarified that dietary restriction and physical
exercise share also common neuroprotective metabolic mechanism: the increased
availability to brain of 3-hydroxybutyrate and an ensuing endogenous production
of the brain-derived-neurotrophic-factor BDNF [50], and thus, both shelter the
aging brain from memory loss and neurodegeneration, ameliorate mitochondrial
function, and reduce the expression of apoptotic and inflammatory mediators
[51]. As an additional evidence: both treatments safely modulate the endogenous
production of BDNF, a neurotrophin that is vital to the survival, growth, and
maintenance of neurons in key brain circuits involved in emotional and cognitive
function [52, 53]. As an additional benefit, sustained levels of physical exercise
together with dietary intervention may increase brain uptake of physiologically
relevant neuroprotective trophic factors, such as IGF-I [49].

In conclusion, both (dietary and physical) interventions should be included
in primary prevention of AD to increase quality of nerve cells and oppose neuro-
degeneration and apoptosis to implement reported programs aimed to enhance
neurotrophic antiapoptotic signals and defer or suppress neuron misfunctioning

and death.

8. The “train body and brain” protocol for a primary intervention on AD
in the city of Volterra (Tuscany, Italy)

In view of the continuing increase in the prevalence of dementia to a magnitude
growing to emergency [54, 55], a free of charge program to train people at higher
risk of disease has been started in the Italian city of Volterra. Since AD is an aging-
associated multifaceted disease that is hard to treat by single-modal treatment,

a corresponding multifaceted preventive approach was included in a teaching
program on how to counteract in practice the effects of biological and pathological
aging on human body and brain.

Program includes activation of the global antioxidant defense system in order
to attenuate the AD-causative oxidative stress, improvement of the function of the
free radical conducting mechanism responsible for membrane resistance to oxida-
tive stress, reinforcement of cell repair mechanisms at the molecular and subcellular
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level by dietary and physical intervention, and targeted high-intensity training
of cognitive brain functions to boost the induction of neurotrophic factors by the
physiological mechanism. Here, a few details on protocol are given.

a. Strengthening antioxidant defenses by nutritional intervention. It is said that
the efficiency of antioxidant defenses may be boosted by eating the colors in
the peel of fruits and vegetables that are known to contain complex mixtures
of polyphenols and other phytochemicals. (e.g., polyphenols in blueberries
and red grapes and wine [56]; epigallocatechin-3-gallate in green tea [57];
total phenolic, flavonoids, and flavonols in pomegranate [58, 59]). Red wine is
particularly rich in specific polyphenolic compounds that appear to affect the
biological processes of AD and Parkinson’s disease, such as quercetin, myrice-
tin, catechins, tannins, anthocyanidins, resveratrol, and ferulic acid. Indeed,
there is now a consistent body of in vitro and in vivo data on the neuroprotec-
tive activity of red wine polyphenols [60], and it is known that effects may
be boosted by adding more resveratrol [61]. Obviously, to enjoy optimum
benefits, participants are taught to assume phytochemicals in a way to ensure
protection throughout the day.

b.Increasing the resistance of cell membranes to oxidative stress. In order to get
a better resistance to ROS-induced damage to brain and prevent from neuro-
degeneration and neuronal apoptosis, participants are instructed to a timed
assumption of omega-3-rich fish oil. PUFAs are essential to control oxidative
damage to neurons [62] when they are incorporated in the phospholipid mol-
ecules as a part in the proposed antioxidant machinery that protects membrane
proteins from peroxidation (Figure 1) (On the contrary, free PUFAs are very
sensitive to a free radical attack and ready to peroxidation.) To get full benefit
from supplement, participants are requested to take pills at the first good meal
after the long time of fasting, when chances to be incorporated in membrane
phospholipids are paramount [63].

Figure 1.
Model of the membrane antioxidant machinery based on the proposed locations of dolichol (disc, green),
ubiquinone (hexagon, red), and vitamin E (rhomb, pink) (see Cathcart et al. [69]; Sharma et al. [70]).
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c.Promoting cell cleaning and rejuvenation. It is done by teaching participants
in practice how to eat a healthy calorie-restricted diet and to make aerobic
physical exercise during fasting. It is known indeed that calorie restriction is
the most robust antiaging intervention known so far [64], and that benefit
comes from the alternation of a long time of fasting and good meal (twice
a week, participants spend a great part of their time in a state of fasting)
[65] in order to get cells free of altered ROS-hypergenerating organelles
in older cells [66, 67]. Good maintenance will be finalized later, thanks to
a good meal. If needed, benefit might be magnified by taking a pill of an
antilipolytic drug on the time of fasting [41]. Benefits of protocol might be
monitored noninvasively by the assay of the urinary excretion of 8-hydroxy-
2'-deoxyguanosine, a recently recommended biomarker for monitoring
oxidative status over time [68].

d.A targeted high-intensity training of cognitive brain functions. In addition to
the previously described interventions on diet and physical activity, the mental
and the social activity protocols tested by Paillard-Borg et al. [38] are being
practiced. In view of the results obtained by Dahlgren et al. [51], high intensity
interval training (HIIT) and memory training using the PEAK brain training
app are included in the protocol.

9. Conclusion

A dynamic antiaging nutritional and physical intervention protocol including
enriched living conditions is described useful to prevent the appearance of aging-
associated AD. Treatment is already granted for free to the citizens of the city of
Volterra known to be at higher risk of AD (relatives of AD patients and persons
with mild cognitive impairment, likely to progress to clinically probable AD ata
considerably accelerated rate compared with healthy age-matched individuals)
to teach them how to counteract and retard the disease. Treatment was designed
to delay biological aging and empower adult brain plasticity in order to retard the
progress of brain aging and associated diseases. It includes a daily assumption of
antioxidants (red wine polyphenols enriched with resveratrol), a reinforcement of
membrane antioxidant defenses by the timed assumption of polyunsaturated fatty
acids, and an enhancement of cell repair function at the molecular and subcellular
level by an intermittent feeding regimen and physical exercise, whose efficiency is
empowered by the pharmacological intensification of autophagy by an antilipolytic
drug (Acipimox) taken at a very low dosage while fasting. The beneficial effects on
neurodegeneration are magnified by living an enriched environment. The effective-
ness of the treatment will be detected by comparison with the expected frequencies
of disease appearance.
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Chapter 4

Long-Term Partnerships in Lewy
Body Dementias

Sabina Vatter and Iracema Leroi

Abstract

Long-term partnerships are important as they can determine happiness, influ-
ence physical and mental health and lengthen one’s lifespan. However, complex
neurodegenerative conditions, such as Parkinson’s disease dementia (PDD) and
dementia with Lewy bodies (DLB), can disrupt long-term relationships and even
lead to dissolution of the partnership. The majority of studies in this field have
focused on exploring the effect of PDD and DLB on care partners’ outcomes but the
impact of these conditions on dyadic, long term relationships is less well under-
stood. We conducted a series of studies with people with PDD or DLB and their
caregiving life partners using quantitative and qualitative methods. We demon-
strated that PDD and DLB has a tremendous impact on the caregiving life partners
and reduces relationship satisfaction. We argue for more studies in this field and
recommend that future research focuses on strengthening dyadic relationships,
which can ultimately preserve relationships and delay institutionalisation of the
person with PDD and DLB, which has cost saving implications.

Keywords: long-term relationships, Parkinson’s disease dementia,
dementia with Lewy bodies, spouse, carer, caregiver, stress-appraisal model

1. Introduction

The prevalence of neurodegenerative conditions, such as Parkinson’s disease
(PD), Alzheimer’ disease (AD) and dementia with Lewy Bodies (DLB) is rapidly
growing due to an ageing population. Of the people living with PD, the majority
will develop cognitive impairment (PD-MCI) or dementia (PDD) within 20 years
of their PD diagnosis. This has implications for the person with the condition,
their care partner as well as the wider health and social care economy. Cognitive
impairment and dementia are key factors contributing to increases in health care
costs, admission to care homes and early mortality. Importantly, these costs can be
significantly reduced by the care provided by an informal care partner, usually a
family member or a spouse. Such informal care accounts for over £11.6 billion in the
United Kingdom (UK) per year [1]. Care partners support the person with a neuro-
degenerative condition with managing their daily activities as well as their physical
and neuropsychiatric symptoms; however, this can impact their mental, emotional,
social, financial and physical health.

In this chapter we will examine the nature of the care relationship of long-term
partners of people with PDD or DLB, including a theoretical basis for this relation-
ship. We will also outline the impact of the care role with a focus on care burden,
quality of life and relationship satisfaction. A deeper understanding of the complex
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issues surrounding long term care relationships in neurodegenerative conditions
such as PDD and DLB is essential in ensuring appropriate support can be put in
place.

2. Lewy body dementias (LBD)

PD is a complex progressive neurodegenerative disorder characterised by mul-
tiple motor and non-motor symptoms. It affects about 10 million people worldwide
and is the second most common neurodegenerative condition after AD [2]. A recent
‘Global Burden of Disease Study’ found that PD is one of the most rapidly grow-
ing neurological conditions for which the number of deaths, prevalent cases and
disability-adjusted life years have doubled between 1990 and 2015 [3]. As aresult,
PD has now been termed ‘The Parkinson Pandemic’ [4].

While the primary clinical presentation of PD includes a number of motor
symptoms including slowness of movement (i.e. bradykinesia), muscular rigidity,
rest tremor, or postural instability, a variety of other ‘non-motor’ symptoms may
also manifest. Predominant among these is cognitive impairment and other neuro-
psychiatric symptoms such as apathy and psychosis which can often be precursors
to the onset of PDD [5].

In contrast to PDD, DLB initially presents with cognitive and behavioural
symptoms and motor symptoms may not emerge until later in the course of the
condition, or in some cases, not at all. PDD and DLB are jointly referred to as ‘Lewy
body spectrum disorders’ [6, 7] or ‘Lewy body dementia’ (LBD), which is the term
we use in this chapter.

2.1 Dementia in PD (PDD)

Dementia in PD (PDD) has become increasingly prevalent with nearly 80% of
people with PD developing dementia within 20 years after receiving the diagnosis
of PD [8]. PDD is characterised by deterioration in memory, attention, visuospatial
functions, executive functions and occurrence of behavioural and psychiatric
symptoms, such as apathy and hallucinations [9]. Low cognitive reserve, mild
cognitive impairment at baseline, hallucinations and older age, and older age at
onset, and the akinetic-rigid motor phenotype are among the main risk factors for
developing PDD [9-11].

2.2 Dementia with Lewy bodies (DLB)

DLB is the second most common type of neurodegenerative dementia following
AD with a prevalence of 5% of all dementia cases [12]. Pathologically, the distinc-
tive feature of DLB is the appearance of the thread-like protein deposits contain-
ing pathologic alpha-synuclein (known as the Lewy bodies) which occur in the
central, peripheral, and autonomic nervous system [13]. Symptoms of DLB include
cognitive impairment (especially in visuospatial domains and executive function),
fluctuating confusion, parkinsonism, visual hallucinations, sleep disturbances and
apathy [14]. Recent evidence suggests that ‘pure DLB’ is less common than ‘DLB
with concurrent Alzheimer’s pathology’ due to the overlap of Lewy bodies and
neurofibrillary tangles specific to AD [15]. However, cognitive decline is generally
faster in DLB than in AD [16] supporting the notion that DLB is an independent
disease entity. In 2017, the international clinical diagnostic criteria for DLB were
updated and now include guidelines for differentiating between clinical features
and diagnostic biomarkers [14].
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2.3 Comparison of PDD and DLB

Although PDD and DLB are generally considered part of the same disease
spectrum, the initial clinical presentation may differ, due to the timing of the onset
of cognitive impairment. However, this view has been challenged [17] and some
scholars have concluded that PDD and DLB do not differ with regards to cognitive
and neuropsychiatric profile, sleep and autonomic dysfunction, PD type and sever-
ity, neuroleptic sensitivity, and responsivity to cholinesterase inhibitors [18-22].
Nonetheless, further studies have demonstrated that significant differences exist
between PDD and DLB such as in age of onset (PDD < DLB) [23], levodopa respon-
siveness (DLB < PDD) [24], neuropsychological test performance (DLB < PDD)
[25], and neuropsychiatric presentation [26]. This supports the notion that PDD
and DLB are separate clinical conditions but share a common underlying pathology
and a distinction should be made on diagnosis.

3. Wider impact of LBD

Both PD and LBD have a significant impact on the person with the condition,
their life partner, and family, as well as on society, due to higher needs and depen-
dency as a result of developing the illness. For the person with the condition, the
progression of PD can worsen their health-related quality [27], particularly physical
and social functioning, cognition, communication and emotional well-being [28].
The notion of adverse impact of PD on physical, social and role functioning is cor-
roborated by a qualitative study which found that PD brings about many changes
in emotions and feelings, including fears and uncertainty about the future but
also highlights some benefits that PD may bring [29]. Despite the well-established
association between subjective well-being and motor impairment, there is a grow-
ing literature suggesting that more emphasis should be paid to the positive aspects
of well-being, specifically endorsing social support, socialising with other people
with PD, engaging in physical activities and maintaining motor skills can contribute
to life satisfaction, sense of accomplishment, autonomy and positive emotions in
people with PD [27]. This suggests that future studies could focus on life satisfac-
tion and psychological well-being, which could potentially diminish the negative
impact of PD on the person.

In terms of the wider impact of PD on society, the disease places a major socio-
economic burden with an estimated annual cost of £2 billion in the UK [30]. A
recent report on the impact of living with PD revealed that the total financial costs
per household exceeded £16,000 per year due to increase in health and social care
costs and reduction in income [31]. Many care partners of people with PD also had
to give up employment to be able to provide care for their partner, which led to loss
of income [32]. As the severity of PD increases, the costs also rise and can be up to
six times higher at the advanced stage (i.e. H&Y stage 5) compared to the initial
stage (H&Y stage 1) [33]. These costs likely increase with disease progression due
to the complexity of concomitant symptoms of PD, the increasing need for a care
partner, and increased rate of admission to residential care homes. However, some
of the costs could be partially saved by the help, care and support that family care
partners provide to people with PD and LBD. Prince and colleagues [1] estimated
that care providers save about £11.6 billion in the UK each year, which is increasing
faster than the corresponding increase in formal health and social care costs [1].

Cognitive impairment in PD significantly increases the frequency of institution-
alisation [34, 35] and increases healthcare costs even more than PD without cogni-
tive impairment [36, 37]. Furthermore, mortality, which is already increased among
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people with PD compared to the rest of the population [38], increases with the
emergence of dementia, which is one of the key predictors of PD-related mortality
[36, 37]. The emergence of cognitive impairment can also significantly decrease
quality of life of people with PD and increase emotional stress [39].

Similarly to PD and PDD, a diagnosis of DLB can also escalate healthcare costs [7],
shorten time to death [7, 40, 41], and accelerate the rate of admission to residential
care homes and hospitals [7, 42]. A DLB diagnosis can also lengthen hospital stay and
increase hospitalisation costs [43, 44] compared to AD. Mueller et al. [43] explain that
this is due to deteriorated physical health and increased neuropsychiatric symptoms in
DLB and they conclude that overall people with DLB have a worse prognosis compared
to people with AD [15]. Mueller and colleagues [43] estimate that approximately
80,000 people with DLB in the UK will incur over 27,000 hospital admissions, and
spend over 300,000 days in hospital that will exceed £35 million in hospitalisation
costs in just 1 year, which is higher compared to the equal number of people with AD.

4. Overview of care partners

Around the world, one person in ten is a care partner [45]. In the UK, there are
currently 6.5 million people who provide care and each day 6000 people in addition
take on the caring role [46]. Of all the care partners in Great Britain, approximately
11% provide care to someone with dementia in a home setting [47]. Financially,
the contribution that care partners make exceeds £132 billion per annum, which
surpasses the annual budget of the National Health Service (NHS) in England [48],
showing that the help and support that care partners provide is invaluable and has
cost saving implications for the health and social care system.

A care partner is an individual, usually a spouse or an adult child, who has taken
on the responsibility to help, support and assist a family member who cannot take
care of themselves, and to assure they are safe and well [49, 50]. Care provision helps
the person with the condition to reach the highest possible functioning in their daily
life [49]. Often, the care partner of a person with PD supports with personal, psycho-
logical and medical care, assisting with mental and physical exercising, maintaining
good nutrition, arranging living conditions and helping with housework [32, 51].
Care partners also coordinate, plan and manage care and look for various interven-
tions and treatments that could potentially alleviate the symptoms of the care recipi-
ents [49, 52]. Notably, in addition to providing care, a proportion of care partners may
be in part-time or full-time employment [53], which raises complex issues around
managing their work and care commitments and may diminish their time and energy
to provide care. In addition, care partners may also be older adults themselves and
have physical and mental health issues which may limit their capabilities to provide
care [51]. As a consequence, care partners, particularly within dementia, may have
increased negative feelings, depression, diminished well-being, and neglect their own
health [54]. Thus, they become ‘the invisible or hidden patients’ [52].

Caring and caregiving are considered to be different. Namely, caring is the affec-
tive component of ‘one’s commitment to the welfare of another), whereas caregiving is
‘the behavioural expression of this commitment’ ([50], p. 583). Likewise, caring has
been described as the interplay between emotion and action involving endearing feel-
ings such as love as well as activities involving labour [55]. Caregiving, however, has
even been named as the ‘unexpected career’ due to the sudden onset of this role [56].

The shift into taking on care responsibilities may either be gradual or sud-
den, although in the case of neurodegenerative conditions such as PDD and DLB,
this transition usually occurs gradually. The presenting symptoms of PDD and
DLB may be so subtle that care partners may not notice a visible change in their
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responsibilities, even though they may have started to help and support the care
recipients. Thus, in early stages of the disease, care partners may not identify
themselves as carers and may even dislike being called a ‘carer’ [57-59]. Instead,
many people prefer to be acknowledged as a ‘spouse’, ‘partner’ or ‘support person’
[58], highlighting the importance of endorsing the relationship between the person
receiving care and the person providing it.

The involvement of a care partner in the care of their family member is advanta-
geous because they have a unique perspective on the care recipient’s condition and
thus, can provide a more precise and detailed description of their symptoms [60].
However, the State of Caring 2018 survey in the UK [48] found that 72% of care
partners experienced worsening of their mental health and 61% in their physical
health due to their caring role. Furthermore, over half of care partners anticipated
that both physical and mental health would continue to deteriorate over the coming
years, and a third of participants predicted that a decline in their mental and physi-
cal health would prevent them from being able to provide care to the care recipients
in the future [48]. Brodaty and Donkin [52] contended that including care partners
is so imperative that without their help, the quality of life of people with neuro-
degenerative conditions would drop so much that it would increase admissions to
institutional care. However, this comes at the cost of care partners’ own quality of
life [52] and raises an important question about how to maintain the well-being of
both partners when facing a neurodegenerative condition.

5. Theoretical models of dyadic care relationships in PD

To understand the impact of PD factors on care partners and how they affect
care partner well-being and the dyadic relationship, a theoretical framework is
required. Such a framework also helps to understand the connections between the
variables and to determine the direction of predictors. In the context of dementia,
a number of multi-component models have been developed evaluating the factors
contributing to caregiving-related stressors [61]. The most common care partner
stress models in dementia [61] are:

1. the transactional model of stress and coping [62];

2.the two-dimensional model of psychosocial morbidity [63];
3.the stress process and coping model [64]; and

4.the stress process model [50].

These four preceding models take into account the characteristics of each
member of the dyad as well as the care recipient’s disease symptomatology and
care partner’s reactions and outcomes. In PD, the Stress Process Model [50] and the
PD-specific Stress-Appraisal Model [65] are most applied by scholars. The Stress-
Appraisal model [65] has been built on previous similar models [50, 66-69] and has
since been developed further following a systematic review which evaluated burden,
mental health and quality of life among care partners of people with PD [70]. The
proposed adaptations by Greenwell and colleagues [70] are depicted in Figure 1.

The adapted PD-specific Stress-Appraisal model [70], which is derived from the
Stress-Appraisal model by Goldsworthy and Knowles [65], captures care partners’
experiences of care provision in PD (see Figure 1) and consists of four main
domains [65, 70]:
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1. Stressors: care partner well-being is affected by the person with PD factors
(= primary stressors), such as neuropsychiatric and cognitive symptoms, their
quality of life, their ability to perform activities of daily living and functional
dependency (but not motor symptoms), which decreases physical health and
increases depression in the care partner (= secondary stressors),

2. Stress appraisals: how care partners experience the disease can influence
whether they make primary appraisals (i.e. seeing the disease as threatening
and thus care partner becomes more involved in care provision by providing
more hours of care) or ‘secondary appraisals’ (i.e. increase of burden and
potentially developing coping strategies). Greenwell et al. [43] proposed that
tertiary appraisals, which are affected by primary and secondary stressors,
secondary appraisal and protective factors, also have a role in determining
perceived burden and perceived uplifts by care partner, although burden was
seen as a secondary appraisal in Goldsworthy and Knowles’ [53] model.

3. Protective factors (or mediators): an important predictor of burden is perceived
social support, which can promote well-being or protect from negative conse-
quences of stress. In Goldsworthy and Knowles’ [53] model, quality of dyadic
relationship, frequency of breaks, formal service hours as well as care partner
self-esteem were important mediators in the process of care partner stress
appraisal. Greenwell and colleagues [43] suggested that other predictors may
include care partner personality traits, sense of coherence and self-efficacy,
which require further investigation.

4. Outcomes: the impact of primary and secondary stressors; primary, secondary
and tertiary appraisals, and protective factors have a direct or indirect impact on
care partner outcomes, such as determining their quality of life and depression.

The Stress-Appraisal model is useful in understanding the experiences of care
partners in the context of PD and can appropriately be applied to PDD and DLB as
well.

Although the Stress-Appraisal model is comprehensive, it does not incorporate the
dyadic relationship as an important factor in the context of caregiving relationship.
Townsend and Franks [71] proposed the Binding Ties Theory, which was designed to

1= stressors +—» 2- stressors

| l

1= appraisal Jl... ......... "~ 2- appraisal

Protective factors |

-

Figure 1.
The stress-appraisal model adapted from Greenwell et al. [70]. The dash line needs further examination. The
dash boxes depict alterations to Goldsworthy and Knowles [65] model by Greenwell et al. [70].

40



Long-Term Partnerships in Lewy Body Dementias
DOI: http://dx.doi.org/10.5772/intechopen.86204

N

| Cognitive decline

Quality of the
relationship

| Functional decline

Figure 2.
The binding ties theory [71].

describe the quality of the relationship between adult children and their parents with
cognitive impairment (see Figure 2). The authors considered the quality of the dyadic
relationship to be crucial in care provision and an important determinant in the
caregiving experience [71]. The model describes the associations between cognitive
and functional impairment, closeness (positive), conflict (negative) and care partner
well-being through measures of subjective caregiving stress, subjective caregiving
effectiveness and depression. The findings suggest that negative ties were more pre-
dictive of care partner well-being than positive ties [71]. Furthermore, the pathway of
‘cognitive decline - relationship quality = care partner well-being’ was stronger than
the ‘functional decline - relationship quality - care partner well-being’ pathway
and advancing cognitive impairment led to less closeness and more conflict in the
dyadic relationship [71]. This highlights that studies should evaluate both positive and
negative interactions in the context of caregiving relationships.

With regards to the intimate dyadic relationship in PDD and DLB, the Townsend
and Franks’ [71] model could be incorporated in the Stress-Appraisal model [65, 70]
by considering ‘cognitive and functional decline’ as primary stressors, ‘quality of the
relationship’ as a protective factor and ‘care partner well-being’ as an outcome.

6. Care provision in LBD

A growing body of research spanning several decades has drawn attention to the
impact that LBD has on care partners [70, 72]. The progressive and complex nature
of the motor, psychiatric and cognitive symptoms of LBD [73] can reduce one’s abil-
ity to carry out everyday activities and take care of oneself, thus increasing the need
of a care partner. Care partners have a substantial role to play in the lives of people
with PDD or DLB as they support and assist with activities of daily living, per-
sonal care, medication, feeding, housework, attending specialists’ appointments,
maintenance of the person’s quality of life and independence, and being there asa
partner and friend [51, 60, 74, 75]. Commonly, a care partner of a person with PD
is a female spouse, aged around 70 years, living with her partner, having provided
care for an average of 5 years and currently providing up to 16 hours of care per day
[33, 76-79]. Although these descriptions are comparable to those providing care to
someone with dementia, the care provision hours in dementia are notably lower
than in PD (i.e. 6-9 hours per day) [52].

A recent qualitative meta-synthesis summarised the experiences of PD care
partners into four interrelated themes describing (1) the need to carry on as usual,
(2) the importance of support in facilitating coping, (3) the difficult balancing act
between caregiving and caregiver needs, and (4) conflicts in seeking information
and knowledge [80]. Thus, care provision within PD has been considered unique
and complex in comparison to other neurodegenerative conditions but to date, little
is known about the profile of care partners of people with PDD or DLB.
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Studies have evaluated which aspects of PD (in the absence of cognitive
impairment) have the highest impact on care partners. Findings suggest that both
motor and non-motor symptoms of PD affect care partners’ well-being, quality of
life and burden but non-motor domains, particularly psychiatric manifestations
such as apathy, psychosis, depression and cognitive impairment, tend to have a
stronger effect [70, 72, 78, 81-85]. Similarly, the notion that caring for someone
with mental illness is emotionally harder, more complex and taxing, as opposed to
caring for someone with a physical illness, has been previously posited. This may
be due to the changeable, unstable and erratic symptom presentation in mental
health conditions, which disrupts ‘the coherence of everyday life’ ([86], p. 7).
This is in line with literature on care partners of people with dementia [52, 87],
PD [39, 70] and DLB [74], confirming the complexity of non-motor symptoms in
PDD and DLB.

Providing care to a person with PD can be emotionally draining, physically
challenging and mentally exhausting for care partners [75, 88]. The impact of PD
on care partners is multifaceted, including social, financial, physical, emotional,
mental and cognitive aspects. Socially, care partners of people with PD may not
be able to go out as much as before, struggle to get away on holidays and have
fewer social interactions with their friends, family and neighbours [74, 89-91]. In
addition, due to care provision many care partners may be unable to do their usual
daily tasks, activities and hobbies, and may receive insufficient social support
from friends and family. Having hobbies, being socially active and receiving
social support are important because they could protect against worsening of
health and well-being [66, 70, 92]. Physically, care partners may experience
deterioration in health [90], health-related quality of life [5, 93, 94] and greater
fatigue [79].

In terms of mental-emotional aspects, care partners may encounter negative
feelings, such as frustration, sadness, anger, resentment, guilt, worry [75, 95], and
feel overwhelmed, stressed, strained and burdened [72, 74, 77, 78, 83, 84, 92, 96-98].
Care provision may significantly increase anxiety and depression [89, 93, 95] and
lower care partners’ mental health [93]. As a consequence, PD care partners’ life
satisfaction may reduce [95]. Furthermore, in non-PD care partners, the rates of
mortality [98], cognitive impairment [99] and relationship dissatisfaction [100]
may increase. All of these factors can be escalated with the progression of cognitive
impairment in PD [101], which suggests that focusing on the care partners of people
with LBD is crucial.

6.1 Physical and mental health

Several studies have found that care provision within PD can worsen mental
health and result in distress in care partners [89, 93, 95] compared to the general
population. Nearly 50% of care partners of people with PD may experience clini-
cally significant anxiety and depression [72]. Among PD care partners, over a
third experienced a deterioration of their health due to care provision [85]. Lack
of sleep, fatigue, high blood pressure, muscle strain, headaches and gastrointes-
tinal problems were also common in this group [77] and likely a direct result of
providing care. Poor mental health in care partners is directly linked to duration
of care provision in years and proportion of hours devoted to caring each day [79].
Moreover, lower levels of mental health are also predicted by care recipients’ motor,
psychiatric and cognitive symptoms, although drawing definite conclusions about
what predicts mental health remains difficult due to the variability of the measures,
inconsistent findings and lack of evidence [70]. Importantly, despite the care part-
ners’ own health needs, they felt they had to stay healthy as long as possible to be
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able to care for and support the care recipients [75, 92]. This presents major physi-
cal, financial, emotional, mental and social challenges for care partners to continue
in their role whilst taking care of themselves.

6.2 Quality of life

Providing care to a person with PD can have a direct effect on care partners’
well-being and quality of life. In the literature, quality of life has been synony-
mously used with other terms such as health, health status, perceived health,
functional status, and health-related quality of life although these terms are
independent of one another [102]. The concepts of quality of life are wide incor-
porating economic, environmental, cultural, social, spiritual and personal aspects
[103, 104], whereas health-related quality of life specifically focuses on individuals
physical, mental and social aspects and the perceptions of their global health [103,
104]. Health-related quality of life has been found to be lower among care partners
of people with PD compared to general population [92] and decreases with the
emergence and development of cognitive impairment in PD [5, 105, 106].

Quality of life is associated with several factors. Lower quality of life in care
partners was predicted by the care recipients’ disease-related factors (i.e. motor,
cognitive and neuropsychiatric symptom severity, poorer quality of life, higher
need for care, greater dependency in activities of daily living), personal aspects
(i.e. higher age, depression) and care-related variables (i.e. longer duration of care
provision in years and hours per day) [51, 70, 105, 107]. Well-being of care partners
is important because lower strain and ‘caregiving load’ reduces the risk of institu-
tionalising persons with PD [108], which has long-term implications for the future.

6.3 Care burden

As PD progresses, the cognitive impairment advances leading to higher strain
[83], burden [5, 76, 78, 106, 109] and stress [82] in care partners. The main con-
tributors to care partner burden and stress in people with PDD were the person’s
neuropsychiatric symptoms (i.e. depression, psychotic symptoms) [78, 82] and
cognitive decline [5, 76, 109, 110]. Apathy, a common and often under-recognised
neuropsychiatric complication of PDD and DLB, is strongly associated with care
burden [111], in part due to emotional blunting that is one of the dimensions of the
apaOthy syndrome [112].

6.3.1 What exactly is care buvden’: a dimensional perspective

One of the most researched constructs in care partner research is ‘caregiver
burden’ [49]. Several different definitions have been proposed but two interwoven
descriptions from the 1980s are used concurrently to this day. George and Gwyther
[113], p. 253, define burden as ‘the physical, psychological or emotional, social, and
financial problems that can be experienced by family members caring for impaired
older adults’ The same year, Zarit et al. [87], p. 261, proposed a very similar expla-
nation adding that burden is ‘the extent to which caregivers perceive their emotional
or physical health, social life, and financial status as suffering as a result of caring
for their relative’ Even though both explanations encompass the multifaceted
impact on care partners, the definitions of burden are still diverse, incoherent and
vague in many research studies making measuring ‘burden’ ambiguous [102, 114].
The authors recommend that burden should be defined clearly, researched using
mixed methods (i.e. both quantitatively and qualitatively) and evaluated as specific
dimensions of burden [102, 114].

43



Geriatric Medicine and Gerontology

In PD, several different terms exist to refer to burden, for instance strain [77, 96,
115, 116], stress [117] and distress [96, 118]. Despite the fact that these terms have
been used instead of burden or in conjunction with burden [84], recent studies have
determined that these constructs are independent from burden and are evaluated as
separate constructs [72, 76, 84, 119].

One of the most frequently used validated measures of care partner burden is
the ZBI [87] which considers ‘burden’ as a unitary concept. However, burden is
highly complex and most likely comprises several dimensions, which have been
explored in DLB [120] but not in PDD and DLB jointly. Thus, we undertook a study
to explore the factor structure of the ZBI, specifically in life partners of people with
PDD or DLB, and to examine the relationships among the emerging factors and the
demographic and clinical features in this sample.

In this study [121], we undertook an exploratory factor analysis of the ZBI
(principal axis factoring) with 127 life partners. This revealed five burden dimen-
sions: social and psychological constraints, personal strain, interference with
personal life, concerns about future, and guilt. These burden factors were associ-
ated with lower relationship satisfaction, mental health, and resilience, and higher
stress, anxiety, depression, resentment, negative strain and people with PDD/DLB
motor severity. In multiple linear regression analyses, where each factor score was
the dependent variable, stress, negative strain and resentment emerged as signifi-
cant predictors of specific burden dimensions. We concluded that burden in PDD
and DLB, like in PD in general, is a complex and multidimensional construct and
interventions supporting care partners should address specific types of burden to
optimise outcomes such as quality of life.

6.3.2 What exactly is care burden: life partners’ perspectives

To fully explore the meaning of ‘care burden’ experienced by life partners in
the context of PDD and DLB, it is important to go beyond quantitative ratings of
burden with typical rating scales such as the ZBI. To address this, we undertook a
qualitative study of 12 female life partners of people with PDD and DLB to under-
stand more fully how relationships change as cognition declines in PD [122].

In this study, we undertook semi-structured interviews using a face-to-face
format and analysed the outputs using the thematic analysis approach. Our analysis
revealed three important, and interlinked, themes: changes in the marital relation-
ship, challenges in providing care, and acceptance and adjustment of the situation,
which are discussed below. This study has provided key insights into the changes in
long-term marital relationships as dementia progresses in Parkinson’s disease.

The theme of ‘altered relationship’ revealed that the female life partners felt
that their relationship satisfaction had decreased as a result of progression in
their partners’ condition. This was closely linked with partners’ reduced ability
to communicate and the transition in role for the life partners. Alongside reduced
relationship satisfaction, global intimacy as well as emotional, social, recreational,
intellectual, physical and sexual intimacies had altered and resulted in life partners
feeling emotionally distanced from their partner despite spending more time
together. The notion of being physically closer but feeling emotionally further away
from their partner was recognised by most life partners in the interviews. This
‘emotional disconnection’ has been described in the field of dementia [123], as well
as the term ‘married widowhood’ [124, 125]; however, the ‘physical closeness’ due to
day-to-day management of the condition was a finding that emerged in this study,
which illustrated the unique challenges that LBD poses in this population.

The second theme, ‘care partner challenges’ emerged from the complex nature
of the motor and non-motor symptoms of LBD as care recipients had lost skills and
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abilities to do things they were once capable of doing, which in turn increased life
partners’ responsibilities. Some life partners described they had a dual role in the
marriage by being both the man and the woman in the relationship and managing
the household, finances, maintenance, car which used to be their spouses’ duty.
These findings are consistent with previous studies with life partners of people with
dementia where life partners took on additional responsibilities while providing care
to their partners [123, 126-128]. The increase of care-related responsibilities due to
the care recipients’ condition was accompanied with an increase in negative feelings
and took its toll on life partners. In particular, the time, freedom and independence
of wives had reduced to the point of ‘losing own life’ and becoming mentally and
physically weary. As a result of regular care provision, support and surveillance to
their partners, wives felt a myriad of feelings such as resentment, frustration, annoy-
ance, sadness, grief, despair, disappointment, guilt, distress and worry.

Finally, the third theme to emerge, ‘acceptance and adjustment’, captured life
partners’ acceptance of care provision as part of their marital contract and saw it
inseparable from their commitments to the relationship with their partner. In spite
of the challenges, difficulties and negative feelings that wives experienced and
confronted with due to providing care, they revealed feelings of love, compassion,
empathy and sympathy towards their partner. People with DLB had cared for their
wives throughout their married life when they needed help due to health ailments
and this reciprocity was acknowledged by life partners who felt they had to recipro-
cate the care for as long as they could. Life partners in this study and in other quali-
tative studies were committed to their marital vows and held onto the ‘in sickness
and in health, till death do us apart’ but there was also some confusion whether the
marriage still existed as dementia progressed [129-132]. Notwithstanding the con-
flict between existence and loss of relationship, life partners felt committed to their
partners and were willing to continue providing care to their spouse in the future.

6.4 The influence of LBD on care partner outcomes

Comparative studies between care partners of people with different neurodegen-
erative conditions have shown important distinctions. In one study, burden in care
partners was higher in PDD compared to AD, with neuropsychiatric disturbances
fundamentally contributing to burden in care partners of people with PDD [133].
Another study supported these findings and added that care partners of people with
PDD experienced more depression, lower satisfaction with life and needed more
help and assistance compared to care partners of people with PD and AD [101].
Similarly, care partners of people with DLB had higher burden [134] and distress
[135, 136] compared to care partners of people with AD and frontotemporal lobar
degeneration [137] due to more prominent neuropsychiatric symptoms in DLB. Care
partners of both people with PDD and DLB also experienced higher levels of stress
compared to AD and vascular dementia [138]. To examine this issue further, we
undertook a study comparing the characteristics of care partners in three groups of
people with different clinical profiles of Parkinson’s-related cognitive impairment:
PD-MCI, PDD and DLB.

6.4.1 Study of care partner characteristics in LBD

In our study [139] we aimed to describe the sociodemographic and clinical pro-
file of life partners of people with different cognitive syndromes in LBD, including
physical and mental health, burden, stress, quality of life and feelings related to care
provision, and compare life partners’ outcomes according to the clinical syndrome
(PD-MCI, PDD or DLB). The study involved a cross-sectional assessment battery
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undertaken by 136 co-resident life partners who completed ratings of overall mental
well-being, anxiety, depression, burden, stress and aspects of the relationship such
as satisfaction. We found that the majority of participants were women (85%), with
a mean age of 69 years (SD = 7.62; range 48-85 years) who had been in an intimate
relationship for a median of 45 years. Life partners had provided care for between

0 and 20 years (median = 4; IQR = 2-7) and at the time of the study, were currently
providing care between 0 and 168 hours per week (median = 84; IQR = 38.5-168).
Nearly half of the participants (46.0%) provided over 100 hours of care per week.

Our assessments revealed that over 25% of the life partners were experiencing
clinically significant anxiety and over 10% were experiencing significant depres-
sion, as per cut-off scores on the Hospital Anxiety and Depression Scale [140].
Findings on the Relatives’ Stress scale [141] and the Zarit Burden Interview
(ZBI) [87] revealed that nearly 60% of participants were experiencing signifi-
cant stress and over 30% were experiencing significant burden. About 60% of
life partners reported dissatisfaction with the relationship, as determined by the
Relationship Satisfaction Scale [142] and slightly fewer than half reported quality
of life that was lower than ‘good}, as per the EQ-5D index scores and visual analogue
scale [143]. Overall, the majority of caregiving life partners reported satisfaction
with their caring role; however, over 60% of life partners displayed resentment
(63%) and over 30% anger in relation to this role (measured with the Family
Caregiving Role Scale, [144]).

These findings of high levels of burden, stress and feelings of resentment and
anger among life partners resonated with earlier findings of high levels of stress,
burden and quality of life among care partners of people with PD, PDD, and DLB
[5, 39, 72, 78, 145]. However, relationship dissatisfaction, perceived negative feel-
ings, such as resentment, and resilience are new findings emerging from this study
and appear to be under-researched in the field of LBD, despite numerous studies
evaluating these constructs in other types of dementia [129, 146, 147]. This is
important as it could be hypothesised that care partner outcomes could be similar in
LBD and other types of dementia, but evidence suggests that rates of burden, stress,
depression, as well as physical health outcomes are worse in partners of people with
PDD and DLB compared to other forms of dementia [101, 133, 134, 136, 138].
Furthermore, tensions and arguments in the dyadic relationship [126] and lower
abilities to live well [148] appear in PDD and DLB care partners, compared to
care partners of people with AD and/or vascular dementia. This suggests that care
partners of people with PDD or DLB may require more support. Importantly, our
finding that care provision by over half of life partners exceeded 14 hours each day
and over 100 hours each week, which is significantly higher compared to the rest
of care partners in the UK [149], emphasised the complexity of providing care for
a person with PDD or DLB as well as the immense commitment by life partners in
providing the care.

Furthermore, we found that characteristics of life partners differed accord-
ing to the clinical profile of the care recipient [139]. As expected, life partners of
people with PDD had provided care for more years than life partners of people with
PD-MCI, and life partners of people with PDD and DLB were providing more hours
of care each week than life partners of people with PD-MCI. A linear relationship
was found between several variables and progression of cognitive impairment
in PD. Once dementia in PD had emerged, life partners were more burdened,
stressed, depressed, resentful, dissatisfied with the relationship and experienced
fewer positive interactions with their partner compared to those whose partner
had PD-MCI. Similarly to PDD, life partners of people with DLB had higher rates
of depression, burden and feelings of resentment in comparison to life partners
of people with PD-MCI. Importantly, life partners of people with DLB had higher
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anxiety levels and reported lower levels of mental health compared to life partners
of people with PD-MCI, whereas these outcomes did not differ between PD-MCI
and PDD groups, suggesting that specific clinical syndrome plays an important role
in determining life partner outcomes.

7. Overview of dyadic relationships

Relationship quality is a multifactorial construct and can be broken down into
overall satisfaction, commitment, closeness or intimacy, passion, trust and love
[150]. Spanier [151], p. 290, defined relationship quality as ‘a subjective evalua-
tion of a married couple’s relationship with the range of evaluations constituting a
continuum reflecting numerous characteristics of marital interaction and marital
functioning’. In the context of marriage, relationship quality encompasses adjust-
ment, satisfaction, integration and happiness and can be seen in terms of its
functionality and how the partners are affected by its functioning [151].

Relationship satisfaction is one of the key components of relationship quality. It
has been defined in the context of interdependence theory [152, 153], which sees
the interaction between partners, dependence and satisfaction as the core elements
in close intimate relationships [154]. The dyadic interaction consists of rewards (i.e.
pleasure, enjoyment, fulfilment) as well as costs (i.e. stress, pain, shame) that each
partner may receive in the relationship. The goal is to minimise costs and maximise
rewards [154]. Relationship satisfaction is affected by the level of one partner ful-
filling the most significant needs of the other partner [155]. Each individual assesses
the gains and benefits in their relationship as well as outputs they give to their
partner. Relationship satisfaction is higher when the input-outcome ratio equates
with that of the partner, whereas an imbalance in the ratio leads to dissatisfaction
with the relationship [154].

8. Dyadic relationships in LBD

Both dementia and PD have a profound effect on the person, the care partner
and their relationship [156]. People with PD have reported significant reduction in
sexual functions, although the non-sexual relationship aspects, for example talking
about one’s feelings or tenderness, increased with the duration of the disease [157].
Men with PD tend to withdraw from the relationship, may have had increased
thoughts of divorce and may have reported dissatisfaction with the relationship
and sexuality since the onset of PD, more so than women with PD [157]. Mutuality,
defined as the positive quality of a partnership consisting of love and affection,
reciprocity, shared values and shared pleasurable activities [158], remains relatively
high at mild to moderate stages of PD but can be significantly lower at an advanced
stage of PD [83, 159]. Likewise, in another study, both partners’ mutuality levels
were similar but people with PD reported higher reciprocity than their partners
[159]. Mutuality, alongside with non-motor symptoms, was also found to be a pre-
dictor of health-related quality of life for people with PD, whereas mutuality and
cognition were the main predictors of burden in life partners [159]. These studies
highlight that the impact of PD on the couple is substantial.

The advancing nature of dementia increases the person’s memory loss, confu-
sion, agitation and inability to communicate, which may lead them to not recognis-
ing one’s partner and forgetting that they are married [129]. As a consequence,
the life partner might start to doubt whether the marriage still exists [129]. Thus,
the central theme describing relationships within dementia is often ‘loss’-loss of a

47



Geriatric Medicine and Gerontology

person, relationship, mutual companionship and connectedness [123, 129]. This
theme also applies in PD as life partners of people with PD experienced feelings of
loss and helplessness and felt overwhelmed and unable to cope with the cognitive
impairment of the care recipient [39], highlighting that once cognition has started
to decline, the impact is more profound compared to intact PD.

Neurodegenerative conditions, such as PDD and DLB, can challenge a couple and
impact negatively on relationship quality and lead to dissatisfaction even more than
other diseases due to its incurable and progressive nature. Evidence outside of PD has
revealed that one partners’ depression can contribute to relationship dissatisfaction,
lower levels of communication and problem-solving abilities as well as difficulties
maintaining intimacy [160]. In turn, higher loss of intimacy can lead to higher levels
of depression [161]. Similarly, lower marital quality in people with PD can contribute
to higher anxiety in life partners [162]. In cognitively intact people with PD, the motor
symptoms had a significant impact on the relationship [163] but when cognitive
decline had emerged, non-motor symptoms were the most prominent stressors on
couples’ relationships [159]. In order to overcome the challenges and sustain relation-
ships, efficient and effective coping strategies are required. Lack of these strategies
can lead to increased burden and health issues in the care partner, institutionalisation
of the person with LBD and eventually relationship breakdown [164].

Importantly, having a close relationship with one’s partner can be protective.
More satisfaction with intimacy was associated with less stress and fewer depressive
symptoms, particularly in female care partners [165]. In PD, higher mutuality was
related to better mental health outcomes for partners, lower PD severity as well
as lower burden and higher quality of life in the care partner [163]. The ability to
remain positive when having PD or living with a care recipient who has PD has been
found to contribute to higher marital quality for the couple [162]. These findings
resonate with Habermann’s [166] study who stated that PD affected couples’ close-
ness and communication positively. Despite these encouraging findings, PD has
been found to have a detrimental effect on the relationship and lead to poor marital
adjustment [167]. Thus, further research is required to explore the consequences of
PD and LBD on the person, life partner and their relationship.

9. Conclusion

This chapter has highlighted the profound impact of LBD on life partners, in
particular due to psychiatric and cognitive symptoms of people with PDD and DLB
which intensify with the progression of cognitive impairment in PD. As a result of
providing care to people with LBD, life partners experience burden, stress, poor
mental health, negative feelings and relationship dissatisfaction, and for many life
partners their life had changed as a result of becoming a care partner. There is cur-
rently minimal targeted support available to couples within LBD but in light of the
protective nature of good relationships, future studies should focus on supporting
intimate relationships resulting in more positive outcomes for both partners.
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Abstract

Since the beginning of the 1990s, several telemedicine projects and studies
focused on type 1 and type 2 diabetes have been developed, including very few elderly
diabetic patients. Several of these projects specifically concerned elderly subjects
(n = 4). Mainly, these projects and studies show that telemonitoring diabetes results
in improved blood glucose control—a significant reduction in HbA1lc, improved
patient ownership of the disease, greater patient adherence to therapeutic and
hygiene-dietary measures, positive impact on comorbidities (hypertension, weight,
dyslipidemia), improved quality of life for patients, and at least good patient recep-
tivity and accountability. To date, the magnitude of its effects remains debatable,
especially with the variation in patients’ characteristics (e.g., background, ability for
self-management, medical condition), sample selection, and approach for treatment
of control groups. Over the last 5 years, numerous telemedicine projects based on
connected objects and new information and communication technologies (ICT) (ele-
ments defining telemedicine 2.0) have emerged or are still under development.

Keywords: elderly patient, telemedicine, telemonitoring, diabetes,
artificial intelligence, information and communication technology, Web,
heart failure, chronic disease

1. Introduction

Intensive glucose control has been shown to delay or prevent the development
of micro- and macrovascular complications related to diabetes, even in elderly
diabetic patients. However, it is estimated that 43.2-55.6% of diabetic patients
with type 2 diabetes do not meet the reference target for glycemic control (hemo-
globin Alc [HbAlc] < 7.0%) [1]. Factors that may contribute to suboptimal blood
glucose (BG) control include inadequate home BG monitoring, nonadherence
or noncompliance with medications or lifestyle changes (nutrition and sport),
suboptimal patient education about the disease, and limited access to health pro-
fessionals [1-3]. In the absence of timely and accurate data on home BG values,
healthcare professionals may be reluctant, rightly so, to aggressively intensify
oral hypoglycemic agents or insulin treatments for fear of hypoglycemia [4].
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This is particularly true in the elderly, where hypoglycemia can have dramatic
consequences, such as myocardial infarction (MI), falls, etc. These patients have
a high mortality rate, with 20% of deaths occurring within 5 years after the first
cardiovascular event. In this context, patients are often hospitalized, with pro-
longed and iterative hospitalization [2].

In practice, the main causes of diabetes required medical intervention are related
to the following: nontherapeutic adherence and compliance, poor nutrition, and
poor adherence to prescribed lifestyle changes and therapy, the decompensation
of diabetic comorbidities and macrovascular complication, and community-based
infections [2]. In this context, telemedicine may be an effective approach in solving
problems of education, compliance, and monitoring and provider access [2, 5]. BG
control could be safely improved by basing drug changes on home BG readings and
transmitting them in near real time to providers, particularly in elderlies. In this set-
ting, telemedicine may also be an effective solution to monitor the complications of
the diabetes, especially macrovascular complications (e.g., MI, heart failure [HF],
etc.) and comorbidities (e.g., arterial hypertension).

In this article, we review the literature in the field of telemonitoring (remote
monitoring) of diabetic patients, with a focus on elderly diabetic patients.

2. First-generation telemedicine projects and studies in the field of
diabetes

Since the early 1990s to the end of 2010, numerous telemedicine projects and
studies have been developed in the field of diabetes [6-27]. Practically all of them have
investigated telemonitoring or telephone follow-up (defined terms in Table 1), especially
to monitor BG levels. For the majority of them, they were conducted on specific popu-
lation of poor controlled type 1 and type 2 diabetic patients, including very few elderly
diabetic patients. Several of these projects include specifically elderly diabetic patients
(< 80 yearsold) (n =1) [21, 27]. Mainly these projects have been developed in children
and young people (n = 3), young or mild-age patients with intensified therapy (n = 2),
young or mild-age patients under insulin pump therapy (n = 1), and patients with
complicated or complex diabetes, including several elderly patients (n = 2) [6-27].

To our knowledge, to date, no project has been published on tele-consultation and
teleexpertise (defined terms in Table 1) in the area of diabetes domain, as defined
under European or French legislation [28]. Several of such projects have been
developed, but no formal scientific conclusions are currently available about the
usefulness of these telemedicine technologies [29].

It is worth bearing in mind that these projects and studies [6-27], particu-
larly the earlier ones, more closely resembled as a telephone follow-up with care
providers (such as a nurse) traveling to the diabetic patient’s home rather than
telemedicine use as we think of it nowadays with nonintrusive, automated, smart
telemonitoring employing remote sensors via modern communication technology
(e.g., smartphone) or even artificial intelligence (AI) (Table 1) [29]. Thus, they
characterize in our opinion first-generation telemedicine projects and studies.

Using PubMed database and Google Scholar, we have identified more than 20
reports of first-generation telemonitoring studies in the field of diabetes, including
type 1 and type 2 diabetic patients, involving the upload and direct transmission of
BG data by diabetic patients to providers via cellular telephone, telephone landline,
or a Web-based program [6-27]. The results of these studies were mixed, perhaps
because many studies did not target diabetic patients with poor baseline BG control
or the interval between glucose transmission and follow-up was delayed or unspeci-
fied or mainly with no therapeutic intervention (therapeutic inertia). None of these
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-Telemedicine: provision of remote patient care and consultation using telecommunication technologies.
-Telemonitoring: this telemedicine practice allows a healthcare professional to remotely interpret the data
necessary for the patient’s medical follow-up in order to make decisions about his / her care. Remote data
collection from a patient through a connected device or questionnaires to monitor his/her vital parameters
and symptoms at home on a daily basis.

-Teleexpertise: this practice of telemedicine consists, for a medical professional, to seek the opinion of one
or more medical professional experts regarding elements of the patient’s medical file. Remote seeking by a
health professional of a second medical opinion via sending of images (scanner, X-ray, eye fundus, etc.) and
sometimes exchange by Internet-based videoconference.

-Teleconsultation: this telemedicine practice allows a medical professional to hold a consultation with a
patient remotely. In the context of a teleconsultation, the patient can have at his/her side a health professional
assisting the remote professional as well as a psychologist. Second opinion consultation by specialist.
“Telemedicine 2.0: over the last decade, the Internet has become increasingly popular and is now an
important part of our daily life. The use of “Web 2.0” technologies in health/medicine care or in telemedicine
is referred to as “Health 2.0” or “Medicine 2.0,” and “telemedicine 2.0.”

-Artificial intelligence: this concept makes it possible for machines to learn from experience, adjust to new
inputs and perform human-like tasks. These processes include learning (the acquisition of information and
rules for using the information), reasoning (using the rules to reach approximate or definite conclusions) and
self-correction. Particular applications of Al include expert systems, speech recognition, and machine vision.

Table 1.
Glossary of terms and definitions in the field of telemedicine [29].

reports evaluated the intensity of intervention required to sustain achieved reduc-
tions in HbA1lc after the implementation of home telemonitoring.

As with CHEF, the results of these first-generation telemedicine projects differed
from study to study, with fairly inconclusive results as to their potential clinical
benefits in terms of balancing diabetes and the associated metabolic problems,
re-hospitalization, and decreased morbidity or mortality, particularly regarding the
statistical significance of the results [29, 30]. As a consequence, experts have shared
now widely divergent opinions on the actual utility of telemedicine in diabetic
patient management [29, 30].

To our knowledge, it should be emphasized that the first-generation studies and
trials on telemedicine in diabetic patients were at times conducted with [29]:

* Inappropriate methodologies, involving unsuitable patient groups (such as
well-balanced diabetic patients, diabetic patients without any complication)
of small-sized patient samples and with very short follow-up periods (between
3 months and 1 year)

* Not well-structured follow-up organization, with nonspecialized staff to
alarms, or without any association of patients’ general practitioners, specialists
of diabetes management, or endocrinologists nor any optimized management
process or algorithm

* Several alarms arising too late, without therapeutic response (no specified
therapeutic protocol available)

* No associated educational programs

* The absence of a human interface or contact between the telemedicine solution
and the patients

Moreover, most of these studies were only based on glycemic control, without

including other warning or monitoring parameters related to comorbidities or dia-
betic complication (e.g., tensiometer, heart rate, balance), with an underutilization
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Results of IDEAtel trial (n = 1665 diabetic elderly patients) (adapted from [21, 27]).
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of the deployed device [29, 30]. Thus in our opinion, these facts explain that the
demonstration of any benefits with these first-generation studies was “illusory,” in
particular in terms of statistical significance.

Besides these medical considerations, it is worth noting that an economical
aspect must be investigated and consolidated in future telemedicine projects to
promote the development of telemedicine in diabetes and legitimize it, especially in
regard of the budgetary constraints affecting insurance and mutual health insur-
ance companies. Things are less advanced than in the field of chronic heart failure
telemonitoring [29]. To our knowledge, only Biermann’s study is dedicated to this
theme of economical aspect [11].

To date, none of the learned societies (e.g., American Diabetes Association
[ADA], European Society of Diabetes [ESD]) involved in the topic of diabetes has, to
our knowledge, made any formal recommendation as to whether or not telemedi-
cine is of benefit to type 1 or type 2 diabetic patients. This is not the case in the set-
ting of CHF, where factual data and medico-economic studies are more numerous,
better documented, and consolidated (more mature field) [29]. In fact, the 2016
European Society of Cardiology (ESC) guidelines for the diagnosis and treatment of
acute and chronic heart failure have recommended telemonitoring of heart failure
patients with a recommendation grade of IIb and level of evidence B [31].

In the setting of diabetic patients, Shea et al. have conducted the first telemedicine
study specifically dedicated to “elderly” diabetic patients (aged 55 years or greater) [21,
27]. Itis arandomized, controlled trial comparing telemedicine case management to
usual care, with blinding of those obtaining outcome data, in 1665 Medicare recipients
with diabetes. In the intervention group (n = 844), mean HbAlc improved over 1 year
from 7.35 to 6.97% and from 8.35 to 7.42% in the subgroup with baseline HbAlc > 7%
(n =353) [21]. In the usual care group (n = 821), mean HbAlc improved over 1 year
from 7.42 to 717%. Adjusted net reductions (1 year minus baseline mean values in
each group, compared between groups) favoring the intervention were as follows (all
principal criteria): HbAlc, 0.18% (p = 0.006); systolic and diastolic blood pressure, 3.4
(p = 0.001) and 1.9 mmHg (p < 0.001); and LDL cholesterol, 9.5 mg/dL (p < 0.001)
(Figure 1). In the subgroup with baseline HbAlc > 7%, net adjusted reduction in
HbA1c favoring the intervention group was 0.32% (p = 0.002). Mean LDL cholesterol
level in the intervention group at 1 year was 95.7 mg/dL. Mortality was not different
between the groups, although power was limited. There were 176 deaths in the inter-
vention group and 169 in the usual care group (hazard ratio 1.01 [0.82, 1.24]).

3. Second-generation telemedicine projects and studies in the field of
diabetes

Over the last 10 years, second-generation telemedicine projects and studies have
been developed in the setting of diabetes management, especially in the setting of
telemonitoring [32-38], as defined in Table 1. These projects and studies have main
objectives to evaluate the use of technology to implement medical and cost-effective
healthcare management on a large scale for diabetes management. These projects
include very few elderly patients. One project, the DiaTel study, was dedicated
to elderly diabetic patients (<80 years old) [32]. Compared to the aforementioned
project, most of the second-generation projects related to diabetes telemonitoring (for
type 1 diabetic patients, n = 1; for type 2, n = 5) incorporate the following [32-38]:

* Self-administered medical questionnaires or forms on symptoms and signs of
diabetes decompensation and BG levels
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* Tools for medical education, particularly disease self-appropriation, food
hygiene, and physical activity

* Tools for patient motivation
* Tools for therapeutic and hygiene observance

* Tool to remote comorbidities (e.g., arterial hypertension, obesity,
dyslipidemia)

* Tools for interaction between the patient and healthcare professionals like
telephone support centers, tablets, and Websites

3.1 The DiaTel study

The DiaTel study compared the short-term efficacy of home telemonitoring
coupled with active medication management by a nurse practitioner with a monthly
care coordination telephone call on glycemic control in veterans with type 2 diabetes
[32]. The included patients were taking oral hypoglycemic agents and/or insulin for
>1 year and had HbAlc > 7.5%). Approximately one-third of the participants in both
groups were aged 65 years. At enrollment, the patients were randomly assigned to
either active care management (AMC) with home telemonitoring (HT) (ACM + HT
group, n = 73) or amonthly care coordination telephone call (CC group, n = 77) [32].
Both groups received monthly calls for DM education and self-management review.
ACM + HT group participants transmitted BG, blood pressure (BP), and weight to
a nurse practitioner; the nurse practitioner adjusted medications for glucose, BP,
and lipid control based on established ADA targets. Baseline characteristics of the
patients in the DiaTel study were similar in both groups, with mean HbA1c of 9.4%
in the CC group vs. 9.6% in ACM + HT group [32, 33]. Compared with the CC group,
the ACM + HT group demonstrated significantly larger decreases in HbAlc (princi-
pal criterion) at 3 months (1.7 vs. 0.7%) and 6 months (1.7 vs. 0.8%; p < 0.001 for
each), with most improvement occurring by 3 months (Figure 2).

3.2 The Utah Remote Monitoring Project

The Utah Remote Monitoring Project was a nonrandomized prospective obser-
vational pre- and post-intervention study [34]. The included patients were patients
with uncontrolled type 2 diabetes and/or arterial hypertension. They have been
enrolled from four rural and two urban primary care clinics and one urban stroke
center participated in a telemonitoring program (n = 109). The primary clinical
outcome measures were changes in HbAlc and BP. Other outcomes included fasting
lipids, weight, patient engagement, diabetes knowledge, arterial hypertension
knowledge, medication adherence, and patient perceptions of the usefulness of
the telemonitoring program. The patients were randomized in two groups on
telemonitoring delivery methods [34]. The first was a remote monitoring device for
BP and heart rate. Patients used their own glucose meters to measure BG and were
provided with an electronic digital scale to measure their weight. The device was
programmed to sound an alarm at a pre-specified patient-referred time to prompt
the patient to initiate a telemonitoring session. Patients were asked to enter data
several times during the week. The device was programmed to ask how patients
were feeling that day and whether they had taken their medications and then
receive a prompt to take the measures. After, the patient received a series of educa-
tion messages, focused on teaching patients about their diseases (diabetes, arterial
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Figure 2.
Results of DiaTel study (n = 150 diabetic elderly patients) (adapted from [32]).

hypertension) and associated comorbidities. The second telemonitoring delivery
method is the use of an interactive voice response (IVR) system. Patients were
provided with a BP monitor and electronic digital scales, but they used their own
BG meter. The patients have to use the same process described above, but received
a call from the telemonitoring IVR service at a pre-specified. Medical providers
were contacted either via a note in the electronic medical record (or immediately
if there was a concern, in person or by telephone) if there was an out-of-range
value (decided by individual providers or clinics as a value that was high or low).
In this study, the mean HbA1lc (principal criterion) decreased: 9.73% at baseline vs.
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7.81% at the end of the program (p < 0.0001) [34]. Systolic BP (principal criterion)
also declined significantly: 130.7 mmHg at baseline vs. 122.9 mmHg at the end

(p = 0.0001). Low-density lipoprotein content decreased significantly: 103.9 mg/dL
at baseline vs. 93.7 mg/dL at the end (p = 0.0263). Knowledge of diabetes and arte-
rial hypertension increased significantly (p < 0.001 for both). Patient engagement
and medication adherence also improved, but not significantly. Per questionnaires
at study end, patients felt the telemonitoring program was useful.

3.3 Randomized trial on home telemonitoring for the management of metabolic
and cardiovascular risk in patients with type 2 diabetes

This study evaluated whether a home telehealth (HT) system can improve meta-
bolic control and overall cardiovascular risk in individuals with type 2 diabetes,
compared with usual practice [35]. This study was a randomized, parallel-group,
open-label, multicenter study conducted in general practice (29 general practitio-
ners) including 302 patients, with a follow-up of 12 months. The HT system (for the
telemedicine group of diabetic patients, n = 153) offers to the patient the possibility
to monitor body weight, BG values, and BP values, associated with remote edu-
cational support and feedback to the general practitioner [35]. The use of the HT
system was associated with a statistically significant reduction in HbA1lc levels
(principal criterion) compared with the control group: estimated mean difference
0f 0.33 + 0.1 (p = 0.001) [35]. No difference was documented for body weight, BP,
and lipid profile (all principal criteria). The proportion of patients reaching the
target of HbAlc (HbA1lc < 7.0%) was higher in the HT group than in the control
group after 6 months, 33.0 vs. 18.7% (p = 0.009), and 12 months, 28.1 vs. 18.5%

(p = 0.07). As for quality of life (evaluated with the 36-item short-form health
survey), significant differences in favor of the HT group were detected as for physi-
cal functioning (p = 0.01) and mental health (p = 0.005). On an economic level, a
lower number of specialist visits was reported in the telemedicine group: incidence
rate ratio of 0.72 (95% confidence interval, 0.51-1.01; p = 0.06).

3.4 Study assessed the utility and cost-effectiveness of an automated Diabetes
Remote Monitoring and Management System (DRMS)

This study assessed the utility and cost-effectiveness of an automated Diabetes
Remote Monitoring and Management System (DRMS) in glycemic control versus usual
care [36]. In this randomized, controlled study, patients with uncontrolled diabetes on
insulin were randomized to use the DRMS or usual care. Participants in both groups
were followed up for 6 months and had three clinic visits during the study period
(at 0, 3, and 6 months [35]). The DRMS used text messages or phone calls to remind
patients to test their BG and to report results via an automated system, with no human
interaction unless a patient had severely high or low BG. The DRMS made adjustments
to insulin dose(s) based on validated algorithms. Participants reported medication
adherence through the Morisky Medication Adherence Scale-8, and diabetes-specific
quality of life through the diabetes daily quality-of-life questionnaire. A cost-effective-
ness analysis was conducted based on the estimated overall costs of DRMS and usual
care. A total of 98 diabetic patients (60% of female) treated with insulin therapy were
enrolled [36]. The mean age of the patients was 59 years. At the end, 87 patients (89%)
have completed the follow-up. HbAlc was similar between the DRMS and control
groups at 3 months, 760 vs. 8.10%, and at 6 months, 8.10 vs. 790% (p = ns) (principal
criterion) [42]. Changes from baseline to 6 months were not statistically significant for
self-reported medication adherence and diabetes-specific quality of life, except for the
Daily Quality of Life-Social/ Vocational Concerns subscale score (p = 0.04).
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3.5 The Telescot Diabetes Pragmatic Multicenter Randomized Controlled Trial

The Telescot Diabetes is a randomized, parallel, investigator-blind controlled
trial with centralized randomization in family practices in four regions of the
United Kingdom [37]. This study included 321 patients with relatively well-
controlled type 2 diabetes, with an HbAlc > 7.46%. In Telescot Diabetes, 160
people were randomized to the intervention group and 161 to the usual care group
[37]. The supported telemonitoring intervention involved self-measurement and
transmission to a secure Website of twice-weekly morning and evening glucose for
review by family practice clinicians who were not blinded to allocation group. The
control group received usual care, with at least annual review and more frequent
reviews for people with poor glycemic or BP control. HbAlc assessed at ninth month
was the primary outcome. The mean (SD) HbAlc at follow-up was 7.92% in the
intervention group vs. 8.36% in the usual care group [37]. For primary analysis,
adjusted mean HbAlc was 0.51% lower (95% CI 0.22% to 0.81%, (principal crite-
rion) (p = 0.0007)). For secondary analyses, adjusted mean ambulatory systolic BP
was 3.06 mmHg lower (95% CI 0.56-5.56 mmHg, p = 0.017) and mean ambulatory
diastolic BP was 2.17 mmHg lower (95% CI 0.62-3.72, p = 0.006) among people
in the intervention group when compared with usual care after adjustment. No
significant differences were identified between groups in weight, treatment pat-
tern, adherence to medication, or quality of life in secondary analyses. During the
study, the number of telephone calls was greater between nurses and patients in the
intervention compared with control group: rate ratio of 7.50 (95% CI 4.45-12.65,

p < 0.0001), but no other significant differences between groups in the use of
health services were identified between groups.

3.6 Educ@dom

Educ@dom is a multicenter, randomized, controlled, prospective study [38].
The primary objective of this study is to compare the efficacy of telemonitoring to
standard monitoring in terms of changes in HbA1lc after a 1-year follow-up period.
The secondary objectives are clinical (changes in knowledge, physical activity,
weight, etc.) and medical-economic. The Educ@dom study included 282 patients,
141 patients in each arm [38]. For patients in the intervention group, the device will
be given to them for 1 year and then withdrawn during the second year of follow-
up. The anticipated benefits of this research are an improvement in BG manage-
ment in patients with type 2 diabetes by improving their lifestyle while rationalizing
recourse to consultations in order to reduce the incidence of complications and cost
in the long term. The results of this study are expected in 2019-2020.

4. New-generation projects and studies in diabetes

Over the last 5 years, new-generation telemedicine projects and studies have
emerged in the setting of chronic diseases setting, especially in the setting of
chronic heart failure, chronic obstructive pulmonary diseases, and type 1 and type
2 diabetes [29, 39-42]. They support transmission and remote interpretation of
patients’ data for follow-up and preventive interventions. These projects and
studies have for main objectives to evaluate the use of technology to implement
medical and cost-effective healthcare management on a large scale for diabetes
management. Using PubMed database and Google Scholar, we have identified three
of such projects and studies in the field of diabetes management: Telemonitoring
and Health Counseling for Self-Management Support from Lindberg et al.,
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TELESAGE, and DIABETe [39-42]. All these projects include elderly diabetic
patients. Of note for the first time, one the telemedicine projects developed for
chronic diseases management, the TIM-HF2 study [43], has recently demonstrated
the usefulness of telemedicine in chronic heart failure, with statistical significance,
in a prospective randomized study (the gold standard of evidence-based medicine
[EBM]).

Between August 13, 2013, and May 12, 2017, 1571 patients (mean age of 70 years)
were included in the TIM-HF?2 study and randomly assigned to remote patient
management (n = 796) or standard care (n = 775) [43]. At baseline, all patients
exhibited a left ventricular ejection fraction of <45% and NYHA II or III while
receiving treatment with diuretics. In TIM-HF2 study, the percentage of days lost
due to unplanned cardiovascular hospital admissions and all-cause death was 4.88%
(95% CI 4.55-5.23) in the remote patient management group vs. 6.64% (6.19-7.13)
in the standard care group (ratio 0.80, 95% CI: 0.65-1) (p = 0.0460). The all-cause
death rate was 7.86 (95% CI: 6.14-10.10) per 100 person-years of follow-up in the
remote patient management group vs. 11.34 (95% CI: 9.21-13.95) per 100 person-
years of follow-up in the standard care group (hazard ratio [HR] 0.70, 95% CI:
0.5-0.96) (p = 0.0280) (Figure 3). Cardiovascular mortality did not significantly
differ between both groups (HR 0.671, 95% CI: 0.45-1.01; p = 0.056).

The TIM-HF?2 study utilized a noninvasive, multiparameter telemonitor-
ing system installed in the patient’s home, comprising a three-channel ECG,
BP-monitoring device, and weighing scales, by means of which the information
was transferred remotely [43]. Patients received a mobile phone in order to contact
the telemedical center in case of emergency. Patients were likewise followed via
monthly phone interviews. For this TIM-HF?2 care strategy, the key component
was a well-structured telemedical center with physicians and HF nurses (center of
coordination), available 24 hours a day and every day a week, able to act promptly
according to the individual patient risk profile. The actions taken by the telemedical
center staff included changes in medication and admission to hospital, as needed, in
addition to educational activities.

In this setting, we believe that, thanks to technological innovations in connected
health-monitoring devices, the telemonitoring of type 2 diabetic patients using
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Figure 3.
TIM-HF2 trial. Rate of cumulative events in patients randomly assigned to remote patient management
(n = 796) or usual care (n = 775) (adapted from [43]).
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therapeutic educational tools is likely to help them adapt to their treatment and
lifestyle habits and therefore improve BG management [29].

These new-generation telemedicine projects in diabetes (Telemonitoring and
Health Counseling for Self-Management Support from Lindberg et al., TELESAGE,
DIABETe) [39-42] are often known as telemedicine 2.0 projects, given that they all
utilize new information and communication technologies (ICT) and the Web (tools
for the e-Health 2.0) (as defined in Table 1) [44].

Most projects and studies rely on the standard connected tools for monitoring
type 1 and type 2 diabetes, such as glucose meters, BP, heart rate monitors,
weighing scales, and pulse oximeters, which relay the collected information via
Bluetooth, 3G, or 4G [29, 39-42]. Several projects also include continuous glyce-
mic monitoring solution and often a video-call [29, 30]. Several of these telemedi-
cine projects use machine learning, also called artificial intelligence (Al), in order
to be able to:

* Adjust the BG level to the patient’s activity (software Diabeo™ [see below])
[40, 41].

* Predict patient risks of diabetes decompensation [42, 45]. In this later situation,
the cloud-based software aggregates, cleans, and analyzes patient data to allow
for identifying patterns that may indicate potential risks and provide predictive
insights on healthcare outcomes, as the software MyPredi™ (see below) [29, 42].

In the setting of chronic diseases, as in chronic heart disease or in diabetes,
several informatics solutions or tools have been developed and used, such as
artificial neural network (ANN) algorithms, data mining software, and ontology
[45, 46]. In this context of Al three clinical datasets are of particular interest: (1)
patients’ phenotype; (2) patients’ electronic medical records containing physicians’
notes, laboratory test results, as well as other information on diseases, treatments,
and epidemiology that may be of interest for association studies and predictive
modeling on prognosis and drug responses; and (3) literature knowledge including
rules on diabetes management [46].

Besides these tools, it must be emphasized that diabetes telemonitoring may use,
as for CHF telemonitoring, implantable invasive devices that send either sporadi-
cally or continuously data to the receiving physician (automatic telemonitoring)
(outside the scope of this paper) [30]. In management of diabetes, implantable
telemonitoring devices for multiparameters including mainly BG-insulin levels
monitoring have recently proven to be an effective approach.

4.1 Telemonitoring and Health Counseling for Self-Management Support of
Patients with Type 2 Diabetes

The objective of this study (Telemonitoring and Health Counseling for Self-
Management Support) was to investigate whether the introduction of a health
technology-supported self-management program involving telemonitoring and
health counseling had beneficial effects on HbAlc, other clinical variables (weight,
body mass index, BP, blood lipid profile), and health-related quality of life (HRQoL),
as measured using the short-form health survey (SF-36) version 2 in patients with
type 2 diabetes [39]. This was a pragmatic randomized controlled trial of patients
with type 2 diabetes. Both the control (n = 79) and intervention groups (n = 87)
received usual care [39]. The intervention group also participated in additional health
promotion activities with the use of the Prescribed Healthcare Web application
for self-monitoring of BG and BP. About every second month or when needed, the
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general practitioner or the DM nurse reviewed the results and the healthcare activity
plan. Analyses of the data showed that there were no significant differences between
the groups in the primary outcome HbA1lc level (p = 0.33) and in the secondary
outcome HRQoL as measured using SF-36 [39]. A total of 80% of the patients in the
intervention group at the baseline and 98% of the responders after 19-month inter-
vention were familiar with using a personal computer (p = 0.001). After 19 months,
no responders reported significantly poorer mental health in social functioning and
role emotional subscales on the SF-36 (p = 0.03 and p = 0.01, respectively).

4.2 TELESAGE study

TELESAGE (Suivi A Grande Echelle d'une population de diabétiques de type 1 et de
type 2 sous schéma insulinique basal bolus par la TELEmédecine [large-scale follow-up of
a population of type 1 and type 2 diabetics under basal insulin regimen bolus by tele-
medicine]) is a 6-month open-label parallel-group, multicenter study, including adult
patients (n = 180) with type 1 diabetes (>1 year), on a basal-bolus insulin regimen
(> 6 months), with HbAlc > 8%, conducted in approximately 100 centers in France
[40, 41]. These type 1 diabetic patients were randomized to usual quarterly follow-up
(G1), home use of a smartphone recommending insulin doses (Diabeo™ software)
with quarterly visits (G2), or the use of the smartphone with short teleconsultations
every 2 weeks but no visit until point end (G3) [40, 41]. The primary objective of
TELESAGE will be to investigate the effect of the Diabeo™ telemedicine system
versus usual follow-up, with respect to improvements in the HbA1lc levels (princi-
pal criterion) of diabetic patients with poorly controlled basal-bolus insulin levels
(n = 696). The study will compare a control group (group 1 [G1], usual follow-up)
with two Diabeo™ telemedicine systems: (1) physician-assisted telemedicine (group 2
[G2]) and (2) nurse-assisted telemonitoring and teleconsultations by a diabetolo-
gist’s task delegation (group 3 [G3]). At 6 months, the mean HbA1lc level is as follows:
8.41 + 1.04% in G3 vs. 8.63 + 1.07% in G2 vs. 9.10 + 1.16% in G1 (p = 0.0019 for G1-G3
comparison) (Figure 4) [40, 41]. The Diabeo™ system gave a 0.91% (0.60-1.21)
improvement in HbAlc over controls and a 0.67% (0.35-0.99) reduction when used
without teleconsultation. There was no difference in the frequency of hypoglycemic
episodes or in medical time spent for hospital or telephone consultations. However,
patients in G1 and G2 spent nearly 5 h more than G3 patients attending hospital visits.

4.3 DIABETe project

The DIABETe project is scheduled to experiment a telemonitoring solution for
at-home monitoring of type 1 and type 2 diabetic patients [29, 42]. The DIABETe
telemonitoring project, conducted in Strasbourg (France), falls under the “tele-
medicine 2.0” category (as described above) [29, 44]. It has been developed and
designed to optimize home monitoring of diabetic patients by detecting, via a
telemonitoring 2.0 platform, situations with a risk of decompensation of diabetes
and its complications (e.g., MI or CHF), the latter ultimately leading to hospitaliza-
tion [29, 42]. The Al of the DIABETe platform (MyPredi™) automatically generates
indicators of health status deterioration, i.e., warning alerts for any chronic disease
worsening, particularly diabetes, its macrovascular complications, and cardiovascu-
lar comorbidities (e.g., arterial hypertension, chronic heart failure). For the patient,
these situations may lead to hospitalization if not treated appropriately. To our
knowledge, this is one of the first projects that use Al in addition to ICT. The plat-
form comprises connected nonintrusive medical sensors (Figure 5), a touchscreen
tablet connected by Wi-Fi, and a router or 3G/4G, rendering it possible to interact
with the patient and provide education on treatment, diet, and lifestyle [29, 42].
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Efficacy of the software Diabeo™ (adapted from [40]).
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The system (Figure 6) involves a server that hosts the patient’s data and a secure
Internet portal to which the patient and hospital- and nonhospital-based healthcare
professionals can connect (Figure 7) [29, 42].

DIABETe is based on a smart system comprising an inference engine and a medical
ontology for personalized synchronous or asynchronous analysis of data specific to each
patient and, if necessary, the sending of an Al-generated alert (MyPredi™) [29, 42].

DIABETe is run by a group bringing together the Strasbourg University Hospital
(Hopitaux Universitaives de Strasbourg), East Regional Health Agency (Agence

73



Geriatric Medicine and Gerontology

- -
A g

Figure 6.
DIABETEe platform.
=) Cuain Mesares D) DR TR B | | Mesures
Friupence cardisgus SE e
2 n
® - s
Er—r -; ||| B2g =
t ¥ .
soomaln  be mady  mm ale  wm ksl LM L mes RS P tam B ", 3 1]
4 e et 8 || B MR
Y b g b i i e i
n me
] Pokds n -
- — 9N w
s o
wi
[ —— T ———— .'
B g
-
B cs o o dele  bhoamle G0 ket e asde Bast b Bam Bt e e o
- pr——
s S - —
‘ e B
| - — Praviian arvirislle
- — e e i
9 Visio-conférence é
e pporapesg I+ md
T P S—" §13 - :
Figure 7.

DIABETe’s Internet portal.

Régionale de Santé du Grand Est), Bas-Rhin branch of France’s National Health
Insurance (Caisse Primaire d’Assurance du Bas-Rhin), and Predimed Technology
start-up [29, 42]. This project is likely allowing an in-depth study to be carried out
designed to improve diagnosis by machine learning and detect abnormalities in
diabetic patients at an early time point.

The telemonitoring platform used in DIABETe was first validated in a mono-
centric study conducted in the Strasbourg University Hospital, carried out as part
of the E-Care project, primarily focused on the problem of CHF [47, 48]. Between
February 2014 and April 2015, 175 elderly patients (mean age of 72 years) were
included into the E-care project; 30% of these patients suffered from type 2 dia-
betes. During this period, the telemonitoring platform was used on a daily basis by
patients and healthcare professionals, according to a defined protocol of use specific
to each patient. During the study, 1500 measurements were taken, generating 700
alerts in 68 patients. One hundred seven subjects (61.1%) had no alerts upon follow-
up. Analysis of the warning alerts in the 68 other patients showed that MyPredi™
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detected any worsening of the “patient’s health,” with a sensitivity, specificity, as
well as positive and negative predictive values of 100, 30, 89, and 100%, respec-
tively. In this experimentation, both the healthcare professionals and patients, even
the frailest, used the E-care system without difficulty until the end of the study.

The patients included in the DIABETe project were real-life type 1 and type 2
diabetic patients (n = 100) with (i) a “very high cardiovascular risk,” when pre-
senting a personal history of myocardial infarction or stroke, limb amputation, or
cardiomyopathy and (ii) an “intensive” insulin therapy, with at least three injections
per day or pump administration while offering them a personalized follow-up and
education about their illness and its management [29, 42]. To date, several patients
have been included. The results of this project are expected in late 2019-early 2020.

The DIABETe project is based on an intelligent platform that likely assists
healthcare professionals by automatically processing the information obtained
from nonintrusive medical sensors (BG meter, BP monitor, actimeter, connected
scale, etc.) as well as the subjective information provided by the patient himself
(questionnaires) and his/her behavior (compliance), enabling it to detect and
report, at an early time, these situations at risk of hospitalization [29, 42]. Patient-
and situation-adapted therapeutic education tools will be made available to the
individual, and communication with the subject will likely occur via a touch pad.
Alerts indicating a deterioration of the patient’s condition will be generated by Al
(new software version of MyPredi™ adapted for the management of diabetes) and
transmitted to the health professionals in charge of the patient. The healthcare pro-
fessional can thus anticipate the decompensation and initiate appropriate measures
outside the emergency setting. An intermediate analysis is planned after the first 30
patients, possibly to set up a coordination cell with a nurse, as part of a delegation
of tasks, as in TIM-HF2 [43]. Medical data can likewise be shared among health
professionals, being part of a city-hospital network. Ultimately, an improvement in
the patients’ quality of life is to be expected.

DIABETe does not compete with Diabeo™ or other expert systems aimed at
optimizing the glycemic balance, which is per se the main objective of diabetes
management [41]. The DIABETe project focuses on the “global” management of
diabetic patients through the detection of situations at risk of hospitalization:
infection, cardiac decompensation, diabetic foot, as well as hypoglycemia and
hyperglycemia episodes, potentially leading to hospitalizations [29, 42]. Regarding
the remote monitoring platform used in DIABETe, an integration of or interfacing
with expert systems such as Diabeo™ [41, 42] appears possible.

5. Perspectives regarding new developments in telemedicine

In the future, telemedicine projects will have to address some of today’s medical
issues (challenge for “tomorrow telemedicine”) [29, 30]. Thus, the new solutions
of telemedicine have to take into account the coexistence in the same individual of
numerous chronic pathologies (e.g., diabetes, CHF, chronic obstructive pulmonary
disease, chronic renal failure, etc.) and comorbidities (high BP, dyslipidemia, etc.).
They have to offer complete and “global” management, including both social and
medical dimensions. They have to resolve the specificities of elderly patients: no
appetite for new technologies and new uses and their main problems (e.g., falls,
malnutrition, mild cognitive impairment, etc.).

In this setting, the new developments in telemedicine are also to resolve the
multiplicity of health professionals working with the same patient and the multi-
plicity of medical organizations (e.g., with or without human resources, telemedi-
cal center, etc.) [29, 30]. Today, the logistical obstacles to the implementation of
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Overall mortality Therapeutic education
Specific mortality of the considered chronic disease Hygiene-dietary and therapeutic compliance
Number of hospitalization for the considered chronic Optimization of food and sports hygiene
disease Patient self-management
Number of re-hospitalization for the considered Optimization of the care pathway for the
chronic disease considered chronic disease
Number of hospitalization days Structuring of the care pathway for the considered
Health costs chronic disease
Management costs for the considered chronic disease City-hospital relations
Number of days off work Information sharing among health professionals
Quality of life System use by health professionals

Table 2.

Potential parameters to be evaluated in a telemedicine project for chronic disease management.

telehealth are significant, as many health systems are not yet designed to integrate
these technologies into existing information systems. It is therefore necessary to
plan now for an interfacing of computer systems and the integration of future
telemedicine solutions.

Considering the current problems of access to healthcare professionals, the
new telemedicine solutions must be able to structure the patients’ care pathways, a
major medical topic that should interest our governments and authorities [28, 29].
Likewise, the E-care and DIABETe projects provide a means for healthcare profes-
sionals to exchange with each other, thereby facilitating patient access to medical
resources. In this context, future research must also focus on the accessibility and
practicality of telemedicine interventions.

Importantly, reimbursement remains a major concern and a barrier (“glass
ceiling”). In fact, the healthcare delivered by telehealth is not covered by traditional
fee-for-service payment models (e.g., in France, where all diabetic patients benefit
from an integral treatment of their health expenses) [29]. The growth of value-based
payment models may, however, provide incentives to implement telehealth as a strategy
to provide high-quality, cost-effective, and coordinated care [29]. At country levels,
variations in practice laws, restrictions on how telehealth can be delivered, and which
patients should receive these services limit telemedicine’s applicability as well [30].

Thus, to document the efficacy on the new telemedicine solutions, the future
studies should integrate others objectives like potential targets to meet the needs
and requirements of our societies, as listed in Table 2.

6. Conclusions

This review supports the efficacy of telemonitoring type 1 and type 2 diabetic
patients. Several studies on diabetes telemonitoring, using diverse technologies,
and transmitting different clinical, medical, and behavioral data were found.
Significant impacts were observed, namely, at the behavioral, clinical, and struc-
tural levels. Minimal technical problems and cost-effectiveness analyses were
reported. Four studies are dedicated specifically to elderly diabetic patients (all
including <80-year-old patients).

Close management of diabetic patients, even elderly patients, through telemoni-
toring, showed the following: improvements in control of BG level and significant
reduction in HbA1lc, better appropriation of the disease by patients, greater
adherence to therapeutic and hygiene-dietary measures, positive impact on comor-
bidities (arterial hypertension, weight, dyslipidemia), better patient’s quality of life,

76



State of Art of Telemonitoring in Patients with Diabetes Mellitus, with a Focus on Elderly Patients
DOI: http://dx.doi.org/10.5772/intechopen.83384

and, at least, good receptiveness by patients and patient empowerment. Moreover,
a cost-effectiveness analysis found a potential in medical economy. To date, the
magnitude of its effects remains debatable, especially with the variation in patients’
characteristics (e.g., background, ability for self-management, medical condition),
sample selection, and approach for treatment of control groups.

To date, relatively few projects and trials in diabetic patients have been run
within the “telemedicine 2.0” setting, using Al, ICT, and the Web 2.0. All these
projects include real-life elderly diabetic patients. In this setting, it is the case of the
project DIABETe. This project, as other projects listed in this review, is perfectly
compatible with the care pathways being developed in chronic diseases by the
authorities of industrialized countries, such as diabetes, chronic heart failure, and
chronic obstructive pulmonary disease.

Further investigation of telemonitoring efficacy and cost-effectiveness over
longer periods of time and larger samples is needed. Assessment of the attitude
of providers is also important considering their heavy workload and issues of
reimbursement.

Funding
Grants from the Fondation de I’Avenir, the Agence Régionale de Santé du Grand-
Est (ARS) and the Agence Nationale de la Recherche (ANR).

Consent and Ethical approval

Not applicable.

Competing interest

M. Hajjam is the scientific director of Predimed Technology (www.predimed-
technology.fr). All other authors have declared that no competing interests exist.
Ethical approval

Not applicable.

Guarantor

EA.

Contributorship

EA, LM and MH designed the paper and conducted the literature searches. EA,
LM, AAZ, and MH drafted the results and parts of the discussion. ST, JD, JH, NJ,
and AEHH provided critical analysis, revised the whole manuscript, and approved
the final version for publication. EA is responsible for all revisions and remains in
contact with the rest of the review team regarding status reports.

77



Geriatric Medicine and Gerontology

Author details
Emmanuel Andrés", Laurent Meyetj, Abrar-Ahmad Zulfiqar“,
Mohamed Hajjam®, Samy Talha®, Sylvie Ervé’, Jawad Hajjam’, Nathalie Jeandidier’

and Amir Hajjam El Hassani®

1 Service de Médecine Interne, Diabéte et Maladies Métaboliques de la Clinique
Médicale B, Hopitaux Universitaires de Strasbourg, Strasbourg, France

2 Equipe de recherche EA 3072 “Mitochondrie, Stress oxydant et Protection
musculaire”, Faculté de Médecine de Strasbourg, Université de Strasbourg

(Unistra), Strasbourg, France

3 Service d’Endocrinologie et de Diabétologie de la Clinique Médicale B, Hbpitaux
Universitaires de Strasbourg, Strasbourg, France

4 Service de Médecine Interne, Gériatrie et Thérapeutique, CHU de Rouen, France
5 Predimed Technology, Strasbourg, France

6 Service de Physiologie et d’Explorations Fonctionnelles, Hopitaux Universitaires
de Strasbourg, Strasbourg, France

7 Centre dexpertise des Technologies de 'Information et de la Communication
pour l'autonomie (CENTICH) et Mutualité Frangaise Anjou-Mayenne (MFAM),
Angers, France

8 Equipe de recherche EA 4662 “Nanomédecine, Imagerie, Thérapeutiques”,
Université de Technologie de Belfort-Montbéliard (UTBM), Belfort-Montbéliard,

France

*Address all correspondence to: emmanuel.andres@chru-strasbourg.fr

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

78



State of Art of Telemonitoring in Patients with Diabetes Mellitus, with a Focus on Elderly Patients

DOI: http://dx.doi.org/10.5772/intechopen.83384

References

[1] Haw JS, Galaviz KI, Straus AN,

et al. Long-term sustainability of
diabetes prevention approaches: A
systematic review and meta-analysis
of randomized clinical trials. JAMA
Internal Medicine. 2017;177:1808-1817

[2] Nathan DM. Diabetes: Advances
in diagnosis and treatment. JAMA.
2015;314:1052-1062

[3] Ostling Wyckoff J, Ciarkowski

SL, et al. The relationship between
diabetes mellitus and 30-day
readmission rates. Clinical Diabetes and
Endocrinology. 2017;3:3. DOI: 10.1186/
s40842-016-0040-x

[4] Sinclair A, Dunning T, Rodriguez-
Maiias L. Diabetes in older people: New
insights and remaining challenges. The
Lancet Diabetes and Endocrinology.
2015;3:275-285

[5] Ismail-Beigi F. Clinical practice.
Glycemic management of type 2
diabetes mellitus. The New England
Journal of Medicine. 2012;366:1319-1327

(6] Billiard A, Rohmer V, Roques MA,
et al. Telematic transmission of
computerized blood glucose profiles
for IDDM patients. Diabetes Care.
1991;14:130-134

[7] Marrero DG, Vandagriff JL, Kronz
K, et al. Using telecommunication
technology to manage children with
diabetes: The Computer-Linked
Outpatient Clinic (CLOC) study. The
Diabetes Educator. 1995;21:313-319

(8] Ahring KK, Ahring JP, Joyce C, et al.
Telephone modem access improves
diabetes control in those with insulin-
requiring diabetes. Diabetes Care.
1992;15:971-975

[9] Liesenfeld B, Renner R, Neese
M, et al. Telemedical care reduces

hypoglycemias and improves glycemic

79

control in children and adolescents with
type 1 diabetes. Diabetes Technology &
Therapeutics. 2000;2:561-567

[10] Bellazzi R, Larizza C, Montani
S, et al. A telemedicine support

for diabetes management: The
T-IDDM project. Computer Methods
and Programs in Biomedicine.
2002;69:147-161

[11] Biermann E, Dietrich W, Rihl J,

et al. Is there time and cost savings by
using telemanagement for patients

on intensified insulin therapy? A
randomized, controlled trial. Computer

Methods and Programs in Biomedicine.
2002;69:137-146

[12] Welch G, Sokolove M, Mullin C,

et al. Use of modem equipped blood
glucose meter augmented with biweekly
educator telephone support lowers
HbA1lc in type 1 diabetes. Diabetes.
2003;52(Suppl 1):A100

[13] Chase HP, Roberts MD, Pearson
JA, et al. Modem transmission of
glucose values reduces the costs and

need for clinic visits. Diabetes Care.
2003;26:1475-1479

[14] Montori VM, Helgemoe PK, Guyatt
GH, et al. Telecare for patients with
type 1 diabetes and inadequate glycemic
control: A randomized controlled trial
and meta-analysis. Diabetes Care.
2004;27:1088-1094

[15] Vahatalo MA, Virtamo HE, Viikari
JS, et al. Cellular phone transferred self-
blood glucose monitoring: Prerequisites
for positive outcome. Practical Diabetes
International. 2004;21:192-194

[16] Bergenstal RM, Anderson RL, Bina
DM, et al. Impact of modem-transferred
blood glucose data on clinician work
efficiency and patient glycemic control.
Diabetes Technology & Therapeutics.
2005;7:241-247



Geriatric Medicine and Gerontology

[17] McMahon GT, Hu TMJ, Gomes HE,
et al. Web-based care management in
poorly controlled diabetes. Diabetes
Care. 2005;28:1624-1629

(18] Farmer AJ, Hayton PM, Gibson O],
et al. A randomized controlled trial

of the effect of real-time telemedicine
support on glycemic control in young
adults with type 1 diabetes. Diabetes
Care. 2005;28:2697-2702

[19] Cho JH, Song KH, Chang SA, et al.
Long-term effect of the Internet-based
glucose monitoring system on HbAlc

reduction and glucose stability. Diabetes
Care. 2006;29:2625-2631

[20] Gay CL, Chapuis F, Bendelac

N, et al. Reinforced follow-up for
children and adolescents with type

1 diabetes and inadequate glycemic
control: A randomized controlled trial
intervention via the local pharmacist
and telecare. Diabetes & Metabolism.
2006;32:159-165

[21] Shea S, Weinstock RS, Starren J,
et al. A randomized trial comparing
telemedicine case management with
usual care in older, ethnically diverse,
medically underserved patients

with diabetes mellitus. Journal of

the American Medical Informatics
Association. 2006;13:40-51

[22] Benhamou PY, Melki V, Boizel R,
et al. One-year efficacy and safety of
web-based follow-up using cellular
phone in type 1 diabetic patients under
insulin pump therapy: The PumpNet
study. Diabetes & Metabolism.
2007;33:220-226

[23] Cadario F, Binotti M, Brustia M,
et al. Telecare for teenagers with type
1 diabetes: A trial. Minerva Pediatrica.
2007;59:299-305

[24] Quinn CC, Clough SS, Minor

JM, et al. WellDoc mobile diabetes
management randomized controlled
trial: Change in clinical and behavioral

80

outcomes and patient and physician
satisfaction. Diabetes Technology &
Therapeutics. 2008;10:160-168

[25] McCarrier KP, Ralston JD, Hirsch
IB, et al. Web-based collaborative care
for type 1 diabetes: A pilot randomized
trial. Diabetes Technology &
Therapeutics. 2009;11:211-217

[26] Ralston JD, Hirsch IB, Hoath J, et al.
Web-based collaborative care for type

2 diabetes: A pilot randomized trial.
Diabetes Care. 2009;32:234-239

[27] Shea S, Weinstock RS, Teresi JA,

et al. A randomized trial comparing
telemedicine care management with
usual care in older, ethnically diverse,
medically underserved patients with
diabetes mellitus: 5 year results of the
IDEATel study. Journal of the American
Medical Informatics Association.
2009;16:446-456

[28] https://www.legifrance.gouv.fr/eli/
arrete/2017/4/25/AFSH1711560A/jo/
texte/fr [November 2018]

[29] Andrés E, Hajjam M, Talha S,

et al. Télémédecine dans le domaine de
linsuffisance cardiaque. Etat des lieux
et focus sur le projet de télémédecine 2.0
E-care. Perspectives dans le domaine de
la diabétologie. Médecine des Maladies
Métaboliques. 2018;12:224-231

[30] Puricel SG, Ruiz]. Le diabéte et
lIere de la télémédecine. Revue Médicale
Suisse. 2014;10:1246-1248

[31] Ponikowski P, Voors AA, Anker
SD, et al. 2016 ESC Guidelines for the
diagnosis and treatment of acute and
chronic heart failure: The Task Force
for the diagnosis and treatment of
acute and chronic heart failure of the
European Society of Cardiology (ESC)
Developed with the special contribution
of the Heart Failure Association (HFA)
of the ESC. European Heart Journal.
2016;37:2129-2200



State of Art of Telemonitoring in Patients with Diabetes Mellitus, with a Focus on Elderly Patients

DOI: http://dx.doi.org/10.5772/intechopen.83384

[32] Stone R, Rao H, Sevick M, et al.
Active care management supported by
home telemonitoring in Veterans with
type 2 diabetes: The DiaTel randomized
controlled trial. Diabetes Care.
2009;33:478-484

[33] Stone R, Sevick M, Rao H, et al.

The diabetes telemonitoring study
extension: An exploratory randomized
comparison of alternative interventions
to maintain glycemic control after
withdrawal of diabetes home
telemonitoring. Journal of the American
Medical Informatics Association.
2012;19:973-979

[34] Shane-McWhorter LL, Petersen
M, et al. The Utah remote monitoring
project: Improving health care one
patient at a time. Diabetes Technology
& Therapeutics. 2014;16:653-660

[35] Nicolucci A, Cercone S, Chiriatti A,
Muscas F, Gensini G, on behalf of the
REMOTE Study Group. A randomized
trial on home telemonitoring for

the management of metabolic and
cardiovascular risk in patients with
type 2. Diabetes Diabetes Technology &
Therapeutics. 2015;17:8-13

[36] Katalenich B, Shi L, Liu S, et al.
Evaluation of a remote monitoring
system for diabetes control. Clinical
Therapeutics. 2015;37:1216-1225

[37] Wild SH, Hanley J, Lewis SC,

et al. Supported telemonitoring and
glycemic control in people with type
2 diabetes: The telescot diabetes
pragmatic multicenter randomized
controlled trial. PLoS Medicine.
20161;e1002098:13

[38] Turnin MC, Schirr-Bonnans

S, Martini J, et al. Educ@

dom: Comparative study of the
telemonitoring of patients with type 2
diabetes versus standard monitoring-
study protocol for a randomized
controlled study. Diabetology and
Metabolic Syndrome. 2017;9:52

81

[39] Lindberg I, Torbjernsen A,
Soderberg S, Ribu L. Telemonitoring and
health counseling for self-management
support of patients with type 2 diabetes:
A randomized controlled trial. JMIR
Diabetes. 2017;2:e10

[40] Charpentier G, Benhamou PY,
Dardari D, et al. The Diabeo software
enabling individualized insulin

dose adjustments combined with
telemedicine support improves HbAlc
in poorly controlled type 1 diabetic
patients: A 6-month, randomized,
open-label, parallel-group, multicenter
trial (TeleDiab 1 Study). Diabetes Care.
2011;34:533-539

[41] Jeandidier N, Chaillous L, Franc

S, et al. DIABEO app software and
telemedicine versus usual follow-up

in the treatment of diabetic patients:
Protocol for the TELESAGE randomized
controlled trial. JMIR Research Protocols.
2018;7:¢66. DOI: 10.2196/resprot.9154

[42] Andrés E, Talha S, Jeandidier

N, Meyer L, Hajjam M, Hajjam A.
Telemedicine in chronic diseases: The
time of maturity with telemedicine 2.0 in
the setting of chronic heart failure and
diabetes mellitus! Current Research in
Diabetes & Obesity Journal. 2018;6:1-4

[43] Koehler F, Koehler K, Deckwart

O, Prescher S, Wegscheider K, Kirwan
BA, et al. Efficacy of telemedical
interventional management in patients
with heart failure (TIM-HF2): A
randomised, controlled, parallel-
group, unmasked trial. Lancet.
2018;392:1047-1057

[44] Van De Belt TH, Engelen L, Berben
S, Schoonhoven L. Definition of health
2.0 and medicine 2.0: A systematic
review. Journal of Medical Internet
Research. 2010;12:¢18

[45] Benyahia A, Hajjam A, AndresE,
Hajjam M, Hilaire V. Including other
system in E-Care telemonitoring



Geriatric Medicine and Gerontology

platform. Studies in Health Technology
and Informatics. 2013;190:115-117

[46] Rjeily CB, Badr G, El Hassani
AH, Andrés E. Medical data mining
for heart diseases and the future of
sequential mining. Machine Learning

Paradigms: Advances in Data Analytics.
2018;149:71-99

[47] Andrés E, Talha S, Hajjam M,
Hajjam J, Ervé S, Hajjam A.
Experimentation of 2.0 telemedicine
in elderly patients with chronic heart
failure: A study prospective in 175
patients. European Journal of Internal
Medicine. 2018;51:e11-e12

(48] Andres E, Talha S, Benyahia AA,

et al. e-Health: A promising solution

for the optimized management of
chronic diseases. Example of a national
e-Health project E-care based on a
e-plateform in the context of chronic
heart failure. European Research in
Telemedicine/La Recherche Européenne
en Télémédecine. 2015;4:87-94

82



Chapter 6

Future Treatment of Alzheimer
Disease

Ahmet Onur Keskin, Nazli Durmaz, Giilgiin Uncu,
Ebru Evzurumluoglu, Zerrin Yildirim, Nese Tuncer
and Demet Ozbabalik Adapinar

Abstract

Alzheimer’s disease is an age-related progressive neurodegenerative disorder.
The two major neuropathologic hallmarks of Alzheimer’s disease (AD) are extracel-
lular Amyloid beta (AB) plaques and intracellular neurofibrillary tangles (NFTs).

A number of additional pathogenic mechanisms, possibly overlapping with Ap
plaques and NFTs formation, have been described, including inflammation, oxida-
tive damage, iron dysregulation, cholesterol metabolism. To date, only symptomatic
treatments exist for this disease, all trying to counterbalance the neurotransmitter
disturbance. To block the progression of the disease they have to interfere with the
pathogenic steps responsible for the clinical symptoms, including the deposition of
extracellular amyloid p plaques and intracellular neurofibrillary tangle formation,
inflammation and stem cell. In this review, we discuss new potential disease-modi-
fying therapies for AD that are currently being studied in phase I-III trials.

Keywords: Alzheimer, secretase modulators, anti-amyloid agents, stem cell

1. Introduction

Alzheimer’s disease (AD) is an age-related progressive neurodegenerative
disorder characterized by progressive memory loss, cognitive impairment and func-
tional decline. AD is described as a multifactorial disease and several mechanisms
significant roles in disease pathogenesis. Through an improved understanding of
the molecular mechanisms underlying pathogenesis of AD, it is possible to develop
novel, effective therapeutic methods in order to prevent onset and progression of
AD. A better understanding of the molecular mechanisms underlying pathogenesis
of AD makes available to a basis for development of novel, effective therapeutic
strategies to prevent onset and progression of AD.

The formation of intracellular neurofibrillary tangles that are composed of
hyperphosphorylated tau proteins [1] and accumulation of extracellular amyloid
plaques are the fundamental neuropathological changes noticed in AD brain. Af
and tau are two key/important proteins, have a main function in the pathogenesis
of AD. Amyloid cascade hypothesis and tau hypothesis have been based on the
causative factors in AD pathogenesis. While one of these hypothesis proposes that
AD starts with the accumulation of Ap, the other one suggests that AD starts with
the accumulation of p-tau.
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Amyloid cascade hypothesis: in 1992 Hardy and Higgins constructed the amy-
loid-cascade hypothesis [2]. According to this hypothesis, formation of pathological
AB plaques, neurofibrillary tangles, synaptic loss, neurodegeneration and ulti-
mately dementia in AD are caused by a cascade harming synapses and neurons has
been triggered by Af and its aggregates. AP peptides are natural products of brain
metabolism. AD is associated with the disruption of the balance between produc-
tion and clearance of Ap. A accumulation in the brain induces oxidative stress and
inflammatory response thus leads to neurotoxicity which contributes to impairment
of cognitive functions. Several pathological events like excitotoxicity, synaptic and
mitochondrial dysfunction, loss of calcium homeostasis, endoplasmic reticulum
stress, oxidative stress and inflammation may occur as a result of Ap aggregates. In
spite of the role of Ap in AD, only amyloid-cascade hypothesis is not sufficient to
explain AD pathogenesis, because removal of Ap did not halt AD pathology [3].

Tau hypothesis: tau is an intracellular protein which is a member of microtubule-
associated proteins family. This protein family promotes microtubule assembly and
stabilization. Tau has neurotoxic effects when hyperphosphorylated due to loss of
its normal function. Hyperphosphorylated tau promotes the formation of paired
helical filaments which would eventually evolve into NFTs, dystrophic neurites,
and neuropil threads [4]. Abnormal hyperphosphorylation of tau is a component
of neurofibrillary tangles that is a key player of neurodegeneration and has been
isolated from AD brain in the 1990s [5].

Although both hypotheses suggest primal roles of Ap and tau protein in AD
pathogenesis, increasing evidence suggests that there may be a crosstalk between
two pathologies. However, the mechanisms linking A toxicity and tau hyperphos-
phorylation have not been exactly clarified yet.

2. Pathogenic mechanisms in Alzheimer’s disease
2.1 Oxidative stress

Oxygen metabolism generates free radicals such as reactive nitrogen spe-
cies (RNS) and reactive oxygen species (ROS) including superoxide anion and
hydroxyl radical. One of the early changes observed in AD patients is increased
oxidative damage. It has been shown that the percentages of 8-hydroxydeoxy-
guanosine (80OHdG) and 8-hydroxyguanosine (DNA and RNA oxidation markers),
4-hydroxynonenal, and F2-isoprostanes (lipid peroxidation markers), protein
carbonyls and 3-nitrotyrosine (protein oxidation markers), and malondialdehyde
(MDA), have been increased in AD brains [6]. Although the data is highly limited,
oxidative stress may also influence hyperphosphorylation and polymerization of tau
protein. Although oxidative stress has an important role in AD, it is still disputed
whether it plays a causative role in the disease or secondary to the pathological
changes observed in AD [7].

2.2 Neuroinflammation

Neuroinflammation is described as a process involving activation of natural
immunity in the brain. The functions of neuroinflammation can be explained
as protecting central nervous system from infectious insults, injury or diseases.
Microglia are has a significant role in neuroinflammation. Transgenic animal models
of AD have demonstrated that neuroinflammation is enhanced around amyloid
plaques [8]. According to Bellucci et al. inflammation is the key player in the tauopa-
thies for neurodegeneration [9]. It has been shown that production of enzymes
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(COX-2) and proinflammatory cytokines (IL-1p) are boosted in tau-positive nerve
cells in spinal cord and brainstem. Pursuant to these results of the research, neuro-
inflammation might be triggered through NFTs by activating microglia. It is found
that suppression of neuroinflammation is related to improvements in behavioral and
cognitive deficits in AD mouse models and is in harmony with decline in hyperphos-
phorylated tau and Ap plaques in brain. It is efficient to treat with interleukin-1p
(IL-1B) antibodies or anti-tumor necrosis factor-a (anti-TNF-«) in order to reduce
the pathology in animal models of AD. It is noted that Ap secretion and the expres-
sion and activity of p-secretase have been reduced by peroxisome proliferator-
activated receptor-y [PPAR-y] agonists and nonsteroidal anti-inflammatory drugs
[NSAIDs] [10]. It is suggested that suppression of neuroinflammation with NSAIDs
rescues memory and cognitive decline. While retrospective epidemiological studies
have proven that prolonged treatment with NSAIDs delays onset of AD when initi-
ated early stage or before disease initiation, its effectiveness has not been demon-
strated in neither mild nor moderate forms of AD [11].

2.3 Metal toxicity

Iron, zinc and copper are important elements for neuronal function. During the
aging, these metal ions accumulate in the brain, consequently contribute to neu-
rodegeneration. Zinc, copper and iron have been found to be accumulated within
the core and periphery of senile plaques and these metals have been suggested to be
involved in Ap aggregation and oxidative damage. Metal chelation is a therapy based
on binding and removing to metal ions. This therapy can provide an advantageous
against oxidative stress in AD. Desferrioxamine and clioquinol are several examples
of treatment methods with metal chelators. And these methods have caught some
success in order to alter the progression of AD [12]. Therapeutic approaches focus-
ing on the improvement of metal balance are one of the popular subjects of current
researches in the field of AD.

2.4 Mitochondrial dysfunction

Mitochondrial dysfunction has a significant function in brain aging and
AD. Swerdlow and Kan suggested mitochondrial cascade hypothesis for sporadic
form of AD in 2004 [13]. This hypothesis proposes that mitochondrial dysfunction
exists early in disease pathogenesis and causes, NFT formation, Ap deposition and
synaptic loss, the mitochondria is vulnerable to oxidative stress because of lack
of DNA repair activity and is the significant source of ROS in the central nervous
system. Oxidation of mitochondrial DNA presents it vulnerable to somatic muta-
tions which augments mitochondrial dysfunction. Mitochondrial dysfunction has
been proposed to trigger onset of neuronal degeneration in AD. It is showed that Ap
accumulates in mitochondria from AD patients. Tau protein might also be included
in mitochondrial dysfunction in synapse, indirectly.

2.5 Brain insulin resistance and insulin deficiency

Type 2 diabetes mellitus is a risk factor for AD and these two disorders share
many common pathological pathways. Impaired glucose metabolism is related to
rising oxidative stress and accumulated advanced glycation end products. Insulin
is even produced in brain tissue itself. Insulin receptors are mostly located in the
cerebral cortex, cerebellum, hypothalamus, hippocampus and olfactory bulb that
are the cognition pertinent areas of the brain. Brain glucose utilization and insulin
signaling are impaired in AD. AD is related to a reduction in the levels of insulin in
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the cerebrospinal fluid (CSF), in the ratio of CSF insulin/plasma insulin, a decline
in the expression of insulin receptors and a rise in fasting plasma insulin levels.
Impaired insulin signaling might influence AD pathogenesis via tau hyperphos-
phorylation, acetylcholine signaling and Af metabolism. Insulin stimulates the
expression of choline acetyltransferase, the enzyme responsible for acetylcholine
synthesis. Therefore, decreased insulin levels, as well as insulin resistance, can
ultimately contribute to a decrease in acetylcholine in AD brains [14].

2.6 Future therapeutic approaches and management of AD

Alzheimer’s disease [AD] is one of the most challenging threats to the healthcare
system. The current therapeutic goals are to reduce amyloid levels, prevention of
amyloid aggregation/toxicity and tau phosphorylation/aggregation. There is also a
major improvement in understanding the role of cholinesterase [ChE] in the brain
and the function of ChE inhibitors in AD Academic research has carried out on the
system of a new generation of acetyl- and butyryl ChE inhibitors and test for AD in
clinical experiments on human beings. Next to this alternative strategies for treat-
ing or slowing the progression of AD, like vaccination, anti-inflammatory agents,
cholesterol-lowering agents, antioxidants and hormone therapy, are also studied.
Although several anti-amyloid p compounds have been examined in clinical trials
as potentially useful drugs, all of them have failed to show significant benefits
so far. Tau-targeted drugs have been developed and have entered clinical trials
recently. The improvements on early diagnostic biochemical markers will be useful
to increase for better monitoring the course of the disease and to evaluate different
therapeutic strategies [15].

Academic research of Alzheimer’s disease consists three steps. The first one is to
select a high-risk population with current evidence and to provide this population
primary prevention. The goal of this first stage is to be able to manage modifiable
risk factors. Second is to diagnose patients at the preclinical phase, which starts
10-20 years before symptoms occur. Researchers aim to find new and improve
existing neuroimaging techniques, CSF investigations and laboratory and genetic
studies. The third step is to discover disease-modifying molecules. Researchers are
aiming to inhibit extracellular amyloid plaque accumulation and to inhibit intracel-
lular tau-based neurofibrillary tangles accumulation [16].

2.6.1 Anti-amyloid agents

One of the main suggested pathophysiological processes is ‘amyloid cascade
hypothesis’ All autosomal dominant AD genetic forms are the result of mutations of
amyloid metabolism encoding genes. Also clinical and experimental data indicates
toxic effects of accumulated amyloid plaques. Amyloid directed therapies can be
classified in three different classes: amyloid anti-aggregates, secretase modulators
and immunotherapies [17].

2.6.2 Secretase modulators

To reduce AP production, researchers focused on modulate enzymes that break-
down amyloid precursor protein [by stimulating o secretase or inhibiting y and 8
secretase activity]. While effective a secretase was infrequently, various y and f
secretase inhibitors improved. y secretase plays a decisive role in Ap generation but
this enzyme has several cleavage actions including notch receptor signaling so that y
secretase inhibitors have significant side effects. p secretase inhibitors also failed to
show disease-modifying effects but there are still ongoing studies [17].
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2.6.3 Amyloid anti-aggregates

Another strategy is to prevent aggregation of amyloid in non-soluble forms.
Although new studies report soluble form of A also have toxic effects. It’s known
that Ap forms oligomers, fibrils and then deposition of amyloid plaques exist.
Tramiprosate, colostrinin, clioquinol are some of the studied anti-Ap aggregation
agents. There were no effects or minimal effects phase II and III anti-Ap aggregation
agents trials on cognition. There are ongoing projects to improve new molecules [18].

2.6.4 Amyloid removal [immunotherapy]

Although it is not proven (exactly) how immunotherapy might attenuate Af
plaques in the brain, some mechanisms have postulated. Therapeutic goal is to
induce a humoral immune response to fibrillary-Ap42 or passive administration of
anti-Af antibodies. First studies of active vaccination were halted because of the
induction of serious side effects. There are ongoing phase I-III studies with active
and passive immunization (CAD106, bapineuzumab, solanezumab, intravenous
immunoglobulin) [18].

2.6.5 Tau-based therapies

Tau is a microtubule-associated protein and the MAPT gene encodes tau.
Assembling microtubules and regulating axonal transport are various functions of
tau. It is proven that hyperphosphorylated tau causes disruption of mitochondrial
respiration and axonal transport. It should be emphasized that tau hyperphos-
phorylation is also considered as a pathologic sign of other neurodegenerative
diseases, including, frontotemporal dementia with parkinsonism (FTD-P), corti-
cobasal degeneration, progressive supranuclear palsy and Pick disease. Mutations
of tau encoded MAPT1 gene causes FTD-P. Therefore neurodegeneration without
amyloid deposition can be driven by tau dysfunction. Tau-based therapies are still
at conceptual stages and include passive immunization against tau, preventing tau
hyperphosphorylation and anti-aggregates of tau. Methylthioninium chloride and
lithium are some of the elements with current studies. There are also some experi-
ments ongoing about anti-tau vaccines at AD [19].

3. Treatments that failed in clinical trials

Only four cholinesterase inhibitors (tacrine, donepezil, rivastigmine, galan-
tamine) and an N-methyl-p-aspartate (NMDA) receptor AD antagonist (meman-
tine) are approved for the treatment of AD. These five drugs are all symptomatic
treatments. No new drugs have been approved for treatment of AD since 2003.
Disease modifying drugs (DMD) is the real goal in AD treatment. However, success
rate is extremely low for Alzheimer treatment research. Until today, anti-inflamma-
tory (NSAID, steroids), antioxidant (selenium, vitamin E), anti-ischemic (statin,
aspirin), cholinergic (lecithin), nutrients (Omega-3, vitamins B, folic acid), mono-
clonal antibody (bapineuzumab, solanezumab) treatments have failed (Table1).
The overall failure rate was 99.6% (0.4% success) in the decade spanning from 2002
to 2012 [20]. Many explanations have been proposed for the failures of trials of DMD
for AD, including starting therapies at the late phase of disease, wrong or nonspecific
treatment targets, incorrect doses, the lack of homogeneity of individuals (genetic,
ethical, temporal and medical grounds), nonspecific or blunt trial design [21, 22].
On the other hand, pathological changes may not correlated with cognitive deficits
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Agent Proposed mode of action Reason Reference
Ganstigmine Acetylcholinesterase Side effects (headache, nausea, Racchi et al. [23]
inhibitor vomiting, anorexia)
Metrifonate Cholinesterase inhibition Side effects (neuromuscular Arrieta et al.
(irreversible) dysfunction, respiratory [24]
failure)
Lecithin Major dietary source of There is no significant benefit Higgins and
choline of lecithin for Alzheimer’s Flicker [25]
disease or Parkinsonian
dementia
Ibuprofen Anti-inflammatory, NSAID No evidence yet exists Tabet and
ibuprofen is efficacious in Feldman [26]
Alzheimer’ disease
Rofecoxib Cyclo-oxygenase-2 No significant differences Reines et al. [27]

inhibition

between treatments were found
for the ADAS-cog score

Aspirin, steroid

Anti-inflammatory

No significant improvement in
cognitive decline for aspirin and
steroid

Jaturapatporn
etal. [28]

Latrepirdine Antihistamine drug There is no effect of latrepirdine Chau et al. [29]
on cognition and function in
mild-to-moderate AD patients
Selegiline Monamine oxidase The evidence of benefit using Birks and Flicker
inhibition standardised global cognitive [30]
scales was extremely limited.
There is not yet enough
evidence to recommend its use
in practice
Pravastatin Lowers plasma cholesterol Pravastatin had no significant Shepherd [31]
and lipoprotein effect on cognitive function or
disability
Simvastatin, Lowers plasma cholesterol There is no evidence that statins McGuinness
pravastatin and lipoprotein prevent cognitive decline or etal. [32]
dementia
Omega-3 Essential dietary nutrient There is not convincing Burckhardt et al.
polyunsaturated evidence for the efficacy of [33]
fatty acids omega-3 PUFA supplements
in the treatment of mild to
moderate AD
Vitamin E, Antioxidant supplement Antioxidant supplements did Kryscio et al.
selenium not prevent dementia [34]
Vitamin E Vitamin E, selenium There is no evidence that Farina et al. [35]
vitamin E prevents dementia,
or that it improves cognitive
function in people with MCI
or AD
Vitamins B Methionine-synthase There is no adequate evidence Lietal. [36]
mediated conversion of an effect of vitamins B on
of homocysteine to general cognitive function,
methionine, antioxidant, executive function
nerve growth and repair
Acetyl-L- Activity at cholinergic There is no evidence of benefit Hudson [37]
carnitine neurons, membrane of improvement in cognition or

stabilization and enhancing
mitochondrial function

functional ability
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Agent Proposed mode of action Reason Reference
Piracetam Multiple complex The evidence does not Flicker and
mechanisms support the use of piracetam Evans [38]

in the treatment of people
with dementia or cognitive
impairment

Semagacestat y-Secretase inhibition Serious adverse events Doody et al. [39]
(weight loss, skin cancers and
infections), worsening of
cognition and functioning

Tarenflurbil (R- y-Secretase inhibition No effect on cognitive decline or Green et al. [40]
flurbiprofen) the loss of daily living activities
inmild AD
Bapineuzumab Humanized, N-terminal No significant improvement in Abushouk et al.
specific anti-Af monoclonal cognition, serious side effects, [41]
antibody vasogenic edema
Solanezumab Humanized monoclonal No significant improvement in Honig et al. [42]
IgG1 antibody directed cognition
against the mid-domain of
the AP peptide
Table 1.

The anti-AD drug candidates for which the clinical trials have been failed or suspended.

in AD, measuring cognitive abilities is a reductionist approach as the disease is too
complex and transgenic animal models are not capable of mimicking the various
pathophysiological mechanisms in humans. Several new chemical entities claim-
ing to have potential benefits in AD have been developed by researchers all over
the globe. However, the evolution of a definite disease modifying therapy for AD is
constantly under the threat of chasing the wrong pathology [22].

4. Ongoing clinical trials for Alzheimer’s disease

Alzheimer’s disease (AD) is a neurodegenerative disorder resulting from progres-
sive pathological changes characterized by protein deposits in the form of amyloid
plaques (APs) and neurofibrillary tangles (NFTs), which cause synaptic and
neuronal loss. According to generally accepted hypothesis AD starts with abnormal
processing of amyloid precursor protein (APP) [2]. Excess production or reduced
clearance of f-amyloid peptide monomers, which is produced by the amyloidogenic
cleavage of the membrane-spanning protein APP are the two main mechanisms of
this abnormal deposition process, which causes aggregation of f-amyloid (Ap) fibrils
in extracellular APs. Second core pathophysiological mechanism of the disease is the
intraneuronal deposition of hyperphosphorylated tau (pT) within NFTs [5].

Synaptic dysfunction, mitochondrial and oxidative changes, neuroinflamma-
tion, gliosis, and finally apoptosis and neuronal loss are known neurodegenerative
consequences of AD, which are reflected in the macroscopical level as the regional
cortical atrophy starting from limbic regions of the brain and then traveling trans
synaptically to paralimbic, heteromodal and finally to unimodal association
cortices. These changes and dysfunctions of the neurotransmitter systems such
as acetylcholine, serotonin, glutamate, noradrenaline, dopamine cause clinical
manifestations.

All these pathological changes are the targets of ongoing clinical trials for the
treatment of AD. The term “disease-modifying strategies in AD” primarily connotes
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treatment strategies aiming at the prevention of and/or clearance of pathological Af
and tau. Neurotransmitter-based strategies and others, such as combatting against
oxidative stress or neuroinflammation are generally classified as “symptomatic
treatments”. In this section, current disease-modifying and symptomatic treatment
strategies will be reviewed.

4.1 Amyloid-focused ongoing clinical trials

According to the amyloid cascade hypothesis, AD begins with the accumula-
tion of AP, years before its clinical onset. APP is a transmembrane protein whose
physiological function is not completely understood. In a healthy brain, APP is
metabolized by three proteolytic enzymes, namely a, f and y secretases [43].
Proximally, y-secretase cleaves the protein in its membrane-spanning domain
solely by itself, forming an intracellular carboxy-terminal fragment (CTF), which
is probably pro-plastic by translocating into the neuronal nucleus and playing a
role in pro-plastic signaling. However distally, APP is cleaved alternatively, either
by a-secretase or by B-secretase (BACE) on its two different sites in the extracel-
lular domain close to the amino terminal of APP. The former cleavage is non-
amyloidogenic since it produces an inert peptide called p3 in the mid-segment
and another one, which is called sAPPa containing the N-terminus and probably
having some neurotrophic functions. However, the latter cleavage is amyloido-
genic, since it produces the anti-plastic and deposition-prone Af fragment in
the mid-segment and sAPPf in the N-terminus. The resulting Ap will either be
cleared by lysosomal-proteasomal mechanisms or will oligomerize and start to
induce its pathophysiological functions. Now it is known that soluble oligomers of
AP are more toxic than its more downstream moieties that are insoluble protofi-
brils and fibrils [44, 45].

Therefore, current studies aim to agonize a-secretase activity (ADAM10 activa-
tors), inhibit p-secretase (BACE inhibitors), and inhibit or modulate y-secretase
(GSIs and GSMs). Also enhancing clearance of Ap with active or passive immuno-
therapies or prevention of aggregation of APs are the treatment focuses of ongo-
ing trials. Monoclonal antibodies bind different epitopes which are N-terminal,
C-terminal or mid-domain of Af and different conformations of Af which are
monomer, oligomer and fibril [46].

4.1.1 Reducing Ap production

Two secretases, namely o and y are seemingly no longer the focus of drug
development efforts for AD, as a result of many failures in clinical trials and
concerns that their interaction with other substrates may trigger diseases like
cancer. Specific ADAM10 activators that will act only in the brain thus preventing
its potential role in breast cancer is yet to be developed [47] In a recent review it
was stated that “the future of y-secretase inhibition as an AD treatment strategy
may depend on the development of GSMs, which aim to cause a shift from Ap1-42
species toward the shorter and less pathogenic forms of Af, while also sparing
Notch” [48].

p-Secretase is an aspartic acid protease belongs to the pepsin family. B-Site
APP cleaving enzyme 1 (BACE1) plays role in Ap production. BACE1 inhibition
strategies do not share the same concerns for interfering with the other secretases.
Therefore BACE1 inhibition is one of the strategies to interfere with amyloid
cascade. There are ongoing trials with E 2609 (NCT03036280, NCT02956486),
CNP520 (NCT02565511, NCT03131453) and JNJ-54861911 (NCT02569398,
NCT01760005) [49].
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4.1.2 Ap clearance

The first experience of active vaccine trial was with AN1792 and ended occur-
rence of T-cell mediated meningoencephalitis [50]. Now the only ongoing active
vaccine trial is CAD-106 that generates anti-Af antibodies to N-terminus [51, 52].

Crenezumab is a humanized IgG4 monoclonal antibody (mAb) that binds
the mid-domain of the AP peptide (residues 13-24) and binds multiple confor-
mations of Ap (monomers, oligomers, fibrils) [53, 54]. Patients with mild to
moderate Alzheimer Disease and also Preclinical Presenilinl (PSEN1) E280A
Mutation Carriers are involved in ongoing trials of Crenezumab (NCT03491150,
NCT03114657, NCT02353598, NCT01998841, NCT02670083).

Gantenerumab is a first fully human IgG1 mAb binds an N-terminal [3-12]
and central [18-27] amino acids of the Ap peptide. It binds monomers weaker
than oligomers and fibrils [46]. Gantenerumab is being evaluated in phase 2 and
3 trials in individuals with prodromal and early AD and individuals at risk for
and with early-stage autosomal-dominant AD (NCT02051608, NCT03444870,
NCT03443973, NCT01224106, NCT01760005) [46, 55, 56].

Aducanumab is a fully human IgG1 mAb binds the N-terminus (residues 3-6) of
AP peptide. It recognizes oligomers and fibrils but it does not react to the monomers
[18]. Ongoing Aducanumab trials involve prodromal, early and mild AD patients
(NCT03639987, NCT02484547, NCT02477800, NCT01677572) [46, 57].

Solanezumab is a humanized IgG1 mAb, binds the mid-domain of Ap (residues
16-26). It specifically recognizes monomers [58]. There are two ongoing prevention
trials with solanezumab (NCT01760005, NCT02008357).

4.1.3 Other anti-amyloidogenic compounds

In addition to abovementioned strategies, there are some other anti-amyloido-
genic compounds with diverse mechanisms. ALZT-OP1 prevents Af} aggrega-
tion and neuroinflammation and is being evaluated in phase III clinical trial
(NCT02547818) [59]. Posiphen is another anti-amyloidogenic drug that currently in
phase I/1I clinical trial (NCT02925650) [60].

Update of selected anti-Alzheimer’s disease drugs in clinical trials including
anti-amyloid strategies are summarized in Table 2.

4.2 Tau-focused ongoing clinical trials

Tau is a microtubule-associated protein (MAP) in neurons which regulates the
axonal transport [63]. Although tau pathology proved to be more correlated with
clinical symptoms than amyloid mechanisms, tau-based therapeutic strategies are
relatively new. Beta-folded oligomers of abnormal phosphorylation of tau are the
main component of NFTs. Post-translational modifications such as phosphoryla-
tion, acetylation and truncation play a major role in tau function [64]. Modulating
tau phosphorylation, targeting other tau post-translational modifications, micro-
tubule stabilizers, tau aggregation inhibitors, anti-tau immunotherapy are the
mechanisms targeted by clinical trials. Current clinical trials focusing on tau are
summarized in Table 3.

4.2.1 Targeting tau-post-translational modifications
Salsalate is a nonsteroidal anti-inflammatory drug that has been shown to inhibit

acetyltransferase p300-induced tau acetylation in frontotemporal dementia (FTD)
mouse model [75]. There is a phase I clinical trial in patients with prodromal to mild
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AD (NCT03277573). Nilotinib is a c-Abl tyrosine kinase inhibitor used in patients
with leukemia [76]. It is thought to clean tau by inducing autophagy. It is being evalu-
ated in a phase II clinical trial in patients with mild to moderate AD (NCT02947893).

4.2.2 Microtubule stabilizers

TPI-287 is a small molecule that stabilizes microtubules. It is tested in a phase
clinical trial in AD patients [77].

4.2.3 Tau aggregation inhibitors

LMT-X or named as TRx0237 is a second generation formulation of methylene
blue that targets tau accumulation [77]. There is a phase II/III clinical trial in
patients with early AD (NCT03446001) [67, 68]. Nicotinamide is the precursor of
coenzyme Nicotinamide adenine dinucleotide prevents phosphorylation of tau in
mice. A phase II study in mild-to-moderate Alzheimer’ disease is currently ongoing
(NCT03061474).

4.2.4 Active immunotherapy

There are three active immunotherapy agents being evaluated in ongoing trials.
AADvac-1 contains synthetic tau peptide spanning residues 294-305 derived from a
naturally occurring truncated and misfolded tau protein coupled to keyhole limpet
hemocyanin and aluminum hydroxide as adjuvant [77]. A phase II clinical trial
in subjects with mild AD is ongoing (NCT02579252) [78]. ACI-35 is a synthetic
peptide spanning the human protein tau sequence 393-408, phosphorylated at
S396 and S404 [72]. A phase I clinical trial in subjects with mild to moderate AD is
ongoing (ISRCTN13033912) [19]. Intravenous immunoglobulin (IVIg) is a human
plasma-derived product consisting of polyclonal serum IgG used as anti-inflamma-
tory and immunomodulatory therapy for various neurological diseases [73]. There
are phase II and III studies in subjects with mild cognitive impairment and AD
(NCT01300728, NCT01561053) [69, 70].

4.2.5 Passive immunotherapy

ABBV-8E12 is a humanized anti-tau monoclonal antibody. There are two studies
with ABBV-8E12 in patients with early AD (NCT02880956, NCT03712787) [72, 73].
Another passive immunotherapy agent R07105705 is an anti-tau antibody [39]. It is
being evaluated in patients with prodromal to mild AD (NCT03289143) [74].

4.3 Other ongoing clinical trials

Riluzole, a sodium channel blocker, is used as a disease-modifying drug for amyo-
trophic lateral sclerosis [79]. It lowers extracellular glutamate levels, inhibits presyn-
aptic glutamate release and induces glutamate transporter activity. Riluzole is being
evaluated in a Phase II clinical trial in patients with mild AD (NCT01703117) [79-82].

LMA11A-31 is a small molecule prevents synaptic dysfunction, spine loss,
neurite degeneration, microglial activation, and cognitive deficits in animal
models [83, 84]. A phase I/II trial with mild to moderate AD patients is ongoing
(NCT03069014) [85]. AD is thought to be linked with viral infections [86, 87].
Therefore a phase II trial is ongoing in mild AD patients who test positive for serum
antibodies for herpes simplex virus 1 or 2, with valacyclovir (NCT03282916).
Lifestyle interventions, management of metabolic and cardiovascular risk factors,
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exercise and diet are the focuses for primary prevention of AD (NCT01767909,
NCT03249688) [88-92].

Deep brain stimulation is a novel therapeutic strategy for AD. One trial is
ongoing in patients with mild AD (NCT03622905). Other strategies of Alzheimer’s
disease treatment are summarized in Table 4.

5. Gene and stem cell therapy in Alzheimer disease
5.1 Genetics of Alzheimer’s disease

Both age and family history are important risk factors for AD. The risk of devel-
oping AD increases for one who has a first-degree relative with AD when compared
to the general population. AD can be grouped into two subtypes with respect to age
of onset. Most of the AD cases (>95%) are late-onset AD (sporadic/LOAD) (above
age 65) that is considered to be multifactorial [93]. Many susceptibility genes for
LOAD have been defined thanks to genome-wide association studies (GWAS) and
several other sequencing analyzes. For instance, one of the well-studied genetic risk
factors for LOAD is an alteration in Apolipoprotein E (APOE) coded by the gene
localized to 19q13 [94]. APOE is a multifunctional protein which serves a number
of functions in neuronal activities. In brain tissue, there are three main isoforms
that are diversified by each other by different one amino acid, which are APOEge2
(Cys112, Cys158), APOEe3 (Cys112, Argl58) and APOEe4 (Argll2, Argl58). The
differences between these three APOE isoforms have a significant impact on the
structure and function of APOE at molecular and cellular levels. Therefore, those
are thought as associated with neuropathological conditions [95].

Early onset AD (Familial/EOAD) represent <5% of all cases of AD. APP
(Amyloid beta (A4) precursor protein), PSEN1 (Presenilin 1), and PSEN2
(Presenilin 2) genes mutations are exclusively considered as a basis for EOAD
in most cases [94]. APP, a transmembrane protein in neuron cells, is cleaved by
p-secretase and y-secretase, respectively, to produce f-amyloids (AB) and some
other side products [96]. Since neurotoxic consequences of altered A ratios like
neurodegeneration resulting from aberrant synaptic function take place in brain,
APP mutations have continuously been investigated. Yet, only approximately 15%
of EOAD could be enlightened by dominant APP gene mutations [97].

Another protein that is strictly associated with the progression of AD is PSEN1
as it is the principal component of y-secretase complex. Since neurotoxic fragments
are formed by proteolytic function of y-secretase on APP, PSEN1 gene mutations
give rise to abnormal activity of the proteolytic enzyme leading to abnormal or
longer AP fragments and, therefore this contributes to development of EOAD [95].
More than 180 autosomal dominant PSEN1 mutations associated with AD have been
reported, which makes PSEN1 significantly important protein in the occurrence
of EOAD [98]. Disease-causing PSEN1 gene mutations, showing complete pen-
etrance, accounts for majority of EOAD (approximately 80%) and these mutations
are defined as the most common cause of the disease [99]. Lastly, the gene PSEN2
is also coding for one subunit of y-secretase, the aspartyl protease generates Ap.
Missense mutations are reported in PSEN2, which are rarely genetic basis of EOAD
[100]. In total, as mentioned in Zou’s review article in 2013, majority of the disease-
causing mutations identified for the EOAD have been reported in PSEN1 gene
(approximately 78%), followed by APP mutations (17%) then with rare PSEN2
gene mutations (approximately 5%) [94].

Technological advances in sequencing methods over the past decade allow
researchers to investigate AD thoroughly, especially genetic fundamentals of the
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disease. Since high-throughput sequencing provides a large number of polymor-
phisms in numerous subjects, new several genes associated with AD risk have been
emerged and reported [96]. Accordingly, genome-wide association studies (GWAS)
about AD increased, which consequently suggests new gene therapy strategies.

5.2 Gene therapy for AD

Discovering risk loci by GWAS studies may help to enlighten the biological
mechanisms underlying AD because the reported genes might have been target for
medicines, thereby this issue promises further investigation in order to improve
gene therapy strategies and thus precision medicine concept for AD [101].

Over time, gene delivery of nerve growth factor (NGF), brain-derived neuro-
trophic factor (BDNF), APOE, ECE (endothelin-converting enzyme) have been
investigated in several animal models of AD. Endothelin-converting enzyme (ECE)
is protease involved in the degradation of Ap peptides. Intracranial administration
of five recombinant adeno-associated viral vector (rAAV) containing the ECE-1
synthetic gene showed reduced Af in the anterior cortex and hippocampus in
APP-PS1 transgenic mice. Use of AAV vector encoding anti-Ap Ab in Tg2576 mice
results in a significant decrease in Ap level in the brain of subjects. These results
support its use for the prevention and treatment of AD [102].

The first clinical trial using Adeno-Associated Virus delivery of NGF has been
accomplished and the results indicate amelioration of AD pathogenesis. Clinical tri-
als were conducted using CERE-110 that is an AAV2/2 vector containing full length
NGF transgene for the treatment of AD patients. These trials confirmed that AAV2-
NGF delivery was well tolerated with a high level of safety and no systemic toxicity
but did not affect clinical outcomes or selected AD biomarkers (NCT00087789,
NCT00876863) [103].

5.3 Stem cell treatment for AD

Stem cells (SCs) are continuously capable of self-renewing and differentiat-
ing into specialized cells. Accordingly, SC therapy is surely becoming a promising
strategy in the treatment of neurodegenerative diseases including AD owing to
the capacity of SCs to migrate and reach areas of the brain. SCs are classified into
four groups; embryonic stem cells (ESCs), induced pluripotent stem cells (iPSCs),
mesenchymal stem cell, and neural stem cells [104].

5.3.1 Embryonic stem cells (ESCs)

ESCs, called as pluripotent, are derived from the inner cell mass of blastocyst
because they have the ability to develop cell types from the ectoderm, mesoderm,
and endoderm germ layers [105]. ESCs may an excellent cell replacement therapy
approaches for transplantation in AD [104]. In vitro studies have been successful to
differentiate ESCs into specific neuronal cell types like dopaminergic neurons and
these studies show that the role of ESCs and their derivatives reduce AD pathology
in rodent models [106, 107].

Several studies reveal that ESC-derived NSCs can be safely transplanted
without tumorigenesis despite the fact that undifferentiated ESCs have risks of
tumor formation, transplantation rejection and immune responses [106, 108, 109].
Experiments conducted on human ESCs have been able to generate dopaminergic
neurons, spinal motor neurons and astroglial cells [110]. Some studies demon-
strated use of retinoic acid (RA) induce direct differentiation of human ESCs into
basal forebrain cholinergic neurons (BFCNs). Tang et al. showed that ESC-derived
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NPC transplantation into an Ap-injured rat model improves memory impairment
compared to sham controls [106].

5.3.2 Induced pluripotent stem cells (IPSCs)

Induced pluripotent stem cells could be generated from adult cells by the over-
expression of key transcription factors (OCT4, SOX2, KLF4, LIN28, and NANOG)
[111, 112]. iPSCs are in general similar to embryonic stem cells (ESCs) in morphol-
ogy, gene expression profile and potential of differentiation [113].

Human iPSCs derived from AD patients’ somatic cells can provide a new per-
spective to develop new strategies for disease modeling. Yagi et al. showed that
fAD-iPSC-derived differentiated neurons have increased amyloid 42 secretion,
responds to y-secretase inhibitors and modulators, indicating the potential for
identification and validation of candidate drugs [114]. Takamatsu et al. used iPSCs
to derive macrophage-like myeloid lineage cells that could express neprilysin which
is a protease with Ap-degrading activity [115].

Recent studies have shown reprogramming structural chromosomal abnormali-
ties and aberrant DNA methylation patterns in hiPSCs [116]. iPSCs can be edited
by gene editing technologies like recombinant homologous, transcription activator-
like effector nucleases (TALENS), clustered regularly interspaced short palindromic
repeats (CRISPR-cas9) and can function as more suitable for cell transplantation.

5.3.3 Mesenchymal stem cells (MSCs)

Mesenchymal stem cells (MSCs) are adult multipotent progenitors and can be
obtained from various adult tissues including bone marrow, peripheral blood, umbilical
cord, adipose tissue, amniotic fluid. MSCs are most favored cell types in the treatment
of AD due to their accessibility, relative ease of handling, secretion of a wide range of
cytokines, easily transplanted intravenously into patients, and lack of ethical issues.

Most important features of ESCs is a wide range of differentiation potentials
including neuronal cells [110]. Park et al. reported that transplanted human adipose
tissue derived mesenchymal stem cells (ADMSCs) differentiate into neural cells
in the brain and these cells can restore cognitive functions of mice by increasing
acetylcholine synthesis, brain-derived neurotrophic factor (BDNF), nerve growth
factor (NGF) and restoring neuronal integrity [117]. In addition, MSC transplan-
tation has been shown to inhibit A and tau-related cell death, and to reduce Af
residues and plaque formation by modulating neuroinflammation [118, 119]. It
has been reported that bone marrow-derived mesenchymal stem cells provide a
reduction in Ap deposits and facilitate changes in key proteins required for synaptic
transmissions such as dynamin 1 and synapsin 1 [120].

5.3.4 Neural stem cells (NSCs)

Transplantation of growth factor-secreting NSC was reported to increase neuro-
genesis and cognitive function in a rodent AD model [121]. And the overexpression
of NSC derived cholinergic neurons restored cognitive performance and synaptic
integrity in a rodent model [122].

6. Conclusion

Alzheimer’s disease is a progressive neurodegenerative disease that affects the
central nervous system. Many complex pathological and genetic features have been
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described in the disease. AP aggregation, tau aggregation, metal dyshomeostasis,
oxidative stress, cholinergic dysfunction, inflammation and downregulation of
autophagy based on pathophysiological changes occur during the onset and pro-
gression of AD have been proposed. There is no effective treatment currently, how-
ever, at present, current drug treatments of AD, such as cholinesterase inhibitors or
NMDA antagonists, mainly help to manage symptoms hereby obviating the need
for new approaches to deal with AD underlying mechanisms. Ongoing advances in
the knowledge of pathogenesis, in the identification of novel targets, in improved
outcome measures, and in identification and validation of biomarkers may lead to
effective strategies for AD prevention.
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Genetics and Acquired Hearing
Loss

Moza Al-Kowari and Meritxell Espino-Guarch

Abstract

Hearing loss (HL) is a worldwide disease with substantial economic costs for
the public health. Around 466 million people have disabling hearing loss and
the WHO estimated that by 2050 over 900 million people will suffer hearing
loss. Several factors including infections, noise-exposure, ototoxic medications
or genetic disorders could cause hearing impairment. Hearing devices such as
cochlear implants and aids are the current therapies. Although the prevalence
of hearing loss is very high, alternative treatments as pharmaceutical agents are
currently insufficient. Within the past years, increased knowledge on hearing
loss etiology and physiopathology opened new opportunities for future research
towards hearing loss treatment. Here we aim to review current bibliography on
genetics factors involved in hearing loss.

Keywords: hearing loss, genetics, syndromic, non-syndromic, age-related

1. Introduction

The World Health Organization (WHO) defines hearing loss (HL) as the
inability to perceive the sounds with different grades of impairment, from slight to
profound including deafness [1].

Sound waves move from outer (or external) to middle and then to the inner
ear, three anatomically distinct structures of the ear which transmit the sound to
a signal into the brain. The sound waves travel down the cannel of the outer and
middle ear until hitting the tympanic membrane. Vibrations from the middle ear
create movement of the fluid in the inner ear. This movement of the fluid is trans-
mitted through the tectorial membrane to the hair cells in the organ of Corti, then
the stimulus is transmitted by electric signals up to the auditory nerve to the brain.
The brain interprets the electrical signals as sound. Figure 1 shows the different
compartment of the ear as described above.

Depending on the compartment affected, hearing loss could be classified as
conductive or sensorineural. Conductive hearing loss is when the outer and middle
ear are affected, and it results in the inability to transmit sound waves to the inner
ear [3]. On the other hand, impairments in the inner ear are known as sensorineural
[4]. Conductive hearing loss could be treated by medication, surgery cochlear
implants or hearing aids, meanwhile sensorineural is mostly irreversible because of
the complexity of the structure, the limited regeneration and access to the sensory
structures in the cochlea [5].
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Figure 1.

Scheme of hearing system from external ear to inner ear. Path of the sound waves (in blue) through outer,
middle and inner ear is represented where Sw, sound waves; E, external ear; ec, ear canal; T, tympanic
membrane; C, cochlea; N, auditory nerve. Magnification of the cochlea structures (adapted from Sanchez-
Calderon et al. [2]) is shown framed in yellow where BC, border cells; CC, Claudius’s cells; DC, Deiter’s cells;
HC, Hensens cells; IC, intermediate cells; IHC, inner hair cells; IPC, inner phalangeal cells; Li, spiral limbus; N,
cochlear neurons; MB, Basilar Membrane; OHC, outer hair cells; PC, pillar cells; RM, Reisners membrane;
SG, spiral ganglion; SL, spiral ligament; SV, stria vascularis and TM, tectorial membrane.

2. Hearing loss etiology

There are several causes of hearing loss affecting over 500 million people world-
wide [6]. Approximately 50% of the hearing impairment has a genetic etiology, the
remaining cases are attributed to external factor such as noise or injury (acquired/
spontaneous). In addition, the contribution of both (genetic predisposition and
environment) is very common as found in age-related hearing loss [7, 8].

Inherited hearing loss can be autosomal recessive or dominant, X-linked or
mitochondrial-related. The autosomal recessive hearing loss is caused by pathogenic
variant in both alleles (the child inherits them from both parents). Autosomal
dominant inheritance occurs when variants in one single allele are able to cause
hearing loss. Independent of the inheritance pattern, genetics of hearing loss are
classified as syndromic when they are associated with pathologies in other organs
or malformations of the external ear and non-syndromic [6]. Approximately 30%
of hearing loss are syndromic whereas the 70% remaining are non-syndromic [9].
Each type of hearing loss (syndromic and non-syndromic) is further classified
according to the mode of inheritance into autosomal recessive, autosomal domi-
nant, X-linked and mitochondrial hearing loss.

2.1 Syndromic hearing loss

Syndromic hearing loss (SHL) is a form of hearing impairments in which it is
associated with other diseases or symptoms. Most commonly SHL is associated
with diseases that affect eyes, nervous system and skin. SHL accounts for 30% of
hereditary hearing loss and can be inherited in an autosomal recessive, dominant
and X-linked patterns. Moreover, several genes described in SHL are also causing
non-syndromic hearing loss (NSHL) such as mutations in CDH23 gene causing
either Usher syndrome type 1D and autosomal recessive NSHL (DFNB12) (OMIM:
605516) [10].

2.1.1 Autosomal dominant SHL
Waardenburg syndrome (WS) is first described in 1951 by Waardenburg. It is

one of the most common congenital, sensorineural SHL [11]. Clinical symptoms
include lateral displacement of the inner canthus of the eye (dystopia canthorum),
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pigmentations of the hair, eye and skin. It is estimated that WS is accounting for
2-5% of congenital hearing loss cases. According to the presence or absence of the
clinical symptoms, Waardenburg syndrome is divided into four subtypes: WS1,
WS2, WS3 and WS4. Patients with WS1, usually has dystopia canthorum, while
patient with WS2 are not. WS3 also called Klein-Waardenburg syndrome charac-
terized by dystopia canthorum and upper limb abnormalities. The last type WS4
also called Waardenburg-Shah syndrome is associated with Hirschsprung disease.
Patients with WS4 are suffering from blockage of the large intestine and neuro-
logical defects. According to the hereditary hearing loss homepage, six genes are
associated with WS (Table 1) [12]. These genes are essential for the development of
melanocytes and have a major role in the function of the inner ear.
Branchio-Oto-Renal Syndrome (BOR) is the second common autosomal dominant
congenital SHL. It is characterized by malformations in the ears and is associated
with different types of hearing loss: conductive, sensorineural and mixed hearing
loss. Moreover, BOR syndrome is affecting kidneys structure and functions which
results in renal abnormalities [13]. The frequency of BOR syndrome is estimated to
be 1in 40,000 individuals. Mutations in Eyes Absent homolog 1 (EYA1), Sine Oculis
Homebox 5 (SIX5) and Sine Oculis Homebox 1 (SIX1) genes are found to be associ-
ated with BOR syndrome (Table 1). These genes are required for normal embryonic
development of different organs including both the kidneys and the ears.

Syndrome Gene OMIM entry Inheritance
Alport syndrome COL4A3 120070 AR
COL4A4 120131 AR
COL4A5 303630 XL
Branchio-Oto-Renal syndrome EYA1 601653 AD
SIX5 600963 AD
SIX1 601205 AD
CHARGE syndrome CHD7 608892 AD
SEMA3E 608166 AD
Jervell and Lange-Nielsen syndrome KNCQ1 607542 AR
KCNE1 176261 AR
Norrie disease NDP 300658 XL
Pendred syndrome SLC26A4 605646 AR
KCNJ10 602208 AR
FOX11 601093 AR
Perrault syndrome HSD17B4 601860 AR
HARS2 600783 AR
CLPP 601119 AR
LARS2 604544 AR
TWNK 606075 AR
ERAL1 607435 AR
Stickler syndrome COL2A1 120140 AD
COL11A1 120280 AD
COL11A2 120290 AD
COL9A1 120210 AR
COL9A2 120260 AR

115



Geriatric Medicine and Gerontology

Syndrome Gene OMIM entry Inheritance
Treacher Collins syndrome TCOF1 606847 AD
POLR1D 613715 AD
POLRIC 610060 AD
Usher syndrome MYO7A 276903 AD
USHIC 605242 AR
CDH23 605516 AR
PCDH15 605514 AR
SANS 607696 AR
USH2A 608400 AR
ADGRV1 602851 AR
WHRN 607928 AR
CLRN1 606397 AR
HARS 142810 AR
Waardenburg syndrome PAX3 606597 AD
MITF 156845 AD
SNAI2 602150 AD
SOX10 602229 AD
PAX3 606597 AD
EDNRB 131244 AR
EDN3 131242 AR
SOX10 602229 AR
Table 1.

List of syndromic hearing loss and its associated genes [12].

CHARGE syndrome is another form of autosomal dominant hearing loss syn-
drome that affects several organs. Patients with CHARGE syndrome are character-
ized by different phenotypes, from which the name of the syndrome comes from,
this includes: Coloboma, Heart defects, Atresia choanae, growth Retardation,
Genital abnormalities and Ear abnormalities. The degree of abnormalities varies
from one patient to another. It ranges from very severe and vital cases to minor phe-
notypes. The prevalence of CHARGE syndrome estimated to be 1 in 8500 to 10,000
newborns worldwide. Chromodomain helicase DNA-binding protein-7 (CHD7)
is found to be the common cause of CHARGE syndrome. CHDY is a transcription
factor protein that regulates chromatin [14].

2.1.2 Autosomal recessive SHL

Usher syndrome is an autosomal recessive sensorineural hearing loss (SNHL)
with retinitis [15]. According to the clinical phenotype, Usher syndrome is clas-
sified to three main types: Usher 1 (USH1), Usher 2 (USH2) and Usher 3 (USH3).
USH1 is characterized by severe to profound SNHL, severe vestibular impairments
and early onset retinitis pigmentosa. Mutations in several genes are found to be
the cause of USH1 syndrome (Table 1). The most common genes causing USH1 are
MYO7A and CHD23. Both genes are important for the development and function of
inner ear hair cells. Patients with USH2 are found to suffer from moderate to severe
SNHL with mid onset retinitis pigmentosa and no vestibular impairment. Usherin
(USH2A) and Adhesion-G protein coupled receptor VI (ADGRVI) are found to be
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mutated in patients diagnosed with USH2. The last type is USH3 that is character-
ized by variable phenotypes of progressive hearing loss, vestibular impairment and
late onset retinitis pigmentosa. The prevalence of Usher syndrome is estimated to be
1in 6000 to 10,000 with USH1 and USH2 being the most common types.

The second common autosomal recessive SHL is Pendred Syndrome which is
characterized by hearing loss and thyroid enlargement [16]. The hearing loss
ranges from severe to profound are usually developed at early childhood [17]. A
characteristic feature of Pendred syndrome is the Mondini malformation which
is a combination of enlarged vestibular aqueduct and abnormal shape of the
cochlea. The prevalence of Pendred syndrome is ranged from 1 to 7.5 per 100,000
newborns. Three genes are found to be mutated in patients with Pendred syn-
drome: SLC26A4 which encodes for sodium-independent transporter of chloride
iodide protein called Pendrin [18], FOXI1 [19] and KCNJ10 [20]. Approximately
50% of Pendred syndrome patients had mutations in SLC26A4 gene, whereas the
other two genes mutated in Pendred syndrome patients account for less than 2%
of the cases are).

Jervell and Lange-Nielsen Syndrome is the third common autosomal recessive
syndromic hearing loss. This condition is characterized by profound hearing loss
with arrhythmia and long QT interval in the electrocardiogram that may result in
heart failure and sudden death [21]. The prevalence of this syndrome is estimated
to affect 1.6-6 per million people worldwide [22]. Genes found to be mutated in
patients with this syndrome are potassium channel voltage-gated KQT-like sub-
family member 1 (KCNQ1) [23] and potassium channel voltage-gated ISK-related
subfamily member 1 (KCNE1) [24] with majority of the mutations (90%) occurs in
KCNQ1. These channels are important for the movement of the potassium ions in
order to maintain the normal function of the inner ear and cardiac muscle.

2.1.3 X-linked SHL

Hearing loss conditions inherited with an X-linked pattern are rare. Only few
syndromes with few patients were reported. Norrie disease and Mohr-Tranebjaerg
syndrome are examples of X-Linked SHL.

Norrie disease is a rare X-linked recessive disorder characterized by progressive
visual impairment. One-third of males with Norrie disease will develop progressive
hearing loss and other phenotype-like intellectual disabilities. Mutation in NDP
gene is the cause of 95% of the affected individuals. NDP is a gene that encodes
Norrin protein which regulates vascularization of the retina [25].

Mohr-Tranebjaerg syndrome also called deafness dystonia optic atrophy syndrome
is another X-linked recessive syndrome that is associated with early onset hearing
loss, movement disability and visual impairment. Less than 70 cases of this syn-
drome were reported worldwide. TIMMB8A is the causative gene for this syndrome
which encodes the Translocase of Inner Mitochondrial Membrane 8 homolog A
protein. This protein is important for the development of nervous system [26].

2.1.4 Mitochondrial-linked SHL

Maternally inherited diabetes and deafness (MIDD) is a mitochondrial disorder
causing a syndromic form of diabetes accompanied by sensorineural hearing loss
and some cases include renal problems, pigmentary retinopathy, ptosis, myopathy,
cardiomyopathy and/or neuro-psychiatric symptoms (OMIM: 520000) [27, 28].
Mutations in MT-TL1, MT-TK or MT-TE mitochondrial genes coding for mtRNAs,
which participate in the protein production in mitochondria and impair their
functioning had been linked in MIDD [29].
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2.2 Non-syndromic hearing loss

Hearing loss which is not associated with any other disease or symptoms is called
non-syndromic hearing loss (NSHL). It accounts for more than 70% of hereditary
hearing loss. According to the hereditary hearing loss homepage, there are more
than 100 genes associated with NSHL and more than 6000 causative variants are
identified so far which makes it extremely heterogeneous [30].

According to the mode of inheritance, NSHL can be classified as autosomal
recessive (75-85%), autosomal dominant (20-25%) and X-linked or mitochondrial
(1-2%). The loci responsible for NSHL are named DEN which stands for Deafness.
Letter “A” is added, if the mode of inheritance is autosomal dominant (DFNA),

“B” if the inheritance is recessive (DFNB) and “X” if the inheritance is X-linked
(DFNX). The numbers indicate the chronological order of gene discovery.

2.2.1 Autosomal dominant NSHL genes (DFNA)

Autosomal dominant forms account for 20-25% of NSHL and are characterized
by post-lingual progressive hearing loss [31]. More than 40 genes are associated
with autosomal dominant NSHL. DIAPH1 gene which is located in the DFNA1 locus
is one of the first loci described for autosomal dominant NSHL. It encodes protein
that is important for polymerization with actin which plays major role in cytoskel-
etal of hair cells in the inner ear. Mutations in DIAPHI are associated with early
onset progressive hearing loss and some patients may have mild thrombocytopenia
without bleeding tendencies [32].

WEFS1 encodes for Wolframin protein which plays role in regulating cel-
lular Ca," homeostasis and is involved in the process of sensory perception of
sound. Mutations in WFS1 are found to be associated with DFNA6, DFNA14 and
DFNA38 in which they are characterized by hearing loss in low frequency [33, 34].
Some missense mutations in this gene are also associated with congenital profound
hearing loss, progressive optic atrophy and diabetes. The above-mentioned pheno-
types are a form of autosomal recessive hearing loss condition known as Wolfram
syndrome [35].

The TECTA gene that encodes the tectorin-alpha protein forms the tectorial
membrane in the cochlea and the otolithic membrane in the vestibular system.
Mutations in TECTA are found in families with DFNA8/12 in which hearing loss
could be pre- or post-lingual [36]. The severity of hearing loss varies depending on
the domain where the mutation occurs. Some mutations in TECTA are also associ-
ated with DFNB21 hearing loss in which hearing loss is prelingual with severe to
profound phenotype [37].

Deafness autosomal dominant 5 (DFNAS5) gene that encodes for the
Gasdermin-E protein is another gene associated with autosomal dominant non-
syndromic hearing loss [38]. Gasdermin-E plays essential role in cellular response to
DNA damage by regulating TP53.

Other genes associated with autosomal dominant hearing loss are listed in Table 2.

2.2.2 Autosomal recessive NSHL

Autosomal recessive hearing loss account for majority (75-85%) forms of non-
syndromic hearing loss in which the hearing loss is prelingual and severe to pro-
found. The most common gene causing autosomal recessive NSHL is G/B2 accounts
for 50% of the cases. The other 50% of the autosomal recessive NSHL resulted from
mutations in 70 genes (Table 2).
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Gene Locus OMIM entry Inheritance
ACTG1 DFNA20/26 102560 AD
ADCY1 DFNB44 103072 AR
AIFM1 DFNX5 300169 XL
BDP1 DFNB49 607012 AR
BSND DFNB73 606412 AR
CABP2 DFNB93 607314 AR
CCDC50 DFNA44 611051 AD
CD164 DFNA66 603356 AD
CDC14A DFNB32/105 601728 AR
CDH23 DFNB12 605516 AR
CEACAM16 DFNA4B 614591 AD
CIB2 DFNB48 605564 AR
CLDN14 DFNB29 605608 AR
CLIC5 DFNB103 607293 AR
COCH DFNA9 603196 AD
COL11A1 DFNA37 120280 AD
COL11A2 DFNB53, DFNA13 120290 AR, AD
COL4A6 DFNX6 303631 XL
CRYM DFNA40 123740 AD
DCDC2 DFNB66 605755 AR
DIAPH1 DFNA1 602121 AD
DMXL2 612186 AD
ELMOD3 DFNB88 615427 AR
EPSS8 DFNB102 600206 AR
EPS8L2 DFNB106 614988 AR
ESPN DFNB36 606351 AR
ESRP1 609245 AR
ESRRB DFNB35 602167 AR
EYA4 DFNA10 603550 AD
FAM65B DFNB104 611410 AR
GIPC3 DFNB15/72/95 608792 AR
GJB2 DFNBI1A, DFNA3A 121011 AR, AD
GJB3 DFNA2B 603324 AD
GJB6 DFNB1B, DFNA3B 604418 AR, AD
GPSM2 DFNB82 609245 AR
GRHL2 DFNA28 608576 AD
GRXCR1 DFNB25 613283 AR
GRXCR2 DFNB101 615762 AR
GSDME/DFNA5 DFNA5 608798 AD
HGF DFNB39 142409 AR
HOMER?2 DFNA68 604799 AD
IFNLR1 DFNA2C 607404 AD
ILDR1 DFNB42 609739 AR
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Gene Locus OMIM entry Inheritance
KARS DFNB89 601421 AR
KCNQ4 DFNA2A 603537 AD
KITLG DFNA69 184745 AD
LHFPL5 DFNB66/67 609427 AR
LMX1A DFNA7 600298 AD
LOXHD1 DFNB77 613072 AR
LRTOMT/COMT?2 DFNB63 612414 AR
MARVELD2 DFNB49 610572 AR
MCM2 DFNA70 116945 AD
MET DFNB97 164860 AR
MIRN96 DFNAS50 611606 AD
MPZL2 604873 AR
MSRB3 DFNB74 613719 AR
MTRNR1 561000 MIT
MTTS1 590080 MIT
MYH14 DFNA4A 608568 AD
MYH9 DFNA17 160775 AD
MYO15A DFNB3 602666 AR
MYO3A DFNB30 606808 AR, AD
MYO6 DFNB37, DFNA22 600970 AR, AD
MYO7A DFNB2, DFNA11 276903 AR, AD
NARS?2 DFNB94 612803 AR
NLRP3 DFNA34 606416 AD
OSBPL2 DFNA67 606731 AD
OTOA DFNB22 607038 AR
OTOF DFNB9 603681 AR
OTOG DFNB18B 604487 AR
OTOGL DFNB84 614925 AR
P2RX2 DFNA41 600844 AD
PCDH15 DFNB23 605514 AR
PDEIC 602987 AD
PDZD7 DFNB57 612971 AR
PJVK DFNB59 610219 AR
PNPT1 DFNB70 610316 AR
POU3F4 DFNX2 300039 XL
POU4F3 DFNA15 602460 AD
PPIP5K2 DFNB100 611648 AR
PRPS1 DFNX1 311850 XL
PTPRQ DFNB84, DFNA73 603317 AR, AD
RDX DFNB24 179410 AR
REST DFNA27 600571 AD
ROR1 DFNBI108 612959 AR
S1PR2 DFNB68 609427 AR
SERPINB6 DFNB91 173321 AR
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Gene Locus OMIM entry Inheritance
SIX1 DFNA23 601205 AD
SLC17A8 DFNA25 607557 AD
SLC22A4 DFNB60 604943 AR
SLC26A4 DFNB4 605646 AR
SLC26A5 DFNB61 604943 AR
SMAC/DIABLO DFNA64 605219 AD
SMPX DFNX4 300226 XL
STRC DFNB16 606440 AR
SYNE4 DFNB76 615535 AR
TBC1D24 DFNB86, DFNA65 613577 AR, AD
TECTA DFNB21, DFNA8/12 602574 AR, AD
TjP2 DFNA51 607709 AD
TMC1 DFNB7/11, DFNA36 606706 AR, AD
TMEM132E DFNB99 616178 AR
TMIE DFNB6 607237 AR
TMPRSS3 DFNBS8/10 605511 AR
TNC DFNA56 187380 AD
TPRN DFNB79 613354 AR
TRIOBP DFNB28 609761 AR
TSPEAR DFNB98 612920 AR
Unknown DFNY1 400043 YL
USHIC DFNB18 605242 AR
WBP2 606962 AR
WEFS1 DFNA6/14/38 606201 AD
WHRN DFNB31 607928 AR
Table 2.

List of genes associated with autosomal dominant (AD), autosomal recessive (AR), X-linked (XL) and
mitochondrial (MIT) non-syndromic hearing loss (NSHL) [12].

GJB2 gene is one of the gap junction proteins that are expressed in the inner ear,
which encodes connexin 26. This protein allows the exchange of potassium ions
between the cells in the inner ear. More than 100 mutations identified in GJB2 were
found to cause DFNB1 and DFNA3 [39].

Other gene related to GJB2 is GJ/B6 that encodes for connexin 30 protein. Studies
show that both genes can be inherited together and 8% of patients with G/B2 muta-
tion also carry mutation in GJB6 [40].

OTOF gene encodes otoferlin protein that is responsible for the neural transmis-
sion at the synaptic cleft of the inner hair cell. Mutations in this gene cause prelin-
gual, profound autosomal recessive hearing loss (DFNB9) and will result in damage
of the neural receptors of the inner ear that will result on interruption of the nerve
pathways to the brain [41].

Conventional and unconventional myosins are group of genes that are function-
ing as actin-binding proteins. Conventional myosins regulate contractility of actin
filaments, while unconventional myosins are essential for vesicle trafficking and
endocytosis [42]. Mutations in some unconventional myosins are associated with
NSHL. MYO6 is an example of unconventional myosins that is expressed in the
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inner hair cell of the cochlea. Mutation in MYO6 causes DFNB37, a form of non-
syndromic deafness characterized by prelingual severe to profound hearing loss
[43]. Other genes are listed in Table 2.

2.2.3 X-linked NSHL

This form of hearing loss is very rare and only few genes are associated with
non-syndromic hearing loss (Table 2). This form of hearing loss is characterized by
progressive, conductive and sensorineural hearing loss. Mutations in POU3F4 gene
which cause DFNX2, account for 50% of the cases [44]. POU3F4 gene encode for
POU domain class 3 transcription factor 4 protein, which regulates the proliferation
of neural cells in middle and inner ear early during development. Because this form
of hearing loss is X-linked, the severity of hearing loss differs from male to female.
In males, hearing loss is prelingual and range from severe to profound while in
females hearing loss is post-lingual and less severe.

2.2.4 Mitochondrial-linked NSHL

Despite the crucial role of mitochondria producing the energy for the cell, there
are mtDNA mutations which lead to non-syndromic hearing impairment. The
carriers exhibited sensorineural hearing loss with variable severity and onset [45].
These mutations have been reported in the mitochondrial genes encoding for 12S
rRNA and tRNA genes [46, 47].

2.3 Age-related hearing loss

The auditory system exhibits senescent changes with the past time which could
trigger to acquire sensorineural hearing loss. The most of acquired-hearing loss are
characterized by a bilateral inner ear degeneration determined by genetic factors
superimposed with environmental stress [48], excluding injuries and severe infec-
tions. Noise, drugs, aging and/or other systemic conditions (i.e., diabetes or hyper-
tension [49, 50]) are numerous variables that can contribute to the final outcome of
the disease [51, 52]. It is habitual among the causes of life related hearing loss that
the severity progress beginning as mild loss and worsening over time.

The noise-induced hearing loss (NIHL) is one of the most common work-related
diseases caused by the extreme exposure to noise. Recurrent exposure to noise
causes physical damage to hair cells in the cochlea. Moreover, genetic predisposi-
tion and systemic conditions also contribute to the prevalence and severity of the
phenotype making it difficult to distinguish the cause [53]. In the same line, there is
a correlation between hazardous daily noise exposure and the prevalence of hearing
loss among youth population [54, 55].

Ototoxic agents like certain drugs or heavy metals could contribute to the devel-
opment of hearing impairment. Drugs such as cisplatin and aminoglycoside trigger
hair cells apoptosis by enhancing the production of oxygen reactivity spices and has
up to 50% reported incidence of irreversible hearing loss [56, 57].

The age-related hearing loss (ARHL) or presbycusis is caused by progres-
sive atrophy of the inner ear during aging [58, 59]. The onset and prevalence of
the disease vary widely as is multifactorial and many components (genetic and
environmental) could play a role. Moreover, the heritability of AHRL had been
stablished around 50% [60-64] and through genome-wide association studies and
animal models, several age-related hearing loss genes had been identified [65-67].
The estimated prevalence of ARHL is one-third of adults above 65 years old and it
doubles by each decade of life span [68, 69].
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ARHL had been well-documented during the years because of its high preva-
lence in the population. Characterized cochlea manly by atrophy in the basal turns
of the cochlea and is manifested by abrupt high-tone hearing loss [70, 71]. ARHL is
commonly classified as sensory, neural and metabolic. Sensory ARHL stems from
the progressive degeneration of organ of Corti [72], neural ARHL is considered
when there is 50% or more of cochlear neurons loss [73] and metabolic ARHL is

Gene Gene name Phenotype  Study Ref.
APOE Apolipoprotein E undefined GWAS [79]
ARHI Age-related Hearing Loss SN, M GWAS [80-82]
CDH23 Cadherin-related 23 SN, M Model, [83-86]
GWAS
COX 3 cytochrome c oxidase subunit 3 M Model (87, 88]
EDN1 Endothelin-1 M Model, [89, 90]
GWAS
GRHL?2 Grainyhead-like 2 SN GWAS [91]
GRM7 Metabotropic glutamate receptor type 7 SN GWAS [92]
GST Glutathione S-transferase M Model, [93-95]
GWAS
IQGAP2 IQ motif containing GTPase activating protein2  undefined GWAS [96, 97]
ITGA8 Integrin, alpha 8 SN Model [98,99]
KCNMA1 Potassium large conductance calcium-activated SN Model [100]
channel, subfamily M, alpha member 1
KCNQ1 Potassium voltage-gated channel, KQT-like SN GWAS [101, 102]
subfamily, member 1
KCNQ4 Potassium voltage-gated channel, KQT-like SN, M Model, [103, 104]
subfamily, member 4 GWAS
NAT2 N-acetyltransferase 2 M GWAS [105-107]
pP2X Ligand-gated ion channel purinergic receptor 2 undefined GWAS [108]
PCDH15 Protocadherin-related 15 SN Model, [109, 110]
GWAS
PTPRD tyrosine phosphatase, receptor type D undefined GWAS [111]
SLC26A4 Solute carrier family 26 member 4 SN Model [112]
SLC7A8 Solute carrier family 7 member 8 SN, M Model, [67]
GWAS
SLCY9A3R1 Regulator 1 of SLC transporter SN Model, [113]
GWAS
SPATCIL Spermatogenesis and centriole associated 1 undefined GWAS [114]
SPNS2 Spinster homolog 2 M Model [115, 116]
TBL1Y Transducin beta-like 1 Y-linked SN Model, [117]
GWAS
THRB Thyroid hormone receptor 1 SN, M Model, [118]
GWAS
TNF Tumor necrosis factor M GWAS [119]
Ucp2 Uncoupling protein 2 SN GWAS [120, 121]

Inner ear phenotype classification: sensovineural (SN), metabolic (M) and both of them (SN and M). Study type:
genome-wide association study and study-case (GWAS) and in vitro or in vivo model (Model).

Table 3.
ARHL-related genes.
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caused by the atrophy of the stria vascularis resulting in a decrease in endolym-
phatic potential [74]. Also, there is a mixed type where the progressive degeneration
of sensory cells is observed along loss of cochlear neurons [75-77]. Moreover, still
controversial if the loss of neurons is a secondary consequence or a primary cause.

The task to distinct between genetic and environmental factors in acquired
hearing loss is very challenging. In this regard, to progress the understanding of the
mechanisms that lead to the damage, physiopathology of age-related hearing loss
had been assessed by in vitro (cell lines) and in vivo (rodents and zebrafish) models
[70]. The studies provided evidences of specific inner damage such as inflamma-
tion, oxidative stress, reduced cochlear blood flow, disrupted ion hemostasis and
death of sensory and neuronal cells [78]. Table 3 summarizes all current knowledge
on ARHL-related genetic factors.

2.3.1 Consequences of suffering ARHL

Age-related hearing loss affects communication and information reception
reducing the quality of live and psychosocial well-being (e.g., anxiety or depres-
sion) of elder population. Limitation in communication has an impact on social and
personal relationships triggering to loss of autonomy and dependency [122, 123].
Even though the World Health Organization estimates that by 2025 approximately
500 million will suffer from age-related hearing loss; there is a lack of awareness by
health care professionals as well as no educational programs on how patients could
overcome obstacles caused by hearing loss.

Few studies have investigated the psychological factor and how individuals
develop their lives in the presence of hearing loss. The studies reveal that maladap-
tive behavior (e.g., escape, avoiding social interaction and/or pretending to under-
stand) has a negative effect on well-being of elder patients comparing to adaptive
strategies (e.g., training verbal skills or self-awareness) [124, 125]. Additionally,
there is a significant increase of hearing aids use by cases who attend audiology
clinic with a relative than others attending alone [126]. Therefore, elder popula-
tion with acquired hearing loss requires social support from family and health care
professionals. Educational programs on how to use hearing aids and communica-
tion strategies as well as counseling for follow-up and feedback are needed in order
to increase adherence to treatment and improve life quality [127].

3. Hearing loss treatments

Hearing loss is not a curable disease however science made some considerable
progress. Current therapies based on cochlear implants (a device that provides direct
electrical stimulation to the auditory nerve in the inner ear) and hearing aids (are
non-surgically placed in the ear canal) which help patients to recover partly hearing.

Hearing aids could be a stigma in the society as are negatively perceived as well
as expensive making that only one out of five people who could benefit from a hear-
ing aid actually wears it (WHO, [128]). Therefore, the major barriers to improve
hearing in elder population include perception that hearing loss is a normal part of
aging or is not amenable to treatment.

Based on the animal research studies, several clinical trials are working to
investigate the effects of a variety of drugs to prevent hearing loss including anti-
oxidants, ROS scavengers, alpha lipoic acid, N-acetylcysteine or anti-inflammatory
agents [129-134].

New generation treatments based on microRNA, short interfering RNA as
well as tissue regeneration using stem cells are promising tools [135, 136]. Due to
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the in-depth study of stem cell and its therapeutic potential, stem cell technology
opened new approaches for hair cell and auditory nerve regeneration [137, 138]. By
using two strategies of endogenous stem cell activation and exogenous stem cell
transplantation, exciting results on restoring hearing function are showed. Even
though the use of stem cells to repair cochlear injury is relatively new, they appear
to be a very promising possibility for the treatment of hearing loss induced by noise,
aging or ototoxic drugs. These three causes comprise a major part of the burden of
hearing loss, so if this approach were successful could have a large public health
effect of hearing impairment. Further research should be supported to solve the
problems which limit stem cells application in humans.

4, Conclusion

Of the senses that humans use to interact with their environment, hearing
is considered as one of the dominant after vision. The loss of hearing can occur
through genetic mutations, through environmental factors or through a combina-
tion of both. ARHL is an increasingly important public health problem which
reduces life’s quality, isolation, dependence and frustration. Besides basic research
and more effective therapies for the optimal treatment, management of the condi-
tion is still a pending task. Social support by the family and health care profession-
als is critical to the life quality of the older adults with hearing loss. The quality
of care and well-being could be improved by active education and counseling to
provide appropriate support to facilitate everyday communication.
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Chapter 8

Overview and Current News in
Acute Lymphoblastic Leukemia

Martha Alvarado Ibarva and Jose Antonio De La Peiia Celaya

Abstract

The management of acute lymphoblastic leukemia is a challenge in patients of
any age range. In the elderly patient, this challenge is further complicated by having
to take into account the physical, social, psychological, and emotional factors of this
age group, which, together with the complex nature of the disease’s biology, give rise
to many questions. Although the diagnostic approach of the disease does not differ
from that performed in pediatric or young patients, it does in the determination of
risk factors and treatment, since many of the determinants of risk have a different
value to that assigned in other patients, and, therefore, we cannot apply all available
resources in younger patients to facilitate our work. The genetic alterations of ALL
are found more frequently in elderly patients, since age is a factor that increases
the risk of presenting these alterations. As an example, the prognostic value of the
presence of Philadelphia chromosome (t (9:22)) cannot be weighted at the same scale
as in pediatric patients. Comorbidities play another important role when it comes to
making therapeutic decisions, and there is currently controversy regarding the use of
scores designed to determine the physical and physiological status of elderly subjects.
Several analyzes have been carried out to define the value and usefulness of these
tools in the older patients with ALL; however, work must still be done in this area. The
treatment schemes should be adjusted to the needs and specific characteristics of each
individual in advanced age. The use of intensive chemotherapy should be discussed
within a multidisciplinary team, always considering the benefit of our patients. In the
present chapter, the diverse differences in ALL biology will be addressed when com-
pared with those of children and young adults, and with the impact on the different
prognostic determinants and their weight at the time of deciding treatment. The need
to apply geriatric tools for decision-making and the therapeutic schemes used around
the world for elderly people will also be discussed.

Keywords: acute lymphoblastic leukemia, long-term survival, older adults,
remission, leukemia-free survival, overall survival, death

1. Introduction

Acute lymphoblastic leukemia (ALL) is a rare disease in the elderly. The preva-
lence of ALL in patients >60 years of age is reported to be between 16 and 31% of all
adult cases. In adults, it represents approximately 20% of all leukemia [1].

The age-adjusted incidence rate of ALL in the United States is 1.58 for every
100,000 persons per year. About 57.2% of the patients diagnosed are under 20 years
of age, 26.8% of patients diagnosed are over 45 years of age, and 11% of patients
diagnosed are over 65 years of age [2]. The biology of ALL in older patients seems
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to be significantly different from that in younger patients and may, at least in

part, explain the poor treatment outcome. Immunophenotyping and cytogenetic
characteristics are among the most important biological differences in comparison
with younger adults. The frequency of pre-B-cell ALL and common ALL is higher,
and T-cell ALL subtype is under-represented in elderly populations compared with
younger patients. The frequency of the Philadelphia chromosome also seems to
increase with age and adversely influences complete remission rate and survival.
Few reports on the effectiveness and toxicity of therapeutic programs concerning
exclusively older patients with ALL have been published so far and only some of
them were prospective studies [3].

In some of the studies, age-adapted approaches have been applied in which
protocols processed earlier for younger patients have been adopted for older
patients. In such modified protocols, chemotherapy was usually less aggressive,
especially if it was given for patients with comorbidities and poor performance
status. Consequently, in several studies, elderly patients received suboptimal treat-
ment. Death during induction chemotherapy was observed in 7-42% of the patients
in particular reports. The overall response rate varied from 12 to 85%. The median
overall survival (OS) durations in patients who received a curative approach ranged
from 3 to 14 months and from 1 to 14 months in patients treated with palliative
therapy. Poor performance status, comorbidities, and high early mortality during
intensive chemotherapy are the main reasons for poor treatment results and short
OS time. New therapeutic approaches are necessary to improve the outcome in this
age group of patients with ALL [4].

The implementation of tools aimed to determining the safety of treatments in
elderly patients based on protocols that have previously been applied and validated
in younger patients is a common practice today. A recently identified problem when
applying these tasks is the underutilization of treatments with curative purposes in
this group. An example of this is the CIRS-G scale, widely used to determine the risk
of complications in patients with various comorbidities [4]. This phenomenon has
been recorded in various efficacies and safety analyzes of treatment for acute lympho-
blastic leukemia in elderly patients based on similar scales, where an important sur-
vival difference has been observed between the groups treated for curative purposes
and those who received reduced therapy. Of course, comorbidities play an important
role in these poor results, which forces us to search for new therapeutic options [5].

The clonal origin of ALL has been established using cytogenetic analysis;
restriction fragment analysis in female patients, which are heterozygous for
polymorphic genes linked to the X chromosome; and analysis of T-cell receptor or
immunoglobulin gene rearrangements. The clinical manifestations are very variable
and insidious. The symptoms generally reflect bone marrow failure characterized
by four syndromes: anemia, hemorrhage, febrile, and infiltrative. Nearly, half of
the patients present with some kind of infectious process at diagnosis. Bone infiltra-
tion may produce pain and arthralgia. Additionally, close to half the patients have
hepatomegaly or splenomegaly [5].

The long-term survival of older adults with acute lymphoblastic leukemia (ALL)
who are intensively treated is about 40% [1]. Hematologic remissions are obtained
in over 90% of patients, and the depth of these remissions using flow cytometry
and molecular techniques is the subject of current studies. It is likely that, with
time, new response definitions based on these tests will be established. The adult
patients were divided into age 30 years and 30-60 years, because this seemed clini-
cally relevant, and available data best dealt with these age categories.

However, these divisions are not absolute or evidence-based, and an individual’s
biologic age and general fitness are of paramount importance. There are no ran-
domized studies in older adults that demonstrate “pediatric” approaches to be
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superior, and indeed, the single-arm studies are still small scale in this age group,
with insufficient follow-up. Much is unknown, but the wide variety of trials being
conducted in adults with ALL is heartening [6].

2. Physiopathology

The development of ALL is driven by successive mutations that alter cellular
functions promoting

* greater ability for self-renewal,
* greater proliferation,

* blockage of differentiation, and
* resistance to apoptotic signals.

Different hereditary DNA repair disorders can play an important role in the
induction of this disease. Furthermore, mutagenic environmental agents, which can
be physical (ionizing radiation), chemical (benzene), and biological (HTLV-1), can
also be involved. However, in most cases, there are no identifiable etiologic agents.
The precise pathogenic events that lead to the development of ALL are unknown.
About 5% of the cases are associated with genetic predisposition syndromes. This
is the case for children with Down syndrome, who have a 10-30 times greater risk
of leukemia and present genetic abnormalities such as hyperdiploidy and t (12; 21)
[ETV6-RUNX1], +X, del (9), and alteration in CCAAT//enhacer-binding protein
beta (CEBPD). It has been demonstrated that the fusion of P2RY8-CRLF2 and the
activation of JAK mutations contribute to 50% of the ALL cases in patients with
Down syndrome. Ninety percent have a deletion of IKZF12015. The disorders associ-
ated with chromosomal fragility that have been found to predispose to ALL include
ataxia-telangiectasia, Nijmegen syndrome, and Bloom syndrome [7]. Patients with
ataxia-telangiectasia have 70 times greater risk of leukemia and 250 times greater
risk of lymphoma, particularly of T cells. The causal gene, ataxia-telangiectasia
mutated (ATM), encodes a protein implicated in DNA repair and regulation of
cellular proliferation and apoptosis [2, 7, 8]. Complete genome sequencing studies
have identified a number of common allelic variants in four genes (IKZF1, ARID5B,
CEBPE, and y CDKN2A) associated with infant ALL. The allelic variant inherited
can affect the response to treatment. In utero exposure to X-rays for diagnostic
use can confer a slight increase in risk for ALL, which positively correlates with
exposure intensity. Data exist that support a causal role for polymorphisms in genes
that encode antioxidant enzymes (for example: glutathione S-transferase, nicotin-
amide adenine dinucleotide phosphate (NADPH), quinone oxidoreductase), folate
metabolic enzymes (serine hydroxymethyltransferase and thymidylate synthase),
cytochrome 450, methylenetetrahydrofolate reductase, and cell cycle inhibitors [3,
5, 8, 9]. Specific fusion genes have been identified in leukemia, the most noteworthy
being KMT2A/AFF1 (also known as MLL-AF4) and ETV6-RUNX1 or TEL-AMLI1;
additionally, there is hyperploid and rearrangements of immunoglobulin or T-cell
receptor genes. The acquired genetic anomalies are a hallmark, 80% of all cases
contain cytogenetic or molecular lesions with abnormalities in chromosome number
(ploidy) and structure. The mechanisms involved include aberrant expression of
oncoproteins, loss of tumor suppressor genes, and chromosomal translocations,
which generate fusion genes that encode transcription factors of active kinases. A
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single genetic rearrangement is not enough to induce leukemia. Cooperative muta-
tions are necessary for leukemic transformation and include genetic and epigenetic
changes in regulatory growth pathways. Candidate genes identified include deletion
of the tumor suppressor locus CDKN2A/CDKN2B and NOTCH1 mutations in T
cells. The use of single nucleotide polymorphism (SNP) microarrays suggests that
genomic instability is not characteristic of most cases. There is a great variation

in the number of alterations in different subtypes of leukemia. The infant cases
with rearrangements of the MLL gene had less than one copy number alterations
(CNA) per case, suggesting that few genetic lesions are required. Conversely, cases
with ETV6-RUNX1 [25] and BCR-ABL1 had more than six CNAs, some containing
more than 20 lesions, which support the concept that despite the initiating events
that may occur in early infancy, additional lesions are required for the subsequent
development of ALL. The lymphoid transcription factor PAX5 encodes a protein
involved in evolution and fidelity of the B-cell lineage. The second most frequently
affected gene was IKZF1, which encodes the protein IKAROS, required for lymphoid
differentiation. IKZF1 is absent in most cases with BCR-ABL1. Approximately, half
of the patients expressing BCRABLI also had deletions in CDKN2A/B and PAX5.
This finding suggests that alterations in different signaling pathways are needed to
induce leukemia [15]. A special role in this disease is played by the presence of the
Philadelphia chromosome t (9; 22), which expresses the BCR-ABL fusion gene, and
this has diagnostic, prognostic, and therapeutic implications [3, 6-11].

3. Morphologic diagnosis

The bone marrow aspiration test is fundamental to confirm the presence of
lymphoblasts (by morphology and/or cytochemistry with special stains that include
a negative MPO in 100% of cells, Periodic Acid-Shiff (PAS) (+) in 70-80%, and
acid phosphatase (+) in the case of T lymphoblast). The WHO suggests greater than
20% as diagnosis criteria (if the percentage is lower, one must search for extramed-
ullary disease at the nodal level to differentiate from the diagnosis of lymphoblastic
lymphoma). The bone marrow aspiration is hypercellular 95-100% of the time;
however, in those cases where the aspirate is “dry” (packed bone marrow), which
corresponds to 1-2% of the cases, a bone biopsy must be carried out for histopatho-
logical confirmation. Based on morphology, the French-American-British (FAB)
classification identifies three types of ALL [7, 8, 12].

QEQ-
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The first step to integrate the diagnosis of ALL is the morphological identification
of lymphoblasts. For this, it is necessary to perform a bone marrow aspirate and be
observed directly under a microscope by an expert in hematology, which can be sup-
ported in other tests like special stains, as in the case of myeloperoxidase, which must
be negative in all the malignant cells observed; PAS staining, which is considered

138



Overview and Current News in Acute Lymphoblastic Leukemia
DOI: http://dx.doi.org/10.5772/intechopen.86662

positive for ALL when observed in 70-80% of cells with malignant morphology and
acid phosphatase, which is used for T-cell differentiation. Regarding manual cell
counting, it is necessary that the presence of 20% or more cells with malignant char-
acteristics, as indicated by the criteria of the WHO classification, in case this criterion
is not met, can be replaced by others such as the documentation of extramedullary
disease. It is important to specify that most of the times, we may have difficulties in
trying to obtain the sample for the bone marrow aspirate, since the large number of
cells within the medullary space condition the presence of the phenomenon of “dry”
aspiration; in these cases, we must carry out bone biopsy in a mandatory manner.

3.1Images ALL

The French-American-British (FAB) classification that was used commonly
earlier includes:

e L1—around 25-30% of adult cases and 85% of childhood cases of ALL are of
this subtype. In this type, small cells are seen with:

o regular nuclear shape

o homogeneous chromatin
o small or absent nucleolus
o scanty cytoplasm

 L2—around 70% of adult cases and 14% of childhood cases are of this type.
The cells are large and/or have varied shapes with:

o irregular nuclear shape
o heterogeneous chromatin
o large nucleolus

* L3—this is a rarer subtype with only 1-2% cases. In this type, the cells are large
and uniform with vacuoles (bubble-like features) in the cytoplasm overlying
the nucleus.

In an initial effort, the French-American-British (FAB) was given the task of sub-
classifying this type of leukemia according to various morphological characteristics in
order to try to determine the behavior and prognosis of each type based on its mor-
phology; this is how the FAB morphological classification was born, which subdivides
the ALL into three types:

¢ L1: this subtype is characterized by presenting cells with a regular nucleus,
homogeneous chromatin, small or absent nucleoli, and scarce cytoplasm. It
represents the majority of the ALL in children observed in up to 85%, while in
adults, it is seen between 30% and 70% of the times.

* L2: unlike the previous one, this subclassification is seen mostly in adults

(70%) and its morphology is opposite to L1: chromatin is heterogeneous, the
nucleus irregular, and with multiple nucleoli.
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* L3: the least frequent of the three, is reported between 1 and 2% of the time. Its
main characteristic is the large number of vacuoles (bubbles) that these cells
present in their cytoplasm. The shape of the nucleus may vary.

3.2 Revised version of FAB

WHO proposed a classification of ALL that was to be the revised version of the
FAB classification.
This used the immunophenotypic classification that includes:

* Acute lymphoblastic leukemia/lymphoma or formerly L1 and L2 this has sub-
types including:

o precursor B acute lymphoblastic leukemia/lymphoma: this has genetic
subtypes including t(12,21) (p12,q22) TEL/AML-1, t(1,19) (q23;p13) PBX/
E2A, t(9,22) (q34;q11) ABL/BCR and T(V;11) (V;q23) V/MLL

o precursor T acute lymphoblastic leukemia/lymphoma
* Burkitt’s leukemia/lymphoma or formerly L3
* biphenotypic acute leukemia

The WHO performed a new categorization of acute lymphoblastic leukemia,
based on cytogenetic alterations present in this disease. This classification consid-
ered what was previously described in the FAB classification being possible to make
an indirect correlation between the morphological findings and the alterations
listed in the categories of the WHO classification. In this way, those leukemias that
are traditionally classified in the FAB groups L1 and L2 can belong to the group of
leukemia of precursors B with alterations such as: t (12; 21) (p12, g22) TEL/AML-1,
t (1;19) (q23; p13) PBX/E2A, t (9; 22) (q34; q11) ABL/BCR, and T (V, 11) (V; q23)
V/MLL. Those traditionally classified as FAB L3 correlate with Burkitt’s leukemia/
lymphoma; T-cell leukemias are still an independent group and are considered
another group where those that meet criteria for two different lineages are included.

4. Lineage

The proportion of B-lineage ALL is higher in patients older (75-89%) than
60 years compared to patients younger (59-66%) than 60 years. Accordingly the
incidence of T-ALL is lower in older (8-12%) compared to younger (29%) patients
[5-7]. A population-based study showed that cytogenetics were less frequently
attempted in older (73%) compared with younger (85-91%) patients. The proportion
of patients with Philadelphia chromosome positive (Ph+) t(9;22), t(8;14), t(14;18),
or complex aberrations increased with age [11]; Ph+ ALL accounted for 24-36% in
older patients vs. 15-19% in younger patients. Considering the consequences resulting
from diagnostic characterization, it should be self-evident that complete diagnostic
characterization is required in all patients with ALL, regardless of age [13, 14].

There are several important differences in the biology of lymphoblastic leukemia
in patients over 60 years compared to those under this age, although we know that
B-lineage leukemia is the most common in adults, the frequency between both groups
can vary reporting a little more frequent in those over 60 years (75-89%/59-66%),
another more radical difference is the presentation of leukemia of T lineage, which is
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more common in adults under 60 years (29%) than in elderly patients (12%) [5-7].
Cytogenetic alterations of importance for the prognosis, such as Philadelphia chromo-
some (Ph+) t (9; 22), t (8; 14), t (14; 18), or complex karyotype are observed more
frequently as the patient’s age increases [11]. Although the search for cytogenetic altera-
tions is crucial to define the risk and possible response to treatment of acute leukemia,
this analysis is not carried out in most elderly patients (73%), contrary to the young
patients, who have available cytogenetic studies in up to 91%. The importance of this
difference lies in the fact, already mentioned, of the increase in the frequency of high-
risk alterations, as an example Ph+ ALL can be found in up to 36% of cases, which have
different therapeutic approaches to those that do not suffer from this alteration [13, 14].

As in other B-cell malignancies, monoclonal antibodies to CD20 or CD228 are
being tested as adjuncts to chemotherapy in the hope that they will increase remis-
sion depth and improve survival without increasing hematologic toxicity. About
60-80% of B-cell ALL patients express these antigens at variable densities, but
there is little evidence linking antigen expression to response. CD20 expression may
be associated with a worse prognosis, so it is logical to investigate CD20 antibodies
in randomized trials, and it may improve the outcome [15, 16].

4.1 Immunophenotyping
Blasts in pre-B ALL can be initially identified using an SSC vs. a CD45 plot.

These blasts have low SSC (many times smaller than normal lymphocytes) and dim
to negative CD45.

Example peripheral blood with CD45
negative B lymphoblasts and
characteristically small {low S3C)

Example bone marrow with CD45
dim B lymphoblasts.

Once the blasts are identified and gated, the following markers are useful in the
classification of pre-B ALL:

Marker Prevalence
CD10 89%
CD13 5%
CD19 100%
CD20 24%
CD22 69%
CD33 31%
CD34 76%
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Marker Prevalence
CD45 (bright) 2%
CD45 (moderate) 33%
CD45 (dim) 36%
CD45 (negative) 29%
CD56 36%
CD79a 88%
CD117 0%
Cytoplasmic IgM 22%
HLA Dr 98%
TdT 91%
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coexpress CO10 and pre B ALL. Cyloplasmic  seen by the DNA
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Included are marking prevalences.
The phenotype of the blasts is an independent prognostic parameter. B-ALL is

subdivided into following:

* Early Pre-B ALL: TdT+, CD19+, CD10-

e Common ALL: CD19+, CD10+/CALLA+

Pre-B ALL: CD10+/—, CD19+, HLA DR+, cytoplasmic IgM+
* Mature B ALL: CD10+, CD19+, CD20+, CD22+, surface IgM+
4.2 Immunophenotype of T-lineage ALL

T-cell ALL constitutes approximately 25% of all adult cases of ALL. T-cell mark-
ers are CD1a, CD2, CD3 (membrane and cytoplasm), CD4, CD5, CD7, and CDS.
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CD2, CD5, and CD7 antigens are markers of the most immature T cells , but none of
them is absolutely lineage-specific, so that the unequivocal diagnosis of T-ALL rests
on the demonstration of surface/cytoplasmic CD3. In T-ALL, the expression of CD10
is quite common (25%) and not specific; CD34 and myeloid antigens CD13 and/or
CD33 can be expressed too. Recognized T-ALL subsets are the following: pro-T EGIL
T-I (cCD3+, CD7+), pre-T EGIL T-1I (cCD3+, CD7+, and CD5/CD2+), cortical T EGIL
T-III (cCD3+, CD1a+, and sCD3+/-), and mature-T EGIL T-IV (cCD3+, sCD3+, and
CD1a-). Finally, a novel subgroup that was recently characterized is represented by
the so-called ETP-ALL (early-T precursor), which shows characteristic immunophe-
notypic features, namely lack of CD1a and CD8 expression, weak CD5 expression,
and expression of at least one myeloid and/or stem cell marker [17].

4.3 Mixed phenotype acute leukemia

With currently refined diagnostic techniques, the occurrence of acute leu-
kemia of ambiguous cell lineage, i.e., mixed phenotype acute leukemia (MPAL)
is relatively rare (<4%) [19]. These cases express one of the following feature:
(1) coexistence of two separate blast cell populations (i.e., T- or B-cell ALL plus
either myeloid or monocytic blast cells), (2) single leukemic population of blast
cells co-expressing B- or T-cell antigens and myeloid antigens, and (3) same plus
expression of monocytic antigens. For myelo-monocytic lineage, useful diagnostic
antigens are MPO or nonspecific esterase, CD11c, CD14, CD64 and lysozyme;
for B-lineage, CD19 plus CD79a, cytoplasmic CD22 and CD10 (one or two of the
latter according to staining intensity of CD19); and for T-lineage, cytoplasmic
or surface CD3. Recognized entities include Ph+ MPAL (B/myeloid or rarely T/
myeloid), t(v;11q23); MLL rearranged MPAL, and genetically uncharacterized B
or T/myeloid MPAL. Very rare cases express trilineage involvement (B/T/myeloid).
Lack of lineage-specific antigens (MPO, cCD3, cCD22) is observed in the ultrarare
acute undifferentiated leukemia. In a recent review of 100 such cases, 59% were B/
myeloid, 35% T/myeloid, 4% B/T lymphoid, and 2% B/T/myeloid. Outcome was
overall better following ALL rather than AML therapy [7, 16, 18, 19].

4.4 NK cell ALL

CD56, a marker of natural killer (NK) cell differentiation, defines a rare
subgroup of about 3% of adult ALL cases, which often display other early T-cell
antigens, CD7 CD2 CD5, and sometimes cCD3. True NK ALL is very rare (TdT'+,
CD56+, other T markers negative, and un-rearranged TCR genes). This diagnosis
rely on the demonstration of early NK-specific CD94 or CD161 antigens [18, 19].

4.5 Diagnostic cytogenetics

Cytogenetics represents an important step in ALL classification. Conventional
karyotyping can be helpful in the identification of recurrent translocations, as
well as gain and loss of gross chromosomal material; however, the major limita-
tion of this technique is that in some cases, leukemic cells fail to enter metaphase.
However, fluorescence in situ hybridization (FISH) can enable the detection and
direct visualization of virtually all investigated chromosomal abnormalities in ALL,
with a sensitivity of around 99%. Finally, array-comparative genomic hybridiza-
tion (array-CGH, a-CGH) and single nucleotide polymorphisms (SNP) arrays can
permit the identification of cryptic and/or submicroscopic changes in the genome.
Karyotype changes found in ALL include both numerical and structural alterations,
which have profound prognostic significance. With these premises in mind, the
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karyotype changes that occur in ALL can be roughly subdivided in those associated,
respectively, with a relatively good, intermediate, and poor prognosis. However, it
must be kept in mind that the incidence of certain aberrations is very low, and that
for some of them, the prognostic impact can be strongly affected by the type and
intensiveness of therapy administered [8, 20].

5. Clinical status

Features associated with large tumor mass or rapid progression, such as high white
blood cell count, mediastinal tumors, or other organ involvement, appear to be less
common in older patients. Even “smoldering” ALL is observed in some cases. Most
studies report a lower proportion of males among older ALL patients. Secondary ALL
after myelodysplastic syndromes or other malignant disease may become increas-
ingly important, particularly in older patients; so far, very limited data are available.
Performance status often deteriorates in older patients with onset of disease. In two
studies, 30-43% of patients older than age 60 years vs. 18-22% of younger patients
had a performance status of 2 or more. Therefore, it is important not only to consider
the current general condition in newly admitted older ALL patients but also to discern
their status before the onset of leukemia-associated symptoms [17, 21].

The determination of the clinical status at the moment of making the diagno-
sis provides us with information about the global state of the patient, so that we
can make better decisions. This varies in comparison with the younger groups in
questions such as the low initial presentation of large tumor mass, identified by the
elevated white blood cells count in the peripheral blood, the rare extranodal affec-
tion and even in some cases being observed, apparently “benign” clinical presenta-
tion with low tumor burden. A smaller proportion of male patients in this group
have also been observed as compared with younger groups. Secondary leukemia,
which we define as that which occurs after a premalignant pathology, most fre-
quently myelodysplastic syndrome, or after treatment of nonhematological neo-
plasms, is a condition that has been observed more and more frequently in recent
years. However, there is little data to help us determine its nature. It is important
to assess these patients comprehensively in order to determine their physical and
health status prior to the onset of symptoms related to leukemia [17, 21].

6. Comorbidity

Of older ALL patients, 60-70% suffer from comorbidities, but most studies
did not refer to validated scoring systems. The German multicentre study group
for adult ALL (GMALL) identified comorbidities according to the Charlson score
in 84% of the patients older than 55 years, with diabetes (46%), vascular disease
(18%), heart failure (15%), and chronic lung disease (12%) being the most
frequent. In addition, renal insufficiency, anemia, osteoporosis, dementia, and
depression are probably the most relevant comorbidities for potential adjustment of
treatment. About 8-16% had a history of prior malignant disease. I recommend a
systematic evaluation and documentation of comorbidities based on a checklist or a
score, since this is essential for planning an optimal treatment strategy [4, 5, 18, 23].

Comorbidities in elderly patients with ALL require a specialized and detailed
approach. The German multicentre study group for adult ALL (GMALL) recom-
mends the use of the Charlson scale for the determination of risk due to comorbidi-
ties; this assessment must be done in an integral manner, together with the physics,
biochemistry, and cytomolecular evaluation of the disease [4]. Multiple systemic
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diseases can afflict elderly patients with ALL: diabetes, hypertension, heart failure,
and renal failure are some of the most frequently reported in the various studies
conducted. Age-specific conditions such as dementia or osteoporosis that can nega-
tively impact the patient’s performance before and after treatment should not be left
aside. It is also important to evaluate, monitor and, if necessary, treat alterations

in the emotional state of the elderly patient, since depression and anxiety are not
infrequent conditions in this group [5, 18, 22].

7. Prognostic factors in older ALL patients

Now, we have a better understanding of the factors that determine survival,
but these will require reexamination as we introduce novel therapies. Cytogenetic
findings such as Philadelphia chromosome positivity, t (4; 11), complex cytogenetic
abnormalities (more than five chromosomal changes), and low hypodiploidy/near
triploidy result in inferior survival. Some of these changes are more common in older
adults. Other conventional factors such as increasing age, high white blood cell count,
and B-cell disease (rather than T-cell disease) still hold true and predict higher failure
rates with standard chemotherapy. However, many of these factors are also associated
with a higher relapse rate after allografting, and it is not necessarily the case that bone
marrow transplantation (BMT) is the solution for patients with adverse prognostic
features. Combining these factors may allow individualization of therapy, a prospect
not previously possible in this rare condition. As well as undertreating patients with
ALL with chemotherapy that is likely to fail, prognostic factors should be used to
avoid over treating better prognosis patients with allogeneic transplants that have
a high upfront risk and may result in chronic graft-versus host disease (GVHD)), infer-
tility, and secondary malignancy. Chemotherapy and transplant have complementary
roles in ALL management, and a pragmatic approach is required to deliver the best
outcomes. The role of BMT is likely to increase, especially with the promising results
of reduced-intensity allografting, but conversely, the use of BMT should be reduced if
advances in nontransplant therapy improve cure rates [11, 17, 20, 23].

Increasing age itself is one of the most relevant prognostic factors for outcome
of ALL from childhood to old age. Since older patients show opposite problems,
namely higher mortality and relapse rates, prognostic factors for both have to be
analyzed. Prognostic factors for relapse risk in younger ALL patients are probably
also valid in older patients, such as early and mature T-ALL, pro-B ALL, elevated
white blood cell count, and Ph+ ALL; however, their predictive value is somewhat
diluted by mortality risks. Evaluation of minimal residual disease (MRD) has
demonstrated that persistence of MRD is associated with a relapse rate above 90%
in younger patients despite continued intensive chemotherapy. Few data on the
prognostic impact of MRD are available in older patients. In one study, only 11%
of the older patients with molecular failure after first consolidation remained in
complete response (CR) compared with 68% of those with molecular remission. In
older patients with less intensive therapy, a higher rate of MRD persistence and an
even poorer outcome can be expected. Therefore, prospective evaluation of MRD
in older patients is essential to identify those who could benefit from alternative
experimental treatments, if they were available [18-20, 24].

Some poor prognosis factor applicable to young patients can also be in elderly
patients, which tells us of the profound impact they have on the biology of the
disease: the T lineage and the positive Phi chromosome are a pair of these. The
persistence of positive minimal residual disease is directly related to an increased
frequency of relapse after remission; it is estimated that young patients with posi-
tive MRD will relapse up to 90% despite receiving intensive CT. We do not have
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such exact estimates of how much the likelihood of relapse increases when this
phenomenon occurs in older patients, but it has been estimated in some studies
that only 11% of these who presented with MRD positive remain in response to the
disease. Prospective studies that answer these questions are required; however, it
is necessary to determine MRD in elderly patients as part of the management and
surveillance protocols [18-20, 23].

In the GMALL study for older patients, we identified comorbidity score, age,
and performance status before onset of leukemia as prognostic factors with signifi-
cant impact on early mortality. Interestingly, Eastern Cooperative Oncology Group
(ECOG) status of 2 or more was documented in 7% of the patients before onset of
leukemia-associated symptoms, but in 38% after onset. The strong correlation of
performance status with mortality was confirmed by others.

For assessing prognosis in an older ALL patient, it is essential to identify features
suitable for predicting high risk of early mortality resulting from complications.
These features can help determine whether a patient has any chance of benefiting
from intensive treatment. For this purpose, I would consider performance status
before onset of leukemia, comorbidities, and geriatric assessment and would not
rely on scores, which are calculated on the basis of historical patient cohorts.

In addition, prognostic factors for response to antileukemic treatment and
relapse risk must be considered. Because of the lack of confirmed prognostic factors
for older ALL patients, my approach would be to take known prognostic factors
for younger patients into consideration, but to focus on MRD evaluation as an
individual prognostic feature that can cover the impact of biologic factors and also
treatment intensity, compliance, and other unknown features [21, 26].

In the case of patients with characteristics that could increase the risk of early
mortality when starting treatment, we must be careful in how to approach this last
parameter. Several groups dedicated to the analysis of prognostic factors in special
groups of patients have determined a series of variants and elements that could guide
the clinic when defining the risk of death of his patient. The GMALL group deter-
mined, in a prospective analysis, that the low physical status (ECOG status of 2 or
more) prior to the onset of leukemia symptoms correlates with earlier mortality and in
those patients who already have a diagnosis, this score is seen duplicated at the begin-
ning of the symptomatology. To be able to carry out a complete evaluation of elderly
patients, it is necessary to apply tools that are useful in most clinical scenarios and that
confer a high degree of reliability with respect to their predictive power of prognosis.
It is therefore necessary to apply validated geriatric scores and specific scores of the
patient for known morbidities in order to achieve the most complete vision possible
before the diagnosis, in order to guide the treatment and its intensity [21].

In addition to this, we must define what prognostic factors for relapse should
be applied to these patients after treatment is initiated. Although several of them
already known with importance in young group can also be applied to elderly
patients, it should be determined which are more specific for this last group [26].

7.1 Philadelphia ALL

One-quarter of all adults have Philadelphia chromosome, and the incidence
increases with age. Until the results of recent studies in older patients became avail-
able, most patients with Philadelphia ALL were managed with intensive chemo-
therapy and a tyrosine kinase inhibitor (TKI). Imatinib has improved the CR rate in
a number of trials to 90% and makes more patients eligible for transplant. Imatinib-
resistant mutations are increasingly reported, and these should be sought in
relapsed and refractory patients. Dasatinib, which inhibits tyrosine and src kinases,
holds considerable promise. It may also be effective in CNS disease. There are no
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randomized comparisons with imatinib, although it is a more potent inhibitor of
tyrosine kinase in vitro. Recent studies from Italy and France with dasatinib alone in
older patients have achieved very high remission rates with encouraging short-term
survival. Good minimal residual disease (MRD) responses correlated with outcome.
Data regarding the combination of dasatinib and intensive chemotherapy are lack-
ing. It is possible that less conventional induction therapy may be required and that
allogeneic stem cell transplantation (SCT) may not be mandatory. The remarkable
effectiveness of TKI therapy, in some studies without chemotherapy or allografting,
has made us consider de-escalation of therapy, but the long-term results of these
less intensive approaches are unknown, and allografting is the only known cure.
The effect of pretransplant MRD status on outcome is unclear [27, 28].

A study of 267 patients (prior to the TKI era) showed allogeneic transplant to
be superior to chemotherapy, with 44 and 36% surviving 5 years after sibling and
unrelated donor SCT, respectively. However, only 28% of patients proceeded to a
CR1 allograft, reducing its impact, and making it important that we improve no
transplant therapy (and improve access to transplant). The Minneapolis group
reported 50% survival in 14 patients who received reduced-intensity conditioning
(RIC) allografts from cord or sibling donors. TKIs were used only for morphologic
or molecular relapse posttransplant. Studies of TKI posttransplant that examine
dose, duration, and molecular response are urgently required; this is the subject of
studies from the German and UK groups that are soon to be reported [28, 29].

7.2 Therapy

The goal of remission induction therapy is to achieve remission without undue
toxicity with a hematologic recovery that permits further therapy to be promptly
given. Most regimens use prednisolone or dexamethasone, vincristine, dauno-
rubicin, and asparaginase, with later exposure to cyclophosphamide and Ara-C
(cytosine arabinoside or cytarabine). Hyper-cyclophosphamide, vincristine,
doxorubicin, and dexamethasone (CVAD), which does not contain L-asparaginase,
achieves high complete remission (CR) rates in newly diagnosed patients and
is a reasonable alternative for induction therapy, but has not been shown to be
superior to more traditional induction protocols. Dexamethasone is preferred to
prednisolone because of superior lymphocytotoxicity, better central nervous system
(CNS) penetration, and fewer thromboembolic events; these data are derived from
pediatric studies. Poly(ethylene glycol)-asparaginase may be associated with more
effective asparagine depletion, and this in turn may lead to better outcomes. But
this requires a randomized comparison. The safety and optimum dose of this drug
require further study in adults [25, 26, 30].

Population-based study registries give an impression on the overall outcome of
unselected older ALL patients. Survival rates in patients aged 60 years were 12% at
5 years in Northern England. For those aged between 65 and 74 years, survival was
25% in Sweden where outcome further decreased to 10% in patients aged 74 years.
Five-year OS in patients aged 60-69 years increased from 8% in the years 1992
2001 to 20% in the years 2002-2011, whereas only marginal improvements from 5
to 10% were observed for patients aged 70 years. Palliative treatment: some 30-70%
of the older patients are allocated to palliative therapy mainly due to poor perfor-
mance status at diagnosis. Most studies have shown an advantage of more intensive
therapy such as higher CR rate, lower early death, better remission duration, and
median survival compared with palliative treatment according to protocols for adult
ALL patients. The majority of published data are based on results reported for the
subgroup of older patients treated within protocols designed for adult ALL in gen-
eral. One large data set confirmed considerable mortality of 18%. The conclusion
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that induction therapy designed for younger patients may be too intensive for older
patients. Patients may acquire severe infections, nonpredefined treatment modifi-
cations occur frequently, and treatments may be interrupted or even stopped due
to severe complications. Overall, potential conclusions from these studies are very
limited. Prospective studies of protocols for older ALL patients specifically designed
for older ALL patients have the theoretical aim to provide a chance of cure on the
one hand and to limit toxicity, early mortality, and hospitalization duration on the
other hand, and the therapy maintains as much quality of life as possible. One cen-
tral question is whether and/or which anthracycline has to be included in induction
regimens for older patients, because these drugs contribute considerably to bone
marrow toxicity [5, 6, 15, 31]. One approach is the use of idarubicin in induction,
based on a potentially lower cardiac and hepatic toxicity. The results of liposomal
anthracyclines in elderly ALL are not convincing so far. Asparaginase is an essential
compound in the treatment of ALL. The PETHEMA group reported the results of
an intensive induction regimen, including asparaginase for older ALL patients. The
early death rate, mainly due to infection, was rather high (36%) and was reduced
after omission of asparaginase and cyclophosphamide. A high early mortality rate
(29%) and a number of complications including infections (71%), cardiac toxic-
ity (18%), and hyperglycemia (24%) were also observed in another trial utilizing
asparaginase during induction therapy. Furthermore, a pediatric-based regimen
using pegylated asparaginase during induction in older patients revealed grade 3-4
bilirubin increases in 33% of the patients. Thrombosis and pancreatitis are other
relevant toxicities of asparaginase. Altogether, there is some evidence that the use
of asparaginase during induction therapy may be associated with increased risks

in older patients. Therefore, it would be advisable to start asparaginase in older
patients later during consolidation. The majority of complications in older ALL
patients is observed during induction; thus, there is still space for intensification of
consolidation therapy [14, 23, 32]. Based on this assumption, a consensus treat-
ment protocol for older patients with ALL was defined by the European Working
Group for Adult ALL (EWALL). The 4-week, pediatric-based induction comprises
dexamethasone, vincristine, and idarubicin in phase 1 and cyclophosphamide and
cytarabine in phase 2. Consolidation consists of six alternating cycles with inter-
mediate-dose methotrexate combined with asparaginase and high-dose cytarabine,
followed by maintenance. The median age at enrollment was 66 (56-73) years with
22% at 70 years. The incidence of grade 3—4 cytopenias was 90%, and infections
during phases 1 and 2 of induction occurred in 16 and 25% of the patients, respec-
tively. Toxicities were less pronounced during consolidation, and asparaginase was
well tolerated. CR, survival, and continuous CR rates after 1 year were 85, 61, and
49%, respectively. Another report based on the same backbone showed CR rates of
74% and an OS of 30% at 2 years [18, 20, 33]. The authors also observed grade 3-4
infections in 62% of the patients during induction therapy with a median duration
of neutropenia of 24 days, whereas consolidation was far better tolerated even
when including the use of asparaginase [18, 20, 23, 34]. The GMALL has conducted
thus far the largest prospective trial specifically designed for older patients with
Ph/BCR-ABL-negative ALL. Pediatric (Berlin-Frankfurt Munster)-based, dose-
reduced induction therapy with idarubicin, dexamethasone, vincristine, cyclophos-
phamide, and cytarabine was followed by alternating consolidation cycles for 1 year
and maintenance. Patients with CD201 ALL received rituximab in combination
with chemotherapy. The median age of this cohort was 67 (55-85) years. In 268
patients, the CR rate was 76%, early death rate 14%, mortality in CR 6%, continu-
ous remission 32%, and survival 23% at 5 years. Patients aged 75 years with an
Eastern Cooperative Oncology Group performance status below 2 had an 86% CR
rate, 10% early death, and 36% survival at 3 years. Interestingly, the replacement
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of triple intrathecal therapy during induction resulted in a reduced early mortality.
Moderate intensification of consolidation as in the EWALL regimen, with inclusion
of high-dose cytarabine and intermediate-dose methotrexate and native Escherichia
coli asparaginase was tolerated [24, 26, 30].

Overall, mortality in CR was 6% only. Overall, pediatric-based regimens in ALL are
undoubtedly successful and should be scheduled with prospectively defined adapta-
tions with respect to tolerability in older patients. The most important modification of
induction therapy in older patients is probably the omission of asparaginase, and the
flexible, reduced dose of anthracyclines. In consolidation, intensified treatment should
be attempted, and during this treatment phase, even asparaginase may be surprisingly
well tolerated at moderate doses [29, 34]. In this treatment, patients aged 55-70 years
and 70-75 years tolerated pegylated asparaginase at dose levels of 1000 and 500 U/m?,
respectively, as single-drug interim therapy during consolidation. Combination with
high-dose methotrexate will be further explored and careful use is recommended in
patients with preexisting liver disease. [23, 24, 26, 30, 35]. Nowadays, older patients with
Ph+ ALL may have a better chance to achieve a CR than patients with Ph+ ALL. The
use of TKIs upfront is most promising. The GMALL conducted a first randomized
study to evaluate the efficacy of imatinib single-drug induction compared with
chemotherapy. The remission rates were 96 and 50%, respectively. Only 11% of the
patients achieved a molecular remission. A follow-up including nonrandomized data
yielded a CR rate of 88% in 121 patients, together with a 22% 5-year survival rate. The
Gruppo Italiano Malattie Ematologiche dell’Adulto trial used imatinib (800 mg) with
prednisone for induction, followed by imatinib single-drug treatment. The CR rate,
survival, and disease-free survival were 100, 74, and 48%), respectively, after 1 year. A
subsequent trial with dasatinib (140 mg) and prednisone, followed by dasatinib single-
drug treatment, was not specifically designed for older patients (range, 24-76 years).
The CR rate was 92% and survival was 69% at 20 months. Postremission therapy was
at the discretion of the treating physician and 14 of 19 patients with TKI monotherapy
relapsed with a high frequency of T315I mutations [31, 33, 35]. Another trial was based
on a rotating schedule with 6 weeks of nilotinib treatment alternating with imatinib
treatment. In 39 patients, the CR rate was 94% and the OS at 1 year was 79%. Nearly,
all relapsed patients in this trial showed mutations associated with TKI resistance.

The largest prospective study so far in older patients with Ph+ ALL used an EWALL
chemotherapy backbone with vincristine, dexamethasone, and dasatinib (140 mg)
for induction. Consolidation and maintenance according to the EWALL backbone
was combined with intermittent dasatinib applications. In 71 patients, the CR rate was
96%. The regimen was feasible and the survival after 5 years of follow-up was 36%,
which is promising. Persistent MRD above 0.1% after induction and consolidation was
associated with poorer remission duration of only 5 months. A subsequent EWALL
trial with a similar backbone but with nilotinib (400 mg twice daily) instead of dasat-
inib was started subsequently. Again, a high CR rate of 97% was reported. About 30%
of patients achieved a complete molecular remission after induction. Overall, there is
increasing evidence that second-generation TKIs in combination with dose-reduced
chemotherapy can induce very high CR rates with low mortality in older patients.

The rate of molecular remissions appears to be higher compared with imatinib-based
regimens. Moderate intensive consolidation therapies in combination with TKIs are
tolerated well. Long-term results have to be assessed after 5 or more years and show a
still high rate of relapses. New approaches may include reduced intensity stem

cell transplantation (SCT), MRD-based change of TKIs, or use of new immunothera-
pies [23, 36, 37].

In other study, 127 patients with ALL were enrolled including 26 elderly
patients (>60 years) and 101 younger adult patients (<60 years). The median
follow-up durations were 6.0 months (range, 0.4-113.2) in the elderly patients
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and 21.7 months (range, 1.0-122.7) in the younger patients. The median age of the
younger patients with ALL was 30 years (range, 15-58), whereas that of the elderly
patients with ALL was 65 years (range, 60-82). No significant differences in the
baseline characteristics of the two groups were observed, except in history of malig-
nancy; a larger portion of elderly patients with ALL had a history of malignancy

(p = 0.001). The composition of ALL subtypes and the frequencies of Ph+ status
were not statistically significant between the two groups. The peripheral blood
sample laboratory findings showed more severe anemia in younger adult patients
with ALL than in the elderly patients (p = 0.023); of 26 elderly patients with ALL,
abnormal karyotypes were found in 14 patients (53.8%) [38, 39].

All patients, with the exception of two elderly patients who received supportive care
only, received induction chemotherapy. About half of the elderly patients (12 patients,
46.2%) received the VPDL regimen as an induction therapy. Five elderly patients
(19.2%) were administered the VPD regimen, and one (3.8%) was administered the
hyper-CVAD (cyclophosphamide 300 mg/ m?, D1-3; vincristine 2 mg D4,11; Adriamycin
50 mg/m’, D4; dexamethasone 40 mg D1-4, D11-14) regimen. The overall CR rate was
much higher in the younger adult patients than that in the elderly patients (94.1 vs. 57.7%,
p < 0.001). Early mortality within 3 months from the start of induction chemotherapy
was remarkably higher in the elderly patients (26.9% vs. 5.0%, p = 0.003).

The median number of postremission consolidation therapy sessions was three
(range, 1-5) in the elderly patients with ALL. The regimen in the elderly patients
was vincristine and prednisolone in seven patients. Two patients received only ima-
tinib due to severe comorbidities. One patient received the CALGB 9251 regimen,
and the other patient received nonmyeloablative hematopoietic stem cell transplan-
tation (HSCT) from a matched sibling donor. Of 15 elderly patients who achieved
CR, only 11 received postremission therapy. The overall nondisease-related mortal-
ity rate in the elderly patients was higher than that in the younger adult patients.
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Cumulative hazards of disease-related and nondisease-related mortality in
younger adult patients (<60 years) with acute lymphoblastic leukemia (ALL) and in
elderly patients (>60 years) with ALL (p = 0.001 and 0.12, respectively).

The median OS of the younger patients was 26.3 months (95% confidence inter-
val [CI], 19.6-33.0), whereas that of the elderly patients was 10.3 months (95% ClI,
3.5-17.2) (p = 0.003). The survival difference according to age was not reproduced
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in the subpopulation of patients with Ph-positive ALL (data not shown), but was
consistently found in the patients with Ph-negative ALL.
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A. Overall survival (OS) of elderly and younger adult patients with acute lympho-
blastic leukemia (ALL): OS of elderly patients with ALL (>60 year) was shorter
than that of younger adult patients with ALL (<60 year) (median OS 10.3 vs.
26.3 months, respectively, p = 0.003).

B. OS of the elderly and younger adult patients with Philadelphia chromosome
(Ph)-negative ALL: OS of the elderly patients with Ph-negative ALL (>60 year)
was shorter than that of adult patients with Ph-negative ALL (<60 year)
(median OS, 10.3 vs. 29.2 months, respectively, p = 0.01).

C. OS according to complete remission in elderly patients with ALL: OS of elderly
patients with complete remission was longer than that of elderly patients with-
out complete remission (median OS, 13.1 vs. 2.6 months, p = 0.001).

D. OS according to age (60-69 vs. >70 years) in elderly patients with ALL: OS of
elderly patients aged 70 years or more was not significantly different from that of
the other elderly patients (median OS, 11.2 vs. 3.7 months, p = 0.073) [40, 41].

8. Survival analysis for elderly patients with ALL

Among the elderly patients, the patients who achieved CR1 (CR after the first
induction chemotherapy) showed significantly longer survival compared with those
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who did not achieve CR1 (median OS, 13.1 vs. 2.6 months; p = 0.001). Furthermore,
CR1 was the only independent prognostic factor for OS in elderly patients with ALL
(p = 0.001). Although the OS of elderly patients aged 60-69 tended to be longer
than that of those aged 70 or over, the difference did not reach statistical significance
(median OS, 11.2 vs. 3.7 months; p = 0.073).

In the survival analysis using the factors at the initial ALL diagnosis, the prob-
able poor prognostic factors for CR were age > 70 years (relative rate of remission
[RR], 0.14; 95% CI, 0.013-1.45; p = 0.098) and leukocytosis (>30,000/pL) (RR,
6.00; 95% CI, 0.93-38.63; p = 0.059). T-cell lineage and the presence of lymphade-
nopathy were significant factors in poor prognosis for OS in the univariate analysis
(hazard ratio [HR], 3.11 and 3.14; 95% CI, 1.14-9.34, and 1.01-9.99; p = 0.033 and
0.041, respectively). T-cell lineage and Ph-positive status tended to increase the
HR for leukemia free survival (LFS) (HR, 8.49 and 4.49; 95% CI, 0.53-135.82 and
0.8-25.21; p = 0.069 and 0.064, respectively).

Univariate analysis for complete remission, overall survival, and leukemia-free
survival in elderly patients with ALL (>60 year) (n = 26).
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ALL, acute lymphoblastic leukemia; RR, relative rate of remission; CI, confidence
interval; HR, hazard ratio; Ph, Philadelphia chromosome; WBC, white blood cell.

The low response to chemotherapy in the elderly patients with ALL could be
related to several factors. The first factor may be chemotherapy intensity. Intensified
combination induction chemotherapy can result in an improvement in the CR pro-
portion, and high-dose postremission methotrexate (MTX) or cytarabine therapy
is effective for treating adult ALL. However, most elderly patients with ALL in our
study could not receive the postremission therapy after the induction therapy with
a standard or reduced dose and also could not be treated with intensified postremis-
sion regimens such as cyclophosphamide or MTX, though they received postremis-
sion therapy. The second factor may be drug-resistance mechanisms such as the
presence of multidrug-resistance gene 1 and multidrug-resistance-related protein.

Although intensified induction chemotherapy was not introduced, and pos-
tremission therapy was not performed appropriately in most elderly patients with
ALL, the survival benefit was definite in the patients who achieved CR. Our study
did not show a statistical difference in nondisease-related mortality rates between
the elderly and younger adult groups. However, the actual risk of nondisease-
related mortality might be significantly higher in the elderly patients considering
that only a few patients could receive highly toxic therapy such as HSCT, and our
results indicated that about half (43.8%) of nondisease-related mortality was
related to HSCT in the younger adult patients with ALL [40-43].

8.1 New treatment options in older patients with ALL

ALL blasts express a number of antigens, such as CD33, CD22, CD19, and CD52,
which could be targets for antibody therapy. The majority of older patients suffer
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from B-precursor ALL. In this subtype, approximately half of the patients show
CD20 expression on their blast cells. In younger patients with CD20" ALL, the first
promising data for the combination of chemotherapy and rituximab have been
reported. Outcome of older patients could be hampered by a higher mortality due to
infections in CR, which underlines the need for intensive supportive care for older
patients throughout the entire treatment period.

A great majority of cases with ALL in elderly patient correspond to B-precursor
lineage, one of the characteristics of this lineage is the expression of CD20 on its
surface, which makes it susceptible to treatments focused on this marker, such
as rituximab, this treatment approach has already shown to be highly effective in
young patients, which could be transposed to the population over 65 years of age.

A promising new approach is the administration of a bispecific CD19 antibody,
blinatumomab, which has the potential to engage cytotoxic T cells in patients for
lysis of CD19" leukemia cells. In 19 patients with refractory disease, defined as
hematologic remission with persistent MRD after intensive chemotherapy, the
molecular remission rate was 84%. A number of older patients who were not able
to receive an SCT remained in remission for more than 1 year. More recently, a CR
rate of 68% was reported for relapsed ALL. All patients with CR also achieved a
molecular CR. Treatment with the final dosing regimen was well tolerated, and a
number of older patients experienced a benefit. The CD22 directed, calicheamicin-
conjugated antibody inotuzumab induced 18% CRs and 39% marrow CRs in
relapsed CD22" ALL. Toxicity appeared to be manageable, and the mortality of
4% within 4 weeks was moderate. Successful future use of antibody treatment will
certainly depend on well-designed combination regimens with chemotherapy that
aim to achieve long-term responses, particularly in older ALL patients.

In recent years, there have been advances and new therapeutic options in the
management of ALL, one of the most promising is immunotherapy, specifically
bispecific antibodies, the first of which useful information was disclosed was
blinatumomab, this antibody that acts by binding to T lymphocytes, activating
them and forcing them to destroy CD19 receptor expressing cells, such as blasts,
already has multiple studies in various population groups that demonstrate their
effectiveness against the disease, achieving significant response rates (84%) and
negativization of the MRD. Another new specific antibody against the CD22 recep-
tor, inotuzumab, has also been shown to be effective, at least in its initial studies,
with a tolerable safety profile. The great advantage of these new treatments is that
they do not confer the implicit risk in chemotherapy; however, there are no studies
specifically in elderly patients.

Several other new drugs are of interest for optimizing treatment in older ALL
patients. Although the number of older patients with T-ALL is low, the use of
nelarabine is of interest after promising results and acceptable toxicity in relapsed
T-ALL including older patients. Liposomal cytarabine for intrathecal application
showed activity and tolerability in CNS relapse of ALL, although in combination
with systemic neurotoxic regimens, severe toxicities may be observed. The use of
liposomal cytarabine in prophylaxis of CNS relapse is of interest, particularly in
older patients, since it allows reduction of the number of intrathecal injections and
may induce fewer systemic toxicities compared to conventional intrathecal therapy.

Other drugs of current interest include nelarabine, indicated for use in cases
of T-ALL. The prophylactic treatment to CNS has also had new protagonists in its
field, liposomal cytarabine is one of these; this drug used for both prophylaxis and
management of relapse to CNS has shown to be safe, although when combined
with other neurotoxic agents, there is considerable toxicity. Despite this, safety
is comparable to that presented by conventional cytarabine, with a higher rate of
effectiveness.
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Liposomal vincristine is another drug of interest, particularly in older patients.
Results are still pending on the major question of whether liposomal encapsula-
tion allows a higher dose intensity with lower risk of neurotoxicity. Bendamustine
could be of interest, since it has shown limited toxicity and favorable results in
older patients with B-cell lymphoma. New drugs with different mechanisms of
action may, in the future, be used in combination with chemotherapy, such as
proteasome inhibitors, histone-deacetylase inhibitors, hypomethylating agents, or
targeted drugs such as Flt3 inhibitors or Jak2-inhibitors in defined subgroups of
ALL. Currently, these compounds are either available in clinical trials or could be
considered in individual patients with poor response to standard chemotherapy,
including patients with molecular failure [12, 23, 43, 44].

Bendamustine and liposomal vincristine are new tools already known, the first
one, a drug developed in the 1960s, has shown its effectiveness in various studies
in the management of ALL and other lymphoproliferative disorders, with adequate
safety in elderly patients. New mechanisms of action must be explored in order to
give variety to the maneuvers against the disease. The study of new prognostic and
risk markers that can be targeted by these drugs is crucial for their development.
Currently, a large number of studies are underway in the world, both with new
combinations of already known drugs and with novel molecules applicable to ALL
(12, 23, 43, 44].

9. Conclusion

All older ALL patients need a comprehensive diagnostic classification, includ-
ing, at least, immunophenotyping, molecular diagnostics, and setup of an assay
for MRD evaluation. The identification of Ph+ ALL is crucial since, even in very
old and frail patients, TKIs induce a high CR rate with reasonable durability.
Furthermore, the biological characterization of older ALL patients needs to be
improved. Biobanking for future scientific investigations within clinical trials
should therefore be standard in older as it is in younger patients.

Altogether, in older as in younger patients, a pediatric-based induction strategy
is recommendable in Ph— ALL. Dose reductions for anthracyclines are essential,
and asparaginase during induction cannot be recommended outside of clinical tri-
als. Dexamethasone appears to increase efficacy in younger patients, but prolonged
use should be avoided. For fit older patients, consolidation chemotherapy may be
intensified. Moderate-dose consolidation, including methotrexate, cytarabine,
and reinduction therapy, appears to be feasible, and maintenance treatment is an
essential treatment element.

In unfit older patients, a dose-reduced induction therapy is recommended with
the aim of controlling and achieving a prolonged low-level disease. ALL-specific
approaches should be considered, including vincristine, steroids, intrathecal
therapy, and maintenance with mercaptopurine and methotrexate. Many physi-
cians have more experience with older AML patients; however, there is no rationale
for using AML regimens such as low-dose cytarabine or hydroxyurea in ALL.

When they are available, targeted drugs such as nelarabine, monoclonal antibod-
ies, or other new drugs with potentially reduced or alternative toxicity should be
added to treatment strategies in older patients, preferably in clinical trials. Since many
of these compounds are used off-label, it may be useful to make the indication based
on persistent MRD, which, in addition, offers a chance to evaluate effects immedi-
ately. Treatment options may change as soon as new drugs or strategies become avail-
able. With effective drugs for prolonged maintenance, it may be possible to further
reduce intensity of induction therapy and avoid early mortality in unfit patients.
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In Ph+ ALL, it is still not clear whether further reduced induction chemotherapy
adds an effect to TKI therapy and which inhibitor is preferable. I favor a combina-
tion therapy. Moderate dose consolidation and maintenance should be offered.
Patients should be considered as candidates for RIC SCT.

Whereas full-conditioning regimens before SCT are clearly not recommended,
RIC SCT is an option in older patients. For indication, it will be crucial to define
prognostic factors. Because persistence of MRD is one of the most important risk
factors, MRD evaluation should take place in older patients to identify those who
could benefit from experimental therapies or SCT. This also applies to Ph+ ALL
regarding the option of changing the TKI.
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Neuromuscular Electrical
Stimulation and
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Treatment of Oropharyngeal
Dysphagia in Stroke
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Abstract

Dysphagia is a symptom related to swallowing disorders that impede or hamper
safe, efficient, and comfortable oral ingestion. In addition to compromising the swal-
lowing process, dysphagia may impair overall health, the nutritional status, and lung
conditions, impacting quality of life as well. Different proposals for the rehabilitation
of oropharyngeal dysphagia have been researched over the years. As a therapeutic strat-
egy aimed at the rehabilitation of oropharyngeal dysphagias, the electromyographic
(EMG) biofeedback provides improved strength in swallowing and its coordination,
understood as the best muscle recruitment during the function, associated with the
attention and performance of cortical functions, simultaneously. Neuromuscular elec-
trical stimulation (NMES) is another therapeutic approach used in the rehabilitation
of oropharyngeal dysphagia (NMES). NMES has been recommended as an adjunctive
modality to improve the results of exercises based on dysphagia therapy. In view of the
possibility of using technological resources in the diagnosis and treatment of oropha-
ryngeal dysphagia, this chapter presents the theoretical and procedural framework
aimed at the application of EMG biofeedback and NMES as supporting methods in the
treatment of oropharyngeal dysphagia, in cases affected by stroke.

Keywords: dysphagia, stroke, rehabilitation, electromyography,
neuromuscular electrical stimulation

1. Introduction

Dysphagia is a symptom related to swallowing disorders that impede or hamper
safe, efficient, and comfortable oral ingestion [1], characterized by the abnormal-
ity in the transference of bolus from the mouth to the stomach [2]. In addition to
compromising the swallowing process, dysphagia may impair overall health, the
nutritional status, and lung conditions, impacting quality of life as well [3, 4].
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There are many neurological diseases that can affect the neural structures which
control the complicated mechanisms of oropharyngeal swallowing. Most symptoms
and complications from neurogenic dysphagia are due to sensory-motor change
of the oral and pharyngeal phases of swallowing [5]. In adults and in the elderly
population, dysphagia often derives from stroke [6].

Different proposals for the rehabilitation of oropharyngeal dysphagia have been
researched over the years. Thus, literature review studies demonstrate the effective-
ness of using protective and facilitating swallowing maneuvers, showing physi-
ological changes in specific aspects of swallowing in normal subjects increasing or
decreasing the pharyngeal contraction, the lingual pressure, the upper esophageal
sphincter relaxation and contraction, according to the different techniques [7] and
in the rehabilitation of oropharyngeal dysphagia reducing or eliminating aspiration
and improving functional outcomes in specific populations [8, 9].

Orofacial myofunctional exercises are a therapeutic approach for the treatment
of oropharyngeal dysphagia [10]. In poststroke individuals, tongue isometric
exercises result in an increase in tongue force, with an associated improvement in
swallowing pressure, airway protection, and tongue volume in acute or chronic
phases [11].

In a late poststroke case, these tongue exercises were associated with improved
bolus control and increased oral intake [12]. The use of surface electromyography
(SEM) as a therapeutic biofeedback is a resource described in various areas of
health, with studies showing clinical efficacy for a variety of neuromuscular disor-
ders. The electromyographic biofeedback can be used to aid in muscle relaxation,
coordination, and/or muscle response pattern training, as well as increased recruit-
ment of motor units during muscular activity.

The McNeill Dysphagia Therapy Program (MDTP), which improves the timing
of physiological events during swallowing, is another rehabilitation modality for
patients presented with neurogenic dysphagia. Following MDTP, subjects presented
with chronic dysphagia showed temporal coordination of swallowing components
close to that of healthy individuals, thus suggesting a normalization of swallowing
timing [13].

As a therapeutic strategy aimed at the rehabilitation of oropharyngeal dys-
phagias, the electromyographic biofeedback [14] provides improved strength in
swallowing and its coordination, understood as the best muscle recruitment during
the function, associated with the attention and performance of cortical functions,
simultaneously [15, 16]. Its use has been described in cases of dysphagia due to
stroke [17-20], as well as in cases of patients with sequelae from the treatment
of head and neck cancer [19], with improvement in swallowing and consequent
increase in the oral intake of patients treated with biofeedback associated with
conventional therapy.

Neuromuscular electrical stimulation (NMES) is another therapeutic approach
used in the rehabilitation of oropharyngeal dysphagia (NMES). NMES has been
recommended as an adjunctive modality to improve the results of exercises based
on dysphagia therapy. According to Wijting and Freed [21], NMES is the application
of electrical current pulses to the skin to stimulate muscle contraction by peripheral
motor nerves. The electric current causes a depolarization of the peripheral motor
nerve, usually where the nerve enters the motor end plate, which, in turn, will elicit
muscle contraction.

NMES has drawn the attention of speech therapists since the initial application
for dysphagia by Freed et al. [22]. Some studies have shown improvement in swal-
lowing physiology [22-24] and quality of life [25] after using NMES in individuals
presenting with oropharyngeal dysphagia and also, specifically, in poststroke
patients [26-28]. The increase in laryngeal excursion has been described as a
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physiological change in swallowing following NMES, related to the lowering of the
hyoid bone during rest, in patients with neurogenic dysphagia [29, 30], and to the
increase in the elevation of the larynx during swallowing [31].

In studies reporting higher level of oral intake [31, 32], decreased severity
of dysphagia in patients with moderate dysphagia [33], increased sensitivity in
poststroke individuals [34], and decreased laryngotracheal aspiration [31] were
found as well. On the other hand, some studies found no difference in the clinical
outcomes of patients undergoing rehabilitation with NMES, as compared to con-
ventional therapy [35, 36].

In view of the possibility of using technological resources in the diagnosis and
treatment of oropharyngeal dysphagia, this chapter presents the theoretical and
procedural frameworks aimed at the application of EMG biofeedback and NMES as
supporting methods in the treatment of oropharyngeal dysphagia, in cases affected
by stroke.

2. Neuromuscular electrostimulation

Regarding the effect of NMEE on swallowing, there is not a uniform stimulation
protocol in terms of duration, number of sessions, and parameters of the electric
current. Some studies show positive results of NMES in the treatment of dysphagia,
but others suggest negative effects on hyolaryngeal elevation or do not find dif-
ferences with respect to conventional therapy. It is known that NMEE can directly
modulate swallowing and interfere with the mechanisms of central control and
execution. In addition, the closure of the vocal folds during swallowing and speech
is modified by NMES, owing to weakness and paresis [37].

Additionally, the physiological responses obtained by NMEE can also be influ-
enced by age and level of stimulation. A study [38] found interactions between
age and stimulation amplitude on lingual and pharyngeal functions during
swallowing. The anterior tongue pressure was reduced by motor stimulation in
both age groups; however, the posterior lingual-palatal pressures were selectively
reduced in adults. The base of tongue (BOT) pressures were increased by sensory
stimulation in the elderly but decreased in young adults. Hypopharyngeal pres-
sures were increased in both groups by motor stimulation. Therefore, age and
NMEE level should be taken into account when planning the rehabilitation of
swallowing disorders.

Specifically on the effectiveness of the application of NMES in poststroke
dysphagia patients, several methods are proposed for NMES application, includ-
ing level of stimulation, electrode placement, tasks requested during NMES, and
frequency and duration of sessions. Aiming at understanding how the research
has been conducted, Table 1 presents the information on the studies that included
poststroke individuals, in their samples.

Studies with patients suffering from stroke who used the sensory level of
stimulation showed improvement in swallowing function and that the increase in
the sensorial input to the cortex can reduce swallowing problems. The thyrohyoid
muscle stimulation was used in most studies, using motor stimulation to increase
the elevation of the larynx.

Stimulation of the thyrohyoid muscle was used in most studies, using motor
stimulation to increase the elevation of the larynx. Most studies show positive
effects of NMES in the performance of swallowing in patients presented with
poststroke dysphagia, especially when the stimulus is applied at the sensory level
or when the level of motor stimulation is applied to the infrahyoid muscles, during
swallowing [45].

163



Geriatric Medicine and Gerontology

SUOISSas Ot

SUOISSas GT

SUOISSas O

SUOISSas 7T

SUOISSas € F 8T

SUOISSas O

SUOISsas JO [e1Q0],

soam 1ad
SUOISS3s G SUOISSas G SUOISSas G SUOISSas G SUOISSas 9—G SUOISS3s G SUOISSaSs JO IaqUINN
Adera) feuonuaauod
31m pareroosse SHINN
saynuIu O LM SANUIU OF saynuIw G sanuIur 09 sanuIur 09 sanurw )¢ SUOISSas JO UOLeIN(J
JI9ANSUEBUI UYOS[SPUSIA
pue ‘Surmo[rems 110330 L1p SIOANSUEU ISYETS pue armjenosnut [eaSukre]
U3LM PIJRIDOSSE UOLIR[NUWILIS ‘OMBSBIA] “UYOS[oPUSN pue ‘fen3ur ‘eroejoro
[BULISY-2[110®) ‘SISIDIXD pue ‘Gurmo[rems 110339 a1 jo Ayriqour
anguo) yam Aderary ‘SaSIDI9XD XUATE] PUE JUSUISAOUI
[eUONIUSAUO0D Aq PAMO[[O] uoneasp-3ursop pue Jjo spmyrdure pue
‘S[EAISIUT 1521 INUTWI-Z YIM anguo) ‘uonenuns Suimorrems ‘ouessisar ‘yYrSuans
‘SaL195 SHIAIN IMUTW-OT—€ [euLIay}-3[1ok ], SUON 110330 pareaday 9SEAIOUI O} SISIOIDXH EL )N paxmbax syse,
a1njenosnu profyoidy; suo proAyoidyy o3e[n.eo proxfys
pue sapsnut A[[2q I0LI3)UE 31} UO ISYJOUL pue 313 UO “IdYj0UE pue spsnur A[[2q JoL1)Ue
ounsedip pue ‘proAyorAur s[osnu proAyojAu oy auoq Proy 3y} 2A0qe juanyed omnsedip a1 jo yurod Jusuraoerd
‘profyorusd jo uorday uor3ax proyeryuy uo ‘Ajpeyuozrioy ‘ared y “Aqresuoziioy “red y o®d 10§ JUSISJJI] JI030UI A} TEAN] Spo123[q
(wngeyA ) saiseswt
PIOYsa1y3} 90UeI9[0} ¢ (00zdd SN'TdNLLS) (30143p)
(90149p DJH) 1010\ JO ueaur 3y} Jo 04,071 (WnGeIIA ) 2OUBII[O], (WnGeIA ) 9oUBI[O], (WnGeIA ) SoUBII[O], 2oUeISQ], [2AS] uoIRNWINS
so[eway
sa[eut g1 SO[BUIS G PUE SA[RW 77 So[ewWa) 7 PUE So[eul £ SO[eWIa) G PUE SA[RW 477 /T pue safeur g¢ SO[eWa) 4, PUE SA[EW € Iapuan)
s1eak ' T7 ¥ 9'€9 s1edk 1T F $'€9 s1eak 1/-¢ s1eak '8 ¥ 10/ s1eak 68-6T s1eak G'6T ¥ 199 9By
a3eyrrouray
[e1qaI180RUT
SIS PUe JIFeYLIOUISH araydsruay ureig pue ‘araydsturey X91100qNS pUL X910
ajons [8911100qNS pue [EJ1110) aoxns areydsruray urexq ‘wia)s ureig aoxns
I91Je SM 6'GT F T'ST axoxs 121Je ABP ' 7 GG I9)je syjuour / pue G ureiq pue wajs urerg axoxs 131je sAep /'GT I9)Je SYIUOUWI 'Z ¥ 47 BJEp Y0NS
[#+] 'Te 1o eurefoy, [€v] ‘T30 99T [ey] Terod119], [1¥] ‘Te32 ung [o¥] 'Te 30 1ouysny| [6€] ‘Te 32 woag sIoYINe/YdIeasay

164



Neuromuscular Electrical Stimulation and Electromyographic Biofeedback as Adjunctive...

//dx.doi.org/10.5772/intechopen.84942

http:

DO

“sajduaps 412y) ur ‘Sponprapul 3041s150d paprouL 1Y SILPNIS Y1 U0 UOLIVULIOSUT

TI[qEL
s1eaA 7 1913 9[qElS pue
sypuowr 9 Surmoy[oy
dnoi3 reyusurzodxe Lapiqe Surmorems
a3 ur yuswadedsip xa[ja1 Surmorems aandaoiad a1y jo pue
[ea8uAre] raddn 1o7ea15) a3 jo Surrad8in oy 9213ap erdeydsAp
suoq ur Ae[ap ay3 jo pue a1 Jo Jusuaaoxduuy
proAy a1 jo yusuaoe[dstp uornyendse jo aseardag s1eak 7 01 syjuow 9 sjonuod 03 paredurod Adodsozonfjoapra ayp
12ddn pue 1orrejue 1oe015 sporrad [[e ur ‘uonouny SO[BDS UOTIOBYSIIES UIO1J 9OUBUSIUTEUL se 9100 S[O 1o19q ur pue sa[eds SNON
soeos erdeydsAp pue Suimorems pue 101 quanred ot U pue S[O pue a7eds S0 Y2 pue o7ess S0 Y3 VHSYV pue erdeydsAp
SIO4 2y ur Jusurasoxduiy a3 ur Juaurasoxduy a3 ur Jusuwrasoxdury ur jusurasoxdury ur jusurasoxdury a3 ur Jusurasoxdury symsay
xuk1e[ pue suoq Aderary Surmorjoy oreos Sopeue [ensia a3
proAy a3 o syusureoe(dsip SYJUOW ¢ pue I93Je Aq Ayiqe Suimorrems
12ddn pue rotraue “Adodsozonfjospia Jo uonen[eas Adoosozonjoapia
311 JO JUDISSISSE PUE Adoosozonfjoapra PUE ‘3[DS UOIORJSIIES aandaoiad pue ‘5104 pue [0d0301d SINON
“Adoosozonpjoapia ‘S04 pue SI04 syuarred ‘SI0A JUOISSISSE [BDIUI[D) SI104 VHSV Aq juswssassy N0 PALLIED SUIBXH

[#+] 'Te 1o eurefoy,

[e¥] Ter0 997

[e¥] e ouaaL,

[1¥] ‘Te32 ung

[0] ‘Te3s sougsmy|

[6€] ‘Te 32 woag

SIOYINE/YOIeISY

165



Geriatric Medicine and Gerontology

Thus, speech therapy sessions should be performed according to the selected
therapy protocol, taking into account the characteristics of the patient’s swallowing
disorder and the goals to be achieved by the intervention.

Neuromuscular electrical stimulation is performed with a dual-channel elec-
trotherapy system with an 80 Hz fixed current pulse and a 700 ps pulse duration
(VitalStim, model 5900, Chattanooga Group), applied by a qualified professional.

Prior to placing the electrode in the skin, the anterior part of the neck should be
cleaned with alcohol, so as to remove body oils that can interfere with the electrode
contact. The placement of the electrodes used during therapy, for all participants,
should meet their physiological needs of the patient. After placing the stimulation
electrodes, the amplitude of the stimulation is increased by small increments.

The amplitude of the sensory and motor levels of NMES is determined based on
the patient’s description of the feeling, while the amplitude is increased from zero
to the maximum tolerance. The minimum level of sensory stimulation is deter-
mined when the patient reports a tingling sensation, while the minimum motor
level corresponds to sensation of tightness or pull [46].

The stimulation amplitude is set before therapeutic activities, individually
determined at the motor or sensory levels, with functional tasks involving the swal-
lowing of saliva or food of different volumes and consistencies, according to the
possibility of safe feeding, identified by means of instrumental examination.

3. Surface electromyography and electromyographic biofeedback

Surface electromyography (SEMG) allows access to the physiological parameters
of swallowing. Quantitative and qualitative analyses show that the normal swallow-
ing in adults varies from individual to individual [47, 48] and is influenced by age.
The pharyngeal phase is longer in children under 12 than in adults but with similar
amplitude of muscle electrical signal [49], consistency, and bolus volume [50-52].

During electromyographic evaluation of swallowing, the activity of the suprahy-
oid muscles is 30-50% higher than that of the masseter muscles, and with advanc-
ing age, there is a decreased activity of the suprahyoid muscles and an increased
masseter activity, with no statistically significant difference between men and
women [47]. The literature has also shown a significant increase in the duration of
muscle activity during swallowing, in patients over 70 years [53], and no difference
between genders, both in the amplitude and duration of muscle activity, in the
different age groups assessed [47, 53].

In addition to age, the use of dental prostheses influences the electromyographic
activity. Authors [54] observed that, from the oral rehabilitation with implant-sup-
ported prostheses, the amplitude of the electromyographic signal for swallowing
was the same found for dentate subjects, but the duration of muscle activity in this
function is higher in users of prostheses. Authors [55] found a significant drop in
activity for the masseter muscle following implant-supported oral rehabilitation in
the elderly, resulting from the process of adaptation to the new conditions of stabil-
ity generated by the fixation of total prostheses to the lower arch, in these subjects.

As an adjunctive method in the rehabilitation of oropharyngeal dysphagia, the
electromyographic biofeedback can be used for the training of muscle relaxation,
coordination, and/or muscle response patterns, as well as in the recruitment of a
greater number of motor units during the activity of the stimulated muscle, in order
to allow the patient to learn and monitor new muscle patterns using visual and/or
auditory reinforcement [56, 57].

The application of electromyographic biofeedback in the treatment of dysphagia
aims, primarily, at improving the swallowing strength and its coordination [16].
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Studies show improvement in swallowing and, consequently, an increase in the oral
intake of patients treated with biofeedback combined with conventional therapy [20,
24]. Research with this technique applied to swallowing disorders was initially
carried out in a clinical case involving dysphagia of unknown etiology, which
presented spasticity, rehabilitated with 20 sessions of EMG biofeedback and relax-
ation exercises to be done at home, with a significant improvement in the difficulty
in swallowing, and maintenance of the results following 6 months of the end of the
intervention [58].

The literature has shown improvement of swallowing in patients presented with
poststroke neurogenic dysphagia, with an increased oral intake after the application
of the biofeedback technique associated with conventional therapy, following seven
training sessions [24] and after a 10-hour training carried out in a week [20], even
in individuals previously rehabilitated with conventional exercises without success
[20, 24]. A study [20] further reinforces that the functional improvement of swal-
lowing was kept in six out of ten patients, up to 1 year after the intervention.

Another study examined the effectiveness of this technique in acute poststroke
subjects using Mendelsohn’s maneuver and EMG biofeedback for 2 weeks of
rehabilitation and 2 weeks of non-rehabilitation, with groups which intercalated
weeks of rehabilitation and non-rehabilitation and were assessed in each phase. In
the rehabilitation week, the subjects were trained daily, twice a day, the first session
being the learning of the maneuver and the remaining ones, training, during 30-40
swallowings. Significant changes were observed in hyolaryngeal duration and
excursion (anterior and vertical), following the rehabilitation weeks [59].

Crary et al. [19] assessed the effectiveness of rehabilitation with EMG biofeed-
back in 25 patients presented with neurogenic dysphagia (poststroke) and in 20
subjects with mechanical dysphagia (posttreatment of head and neck cancer) in
a 50-minute therapy, five times a week therapy, plus home training. All subjects
improved their oral intake, with 92% improvement in neurogenic dysphagia and
80% in mechanics. Although the best result was seen in subjects presented with
neurogenic dysphagia, they needed more sessions to complete the intervention, as
compared to those with mechanical dysphagia.

Conventional therapy associated with electromyographic biofeedback should
be performed during direct swallowing therapy, aiming at the learning of the
new swallowing pattern. The strategies of the treatment with electromyographic
biofeedback aim to achieve the neuromuscular adjustments required for the
approximation of normal physiological patterns of the electromyographic record-
ing, mainly of the suprahyoid muscles.

Additionally, the balance and coordination between different muscle groups,
mainly those which elevate the jaw, orbicularis of the mouth, and suprahyoid
muscles, can be approached, depending on the number of channels provided by the
equipment. Figure 1 illustrates the EMG biofeedback therapy.

The normal electromyographic pattern of swallowing and that performed by
the patients should be presented to them, during the training, establishing a target
track for functional training, in which the patients perform the enabling swallowing
strategies, whose effectiveness must have been previously proven in the instrumen-
tal examination, aiming at approximating their neuromuscular recruitment to the
normality physiological pattern, which involves, mainly, increasing the amplitude
of the electromyographic signal of the suprahyoid muscles during function (greater
muscle recruitment in the function). In addition, the functional training may aim
at improving the coordination among other muscle groups involved in swallowing,
increasing the recruitment of tongue muscle activity, in order to propel the bolus
safely from the oral cavity through the pharynx, and increasing the amplitude of
the muscle activity exerted during the effort of swallowing [16].
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Figure 1.
Patient and therapist during the divect training of swallowing, using the EMG biofeedback (4-channel
neuroeducation equipment), monitoring the masseters, bilaterally, and suprahyoid muscles.

Figure 2.
(A) EMG signal prior to therapy. (B) EMG signal after therapy.

Figure 2A and B illustrate the neuromuscular behavior accomplished before and
after a month of training, using biofeedback, whose sessions were held three times
aweek, in a patient presented with oropharyngeal neurogenic dysphagia with no
success in the rehabilitation with conventional therapy.

The positive aspects of using the EMG biofeedback as an adjunctive method in
cases of neurogenic dysphagia may pose this technique as a facilitator in terms of
learning new neuromuscular patterns for swallowing, so as to provide the patient
with a higher gain, as compared to the conventional therapy, as well as a probable
longer effect of rehabilitation, since the EMG biofeedback involves the change of a
previously learnt pattern, by means of the functional training therapy.

4. Conclusions

NMES has shown benefits in dysphagia therapy for individuals affected by
stroke, mainly related to the classification of the degree of dysphagia and the level
of oral intake. Some authors propose that the use of NMES associated with conven-
tional therapy is more beneficial to the treatment of these individuals; however,
there is a wide variety of electrode placement, level of the stimulus, and type and
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location of the stroke; thus, further studies are necessary to prove the efficacy of
this treatment modality.

On the other hand, swallowing training using EMG biofeedback can assist
speech therapists in their clinical practice, enabling the patient to learn and monitor
new muscle patterns, using visual and auditory reinforcement, and, from the learn-
ing and training of new neuromuscular recruitment, present a swallowing pattern
as functional as possible, with a positive impact on quality of life.

However, further controlled and randomized clinical studies are necessary
for a understanding on the contribution of the EMG technique, for there are still
many doubts on the application method, the number of therapeutic sessions,
and the characteristics of patients who can benefit from the training with EMG
biofeedback.
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Chapter 10

Postural Imbalance in the Elderly:
Main Aspects
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Abstract

The aging of the population is an unprecedented world phenomenon. Numerous
physiological changes occur with aging, and one of the most common situations is
postural imbalance and, consequently, the occurrence of falls. Balancing is the
process of controlling the body’s center of mass with respect to its base of support
and depends on the integration of sensory systems (visual, vestibular, and somato-
sensory) with the central nervous system (CNS). Each system is prone to deterio-
ration with advancing age and is influenced by age-related diseases and use of some
types of medications and polypharmacy. As with any good clinical evaluation, a
detailed history and a thorough physical examination are essential to evaluate pos-
tural balance. The evaluation of balance must be done with tests that are quick and
with relatively little equipment and training. The improvement of postural balance
can be done in many ways, and exercises are a type of this treatment and can be
done with video games or a treadmill, for example.

Keywords: aging, postural balance, sensory systems

1. Aging of population

The aging of the population is an unprecedented world phenomenon. The pro-
jections of the World Health Organization indicate that by 2050, all ages will
increase by 35%, people aged 65-84 will increase by 164%, older people aged 85-99
will increase by 301% and centenarians will grow by 746% [1].

Increasing longevity also contributes to an aging population. Globally, life
expectancy at birth is projected to increase from 69 years in 2005-2010 to 76 years
in 2045-2050 and to 82 years in 2095-2100 [1] (Figures 1 and 2).

Physiological changes are observed with aging, increasing the risks of developing
chronic diseases and dependence care. Auditory, visual, and movement problems
may be present in people 60 years or older. In addition, some conditions such as
dementia, heart disease, stroke, respiratory disorders, diabetes, and musculoskeletal
conditions (osteoarthritis and back pain) are more frequent in this age group [2].

One of the most common situations for the elderly is postural imbalance and,
consequently, the occurrence of falls, representing a significant health problem in
older adults. Each year, approximately 30% of community-dwelling older people
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fall at least once and 10-20% fall twice or more [3]. The incidence among institu-
tionalized older people is even higher, with a mean percentage of residents who fall
each year of over 40% [4].
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Figure 1.
Total population by broad age group. Courtesy: World Health Ovganization.
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Figure 2.
Life expectancy at birth by sex. Courtesy: World Health Organization.
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2. Postural balance

Balancing is the process of controlling the body’s center of mass with respect to
its base of support, whether in a static or dynamic situation. It depends on the
integration of sensory systems with the CNS. Sensory information from somato-
sensory, visual, and vestibular systems must be integrated to interpret complex
sensory environments. Each system interacts with each other to maintain balance in
a closed loop, with an interrelation of cause and effect. When the sensory environ-
ment is changed, the CNS needs to re-weigh the contribution of each of the senses
in postural balance. In an environment with good lighting and a firm surface, the
contribution of somatosensory information is 70%, the visual information is 10%,
and the vestibular information is 20% [5].

Each system is prone to deterioration with advancing age, and this is influenced
by age-related diseases and use of some types of medications, in addition to
polypharmacy [6]. Systems can partially compensate for each other’s deterioration.
Failing compensation strategies may eventually result in impaired balance, which
may result in falls [7].

2.1 Vision and postural balance

The role of central and peripheral vision information in the control of move-
ments and posture was examined in some studies [8, 9]. These authors suggested
that peripheral vision is used for postural control and most particularly for stabili-
zation of fore-aft sways, while the central vision is more often used for foot trajec-
tory planning, targeting, obstacle avoidance, and stabilization of lateral sways.

Visual impairment is an important health problem and a major cause of injury in
the elderly. Cataract, glaucoma, age-related macular degeneration, and diabetic
retinopathy are the most common diseases related to the elderly and can interfere
with the postural balance.

2.1.1 Cataract

Cataract, affecting mainly visual acuity and contrast sensitivity, contributes to
about 50% of visual impairments in the elderly [10, 11]. The consequences include
decreased ability to perform activities of daily living (such as reading, watching
television, driving, and interacting socially), depression, increased number of falls,
and increased mortality [10, 12]. The impact on patients is comparable with that of
major systemic conditions including stroke, diabetes, and arthritis. In a study in
patients with cataract, Pasma et al. found a higher proprioceptive weight compared
with healthy elderly participants, which means that the elderly with cataract rely
more on their proprioceptive information [7].

2.1.2 Glaucoma

Glaucoma is a progressive optic neuropathy characterized by degeneration of
retinal ganglion cells and their axons with consequent vision loss and blindness.
This condition leads to a characteristic reduction in the visual field (VF), with good
central visual acuity. Previous studies have reported a higher risk of falling in
patients with glaucoma compared to normal subjects [13-15]. In the study by Black
et al., a cohort of glaucoma subjects was examined to assess body displacement of
the trunk and the results showed that the worse the visual field defect, the greater
the body sway [16].
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2.1.3 Age-related macular degeneration

Age-related macular degeneration (AMD) is a disease that affects the macula
(central vision), altering the accuracy of vision necessary for “direct” and fine
activities, and may interfere with activities of daily living [17].

Wood et al. studied postural balance in older adults with AMD and showed that
diminution of contrast sensitivity and visual field loss lead to postural instability and
mobility difficulties in these patients [18]. Chatard et al., studying 10 elderly unilat-
eral AMD subjects, 10 elderly bilateral AMD subjects, and 10 healthy age-matched
control subjects, showed that bilateral AMD subjects had a surface area and an
antero-posterior displacement of the CoP higher than healthy elderly. Unilateral
AMD subjects had more antero-posterior displacement of the CoP than healthy
elderly [19]. The authors conclude that because of aging, AMD subjects could have
poor postural adaptive mechanisms which increase instability and risk of falls.

2.1.4 Diabetic retinopathy

Diabetic retinopathy (DR) is a common and potentially blinding microvascular
complication of diabetes [20]. In a study, Gupta et al. found that diabetes per se was
not a risk factor for falls. However, the authors found an association between
diabetic patients with DR and risk of falling [20], suggesting a relation between
DR and postural balance.

The greater tendency to fall in patients with mild-to-moderate DR can be
explained by a reduction in the components of the visual function system, such as
contrast, sensitivity, stereo acuity, and color perception [21, 22].

Figure 3 summarizes the normal vision and main eye disorders that can interfere
with the postural balance described above.

Thus, it is important to evaluate visual function when we propose to work with
postural balance in the elderly.

2.2 Vestibular system and postural balance

Through its sensory functions, the vestibular system detects the position and
movement of the head in space relative to gravity, and helps to stabilize vision and
balance [23].

The vestibular system has structures similar to miniaturized accelerometers,
which report continuous information to the cerebral cortex, cerebellum, and
somatic sensory cortices on the movements and position of the head and body. The
vestibular nuclei make connections with structures of the brainstem and cerebellum
and also innervate the motor neurons that control extraocular, cervical, and pos-
tural muscles [23] (Figure 4).

Impaired function of the vestibular system causes vertigo, loss of balance, and loss
of gaze fixation during movement, often accompanied by dizziness and nausea [24].

Vestibular dysfunction is typically characterized by vertigo (i.e., an illusory
sense of motion) and imbalance owing to disturbances in gaze and postural stability
[25], which can culminate in falls [26].

So, the evaluation of the vestibular system is indispensable when the patients
have a impaired balance control.

2.3 Somatosensory system and postural balance

People rely primarily on the proprioceptive and cutaneous input to maintain nor-
mal quiet stance and to safely accomplish the majority of activities of daily living [27].
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Cataract

Figure 3.
The main vision impairments that interfere with balance. Courtesy: National Eye Institute, National Institutes
of Health (NEI/NIH).

The proprioceptive information depends on muscle spindles, the Golgi tendon
organ (GTO), and articular receptors. The first provide the nervous system with
information about the muscle’s length and velocity of contraction, thus contributing
to the individual’s ability to discern joint movement and position sense [28].
Besides, the muscle spindles provide afferent feedback that translates stimuli to
appropriate reflexive and voluntary movements. The GTO relays information about
tensile forces, and is sensitive to very slight changes [28], and when it is activated,
the afferent neuron synapses in the spinal cord interneurons, which inhibit the
muscle alpha motoneuron, resulting in decreased tension in muscle and tendon.
Articular or joint proprioceptors respond to mechanical deformation of the joint
capsule and ligaments.

On a slippery or dry floor surface, people show different gait parameters,
including step length, required coefficient of friction, and heel contact velocity,
evidencing the importance of the sensorimotor system in balance control [29].

Sensorimotor impairments occur with aging and are believed to contribute to the
increased likelihood of imbalance and falling [30]. Damage to joint and muscular
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Figure 4.
Postural balance and the vestibular system responses. From Wikimedia Commons, https://commons.wikimedia.
org/wiki/File:1410_Equilibrium_and_Semicivcular_Canals.jpg.

proprioception, strength (capacity of muscle strength), and reaction time may
contribute to the increase in the probability of fall [30].

Some diseases can affect muscles and joints. Studies have shown that, in patients
with knee osteoarthritis (AO), postural balance is impaired due to reduced quadri-
ceps function and decreased proprioception [31, 32]. Among elderly individuals, the
prevalence of knee OA is approximately 12.2%, with a higher prevalence in women
(14.9%) than in men (8.7%) [33].

Patients with neuromuscular diseases (NMDs), usually characterized by muscle
weakness, appear to fall regularly. Aging causes a loss of muscle mass with a
preferential decline in type II fibers [34], besides decrements in force production,
power, specific tension, and fatigability [35], increasing the risk of falls.

Key points

* Elderly population is increasing.
* Postural imbalance and falling are serious problems faced by the older population.

* Postural control is based on the interpretation by central nervous system of convergent sensory
information from somatosensory, vestibular, and visual systems.

* Impairments in these systems lead directly to functional loss, such as the inability to walk safely, to
climb stairs, and dress independently, increasing the risk of falls.

3. Approach to the patient with a balance problem
3.1 Physical examination

As with any good clinical evaluation, a detailed history and a thorough physical
examination are essential. As the postural balance depends on several systems, it is
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essential to evaluate the visual system, the vestibular and auditory system, and the
sensorimotor system.

3.2 Functional performance tests

A comprehensive assessment of balance is important for both diagnostic and
therapeutic reasons in clinical practice.

The tests can be divided between single-task measures and multiple-task mea-
sures [36]. These tests often can be done very quickly and with relatively little
equipment and training.

3.2.1 Single-task measures
3.2.1.1 Single-leg stance test

The single leg-stance test (SLS) is simple, has high reliability and low cost, and
is widely used for diagnosis and follow-up of patients in research and clinical
settings. In this test, the participant remains supported on one leg, with arms resting
on the hips, and the time (in seconds) that the patient remains in the position
without unbalance is verified [37]. Decreased eyes-open SLS time is associated
with an increased risk for falls [38].

3.2.1.2 Functional reach test

The functional reach test (FRT) is an easy and inexpensive test in which the
patient flexes the trunk, extending the arms horizontally and keeping the feet in
contact with the ground. The score is obtained by measuring the distance between
the initial and the final positions of the fingertip [39]. Displacements less than 15 cm
indicate postural balance problems and increased risk of falls [40].

3.2.1.3 Gait speed test

The gait speed test gives an easy, inexpensive, reliable measure of functional capacity
[41], with high interrater and test-retest reliability [42]; does not require laboratory
equipment; is not limited to a specific health care discipline [43]; and may be

done quickly in clinical settings. The test may vary according to the pace (usual or
maximal speed), whether static or moving start, and the distance walked (ranging
from 4 to 500 m) [44].

3.2.2 Multiple-task measures
3.2.2.1 Berg Balance Scale

The Berg Balance Scale (BBS) consists of a battery of 14 tasks common to the
activities of daily living, which quantitatively evaluate the risk of falls, through
observations undertaken by the examiner [45]. The score on the test ranges from 0
to 56 and the performance on each task is measured on a five-point scale ranging
from O to 4 (0 = unable to perform, 4 = independent). Scores of 48 or less indicate
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inability to walk independently and safely in activities of daily living and, conse-
quently, increased risk of falls [46].

3.2.2.2 Short physical performance battery

The short physical performance battery (SPPB) is designed to measure functional
status and physical performance, assessing walking speed, standing balance, and sit-
to-stand performance [47]. The scores range from O (worst performance) to 12
(best performance). In a study, Veronese et al. demonstrated that SPPB scores <6
are associated with a higher fall rate in old people [48].

3.2.2.3 Timed up and go

The Timed up and go (TUG) test was developed in 1991 [49]. The test consists of
finding the time the patient takes to get up from a chair (height about 46 cm), walk
the distance of 3 m at a comfortable and safe step, turn around and go back to the
chair, and sit down again. The subject wears his regular footwear and uses his
customary walking aid (cane or walker) if necessary [49]. A faster time indicates a
better functional performance [50].

Key points
* A good clinical evaluation, a detailed history, and a thorough physical examination are essential to
evaluate postural balance.

* The tests can be divided between single-task and multiple-task measures.

¢ Assessment of balance is important for both diagnostic and therapeutic reasons in clinical practice.
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Figure 5.
Recommendations to guide the use of exercise for falls prevention.
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4. Improvement of the postural balance

Falls are a public health problem. The risk of falling increases with age for many
reasons, for example overall weakness and frailty, balance problems, cognitive
problems, vision problems, some medications and polypharmacy, acute illness, and
other environmental hazards. Because of this, multifactorial interventions should
include an initial assessment of modifiable risk factors for falls and subsequent
customized interventions for each patient based on issues identified in the initial
assessment.

One type of treatment to improve balance is physical exercise. Figure 5 presents
a summary of best practice recommendations to use for improving postural balance
and, consequently, fall prevention.

4.1 Types of exercises

Any physical exercise that overloads the balance systems without putting the
patient at risk is recommended. It is possible, for example, to make a training
circuit, with different stimuli for the elderly [51]. In the circuit, exercises such as
one-legged support (both sides), gait on unstable surface, tandem gait, among
others can be done, always increasing the level of difficulty.

Another possibility is to join two modalities of exercises: video games and mus-
cle strengthening, for example. In a study, Prata and Scheicher found improvement
in fear of falling and in mobility after 12 weeks of video game and muscle strength
training in older women with a history of falls [52].

4.1.1 Video games

Postural balance training involving new technologies can promote more chal-
lenging situations for the elderly, increasing patient motivation and adherence to
the program [53]. The use of video games provides immediate visual feedback,
allowing users to make changes in motion according to the situations of the games
and thus to develop strategies to restore and/or maintain postural balance, and may
therefore be effective for the prevention of falls [54].

Carvalho et al. showed an increase in gait speed and a decrease in the TUG time
in elderly female fallers after 12 weeks of training (two sessions per week) with
commercialized games of Wii Fit by Nintendo® in sync with the Wii Balance
Board® [55]. Three different games were used for postural balance training: Penguin
Slide, where the participants had to catch fish while balanced on a piece of ice by
shifting their weight from side to side; Table Tilt, where participants move their
bodies in various directions to put balls into holes; and Tightrope, where participants
walk on a tightrope with several vertical jumps to avoid obstacles.

4.1.2 Treadmill exercise

In the last decade, the use of the treadmill in the rehabilitation of gait in
Parkinson’s disease patients, stroke patients, and cerebral palsy (CP) patients has
been studied. Some studies explain the reasons for improving postural balance
patterns with treadmill training. One of them explains that treadmill training has
the capacity to promote motor re-learning and, consequently, improve locomotor
capacity during walking [56]. It has also been suggested that training, through
repetitive movements generated by the treadmill, activates locomotor patterns of
functional movements, sensory inputs, and circuits of the central nervous system
[57]. In addition, it has been hypothesized that repetitive movements associated
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with cutaneous and proprioceptive impulses may induce activation of central
movement patterns and, in the long term, potentiate the motor cortex, facilitating
motor learning [58].

Toole et al. and Frenkel-Toledo et al. showed an improvement in the gait and
balance in Parkinson’s patients that participated in a six-week treadmill walking
program [59, 60]. Herman et al. showed an enhancement in the gait rhythmicity
and several improvements in motor signs, the latter remaining significantly better 4
weeks after the training was stopped [61].

Training on a treadmill to fight the stroke-related disabilities resulted in valuable
results: fatigue resistance [62], endurance performance improvement [63], and the
development of motor function [64]. A study in chronic non-ambulatory
hemiparetic subjects revealed that partial body weight-supported treadmill training
was superior to conventional physiotherapy with regard to restoration of gait and
improvement of ground walking velocity [65]. In this study, during one 30-min
session of treadmill training, patients could practice up to 1000 gait cycles as
compared with a median of less than 50 gait cycles during one regular physiother-
apy session.

Bjornson et al. studied the effect of short-burst interval locomotor treadmill
training on walking capacity and performance in cerebral palsy and concluded that
this training may improve short-term walking capacity and performance [66]. In
another study, Mattern-Baxter et al. concluded that home-based treadmill training
accelerates the attainment of walking skills and decreases the amount of support
used for walking in young children with CP [67].

In healthy elderly with falls history, there are few studies that evaluated the
responses of the postural balance with the treadmill training. Dorfman et al. found
that after 6 weeks of treadmill plus dual-task training program, elderly fallers
demonstrated improved scores on tests of mobility, functional performance tasks,
and cognition [68]. In another study, van Ooijen et al., using a treadmill training
with visual context, found improvement in walking ability and reduced risk of falls
and fear of falling in older adults with a recent fall-related hip fracture [69].

Key points

* Any physical exercise that overloads the balance systems without putting the patient at risk is
recommended.

* Postural balance training involving new technologies can promote more challenging situations for the
elderly, increasing patient motivation and adherence to the program.

¢ Treadmill training is another form of exercise to challenge the postural control system.

5. Conclusion

It is necessary to consider the various facets of the postural balance system when
a patient presents a problem related to this. Evaluating these facets is important in
prescribing the correct treatment for each situation. There are many types of train-
ing that can improve postural balance. Physical exercises, when performed with a
moderate or high challenge to the balance system, are a type of treatment that can
help reduce the risk of falls in the elderly.
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