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Preface

The progressive and persistent growth in the number of elderly people worldwide
has led to a modification of the current care scenario and a parallel increase in

the use of the health resources (human, structural, economic, etc.) of this age
group. These changes in combination with the lack of evidence-based data on the
elderly population, and the need to rationalize limited public health resources,
have contributed to discriminatory attitudes towards the elderly. Indeed, ageing is
instinctively associated with the inevitable presence of pathologies and a reduction
in health status. However, there is no single way of ageing, but different types of
ageotypes have been identified. In view of the progressive increase in the number
of elderly people with maintained cognitive abilities and functional autonomy, we
now finally speak of successful ageing (“healthy ageing” or “ageing well”). This
consideration creates the conditions for implementing modern ageing management
strategies in both physiological and pathological forms.

However, complex clinical pictures arise in old age, due to the simultaneous presence
of several diseases in the same individual of several diseases that are often chronic
and not necessarily disabling. Frailty is the most problematic expression of the
ageing population. It has also been used to measure degrees of interaction in a single
system or to describe non-linear increases in vulnerability in relation to the number
of physiological systems involved.

Chapter 1 deals with a lifespan and multisystemic perspective on frailty and proposes
that clinical management must qualify itself as a “customized multidimensional
approach” according to the principle of “taking care of the patient and not only of
the disease.” Chapter 2 discusses the concepts of frailty, operationalization strategies,
and assessment tools and clarifies some ideas from the debate on what frailty is.
Chapter 3 elaborates further and contributes towards reliability and validity aspects
of currently applied frailty scales and indicators across different populations. It also
mentions the emerging field of geropsychology. Chapter 4 discusses the existing
simple, performance-based frailty screening tools that can be conducted effectively
in clinical as well as home environments on the initiative of an older adult themselves
or their personal physician.

Chapter 5 shifts the emphasis to the evidence that physiological and cognitive
changes interfere with drug pharmacodynamics and pharmacokinetics, contribut-
ing to drug-related problems. Attention is therefore given to strategies and tools
developed to assess the appropriateness of medication use in the elderly. The next
two chapters focus on non-pharmacological monitoring and treatment. Chapter 6
describes exercise-based interventions as the best alternative methods for treat-
ing frailty syndrome. The focus is on presenting strategies for designing exercise
programs for this type of population, considering their practical application in the
field. Chapter 7 provides an overview of how the psychological environment may
affect frailty, suggesting a possible role of new technology solutions and physical
activity as therapeutic interventions.



The final chapter turns the spotlight on the topic of social frailty: the vulnerability
of the elderly to acts of violence. This contribution analyzes the emblematic case of
crimes against an elderly woman in India with the twofold aim of understanding the
nature of crimes against elderly women and examining the impact of crime on the
physical and emotional well-being of elderly women.

This book presents all the essential elements for identifying and managing frailty in
the elderly to prevent loss of functional autonomy and the consequent deterioration
of quality of life. To carry out such interventions, it is necessary to have a deep
psychogeriatric culture able to contrast every insidious form of ageism. Thanks

to a modern multidimensional perspective, experts dedicated to older people are
increasing in number and competence, forming a stronger movement to fight
ageism and protect human rights at all ages.

Sara Palermo
National Institute of Philanthropy - Filantropolis,
Numana, (Ancona) Italy
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Chapter1

Frailty, Vulnerability, and
Plasticity: Towards a New
Medicine of Complexity

Sara Palermo

Abstract

There is no single way of ageing, but different types of ageotypes have been
identified. Frailty is the most problematic expression of the ageing population. The
understanding of the route linking ageing, frailty and 2nd order criticalities open
new and intriguing operational perspectives. Indeed, frailty might be reversible
or attenuated by interventions put in place to avoid its evolution over time. This is
most true when traditional therapeutic approaches are combined with the promo-
tion of healthy lifestyles. Not only the European Innovation Partnership on Active
and Healthy (EIP-AHA) is actively involved in the promotion of healthy and active
ageing, but a more aware geriatric culture toward a new medicine of complexity
is spreading. The fight against frailty takes place in a lifespan and multisystemic
perspective. Indeed, every individual is a dynamic, interacting, adaptable system
in which the disease triggers a cause-and-effect model that cannot be considered
linear. Frailty in the elderly requires therefore a customized multidimensional
approach according to the principle of “taking care of the patient and not only of
the disease”. A bio-psycho-social model can help us to define the most appropriate
interventions to promote health in terms of the best possible quality of life.

Keywords: ageing, ageotype, frailty, vulnerability, plasticity, prevention,
comprehensive geriatric evaluation, medicine of complexity

1. Introduction

Ageing - whatever the age that characterizes it - cannot therefore be identified
with a state of illness but must be considered a natural phenomenon that goes hand
in hand with a progressive physiological and psychological transformation of the
organism and that can determine - through an accentuated biological vulnerability -
a greater propensity to illness [1].

Physical frailty is a condition of marked vulnerability to negative events caused
by the reduction of functional reserves of multiple systems of the organism because
of the ageing process and chronic polypathology. It is a condition that represents a
risk factor of disability, hospitalization, institutionalization, and death [1]. But what
determines frailty - not necessarily physical, but also cognitive or interpersonal - in
an elderly person?

Biomedical sciences, neuroscience and epigenetics have increasingly analyzed
the mechanisms that regulate structural-functional changes in the body in relation
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to environmental influences. Each person has his/her own biography; each body
and nervous system has its own development and use. Frailty and strength emerge
in the course and within an individual story, according to a life-span perspective.

Frailty and strength constitute an oxymoron that often originates from the same
semantic source. Paradoxically, it is the frailty condition that allows the discovery or
rediscovery of resources and potentialities.

Frailty and strength are recognized, interwoven with affections, their formation
and realization. It is the affective experiences that contribute in a decisive way to
structuring an individual’s personality, the feeling of security or precariousness, or
the prevalence of one over the other.

Quintus Horatius Flaccus (Odi: IV, 4, v.65) argued that «Merses profundo:
pulchrior evenit». It is frequent to observe how certain negative events allow the
re-emergence of an inner strength, of a resilience, physical and motivating, which
opens to new developments and opportunities. As an elderly person it is always
possible, even in adverse conditions, to regain the ability to recover, to compensate,
even for those who are less fortunate.

Frailty and strength interact, alternate and are continually shaped throughout
life. Affectivity often represents its seismograph, but vulnerability can at the same
time constitute the metronome of one’s emotional instances, especially the deepest
ones. The notions of “frailty” and “affectivity” recalls an ontological condition, as
intrinsic to the human dimension, and offer original perspectives of investigation
for multiple issues affecting the elderly. These perspectives are well highlighted
by the analyses of numerous themes of both frailty-vulnerability and affectivity-
emotivity in ageing developed by different disciplines (anthropology, sociology,
philosophy, biology, psychology, neuroscience, medicine). It becomes relevant to
understand how frailty and affectivity interact in the course of ageing, depending
on what has been experienced and learned, and on what existence and life in society
continue to offer.

The importance of a multidimensional assessment of the elderly to define their
state of health and well-being has long been recognised. Indeed, cognitive, affec-
tive, behavioural and functional factors interact closely with somatic and socio-
environmental ones.

A 1 bio-psycho-social model can help us to define the most appropriate
interventions to promote health in terms of the best possible quality of life. This
approach attributes health to the intricate and variable interaction of biological,
psychological, and social factors [1, 2].

2. There is not a single ageing: from successful ageing to frailty

There is no single way of ageing, but there are as many different ageing pro-
cesses as there are humans [2]. Indeed, ageing is a gradual and continuous process
of natural mutation for which many bodily functions begin a gradual decline [2].
The life-span perspective recognizes changes in the functional state as characteris-
tic of the human being ageing process [3] and are considered characteristic of the
pure ageing [4].

Considering the continuum that goes from pure ageing to pathological ageing,
one can define successful ageing as the situation in which the postponement or reduc-
tion of the unwanted effects related to advancing age occurs [2, 3]. The main features
of successful ageing are the maintenance of physical health, an active and autono-
mous life; a full and satisfying emotional-relational life; prevention of ailments and
disabilities. This perspective also applies to the neuropsychological domain: the label
successful cognitive ageing can be used to refer to people whose physical health may or
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may not be good, but whose cognitive profile remains exceptional [2]; at the same
time, the label typical cognitive ageing can be used to refer to people who experience a
slow loss of cognitive efficiency that does not result in a neurocognitive disorder and
whose distinctive feature is the reduction of mental processing speed [3].

Different types of ageing patterns (ageotypes) have been identified, based on
the molecular pathways that changed over time [5]: (1) metabolic (relating to
the build-up and breakdown of substances in the body); (2) immune (relating
to immune responses); (3) hepatic (relating to liver function); and (4) nephrotic
(relating to kidney function) [5].

This type of classification provides a molecular assessment of individual ageing,
reflective of personal lifestyle and medical history; indeed, ageotypes highlight the
potential health risk factors and may ultimately be useful in monitoring the ageing
process [2, 5]. Multimorbidity and polypharmacotherapy weakens the body and can
predispose to accelerated ageing, resulting in frailty.

Frailty is certainly the most problematic expression of the ageing population
[1, 2]. It is an integrated [6] and multidimensional [7] condition in which biologi-
cal, functional, psychological, and social variables interact with each other. It may
be relevant in identifying older people at risk of deteriorating mental health [8]
and cognitive decline [9]. Cognitive frailty specifically refers to the co-occurrence
of mild cognitive impairment and physical frailty in the absence of a major neuro-
cognitive disorder diagnosis [10]. The presence of physical and/or cognitive frailty
in the elderly increases the risk of negative outcomes and leads to greater use of
health and care services [1, 2].

In the face of such a complex picture, there is yet no unambiguous operational
definition of frailty that would make it possible to define a gold standard of evalu-
ation. Experts belonging to the European Innovation Partnership on Active and
Healthy (EIP-AHA) have identified two main approaches: the first concerns physi-
cal determinants (biomedical approach), while the second considers biological,
cognitive, psychological, and socio-economic factors (bio-psycho-social approach).
Indeed, a reliable assessment cannot be separated from the analysis of the affective,
cognitive, and relational components [1].

3. From vulnerability to plasticity

Vulnerability should be considered as a predisposition of an individual exposed
to a critical situation to slip into a more severe critical situation. Vulnerability and
criticality define respectively a property of a process and a state within that pro-
cess [11]. In this sense the definition of frailty proposed by Rozzini and Zanetti is
explanatory [12]: «frailty is a condition of risk and vulnerability in the face of noxae
of various kinds, which challenge the homeostatic balance of an organism. Frailty is
predisposition to breakage, to damage when subjected to pressure».

Considering the above:

* Criticality is the condition experienced by an individual along a scale of severity
and a scale of probability of occurrence. This concept is borrowed from the risk
assessment process, a process from which all prevention and protection inter-
ventions for the individual are derived.

* Vulnerability is the degree of propensity of an individual, who experiences a
less severe criticality (definable as 1st order criticality: e.g., a bereavement, an
acute illness), to slide towards a higher order of criticality (definable as 2nd
ovder criticality: e.g., dependence, chronicity, disability).



Frailty in the Elderly - Understanding and Managing Complexity

t A Al

15t ORDER CRITICALITY VULNERABILITY 2nd OGRDER ER'T'CAL"W
(acute disease, bereavement) - — (dependence,

FRAILTY/PLASTICITY chronicity, disability)

|

MOLTIPLIERS/REDUCERS

Figure 1.

Logical concatenations between the concepts of criticality and vulnevability. Adapted by Micheli [11].

The shift towards higher order critical issues is the recurring scenario in the
problems of the elderly population [11]. Indeed, chronicity can be considered
the final state of a path of depletion of plastic capacity (Figure1). According to a
life-span perspective, the individual shows a substantial plasticity at any given time.
This developmental reserve capacity is specific and variable for each age and for each
functional domain [11].

The understanding of the route linking ageing, frailty and 2nd order criticali-
ties and the distinction between frailty and 2nd order criticalities have not only a
pathophysiological significance. They open operational perspectives. It has been
demonstrated that the route from pure ageing to 2nd order criticalities is not a
one-way street, and that a regression from frailty to pre-frailty and from the latter
to a “non-frailty condition” is possible [13]. Indeed, frailty might be reversible or
attenuated by interventions put in place to avoid its evolution over time [14]. Many
conditions of (pre)frailty can reverse their direction, so that they can move in
the direction of successful ageing. This is most true when traditional therapeutic
approaches are combined with the promotion of healthy lifestyles. In old age, the
potential and limits of plasticity are often monitored in the neurocognitive and
rehabilitative fields. The prestigious Nature has dedicated a special issue to these
themes. In the cover article “Prevention: activity is the best medicine” [15] you
can see two people dancing. The evidence in favor of the protective role of healthy
lifestyles for the maintenance of cognitive functions is well established.

The task now is to move from lifestyle factors to interventions to find out how
what kind and much exercise, what kind of intellectual activity, what kind of diet,
what kind of social support and engagement (and at what stage each of them) could
influence the directions of ageing.

The question of how to promote healthy lifestyles in the adult and elderly
population as a prevention intervention no longer arises only at a scientific level but
at a social and political level.

4. Promotion of healthy and active ageing

Recent studies have underlined the existence of a significant association
between lifestyle and frailty [16, 17]. All older people are at risk of developing
frailty, although risk levels are substantially higher among people with comorbidi-
ties, poor socio-economic status, poor nutrition and sedentary lifestyles [16].
However, inappropriate lifestyles and some clinical risk factors are potentially
counteracted by specific interventions and preventive actions [16].

1
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The EIP-AHA Action Group A3 has developed several multidimensional tools
capable of predicting short-term negative outcomes [18]. Several factors have been
highlighted as useful for proper health planning: malnutrition, polypharmaco-
therapy, impairment of physical function and social isolation have been identified
as those on which to act to mitigate fragility and its consequences [18].

Data from a recently published study [19] also point in this direction. The
Barcelona Brain Health Initiative is a longitudinal cohort study initiated in 2017 that
aims to understand and characterize the determinants of brain health and intel-
lectual efficiency in middle-aged adults. A cohort of 4686 individuals aged between
40 and 65 has been established, with no history of neurological and/or psychiatric
illness. The researchers collected demographic, socio-economic, clinical and health
data, associating them with assessments of perceived health status and lifestyles
(general health, physical activity, cognitive activity, socialization, sleep, diet and
so on). The results underline the importance of healthy lifestyles to support brain
health and intellectual efficiency [19].

Consistently with the above, it is believed that the prevention and treatment of
frailty can only be based on:

* promotion of healthy lifestyles.
* promotion of social inclusion and social engagement
* promotion of emotional relationships.

* timely identification of clinical-functional fluctuations and “sentinel events”
(falls, urinary incontinence, sensory deficit, delirium, ...), which must be
considered potential 1st order criticalities

* diagnosis and treatment of all pathologies that can be responsible for asthenia,
weight loss, reduced tolerance to effort, reduced physical strength and physical
activity

* intensive and frequent clinical monitoring of the elderly at risk
* adaptation of daily living environments

* reduced exposure of the frail elderly to environmental stresses (including
hospitalization and unnecessary medical procedures)

5. Monitoring health in the elderly: the Active Aging Index

Active and healthy ageing is a multidimensional concept referring to a situation
where the elderly persists to participate in the formal labour market, engage in
voluntary activities, and live healthy, independent, and safe lives as they get older.

Active ageing policies therefore require addressing several factors: encourage
healthy lifestyles, ensure social involvement, provide opportunities for independent
living, and enable possibilities for longer working life. Monitoring such policy
implementation requires a comprehensive tool that encompasses the multitude
of aspects of active and healthy ageing. The European Commission has made the
Active Aging Index (AAI) available precisely to meet this need.

The AAI captures various facets of active ageing by measuring 22 indicators
grouped into 4 domains: employment, participation in society, independent



Frailty in the Elderly - Understanding and Managing Complexity

Figure 2.

The AAI has been developed within the framework of the 2012 European Year for Active Ageing and Solidarity
between Generations (EY2012). The index is made up by four domains each of which reflects a different aspect
of active ageing.

health and secure living, and capacity and enabling environment for active ageing
(Figure 2). The AAI also provides a breakdown of results by gender to highlight
potential differences in ageing between men and women. The index values range
from 0 to 100. Higher values indicate a greater capacity to realize the unexpressed
potential in old age. AAI offers a flexible framework that can be applied to differ-
ent countries and at national as well as regional/local levels. It depicts the current
situation and highlights the areas where future gains can be made. If computed
on a regular basis, AAI allows to measure progress over time and helps to identify
effective policy actions. The 2018 Active Ageing Index Analytical report reveals
that since 2008 most European countries have improved their overall AAI scores
[20]. This progress is probably due to increased attention to the elderly by soci-
ety and politics and to the spread of a multidimensional and bio-psycho-social
approach to the fight against frailty.

6. Towards a new medicine of complexity

The implementation of a bio-psycho-social approach to frailty allows an active
and proactive management of a condition strongly related to chronicity, disability,
and mortality. Frailty early identification can prevent or slow down the evolution
towards negative outcomes, with a significant positive impact on the quality of life
of the ageing population and on the health system and society as a whole [1].

The question is what the best screening protocols are and what types of inter-
vention to carry out given the uniqueness of everyone’ ageing and the type of ageo-
type associated with it. Indeed, the lack of effectiveness of a purely pharmacological
management of frailty should be analyzed in the light of its pathophysiology.

A progressive alteration of several physiological systems induced by the interac-
tion between the ageing process (pure ageing) with several morbid processes and
multiple psycho-social and environmental conditions are involved [2, 6, 7]. After
all, if the pathogenesis of frailty is multifactorial, intervention on a single physio-
logical system will not in itself resolve frailty or even prevent it [21]. The probability
of becoming frail older people increases non-linearly in relation to the number of
abnormal physiological systems, and the number of abnormal systems would seem
to be more predictive than the individual abnormal system involved [21]. Notably,
the non-linear relationship of accelerating likelihood of frailty as the number of
abnormal systems escalates suggests that there could be a threshold beyond which
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there is an adverse downward spiraling nature to frailty etiology and progression.
Implications are that a threshold loss of complexity, as indicated by number of
systems abnormal, may undermine homeostatic adaptive capacity, leading to the
development of frailty and its associated risk for subsequent adverse outcomes [21].
It also indicates that the replacement of any defective system may not be sufficient
to prevent or ameliorate the whole health condition [21].

What has been indicated refers to the importance of a multidimensional
approach to the elderly - and especially to the frail elderly - both in the evalua-
tion and in taking charge of the individuals. To date, the comprehensive geriatric
evaluation (CGA) is the most fruitful process to assess elderly people to optimize
their subsequent management. Indeed, CGA has consistently shown its significant
benefits for over 30 years [22].

However, the high speed with which the world’s population ages and is affected by
chronic diseases, polypathology and functional impairment is unfortunately not yet
accompanied by a strong, competent, and aware geriatric culture. This unfulfilled
need contributes to the further exponential increase in adverse outcomes (2° order
criticalities) and to the loss of psychophysical well-being and health (which means
complete happiness, as we have previously defined it) in older people.

It is increasingly evident that there is a dual need to put existing applied health
research knowledge into practice (the “know-do gap”) and the need to improve the
evidence base (the “know gap”) with respect to CGA [23].

Gladman et al. [23] discussed several barriers to the implementation of the GCA,
including guiding factors, professional factors, patient factors, professional interac-
tions, incentives, resources, capacity for organizational change, as well as social,
political, and legal factors. There is little point in not actively working on research
co-production, practice communities and knowledge brokers to overcome the main
obstacles to the implementation of a multidimensional integrated approach that can
bring its effectiveness in modern and novel settings. Applied health research and
service innovation and development need to take place in parallel [22, 23]. These
three action-domains are already inherent in the mindset of professionals as they
reflect the method of academic medicine: research, clinical activity, and teaching
[22]. Moreover, not only they could be realized in concerted actions of independent
players/stakeholders, but they could be also greatly promoted by focusing on educa-
tion and training, not only at the medical level (medical students and trainees) but
also on the side of healthcare providers (multi-professional representatives of the
geriatric team) [22].

Everything discussed urges geriatrics - nowadays a true medicine of complexity -
to refine its cultural and operational tools and to make them available to a health
system grappling with the growing problems posed by a progressively aging
population.

The medicine of complexity suggests a model in which psychophysical well-
being and disease are the result of complex, dynamic and unique interactions in
the individual under examination: i.e., interactions between different components
of the entire system. The human body is made up of interconnected, inter-reacting
physiological systems, while the individual maintains a behaviour determined by
experience and on the ability to adapt and interact with the environment.

The individual is therefore a dynamic, interacting, adaptable system in which
the disease - and even more the polypathology - triggers a cause-and-effect model
that cannot be considered linear. To this follows a situation of complexity that
requires a new type of taking charge of the elderly patient. This approach to the
patient accepts unpredictability and proposes solutions based on elements that are
sometimes imperceptible but emerging to the clinical sensitivity of the health pro-
fessional. Considering the above, two elements become substantial for a successful
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CGA: to conceive the individual frail elderly person as unique and complex; to
put the clinical methodology at the heart of the patient approach. These concepts
are having profound consequences, introducing working methodologies based on
multidisciplinary, integration, implementation, contextualized work.

To make this a concrete reality, it is essential that geriatrics share with other
professionals involved in the field the cultural values that belong to them, promot-
ing multidisciplinary confrontation and integration, so that it is possible to build
avision of intent common to all specialists and operators of the multidisciplinary
team that acts around the frail elderly.

7. Conclusions

Ageing has always affected and often frightened humans, which since ancient
times has been well aware that the biological changes connected with the passing
of the years induce a progressive weakening of functional capacities, a decay of
physical or mental conditions, an increasing difficulty in carrying out tasks that
were once easy to perform.

Publio Terenzio Afro (160 B.C.) referred to the physical ailments and priva-
tions that usually accompany senescence with the well-known sentence «Senectus
ipsa est morbus» (Phormio: IV, v.575). This vision of old age is refuted by Cicero,
who in the Cato Maior de senectute (40 B.C.) affirms: «each part of life has its
own character, so that the weakness of children, the boldness of young people, the
seriousness of manhood and the maturity of old age bear their own natural fruit
which must be harvested in time». Cato begins his calm argument: he examines the
criticism commonly levelled at old age and disproves it, with examples taken from
Greek and Roman history. The accusations examined are physical weakness and
decadence; the weakening of intellectual capacity; the impossibility of enjoying the
pleasures of the senses; the bizarreness of character and avarice. Cicero explicitly
extols the advantages of old age, which he calls not an involution but an evolution
of the individual’s biological capacities. Cicero emphasizes through the mouth of
Cato the Censor the ability of the elderly to make a positive contribution to society
and future generations, reassessing their social role and placing them in a position
worthy of respect and consideration.

Health should be considered as the ability to identify and realize one’ aspira-
tions, to satisfy one’s needs and to positively modify the surrounding environment.
The elderly is in good health if they maintain a condition of self-sufficiency as much
as possible, psychophysical well-being, and positive thinking about the future.

Frailty in the elderly requires a customized multidimensional approach that
cannot be segmented into isolated interventions for each pathology, taking into
account individual differences - not only clinical but also socio-relational and
environmental differences - according to the principle of “taking care of the patient
and not only of the disease”.

There are many health problems in the elderly, and one wonders whether it is
appropriate to take action not only as health professionals but also individually to
counter them or to stem the consequences: if each of us adopted healthy habits and
made ourselves the bearer of them we would have done something - perhaps modest
on an individual level but important on a collective level to counter the “silver
tsunami” which could jeopardize our old age and the stability of our society.

The fight against frailty takes place in a life-span perspective. A bio-psycho-social
model can help us to define the most appropriate interventions to promote the best
quality of life. This approach attributes health to the intricate and variable interac-
tion of biological, psychological, and social factors.
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Such a multidimensional approach is fundamental when it comes to the elderly
and the promotion of healthy and active ageing.
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memory becomes clouded, self-awareness diminishes and loved ones disappear.
However, there are older people who make you want to grow old. They have not
been spared by life, but for them growing old is like continuing their adventure.
They seem to keep in the form of inner riches those outer ones they have lost and
discover new possibilities and freedom. I thank the senior students at the University
of the Third Age of Turin for being a source of inspiration and teachers of life. To
them, who taught me what it means to have a soul that is always young, every effort
I make is dedicated.

Author details

Sara Palermo
Department of Psychology, University of Turin, Turin, Italy

*Address all correspondence to: sara.palermo79@gmail.com

IntechOpen

© 2021 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.



Frailty in the Elderly - Understanding and Managing Complexity

References

[1] Morese R, Palermo S, Defedele M,
Nervo J, Borraccino A. Vulnerability
and Social Exclusion: Risk in
Adolescence and Old Age. In: Morese R,
Palermo S, editors. The New Forms of
Social Exclusion. London: IntechOpen
Limited; 2019. p. 1-16. DOI: 10.5772/
intechopen.85463

[2] Palermo S. Covid-19 pandemic:
Maximising future vaccination
treatments considering ageing and

frailty. Front. Med. 2020; 7:558835. DOI:

10.3389/fmed.2020.558835

[3] Smith GE, Bondi MW. Mild
Cognitive Impairment and Dementia:
Definitions, Diagnosis, and Treatment.
Oxford: OUP USA; 2013. 416 p. ISBN:
0199764182

[4] Wise DA. Analyses in the Economics
of Aging. Chicago: University of
Chicago Press; 2005. 416 p. ISBN:
0-226-90286-2

[5] Ahadi S, Zhou W, Schiissler-
Fiorenza Rose SM, et al. Personal
aging markers and ageotypes revealed
by deep longitudinal profiling. Nat
Med. 2020; 26(1):83-90. DOI: 10.1038/
s41591-019-0719-5

[6] Gobbens R]J, Luijkx KG,
Wijnen-Sponselee MT, Schols JM.
In search of an integral conceptual

definition of frailty: opinions of experts.

J Am Med Dir Assoc. 2010; 11(5):338-
343. DOI: 10.1016/jjamda.2009.09.015

[7] Sourial N, Wolfson C, Bergman H,
etal. A correspondence analysis
revealed frailty deficits aggregate and
are multidimensional. J Clin Epidemiol.
2010; 63(6):647-654. DOI: 10.1016/j.
jclinepi.2009.08.007

[8] Ni Mhaoldin AM, Fan CW,
Romero-Ortuno R, et al. Frailty,
depression, and anxiety in later life. Int
Psychogeriatr. 2012; 24(8):1265-1274.
DOI: 10.1017/S1041610211002110

10

[9] Nishiguchi S, Yamada M, Fukutani N,
et al. Differential association of frailty
with cognitive decline and sarcopenia

in community-dwelling older adults. J
Am Med Dir Assoc. 2015; 16(2):120-124.
DOI: 10.1016/jjamda.2014.07.010

[10] Kelaiditi E, Cesari M, Canevelli M,
et al. Cognitive frailty: rational and
definition from an (I.A.N.A./I.LA.G.G.)
international consensus group. ] Nutr
Health Aging. 2013; 17(9):726-734. DOI:
10.1007/s12603-013-0367-2

[11] Micheli GA. Vulnerabilita e
radicamento. In: Cristini A,
Cesa-Bianchi M, Porro A,

Cipolli C, editors. Fragilita e affettivita
nell'anziano. Milano: Francoangeli;
2015. p. 79-96. ISBN: 978-88-917-1457-2

[12] Rozzini R, Zanetti O. Fragilita e
malattie. In: Rozzini R, Morandi A,
Trabucchi M, editors. Persona, salute,
fragilita. Milano: Vita e pensiero; 2006.
p- 35-56. EAN: 9788834313862

[13] Gill TM, Gahbauer EA, Allore HG,
Han L. Transitions between frailty states
among community-living older persons.
Arch Intern Med. 2006;166(4):418-423.
DOI: 10.1001/archinte.166.4.418

[14] Chen X, Mao G, Leng SX. Frailty
syndrome: an overview. Clin Interv
Aging. 2014; 9:433-441. DOI:10.2147/
CIA.S45300

[15] DeWeerdt S. Prevention: Activity
is the best medicine. Nature 2011; 475:
S16-S17. DOI: 10.1038/475S16a

[16] Hoogendijk EO, AfilaloJ,

Ensrud KE, Kowal P, Onder G, Fried LP.
Frailty: implications for clinical practice
and public health. Lancet. 2019;
394(10206):1365-1375. DOI: 10.1016/
S0140-6736(19)31786-6

[17]1 Wang X, LuY, Li C, etal.
Associations of lifestyle activities and



Frailty, Vulnerability, and Plasticity: Towards a New Medicine of Complexity
DOI: http://dx.doi.org/10.5772/intechopen.96244

a heathy diet with frailty in old age: a

community-based study in Singapore.
Aging (Albany NY). 2020; 12(1):288-
308. DOI: 10.18632/aging.102615

[18] Liotta G, Ussai S, Illario M, et al.
Frailty as the Future Core Business

of Public Health: Report of the
Activities of the A3 Action Group of
the European Innovation Partnership
on Active and Healthy Ageing (EIP

on AHA). Int ] Environ Res Public
Health. 2018;15(12):2843. DOi: 10.3390/
ijerph15122843

[19] Cattaneo G, Bartrés-Faz D,

Morris TP, et al. The Barcelona Brain
Health Initiative: Cohort description
and first follow-up. PLoS One. 2020;
15(2): 0228754. DOI: 10.1371/journal.
pone.0228754

[20] EU Commission. Active Ageing
Index Analytical report 2018 [internet].
Available from: https://www.unece.org/
population/aai.html

[21] Fried LP, Xue QL, Cappola AR, et al.
Nonlinear multisystem physiological
dysregulation associated with frailty in
older women: implications for etiology
and treatment. ] Gerontol A Biol Sci
Med Sci. 2009;64(10):1049-1057. DOLI:
10.1093/gerona/glp076

[22] Polidori MC, Roller-Wirnsberger R.
Chances and challenges of
comprehensive geriatric assessment
training for healthcare providers.
Geriatric Care 2018; 4(4):79-83 DOI:
10.4081/gc.2018.7853.

[23] Gladman JR, Conroy SP,

Ranhoff AH, Gordon AL. New horizons
in the implementation and research of
comprehensive geriatric assessment:
knowing, doing and the 'know-do' gap.
Age Ageing. 2016;45(2):194-200. DOL:
10.1093/ageing/afw012

11






Chapter2

Current Perspectives on Frailty in
the Elderly, Evaluation Tools and
Care Pathways

Wilson Abreu and Margarida Abreu

Abstract

The concept of frailty is frequently mentioned in studies related to the elderly
population. Frailty in the elderly is considered a relevant dimension of quality of
life. The concept of frailty has grown in importance because of a need to evaluate
the health status of older persons and a need to prevent or at least delay late-life
disability and total dependence on self-care. There is to date no clear consensus
regarding the definition of frailty; some definitions have been proposed, each with
their own strengths and weaknesses. Just as conceptual disagreements arise about
what frailty means, there are also disagreements about how to assess it. However,
as researchers deepen the concept of frailty and the way to operationalize it,
scales and inventories appear that allow us to have a more precise idea of the state
of frailty. This aspect is extremely important because assistance strategies may
depend on it. One of the most cited aspects is the assessment of the need to provide
palliative care. In this chapter, we intend to review the concepts of frailty, opera-
tionalization strategies and assessment tools and clarify some ideas from the debate
on what frailty is.

Keywords: cognition, dependence, elderly, frailty, functionality

1. Introduction

The concept of frailty is frequently mentioned in studies related to the elderly
population—health status, self-care dependence, healthcare resources or even the
configuration of the wards where care is provided. Looking at the scientific knowl-
edge and clinical practice, frailty in the elderly is considered a relevant dimension of
quality of life. Moreover, there is a tendency to accept that individuals with severe
frailty have to be considered vulnerable and should be protected.

Frailty has been viewed as a cornerstone of geriatric medicine and a platform of
biological vulnerability to a host of other geriatric syndromes and adverse health
outcomes [1], such as long-term nursing home stay, injurious falls and death, in
community-dwelling older adults independent of medical comorbidities and age.
The expression “frailty elderly” was used for the first time in 1970, by researchers
from the Federal Council on Aging (FCA) of the United States, with the purpose of
describing elderly people who lived in unfavourable socioeconomic conditions and
presented physical weakness and cognitive deficit that, with advancing age, began
to demand more care; in the 1980s, frailty in the elderly people was understood
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mainly as synonymous of disability or the presence of a disease, chronic or extreme
condition linked with ageing [2]. In 1990, the expression “frailty elderly” was
referred for the first time on the Journal of the American Geriatrics Society index [2].

The term “frailty” started to be used frequently in terms of diagnosis, clinical
decisions and provision of care. Frailty and cognitive and functional decline are
relatively common in older dependent people with health problems. One of the
challenges for researchers today has been to study the physical characteristics and
psychological symptoms of frailty and to relate them to adverse health outcomes. In
this chapter, we intend to analyse the matters that have most attracted the attention
of researchers and health professionals who deal with people in situations of frailty.

Understanding frailty has become crucial for caring for the elderly. In older
people with dementia, the assessment of frailty is more important than determining
the degree of dementia, since it is crucial to develop appropriate care people need;
there are old people with moderate dementia but with a severe level of frailty.

In this chapter, we intend to review the concepts of frailty, operationalization
strategies and assessment tools and clarify some ideas from the debate on what
frailty is.

2. Concept of frailty

The concept of frailty has grown in importance because of a need to evaluate
the health status of older persons and a need to prevent or at least delay the onset of
late-life disability and its adverse consequences [3]. There is to date no clear consen-
sus regarding the definition of frailty; some definitions have been proposed, each
with their own strengths and weaknesses [3].

Frailty is a multidimensional concept and can be defined as a dynamic state that
affects an individual with declines in one or more domains, such as physical, cogni-
tive, social, attention or senses [4]. There is usually a dependence on self-care and
need of support from others. Elderly does not mean frailty, but the ageing process
led to frailty, which means that there are changes that reflect ageing-related altera-
tions and involve intrinsic and extrinsic factors which are typical of ageing.

The occurrence of frailty is mainly a state of vulnerability resulting from comor-
bidities and the overall decline in organ functions. The progression to later stages
of dementia often signals a loss of autonomy, dependence and reduction in physical
and cognitive function. Frailty of people is positively related with their caregiver
burden and associated with higher levels of depression on the caregiver. A lack of
understanding about frailty has been identified as a barrier to providing optimal
care to elderly people, for example, people with advanced dementia [4].

Frailty is an emerging concept used in the field of geriatrics and gerontology, to
make reference to the clinical condition of the elderly. There is a deficit of informa-
tion regarding the incidence and prevalence of frailty in the elderly, mainly due to
the lack of consensus definition that can be used as reference in different popula-
tions. There is usually a “clinical sense” about what is frailty and what a frail elderly
person is, but there is no agreement, a standard definition regarding this concept,
that can assist in the diagnosis of frailty condition. As mentioned above, frailty is
often considered an inherent condition of ageing, an attitude that can cause late
interventions with minimal potential for prevention or reversing the consequences
and adverse effects from the problem.

The concept of frailty, widely used in the recent years, focuses primarily on
the physical dimensions. That is why it is understood that the criteria for assess-
ing presence/absence are the physical signs and symptoms, sedentary behaviour,
weight loss, exhaustion, slowed gait, decreased muscle strength, with three or more
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of these five criteria we are facing physical frailty and the presence of one or two
criteria indicates pre-physical frailty [5].

The diagnosis of frailty relies currently on the assessment of a small subset of
easily measurable clinical markers. Just as conceptual disagreements arise about
what frailty means, there are also disagreements about how to evaluate it. While
recognizing the multifactorial nature of frailty, it is important to develop an “opera-
tional definition” of frailty that is simple enough to be used clinically and to guide
prevention and care [3].

Frailty among older persons appears in the investigation as a dynamic process,
characterized by frequent changes over time. The evolution of frailty incorporates
quantitative and qualitative data, which motivated researchers to invest in model-
ling. Recent studies have highlighted age, medical factors and higher socioeconomic
status to be protective [6]. In the study carried out by the Canadian Study of Health
and Aging (CSHA) [6], it was concluded that cognitive status and frailty are associ-
ated. Functional decline contributes to increase costs in caring for people with
dementia. Despite all the research related to Alzheimer’s disease, very little has been
indicated as effective therapies to deal with the disease, although it is known that
cognitive decline is one of the first symptoms to appear and that interventions at
this level can delay the evolution of the disease [6].

Andrade et al. [2] state that currently, two research groups have distinguished
in the pursuit of consensus on the definition of frailty in the elderly: one of them in
the United States, at the Johns Hopkins University, and the other one in Canada, the
Canadian Initiative on Frailty and Aging (CIF-A). The group of researchers from
the Johns Hopkins University produced an operational definition of frailty in the
elderly and proposed measurable and objective criteria to the phenomenon. This
operational definition starts from the hypothesis that the term is a geriatric syn-
drome and it can be identified by means of a phenotype that includes five measur-
able components: (a) unintentional weight loss, greater than 4.5 kg or more than
5% of body weight in the last year; (b) signs of fatigue; (c) reduction of handgrip
strength, assessed with a specific instrument and adjusted to the person’s sex and
body mass; (d) little physical activity assessed by calorie consumption (measured
in kcal), adjusted by sex; and (e) reduction of march activity in seconds, distance of
4.5 m adjusted by gender and height [2].

A second definition was formulated by researchers from the CIF-A, indicated
above. This is based on a multidimensional construct—frailty was defined using a
more holistic approach, which emphasizes the complex aetiology of the phenom-
enon, understood as a not optimal condition in elderly, multifactorial and dynamic
in nature, relating it to its history or trajectory of life [2]. The indicated trajectory
can be shaped by biological, psychological and social, whose interactions result in
resources and/or individual deficits in a given context. A tool was developed to mea-
sure frailty in the elderly—the Edmonton Frail Scale (EFS)—contemplating nine
domains: (I) cognition, (II) general state of (III) functional independence, (IV)
support, (V) medication use, (VI) nutrition, (VII) humour, (VIII) continence and
(IX) functional performance. These authors consider this scale more comprehen-
sive, especially considering aspects of cognition, humour and social support [2].

3. Types and dimensions of frailty
Some definitions of frailty promote a multidimensional approach based on an
evaluation according to “frailty indexes”, which are calculated considering the accu-

mulation of possible deficits, such as the presence of diseases, abnormal laboratory
values, signs and symptoms or disabilities [7, 8].
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It is difficult to establish a typology of frailty, given its multidimensional nature.
On the one hand, frailty results from an articulation of factors of a physical and
psychological nature. On the other hand, it is possible to assess frailty to highlight
one or another aspect. Also, the investigation indicates that emotional management
strategies can interfere with the signs and symptoms of frailty and with the ability
to adjust to different disabilities.

Given the definitive trends in frailty, and although the creation of a typology
is sometimes an academic task, we will try to describe four types of frailty in the
elderly, on the assumption that they intersect and present common dimensions:
physical, cognitive, social and emotional.

Frailty is a clinical situation known for the great vulnerability of the person in
terms of the different physiological systems. In addition to the physical dimension,
frailty is characterized by problems at the social, emotional and cognitive levels,
despite the possibility of delaying its evolution in early stages [3, 9]. Fried et al.

[10] proposed a clinical phenotype of frailty, defining it as a situation of increased
vulnerability in the person for homeostatic resolution after pronounced distress.
This growing vulnerability increases the risk of adverse outcomes, such as falls,
fractures, hospitalization and ultimately mortality in elderly people living in
organizations in the community or in their own homes.

Four main mechanisms can be identified in the progression of frailty: atheroscle-
rosis, sarcopenia, cognitive deterioration and malnutrition [11]. It has been proven
that malnutrition can be the cause of cognitive and functional decline and that the
lack of some nutrients can cause cognitive frailty and vascular dementia [11].

There is an evident relationship between functionality and cognition, as evi-
denced by research evidence and some assessment tools (e.g., Clinical Dementia
Rating). Many cross-sectional studies demonstrated the relationship between gen-
eral cognitive function, emotions and physical frailty [12]. However, it is important
to keep in mind that the decline in cognition and capacity of emotional manage-
ment, given its functions and nature, evokes so many limitations to functionality
that it becomes relevant to consider a cognitive frailty as a specific type.

Many studies have focused on the proposed entity of “cognitive frailty” to
describe a clinical condition that is characterized by simultaneous occurrence
of physical frailty and cognitive impairment in the absence of overt dementia
[13]. Alzheimer’s disease is characterized by an association between physical and
cognitive decline, but in the opposite direction, people with physical limitations
are more predisposed to suffer emotional and cognitive problems. However, it
should be noted that in recent years studies are more focused on physical frailty,
with a relative paucity of data available for concomitant transitions in cognitive
status [6].

An International Consensus Group studied the “cognitive frailty” condition.
“Cognitive frailty”, although so defined, implies the presence of physical and
cognitive decline. The key symptoms to characterize cognitive frailty are as follows:
(1) presence of physical frailty and cognitive impairment and (2) exclusion from
the concomitant presence of any type of dementia [14]. At the same time, the group
indicated that “cognitive frailty” implies a rigorous diagnosis in terms of memory
performance but also of other cognitive functions [14].

“Cognitive frailty” could represent a cognitive entity with specific neuropsycho-
logical patterns (executive and selective attention) [14]. The mechanisms in action
and how deterioration occurs are not yet fully understood.

The loss of emotional management capacities and of establishing social interac-
tions generates potential situations of frailty. It is also evident that any types of
frailty (physical or psychological) also interfere with the emotional and social
spheres. Usually, people with frailty (with cognitive impairment) experienced high
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levels of emotional discomfort and behavioural changes. Even without significant
cognitive changes, symptoms usually emerge that emphasize the importance of
emotions and social interactions: sadness, loneliness, nervousness, concern for
oneself, self-concept, self-care and sense of hope.

The relationship between emotions, behaviour and frailty emerges in stud-
ies that explore this association. Emotion, which can be considered positive or
negative, interferes with the perception of self-efficacy and the subjective sense
of well-being. Furthermore, studies conducted in older adults found that positive
emotions were associated with lower disability in the execution of daily living
activities, higher levels of mobility, less physical dependence and major likelihood
of survival, as well as higher level of adjustment to chronic health problems; on the
other hand, negative emotions are correlated with stress sensations and poor coping
abilities [15].

Clark and Watson [16] emphasize the relationship between emotions and func-
tionality, which is understood by the well-known association between emotions and
behaviour. They concluded, in a study carried out with older adults, that positive
emotions may be associated with lower disability in the execution of daily living
activities, better mobility, good functional status and major likelihood of survival;
on the contrary, negative emotions can be correlated with distress and poor coping
abilities. Mulasso et al. [15] provide empirical evidence to the multidimensional
theorization and definition of frailty, hypothesizing that a reduced level of positive
emotions and high level of negative emotions may contribute to increases in the
severity of frailty condition; on the other hand, they highlighted the role of emo-
tion experience in interventions for the prevention of frailty, such as interventions
of physical exercise or cognitive training associated with frequent experience of
positive emotions.

Simultaneously, studies emphasize also the need to identify risks for frailty
[4, 6, 9]. All dimensions that constitute limitations on functionality, carrying out
activities of daily living, cognitive impairment and social isolation can and should
be considered risks for frailty [4]. There are currently models, mathematical equa-
tions and Bayesian networks that allow identifying these risks and even predicting
them, conjugating certain variables. Usually, these models take into account demo-
graphic, social and clinical variables. These models can have good performance,
isolated or conjugated with other evaluation tools. Moreover, they can predict
frailty evolution and enable dependent persons to be identified for further specific
assessment or interventions.

4. Frailty: evidences from research

There are many studies that explore frailty, types of frailty and predictors
of frailty every year. The relationship between frailty and functionality and the
psychological sphere and relationship between the frailty of the recipient of care
and burden on the caregiver are increasingly studied.

Armstrong et al. [17] used of a large database (n = 23,952) with comprehensive
health information on home care clients (aged 65+) of eight Community Care
Access Centres (CCACs) in Ontario, Canada. In this large cohort of older home care
clients, they found that greater evidence of frailty as defined by each of the three
measures was associated with greater risk of adverse outcomes. This result addition-
ally confirmed the potential utility of a frailty concept for identifying vulnerable
individuals within the home healthcare sector. They concluded that mathematical
models can utilize data collected during clinical assessments to provide a quantita-
tive indicator of a client’s level of frailty.
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Dudzinska-Griszek, Szuster and Szewieczek [18] developed a study whose aim
was to assess conditions that influence grip strength in geriatric inpatients. A com-
prehensive geriatric assessment was complemented with assessment for the frailty
phenotype. Functional assessment included Barthel Index of Activities of Daily
Living (Barthel Index), Instrumental Activities of Daily Living Scale and Mini-
Mental State Examination. The conclusion was that cognitive function, somatic
comorbidity and medical treatment affect grip strength as a measure of physical
frailty in geriatric inpatients.

A retrospective cohort study on 18,341 Medicare Advantage enrollees aged 65+
was conducted by Anzaldi et al. [19] in Massachusetts. When analysing the clinical
information systems, they identified the presence of 10 syndromes commonly found
in the elderly (falls, malnutrition, dementia, severe urinary incontinence, absence of
faecal control, visual impairment, walking impairment, pressure ulcers, lack of social
support and weight loss), as well as references to the presence of frailty identified
in the natural language processing (NLP) algorithm. The main conclusion was that
patients identified as “frail” by providers in clinical notes have higher rates of health-
care utilization and more geriatric syndromes than other patients. Certain geriatric
syndromes were more highly correlated with descriptions of frailty than others.

Shimada et al. [20] studied the cognitive frailty in 4570 older adults. The aim of
the study was to analyse the extent to which a new perspective of cognitive frailty
could be considered as a predictor of dementia. There are 2326 women and the aver-
age age was 71.9 + 5.5 years. Physical frailty was defined as the presence of more than
one of these symptoms: slow walking speed and muscle weakness. Cognitive frailty
was defined as comorbid physical frailty and cognitive impairment. They concluded
that cognitive impairment and cognitive frailty could be considered risk factors for
dementia. Findings showed clearly that individuals with comorbid physical frailty
and cognitive impairment could have a higher risk of dementia than healthy older
adults or older adults with either physical frailty or cognitive impairment alone.

The estimation of the prevalence of frailty in patients admitted to intensive care
unit (ICU) and its impact on intra-ICU mortality, at 1 month and at 6 months, was
developed by Cuenca et al. [21]. A prospective cohort study was conducted. Frailty
was present in 35% of patients admitted to the ICU, associated with higher rates of
mortality.

Ma et al. [22] carried out a study to determine social frailty status via developing
a simple self-reported screening tool, termed the HALFT scale, and to examine the
association between social frailty and physical functioning, cognition, depression
and mortality among community-dwelling older adults. They state that social
frailty is related to adverse health-related outcomes. Moreover, they added that
research into the relationship between social frailty and physical functioning
remains limited. A prospective cohort study was carried out, with 1697 community-
dwelling adults aged =60 years from Beijing. The scale developed was based on
five items: unhelpful to others, limited social participation, loneliness, financial
difficulty and not having anyone to talk to.

The prevalence of social frailty in the participants was 7.7%. Social frailty was
positively associated with physical frailty, low levels of physical activity and poor
physical functioning. Researchers also found that social frailty was associated
with dementia, memory decline, depression and cognitive impairment. Having
experienced a negative or traumatic event was also associated with social frailty.
Additionally, social frailty was associated with physical functioning, cognition
and depression and predicts mortality; they emphasize that interventions aimed at
preventing or delaying social frailty are warranted.

In a cross-sectional study carried out by Mulasso et al. [15] the association
between frailty and emotional experience was studied in a sample of Italian
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community-dwelling older adults. Participants consisted of 104 older adults (age

76 + 8 years; 59.6% women) living in Italy. Frailty and emotion perception were
measured with appropriate and valid tools. The Mini-Mental State Examination
was used as a screening tool for cognitive functions (people with a score < 20 points
were excluded). The researchers stated that frailty increases individual vulnerabil-
ity to external stressors and involves high risk for adverse geriatric outcomes [15];
findings demonstrate that emotion perception may influence frailty, which is really
relevant for the evaluation and prevention of frailty in older adults.

A theoretical study based on research studies that equate the role of nutrition
and nutrients in cognitive and functional decline was developed by Gomez-Gomez
and Sapico [23]. They state that one of the most important factors to consider in
the development of cognitive deterioration is oxidative stress. Consequently, they
added that increasing antioxidants in the diet may be one of the therapeutic strate-
gies in the management of these patients.

Some studies were analysed, mainly those that showed the effectiveness of
antioxidants in the adjustment of oxidative stress, given their function as free
radical scavengers, or factors that potentiate the antioxidant effect. Anyway, the
studies emphasized that the inappropriate use of antioxidants could have side
effects and become toxic at high doses. Given the multiplicity and some divergence
in the results, additional studies are required as well as clinical trials to increase the
clinical effectiveness [23].

Several studies were analysed, namely, those that have shown the effectiveness
of antioxidants in the adjustment of oxidative stress, either by their function as free
radical scavengers or potentiating the antioxidant effect. Studies showed that the
inappropriate use of antioxidants could have side effects and toxicity at high doses.
However, it was indicated that additional studies are required as well as clinical
trials to increase the clinical effectiveness [23].

Abreu et al. [4] examined the healthcare needs of community-dwelling older
people, trying to understand the relationship between frailty, functional dependence
and healthcare needs among community-dwelling people with moderate to severe
dementia. A sample of 83 participants was recruited. The Edmonton Frail Scale was
used to evaluate frailty, in addition to tools that were chosen to collect data on other
variables. A set of 26 healthcare needs was defined to support the assessment. There
was a significant association between “severe frailty” and “severe dementia” and
“fully dependent” and “severely or fully dependent in the activities of daily living™
The most prevalent healthcare needs in the sample were food preparation, medica-
tion/taking pills, looking after their home, toilet use, sensory problems, communi-
cation/interaction, bladder, bowels, eating and drinking, memory, sleeping and fall
prevention. In particular, the study shows a set of needs that are present simultane-
ously in both frailty and dementia stages, according to their severity. They found in
the study that 16.7% of people with moderate dementia were also diagnosed with
severe frailty. Concerning the needs assessment, the authors state that the concept of
“severe dementia” is clearly a limiter in the matter of frailty. As an alternative, they
suggest the expression of “advanced dementia”, encompassing people with severe
dementia and people with moderate dementia but who also have severe frailty.

5. Evaluation and measures of frailty
Usually, scales assess some domains of frailty in old people (cognition, general
health status, functional independence, social support, medication usage, nutri-

tion, mood, continence and functional performance). These tools are important on
clinical point of view, for research and decision-making. Several tools that evaluate
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functionality and cognition also evaluate several dimensions that we are tradition-
ally including in frailty.

Armstrong et al. [17] indicate, in the scope of their study, three conceptually dif-
ferent approaches to the measurement of frailty: (1) Changes in Health, End-Stage
Disease and Signs and Symptoms (CHESS) scale, (2) Edmonton Frail Scale (EFS),
(3) the frailty index (FI) and the Tilburg Frailty Indicator (TFI).

The CHESS scale is a tool that uses information from the person’s clinical assess-
ment, which is used to calculate the person’s level of decline. The tool was developed
using statistical methods, based on the items available in the inter-RAI instruments.
It is not a tool for objectively assessing frailty, but it allows assessing the “instabil-
ity” of health status, which is also a predictor of mortality [17]. The scores ranging
from 0 (meaning no instability) to 5 (for the highest level of instability) have been
demonstrated to be a strong predictor of mortality (P < 0.0001) in continuing care
patients [24].

The EFS is a brief multidimensional clinical measure, widely used and designed to
use in both inpatient and outpatient settings [25]. The scale assesses nine domains of
frailty in old people (cognition, general health status, functional independence, social
support, medication usage, nutrition, mood, continence and functional performance)
[25]. Total score can vary from O to 17. The participants were classified into categories,
and a higher score represents a higher degree of frailty. Severe frail and non-frail
participants were defined according of the EFS score from not frail (0-5), vulnerable
(6-7), mild frailty (8-9), moderate frailty (10-11) and severe frailty (12-17). The EFS
is a measure of frailty compared to the clinical impression of specialists after their
more comprehensive assessment. A larger part of the assessment tools is focused
primarily on determining the person’s level of functioning in terms of managing
activities of daily living and instrumental activities of daily living. In post-operative
older adults, high scores on the EFS have been shown to be associated with increased
complications and a lower chance of being discharged home after surgery [17].

The FI was developed by Rockwood and Mitnitski based on an idea of “accu-
mulation of deficits” [17]. The FI is based on the view that frailty is a non-specific
multifactorial state, best characterized by the quantity, rather than the quality, of
the health deficits that the person accumulates during the course of life [26]. The FI
is thus calculated as the proportion of potential deficits present in the person and
can be calculated from the information present in most previous systems of clinical
data (databases) [17].

The TFI is a tool widely used to assess 3 frailty domains and their 15 components.
It is a user-friendly questionnaire and has good psychometric properties assessed
in the initial validation process, constituting a good strategy for multidimensional
assessment of frailty in community settings [27]. The instrument consists of two
parts. Part A includes life-course determinants of frailty (sex, age and marital
status), and part B assesses 15 components of frailty. The score on total frailty hasa
range of 0-15; people with a score > 5 are considered frail; for physical, psychologi-
cal and social frailty, the score ranges are 0-8, 0-4 and 0-3, respectively [28].

Studies carried out in different countries have demonstrated that these tools
have in general good psychometric properties and are reliable and valid instruments
for assessing frailty in community-dwelling older people [4, 17, 24-27, 29, 30].

6. Healthcare interventions in older frailty persons
Frailty’s assessment is inseparable from an objective and competent evaluation

of healthcare needs. Frailty is a multidimensional concept and can be defined as
a dynamic state that affects an individual with declines in one or more domains,
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such as physical, cognitive, social, attention or senses. The assessment of frailty is
of limited interest if healthcare professionals do not invest in assessing the needs of
frailty people in healthcare. This assessment must be multidimensional, multifacto-
rial, longitudinal and comprehensive, covering all activities of life.

There are many debates on what are health needs assessment and problem
identification. What is important to note is that care needs assessment is a system-
atic and sequential process, conducted by a care professional, which begins with the
assessment of dependency focus, accounts for the presence and efficacy of current
help, recognizes perceived need and finally determines the type of intervention
needed to meet those needs [31].

It has been recognized that needs in the elderly should be patient-centred; holis-
tic; analysed on by dependent people, caregivers and professionals; communicated
to other professionals; and met in order to achieve better coordination between
leading disciplines; needs assessment enhances the patient and carers experience
and leads to more accurate information, but the level of reassessment by other
professionals and the incidence of service duplication should also be reduced [31].

Care needs assessment has to promote an objective, competent evaluation of the
self-care deficits. A self-care deficit is an inability to perform certain daily activi-
ties dependent on health and well-being. Common activities of daily living are the
following: eating, bathing, getting dressed, toileting, transferring and continence.
Self-care deficits can arise from physical or mental impairments. In elderly people,
some of these problems accumulate and comorbidities appear. Health profession-
als play an important role when it comes to addressing self-care deficits through
assessment and intervention. For assessment, evaluation of needs and identification
of focuses of attention are necessary. Intervention can include, but is not limited to,
helping patients to manage signs and symptoms, adhere to the therapeutic regime,
adjust to deficits and strive to preserve, as far as possible, their self-care capacity.

With the ageing of the population and increased longevity, the need to provide
palliative care is emphasized. However, this increased need is not usually accompa-
nied by the availability of beds, which requires the use of indicators to manage the
availability of palliative care provision. When to begin palliative care is a trouble-
some question for patients, families and healthcare providers [32]. Severe frailty is a
relevant marker, along with functional dependence, cognitive impairment, symptom
distress and family support for beginning palliative care. Frailty, independent of
specific diseases, can be associated with a limited life expectancy and therefore is an
important indication for palliative care [32]. Frailty is an essential model for pallia-
tive care in older adults as optimal medical treatment for the frail patient typically
includes preventive, life-prolonging, rehabilitative and palliative measures in varying
proportion and intensity based on the individual patient’s needs and preferences [33].

7. Conclusion

Frailty elderly usually have dependence on self-care and need of support from
others. Elderly does not mean frailty, but the ageing process led to frailty, which
means that there are changes that reflect ageing-related alterations and involve
intrinsic and extrinsic factors which are typical of ageing [4]. Usually, scales assess
some domains of frailty in old people (cognition, general health status, functional
independence, social support, medication usage, nutrition, mood, continence and
functional performance). The occurrence of frailty is mainly a state of vulner-
ability resulting from comorbidities and the overall decline in organ functions. The
progression to later stages of frailty often signals a loss of autonomy, dependence
and reduction in physical and cognitive function.
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Frailty is commonly positively related with caregiver burden and associated with
higher levels of depression on the caregiver. A lack of understanding about frailty
has been identified as a barrier to providing optimal care to elderly people. Self-care
deficit theories suggest people are better able to recover when they maintain some
independence over their own self-care. The evaluation of frailty is closely linked
to the identification of dependencies in self-care. The use of frailty and self-care
dependence assessment helps to determine the focus of attention, to respect vulner-
ability, to limit dependence as much as possible and to provide quality, safety and
competent care.
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Reliability and Validity of
Clinicopathological Features
Associated with Frailty Syndrome
in Elderly Population

Kelvin Leshabari

Abstract

Geriatrics is an applied science as its practice is an art of medicine. As a scientific
discipline, there exists a potential race for measurements. Frailty stands as among
poorly defined concepts in geriatric medicine. There are philosophical, circumstan-
tial, and practical justifications behind this rather seemingly clinical tragedy. This
chapter contributes toward reliability and validity aspects of currently applied frailty
scales and indicators across different population base. It acknowledges the contribu-
tion of Frieds frailty scale. It also describes different frailty scales and indicators
tested in America, Europe, and Asia. Lastly, the chapter contrasts the popular belief
behind applications of Cronbach’s o coefficient of test scores for reliability assess-
ment in clinical research. Other research gaps are also highlighted including merging
clinical research findings in geriatrics with psychosocial aspects under the emerging
field of geropsychology. It also proposes a solution for usage in future studies that
aim at assessing reliability of test scores in clinical and biomedical sciences.

Keywords: frailty, reliability, validity, multimorbidity, index, scale

1. Introduction

Geriatric medicine is a relatively younger sub-specialty of medicine. Unlike
fields like general internal medicine or surgery, that are known to have existed since
antiquity, geriatrics has gained significant popularity, in orthodox medical practice,
around the second half of the twentieth century. Geriatrics is an applied science just
as its practice is an art of medicine. For that matter, there exists a potential race for
measurements. It follows logic therefore that for geriatric medical conditions and
practice to be acceptable among scientists, it needs unified codes that are measur-
able. This chapter will provide basic aspects associated with measuring variables
that are customarily prevalent in geriatric wards and corridors throughout the
world. Specifically, it analyzes the reliability and validity of different scales of the
commonest concept of frailty among senior citizens the world over.

The clinical characterization, of modern geriatric medicine, owes much to the
pioneering work, of Professor Bernard Isaacs back in the 1960s. It was Isaacs who is
credited in public literature, to have coined the term “geriatric giants,” in common
usage, to geriatricians the world over to date [1]. Simply stated, he referred “geriatric
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giants” to conditions of immobility, instability, incontinence, and impaired memory/
intellect that are relatively common, on statistical grounds, among senior citizens of
any human society [1]. From 1960s onward, the conditions characterizing geriatric
giants have changed several times, and currently used mainly among scholars and
clinicians alike, in its modified form, as per Professor Mary Tinetti’s keynote address
of Geriatric 5Ms, at the Canadian Geriatric Society conference, back in April 2017
[2]. She addressed the Geriatric 5Ms to comprise the Mobility, Mind, Medications,
Multi-complexity, and Matters most [2]. It must be understood that most of this
characterization refers to measurable constructs that defines core aspects of geriatric
medical research and practice, initially coined as geriatric giants by Isaacs in 1965.

There exists a lot of confusion in geriatric medicine to date, regarding the
measurable construct of geriatric giants [3-7]. Part of this confusion has basis from
failure to achieve standard definitions from its components. This is because, in
almost all cases, disease conditions among senior citizens, unlike other groups in
the population pyramid, tend to present atypically on clinical grounds. Whereas the
exact cause of this trend among senior citizens is still ill understood, there exists
evidence for a common pathway, originating from different organ systems, in etio-
pathogenesis of diseases in the elderly. Moreover, quite often there is also a discon-
nect between the original site of malice and the clinical presentations for symptoms
and signs of pathologic conditions thereafter. The immediate effect of this rather
anomalous conundrum is the rather bizarre presentations of most common clinical
conditions, seen among senior citizens, as well as recorded in their morbidity and
mortality statistics throughout the world.

Atypical presentation in the elderly can be exemplified, say by a Nonagenarian
lady, presenting to the emergency department of a typical hospital, with symptoms
and signs suggestive of acute confusional state like delirium, caused by Escherichia
coli infection in her urinary tract. As it is commonly the case, once her bladder
cystitis/urethritis is treated, using relatively simple treatment pathways, the acute
confusional state disappears. The observation given, justifies not only the atypical
nature of presentation, to most geriatric illnesses, but also the multiple organo-
systemic involvement, in their pathogenesis. Besides, growing characterization of
emotional, social, and cognitive aspects of aging is paramount in modern clinical
practice. There are several theories and postulates that endeavor to link the interplay
of the mind (and the central nervous system) in multisystemic etiopathogenesis of
Geriatric 5Ms. The theories and postulates have evolved into a new sub-specialty
named geropsychology. The details of which will be discussed further in the discus-
sion section. However, to the betterment of science, there exists palpable evidence
that probably the so-called Geriatric 5Ms has achieved a unified goal of standard-
izing the measurable construct of geriatric giants. It is on this basis that this chapter
finds its pivot, on the attributable last aspect of Matters most, referred to as Frailty.

Frailty is a poorly defined syndrome almost exclusively confined to the elderly
population. There are dozens of descriptions given for frailty [8-15]. All of them
were made for specified frameworks of interest by their original authors. On
pedagogic sense, none could be used systematically, without a pinch of doubt, to
any destitute clinician/researcher. However, out of dozens of frailty definitions
available, the one proposed by Fried and colleagues in Cardiovascular Health Study
Collaborative Research Group back in 2001 [13] is the most widely applied frame-
work by clinicians/researchers in bio-gerontologists the world over. The underlying
scientific framework for applying frailty syndrome to be discussed in this chapter
has taken into account the famous fact derived by Sir George Box’s seminal paper
back in 1978 that all models are wrong but some are useful [16] in its philosophical
sense. It is neither the intention of this chapter nor anywhere in the mind of its
author to market the Cardiovascular Health Study Collaborative Research Group’s
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frailty postulate. Rather, and I do believe it to be safe, the plan is to sparingly appre-
ciate strengths and weaknesses of some of these useful concepts, via estimation of
their internal consistency and content validity in each of them. Thus, this chapter
will guide the reader through reliability and validity aspects of clinicopathological
features associated with frailty syndrome in senior citizens.

2. Reliability of frailty models in elderly population studies

Geriatrics, as a branch of clinical sciences, is a scientific discipline as physics or
chemistry is to natural sciences. To that end, measurements are the core aspect for
its sustainability. It is under this framework that most frailty scales are available the
world over to date, and in future shall be assessed. Technically, assessing the quality
aspects of the scale takes mainly two domains, namely, reliability and validity. Taken
simply, reliability assessment refers to the process of determining the extent to which
ameasurement of a phenomenon provides stable and consistent results [17]. This
definition, though adopted from Carmine and Zeller’s publication of 1979 [17], who
worked in the field of psychometrics, is as applicable, in its entirety to frailty scale
assessment, as it was intended in assessing psychometric scales. Thus, whereas the
intention here is to adopt quantifiable and logically consistent manner for reliability
assessment of frailty scales, it is by no means the intention of the author to sales pitch
the methods discussed nor should it be conclusive that the method described in this
chapter is the only mechanism of achieving reliability assessment. To ensure clarity in
this endeavor, the end of the chapter will also contain some vivid shortcomings and a
potential solution to the reliability assessment method described in this chapter.

2.1Internal consistency assessment of frailty scales used in elderly population

There are various ways of assessing reliability index of any given phenomenon/
scale in nature. Some are well known in literature, and there are probably many oth-
ers in production pipelines for usage in future. However, the most popular methods
include test-retest reliability, split-half reliability, and internal consistency reli-
ability tests. Out of these, this chapter will deal with internal consistency reliability.
The decision to do so is derived from its conceptual meaning as opposed to the rest.
Simply stated, internal consistency refers to the extent to which a measurement of
a scale provides stable and consistent results across a specified condition [17]. One
rule is important to be mentioned here, in that all accounts of assessing reliability
of any given scale, the reliability score to be obtained is not reflective of a constancy
but rather a mere statistic for a given test result. This translates to the fact thata
given scale may end up with different scores, under different elderly population
conditions, dependent on a number of factors, some known (e.g., test settings and
gender) and others unknown even to the test itself. Thus, caution to the interpreta-
tion of the test scores is highly warranted.

2.1.1 Clinical Frailty Scale

Clinical Frailty Scale (CFS) is a clinical judgment-based tool (originally designed
as an epidemiological tool) to screen for frailty and other adverse health events in
opposition to fitness in older aged population. It is a direct replica of a frailty index
that was part of the original design aspect of the first part of Canadian Study on
Health and Aging (CSAH), with the aim of characterizing cognitive impairment
and other important health issues, designed as a prospective 5-year follow-up of
10,263 people aged at least 65 years back in 1991 [18, 19]. At the time of going to
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press, the Clinical Frailty Scale is composed of a 9-point scale, that was made public
in 2007, an improvement from the original scale of a 5-point scale originally pub-
lished in 2005 [20]. It was originally developed in the second half of the Canadian
Study of Health and Aging (CSHA) as a quick means to assess frailty and other
senile physical and mental challenges past clinical assessment [20]. The conceptual
framework of the Clinical Frailty Scale relies on the “fitness and frailty” model,
and the scale was designed by adopting the mechanism from Streiner and Norman
[21]. It is for all practical purposes, not a questionnaire but a quantified summary
write-up of an elderly overall health status in relation to mortality risks. Internal
consistency scores for Clinical Frailty Scale among elderly population across differ-
ent geographical areas are provided in Table 1.

2.1.2 Edmonton Frail Scale (EFS)

Edmonton Frail Scale, an effort first conceptualized by Darryl Rolfson while
at the University of Alberta, Canada back in 1999, was presented for the first
time to peer review at the Canadian Geriatric Society in Edmonton, Canada, in
2000 [25]. Ever since its first time in press, the scale has been applied in research,
educational and clinical settings for quantitative frailty assessment among senior
citizens [15, 26-33]. Edmonton Frail Scale consists of nine domains and 11 items.
The initial scale devised by Rolfson at Edmonton had 10 domains [25]. Each com-
ponent may have a score of 0, 1, or 2 signifying normal health, mild/moderate
impairment, or severe impairment, respectively. Domains include general health
status; cognitive status; medication use; presence of social support; incontinence;
nutrition and mood; functional dependency; and functional performance test
[25]. The total scores are also classified into no frailty (0-3 points); pre-frailty
(4-5 points); frailty (6-8 points), and severe frailty (9-17) [26]. The internal
consistency scores of Edmonton Frail Scale for senior citizens across different
geographical settings are as reported here in Table 2.

2.1.3 Groningen Frailty Indicator

Groningen Frailty Indicator (GFI) is a 15-item indicator for assessment of frailty
developed by Professor Steverink and his colleagues at the University of Groningen,
The Netherlands, first published in 2001 [34]. The internal consistency findings of
GFI are as summarized in Table 3.

2.1.4 Tilburg Frailty Indicator
Tilburg Frailty Indicator (TFI) is a questionnaire for screening frail community

dwelling older people that includes self-reported information, originally tested and
validated from an elderly community of Roosendaal in The Netherlands, based on

Country/region Cronbach’s a-reliability score (95% C.I.) Settings

1. Australia [22] 0.76 (0.7-0.81) Perioperative (hospital-based)
2. Canada [20] 0.97 (not given) Community-based

3. Singapore [23] 0.91 (0.86-0.95) Hospital-based

4. Turkey [24] 0.811 (not given)” Outpatient clinic (hospital-based)

“p-value cited as <0.001.

Table 1.
Internal consistency scoves for Clinical Frailty Scale across elderly population from different geographical areas.
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Country/region Cronbach’s a-reliability score (95% C.1.) Settings

1. Canada [25] 0.62 Hospital/clinic based
2. Ireland [31] 041 Hospital based

3. Italy [26] 0.98 Hospital based

4. Poland [28] 0.709 Hospital based

5. China [33] 0.95 Hospital based

6. Canada [20] 0.97 Hospital based

Table 2.

Internal consistency scores for Edmonton Frail Scale acvoss senior citizens from diffevent geographical aveas.

Country/region Construct validity index Settings

1. The Netherlands [35] 0-1: disorder (median, range): 2, 1-4 Community-based
2: (median, range): 4, 3-6
3: (median, range): 6, 4-8

2. The Netherlands [36] GFI> 4 Community-based
3. Romania [37] GFI score = 0.746 Physician-based
Table 3.

Construct validity scoves for Groningen Frailty Indicator across senior citizens in different geographical areas.

Country/region Construct validity index Settings
1. China [39] Physical domain: r = -0.39-0.57 (P < 0.001) Community-based
Psychological domain: r = -0.47-0.49
(P <0.001)
2. The Netherlands [38] Social domain: r = -0.35-0.71 (P < 0.001) Community-based

Physical domain: r = -0.43-0.62 (P < 0.001)
Psychological domain: r = -0.19-0.46 (P < 0.001)
Social domain: r = 0.29-0.96 (P < 0.001)
Physical domain: r = 0.31 (P < 0.001)
Psychological domain: r = 0.24
(P < 0.001)

3. Italy [40] Social domain: r = 0.25 (P < 0.001) Community-based

Table 4.
Construct validity scores of Tilburg Frailty Indicator across senior citizens in different geographical areas.

a working framework in development, developed by a team of Dutch scientist first
published in 2009 [38]. Tilburg Frailty Indicator is unique among frailty indicators,
in that it includes multiple domains of human functions but selectively excludes
disability [38]. TFI consists of two parts, namely, multimorbidity and frailty
domains. The first part (designated as part A) contains 10 questions on determi-
nants of frailty in relation to disease states, while the second part is solely on frailty
aspects [38]. The internal consistency score ratings of TFI across studies from
different geographical areas are given in Table 4.

3. Validity aspects of frailty scales and indicators used in elderly
population

Much as reliability may be loosely assumed to be synonymous to precision in
measurements, it follows a natural pattern then to ensure validity by the assumption
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of accuracy. It must be understood that geriatrics, just as other branches of clinical
medicine, is essentially an applied science field. To this end, the reader is cautioned
against making substantial error in reasoning, that of assuming measurement
exactness of constructs made in its clinical measurements, just as natural scien-
tists make, in say reaction time in subjects like physics or chemistry. It is on this
basis, that all aspects of validity, discussed in this chapter, constitute a number of
assumptions, some of them may be hard to prove, even when considered useful
in the stated models. For instance, since most validation processes in constructing
frailty scales and indicators consisted of a number of items, the assumptions made
are such that those items, when taken collectively, refer to a construct of frailty, and
that when applied to humans in their contextual nature, can distinguish those who
are frail from those who are not. This section will deal with one important form of
validity measurement, that of construct validity at most [41].

Construct validity is a way of measuring a disposition/character/trait/belief
such that its accuracy can be estimated with quantifiable degrees of confidence.
In simplistic fashion, it is a way of measuring a test for what it claims to quantify.
Construct validity differs from other forms of validity in applied sciences, namely,
criterion and content validity, since in construct validation, there is an aspect of
quantifying the quality of a measuring instrument toward what it claims to mea-
sure. Thus, for all practical purposes, this chapter will endeavor to quantify aspects
hypothesized to assess frailty, as applied to the community of senior citizens living
in different geographical communities. This notion, inter alia, follows the appre-
ciable level of acceptance in reliability indices prior to its undertaking, lest of that,
it may be deemed invalid in practice. In this sub-section, an analysis of different
frailty scales/indicators in construct validity will be determined here underneath.

4. The triumph and controversies surrounding reliability and
validity of frailty scales/indicators in elderly population

It is important to underscore the importance of association between what is
characterized as frailty and increased susceptibility to ill health among humans
of advanced age. From the earlier sections of this chapter, an account of the term

frailty has been made. However, it is important to analyze those numbers, in a bid
to express not only what they suggest but also not to overexpress their usefulness in
science. One important caution needs special attention here in that myself as a clini-
cal researcher, positively influenced by biased affection to make judgment using
numbers and experimental findings, maybe at risk of committing a self-fulfilling
prophecy, a typical form of rather known pygamalion effect, quite common among
scientists dealing with quantitative research methods and applications. Therefore,
this section will be dealt with not only interpretation of reliability and validity of
different frailty scales/indicators shown before but also the challenges of assuming
the score results to individuals as sin qua non in frailty assessment to prospective
readers be it practicing geriatricians, bio-gerontologists and/or policy makers, and
other decision makers in aging field.

First, on reliability aspects, it is important for geriatricians, other clinicians
handling senior citizens, clinician-scientists, policy makers as well as other readers
alike to be aware of the fact that frailty scales/indicators scores derived from cited
studies above do not in actual sense measure reliability at best. There is no doubt
that no other statistic in published literature has been a subject of wide confusion
than coefficient o for reliability test scores. Specifically, Cronbach’ a coefficient
that at best displays homogeneity of test scores has been incorrectly associated
with a quality indicator of internal stability score, a direct reflection of a reliability
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estimate. This rather subtle cognitive error has been in existence in science for at
least 60 years. It was formerly described by Cronbach via a seminal paper published
in 1951 [42]. To simply describe the extent of the spread of the flaw, as well as the
confusion therein, until the time this line you read was first typed by the author, at
the peak of a COVID19 pandemic, the Cronbach’s paper published in Psychometrika
back in 1951, had been cited more than 45,000 times in published literature world-
wide. Details about the flaws (as well as the resulting confusion) of Cronbach’ o
as an index measure of reliability of test scores are beyond the scope of this book.
However, just to give a glimpse to readers, I have decided to provide a narrative
account of the fallacy behind usage of Cronbach’s a coefficient as a measure of reli-
ability of test results.

Cronbach’s o coefficient as a test statistic in principle is consistently and
incorrectly taken as a measure of internal stability of test scores, and therefore
an estimate of internal consistency. It has been shown that Cronbach’s a coef-
ficient cannot provide investigators that sort of information [43]. Cronbach’s a
coefficient is at best the greatest lower bound to reliability estimate, and therefore
almost always an underestimate of a reliability coefficient o for internal consis-
tency of test scores [43]. At this juncture, it is important to remind readers on
what exactly is internal consistency of test scores results. Simply written, internal
consistency of test score results refer to interrelatedness of a set of items, be it test
scores results or any other of non-singular matrix scores [44]. It therefore follows
that much of the confusion surrounding Cronbach’s a coefficient dates back to
Cronbach’s paper of 1951 [42] in that Cronbach used internal consistency and
homogeneity synonymously [44]. It is clear nowadays, therefore, that Cronbach’s
a coefficient may attain values that are outside the scope of possible reliability
scores from a single test result. I would like just to mention a solution to this chal-
lenge, just sparingly to include standard measurement errors in the form of the
following equation:

, =0, (1-p, +x,)" (1)

where py,x>,—test score reliability in a population, 6,—standard deviation of a
population of interest, and cy—standard measurement error of a sample of interest.

It is important to remind readers that application of standard measurement error
as a measure of internal consistency of test scores assumes each individual score
results originated from a test with the same accuracy [43]. Details of this method
of assessing internal consistency, and therefore inherent reliability of any given test
scores, are given in other published findings of the past [43-47].

In this chapter, I have hesitated myself from committing a rather common statis-
tical crime. It is well known that meta-analysis of findings from individual studies,
customarily using forest plots, is an efficacious way of deriving effect size as well as
identifying small and insignificant statistical results. However, I must admit there
have been strong attempts to pool reliability and validity estimates from different
studies here. The decision at the end, of not to include forest plots, from meta-anal-
ysis in this chapter, is based on the same philosophy, behind the chapter, namely,
reliability and validity for test scores of sample estimates. On a frank note, there
is profound heterogeneity reported from the study sample used for assessment of
reliability and validity of frailty scales and indicators in publication database. This
made all attempts toward “forest plotting” a futile exercise on philosophical grounds.
It is quite obvious that given wealthy of statistical tests available to date, there were
remedial measures to account for heterogeneity of those referred studies. However,
given the fact that data were different from how they were conceptualized, and
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not only in the way they were analyzed, made all those statistical tests available for
estimating heterogeneity, a non-starter in this endeavor.

At large, these studies differ significantly on the basis of their designs. For
instance, whereas findings in Table 1 reflected assessment of Cronbach’s alpha
coefficient, for what was referred to as internal consistency, out of studies target-
ing Clinical Frailty Scale, the study by Rockwood and colleagues in Canada was
conceived as a prospective observational study [20]. Moreover, Chong and col-
leagues’ study conducted in Singapore was designed in a retrospective fashion [23].
It therefore comes out automatic that total population at risk was a distinguishing
feature between these two studies. Clearly, with prospective data, one can quantify
population at risk, whereas in retrospective data, such a count is not possible. The
difference in probability counts of risk between those two studies does not end
in risk estimates. It blows out in any calculation involving probabilistic appoint-
ments, including the early stages of obtaining Cronbach’s a coefficient. Pooling
out estimates from these two study designs (prospective vs. retrospective) is no
difference from mixing oranges and mangoes together. Whereas the idea may seem
useful in gastronomy, it is a statistical crime, equivalent to a third-degree murder
in jurisprudence [48]. Details about the flaws in pooling estimates of retrospective
and prospective designs together are described in length in mathematical statistical
literature [49-52].

Apart from the design differences between studies whose estimates were
pooled as means to assess reliability and validity in this chapter, heterogeneity is
also suspected to be present from publication bias. Quite commonly in biomedi-
cal research and databases, studies are only published if they attain positive
outcomes as per research questions designed by investigators. Whereas the
message here is not to support the idea, as I personally believe in learning from
findings with negative results from their hypothesized questions, I found it an
important message to remind readers. It is quite possible that there were other
studies left behind simply because they either failed to appear in press for what
so ever reasons or they were left behind merely out of ignorance by the author
during retrieval of information used to pool these data. At this point, it should
be clear that there are quantitative mechanisms of assessing heterogeneity in
statistical data [39, 40, 52-61]. However, those techniques are far behind abilities
to correct what went wrong during design stage. It was therefore futile to justify
application of those techniques to data that was conceived in either retrospective
fashion or out of publication bias.

On a positive note, however, the findings from these studies do probably high-
light an important construct that is related to diminished ability of various body
systems, currently coined as frailty. This is because in most of these studies, all of
their domains (physical, psychological, or social) do reflect some deficiencies that
are commonly associated with those of advanced age, who we may safely assume, to
reflect a true concept of frailty. Until now, it must be born to the minds of read-
ers that the lack of gold standard decision rule for assessing frailty forces scholars
to make comparisons to available tools. It is therefore a call to action for future
researchers in aging research to consider design and development of more innova-
tive concepts and tools in assessment of frailty [62-64].

Lastly, and as a matter of urgent priority, geriatricians, aging research scientists
as well as other practitioners and decision makers in health need to consider dif-
ferent population base in their future research on frailty. At present, there appears
to be palpable evidence that demographic transition has started, and likely to
mature soon, in parts of sub-Saharan Africa [65]. For instance, it is quite evident
that Tanzania, just like other sub-Saharan African countries, has its population
undergoing demographic transition [65], perhaps at a faster rate than what was
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seen in Europe in the nineteenth century and early parts of twentieth century. It

is clear that part of what may be termed as residual effects, in ascertaining factors
associated with frailty and other aging-related concepts, to be better explained

by environmental milieu found in sub-Saharan Africa, rather than the developed
North. It is therefore a matter of intellectual maturity that future studies on quality
indicators in frailty assessment will also be tested and validated in population
found in the South.

Likewise, on a pioneering scale, global efforts in the interplay of mind and
organosystemic degenerations in later life need a critical eye among aging research-
ers. At present, there is a lot of confusion not only among geropsychologists but
even among clinician-scientists caring for the senior citizens across nations. For
instance, there is a clear gap in research evidence on inability to characterize the
cognitive domain in the illustration of the concept of frailty, in addition to clear
discrepancies in how best to handle cognitive abnormalities in the oldest old.

It also follows the logic that the current interventions and strategies in psycho-
social interventions the world over to be porous at best and segregate the senior
citizens at worst. To this end, I propose that psychosocial challenges arising
directly or indirectly from the aging process to be handled using data-based
findings. Moreover, there is a desperate call for inductive research to deductive
thinking in the science of geropsychology the world over. Short of that, most
scales/indicators of frailty will have a lack-of-fit on the basis of their missing
domain of the psyche.
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Chapter 4

Performance-Based Screening
Tools for Physical Frailty in
Community Settings

Tina Levec and Mivoljub Jakovljevi¢

Abstract

Frailty is one of the leading causes of morbidity and premature mortality in older
people. It is a multidimensional syndrome characterized by a reduced ability to
deal with acute, physical, mental, socio-economic and spiritual stressors, and/or to
perform daily living activities. Physical frailty is a complex condition deriving from
multiple causes and contributors. It is characterized by the decline of physiological
systems, leading to a loss of strength and endurance, and reduced physical ability.
Frailty presents an increased risk of vulnerability to disease, dependency and/or
death. Frail individuals are also prone to falls and are at greater risk of hospitaliza-
tion and admission to long-term care. Consequently, there is a need for an effective
tool or tools that can easily identify frail community-living individuals at an early
stage of physical decline. Screening tools can be performance-based tests, question-
naires or a combination of both. The aim of the present narrative literature review is
to describe the existing simple performance-based frailty screening tools.

Keywords: physical frailty, performance-based tests, community

1. Introduction

In recent years, specific importance has been placed on defining frailty in order
to better understand the health, functional abilities of older adults, and to prevent
or delay the onset of disability and its consequences [1]. It is widely recognized
that frailty is associated with an increased risk of adverse health outcomes [2, 3],
such as functional impairment and hospitalization [4, 5], loss of autonomy [6]
and death [4, 7-9]. Globally, frailty can affect everyone at all stages of life, with a
prevalence rate of 4.0% to 59.1%. This wide range of the established prevalence is
probably due to various definitions of frailty used in scientific sources and profes-
sional literature [10].

Broader definitions of frailty, looking beyond physical functioning, have been
put forward [11-13]. Frailty is a multidimensional syndrome characterized by
areduced ability to cope with acute, physical, psychological and socioeconomic
stressors, and/or to perform activities of daily living [14, 15]. According to Gobbens
and co-workers [16 , p. 342], frailty is a dynamic state affecting an individual
who experiences losses in one or more domains of human functioning (physical,
psychological, social) caused by the influence of a range of variables and which
increases the risk of adverse outcomes. However, frailty should rather be defined
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as a process and not as a state. A multidimensional approach to frailty is congruent
with the interdisciplinary diagnostic process used in the Comprehensive Geriatric
Assessment for frail older people, which also examines physical, mental [including
both psychological and cognitive functioning], and social functioning [17, 18].

Human health is determined by the health in different biological (physical),
psychological (mental), social, and spiritual domains. Performance and interac-
tion of these four dimensions determine the behaviors and abilities of human
beings [19]. Teo and colleagues [20] identified three dimensions of frailty in their
research, namely, physical frailty [21], emotional [mental] frailty [22] and social
frailty [23, 24], to which spiritual frailty can be added [25] (Figure 1). With aging,
changes occur in physical, mental (psychological), social and spiritual function-
ing. Accumulation of problems in one or more of these domains of functioning
is characteristic of frail people. Consequently, the age group most affected is the
older adults. For example, the prevalence of frailty averages 10.7% of community
dwelling adults aged 65 years or more and this percentage rises to 15.7% and 26.1%
respectively in the 80-84 and >85 age groups [26]. The prevalence of frailty in
community dwelling older adults is even higher in studies involving the use of
multidimensional tools, which recorded a 13.9% of frail and 7.6% of very frail older
adults living in the community [27].

Originally, frailty was primarily focused on the physical problems that older
people encounter, as defined in the popular Fried’s ‘phenotype of frailty’ [21].
Physical frailty is a medical syndrome with multiple causes and contributors that
is characterized by diminished strength and endurance as well as reduced physi-
ological function resulting in individuals’ vulnerability, increased dependency
and/or death [30]. Physical frailty is discrete from disease and disability and it may
be reversible [1]. Physical frailty is the result of a sub-threshold reduction in the
capacity of many physiological systems due to aging and disease. Consequent to the
reduced ability to maintain homeostasis, this is a high-risk condition for adverse

Exrinsic risk factors
Health - related physical fitness
Morphologicfitness
Musculo - skeletal fitness
Motor fithess

Cardio - respiratoryfitness
Metabolicfitness

Non-frailty

MENTAL
Preifrailty
Frailty threshold

Frailty

SPIRITUAL
Dependancy

trinsic risk fact

¢ @
CONCEPTION DEATH
Figure 1.

Like life, frailty is dynamic, complex process, which is going on from the conception until the end of life, which
oscillates between non-frailty [complete independency] and complete dependency. All components (of frailty)
influence each other. The incidence of frailty is influenced by extrinsic and intvinsic (mental, physical, social,
spiritual) factors. Physical frailty is closely connected with health-related physical fitness, since majority of
frailty tests contain at least one of the components of health-velated physical fitness. Physical fitness is a set of
chavacteristics that individuals already have or achieve and relate to their ability to perform physical activity
[28]. It is also is a state of well-being with a low risk of developing premature health problems and sufficient
energy to participate in a variety of physical activities [29]. Health-related physical fitness is a more complex
construct and includes the functional fitness needed to perform daily tasks.
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health outcomes, including inability, dependence, falls, fractures, loneliness, poor
quality of life, depression, cognitive decline, dementia, long-term care and death
[31]. The risk of developing physical frailty increases with age and many older
adults are frail, even though they do not have any life-threatening illness [32]. A
systematic review of the literature on physical frailty in people aged 65 and over
[26] shows that the prevalence of physical frailty ranges from 4.0-17% (average
9.9%). In women (9.6%), it is almost twice as high as in men (5.2%) and increases
with advancing age, and very markedly after the age of 80 years. On the basis of the
five Fried phenotype frailty criteria, the prevalence of prefrailty and frailty in com-
munity dwelling population (aged 65 and older) ranges from 4.9% to 27.3% and
34.6% to 50.9%, respectively [33]. It is important to note that the Survey of Health,
Aging and Retirement in Europe evidences important differences among countries
as regards the prevalence of frailty, varying from 5.8% in Switzerland to 27.3%
in Spain. The prevalence is especially high in some southern European countries,
including Spain, Italy, France, and Greece [34].

The prevalence of physical frailty increases with age, but 5.3% of the population
is already fragile between the ages of 18 and 34 [35].

1.1 Screening

Physical frailty secondary prevention embodies the earliest possible detection of
physical frailty or changes mostly leading to this syndrome. Screening is a strategy
designed to diagnose frailty syndrome in elderly adults with subtle or no clinical
manifestations of frailty by employing the most simple tests possible. This strategy is
defined as the process of identifying individuals at higher risk for adverse outcomes,
functional impairment and mortality. Management of frail seniors includes counsel-
ing, additional tests and appropriate treatment to mitigate the risks and possible
subsequent complications of this condition [36]. The goal of screening is to reduce
frailty incidence, which can be achieved by regularly examining selected groups of
the population. In order to attain this goal, the participation of the target population
should be adequately high. The selection of diseases which warrant screening is
based on the revised criteria set by Andermann and co-workers [37, p. 318], namely:

* The screening program should respond to the identified need.
* The objectives of the review should be defined at the outset.
* The target population must be defined.

* There should be scientific evidence on the effectiveness of the screening
program.

* The program should integrate education, testing, clinical services, and
program management.

* There must be a quality assurance system, with mechanisms to reduce
potential screening risks.

* The program must ensure informed choice, confidentiality and respect for
autonomy.

* The program should promote equal access to screening for the entire target
population.
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* Program evaluation should be planned from the outset.
* The overall benefits of screening should outweigh the harms.

Bowling and Dieppe [38] suggest that a forward-looking policy for older age
would be a program to promote successful aging from middle age onwards, rather
than simply aiming to support elderly people with chronic conditions.

1.2 Performance screening tests for community dwelling older adults

Prevention of frailty is therefore necessary as it may eventually lead to preven-
tion or postponement of hospitalization and institutionalization of elderly people.
It should be directed at both delaying the onset of frailty and slowing down the
frailty process. Insight into the factors that are associated with the presence of
frailty is the first step to assist the identification of potentially vulnerable groups.

Tools for the detection of frailty syndrome in older adults can be divided into
self-report, performance-based screening instruments [39] and a combination
of both. Performance-based instruments have several advantages, including the
following:

* greater sensitivity to non-response, changes in time and differences in the
execution of activities [40];

* greater precision and validity of answers [41, 42];
* reduced risk of bias associated with perceptions and mood [43-45];

* increased reliability across measurements by standardized administration and
scoring [43-45];

* greater sensitivity to clinical changes as compared to self-report [43-45].

On the other hand, performance-based measures and tests also have several
limitations. Some of these instruments are less user-friendly and may be time-
consuming [41, 42, 46]. Sometimes they require sophisticated equipment, space,
or trained personnel. They may sometimes be difficult to score or interpret
rendering them impractical in most clinical settings. Experts warn of one major
limitation of performance-based measures when used in a simulated environ-
ment. Due to the structure or context of the test, the results of these measures
may mislead to overestimation or underestimation of the seniors’ physical and
functional capabilities.

2. Single performance-based tests

Although the phenotype elaborated by Fried and co-workers [21] is frequently
used in research internationally, some researchers have proposed a more simplified
index to detect physical frailty, with the objective of facilitating clinical practice
and identifying individuals at risk [47, 48]. Measurements of physical performance,
such as gait speed, five-time sit-to-stand test and grip strength can identify frailty
[48] and may be suitable for frailty screening in primary care or population health
survey [49].
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2.1 Gait speed

Normal gait is defined as a highly controlled, coordinated and evenly repetitive
movement of the lower limbs, the purpose of which is to reach a certain place ata
certain time with the least possible energy consumption [50]. The combination of
joint mobility, muscle capacity and nerve function, and energy expenditure affect
stride length and relaxed walking speed. In the absence of impairment, walking
is effective and easy, while disease processes or injuries can affect the accuracy,
coordination, speed, and versatility that define normal walking [51]. Gait ability
tests are clinically useful in screening older individuals at high risk of frailty [52].
To date, a large variety of methods [e.g. habitual and maximal gait speed] and
distances [from 2.4 m to ten or more meters] have been used to measure gait speed
[53]. Without regard to the exact measurement protocol, walking speed is a valid
and reliable measure appropriate to assess the overall mobility function and health.
This indicator is often associated with institutionalization and mortality [54].

Habitual gait speed (GS) has been recognized as a safe and simple measure with
which adverse outcomes in community dwelling older people can be predicted [53].
It correlates with all indicators of health, functioning, and overall activity regard-
less of whether it was assessed at home over a 3-meter distance or in the research
centre over a 10-m distance [55]. Differences in measuring devices [stopwatch vs.
photocell] or distance should not affect the reliability of the measures [56].

The GS is valid [57, 58], reliable [56, 57], and sensitive [59, 60] measure. For
gait speed of <0.8 m/s, the sensitivity is 0.99 and specificity 0.64 [60]. However,
limited specificity implies many false-positive results indicating that these instru-
ments cannot be used as accurate single tests to identify frailty [61]. Due to the
measure’s extensive predictive capabilities, as well as ease of administration, the GS
is considered the “sixth vital sign” [62-66].

In future, it will certainly be necessary to unify the performance of the gait
speed test for screening purposes with all the requirements for performing the
test, with regard to the start of the test, the length of the track, the method of time
measuring, client encouragement, the use of walking aids and the selection of
appropriate footwear.

2.2 Handgrip isometric dynamometry

The unique composition of the hand provides the ability to perform important
functions such as drinking, perceiving, or communicating [67]. Most daily activities
involve human hand-object interaction. As one of the requirements for the handgrip
is its strength, physical frailty phenotype criteria also include weakness based on the
isometric handgrip strength (IHGS) measurement [21]. Of the five frailty indicators,
the THGS deserves attention as a simple and objective measure of the frailty syndrome
[68, 69]. The test produces a measure of the isometric force of intrinsic and extrinsic
hand muscles expressed in kilograms or Newtons and can be normalized allometri-
cally [70, 71]. The IHGS has been recommended as a basic measure in the determina-
tion of musculoskeletal function as well as of weakness and disability [72-74]. Itisa
good general indicator of health and functioning regardless of whether it is assessed
in the home setting or in more formal research centre settings [75, 76]. It is associated
with a variety of aging outcomes [43, 77] and forms a key component of sarcopenia
[78] and frailty [21, 79] phenotypes.

The THGS is a simple, quick and inexpensive means of stratifying an individual’s
frailty. However, the methods used to characterize the IHGS vary considerably, both
with regard to the choice of dynamometer and the measurement protocol used, which
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makes comparison between studies difficult [80]. The Jamar dynamometer is consid-
ered the “gold standard” in handgrip dynamometers [81, 82] at the handle position
two [83]. When handgrip strength was assessed with similar devices at home and in
the research centre the results correlated highly and were not affected by the partici-
pants’ health, functioning and overall activity [55]. It seems that IHGS was least prone
to measurement error related to different assessment tools and protocols [55, 75].

Weak handgrip strength in later life is a risk factor for disability, morbidity,
and mortality and is central to the definitions of sarcopenia and frailty [75, 84].
Evidence indicates that low IHGS is significantly associated with physical frailty,
also when the effects of body mass index and arm muscle circumference are
ignored [85]. Several studies have suggested that hand dynamometry can be used to
measure the manner in which muscles are used, which is a predictor of frailty and
disability in the advanced age [85].

Grip strength thresholds for men ranged from 23.2 kg to 39.0 kg, and for women
from 15.9 kg to 22.0 kg [86-89]. The British grip strength centiles [90] and their
associated cut points accord with the definitions for sarcopenia and frailty across
developed regions, but highlight the need for different cut points in developing
regions [75].

The test-retest reliability of the IHGS in older adults is good to excellent [intra-
class correlation coefficient >0.80] [91, 92] when using the mean value, the best
value, or the first of the 2 measurements [92].

2.3 Sit-to-stand tests

The sit-to-stand (STS) movement is considered a fundamental prerequisite for
mobility and functional independence since the movement is part of the various
Activities of Daily Living [ADL] [93]. The STS maneuver is a common activity
of daily living [94] and is partly dependent on lower limb muscle strength and
performance [91, 95, 96], and balance [95, 97]. It seems, however, that the STS
performance is also dependent, at least in part, on the factors other than muscular
strength [e.g. motivation, pain] [97, 98].

Variations of the STS maneuver have been adapted as functional performance
measures, including the time to perform a given number of the STS maneuvers [99]
or the maximum number of the STS maneuvers in a given time period, usually 30
or 60 s [100, 101]. The STS tests correlate well with other objective physical per-
formance measures such as Timed Up and Go test, gait speed [102] and the 6MWT
[100] in healthy older community-living populations.

Regardless of all variations of the STS test, the same equipment is required; stan-
dard (folding) chair without arms, with seat height of 43.2 cm and a chronometer.

2.3.1 Five-time sit to stand test

The five-time STS test (FTSST) is the most frequently employed [99] and the
best described STS test in older adults. The test measures the time taken to stand five
times from a sitting position as rapidly as possible. It less likely reflects endurance
than a ten repetition [103] or 30 second test [101]. Normative values [99] and data
on reliability [104] and validity [96] have been well described in healthy older com-
munity dwelling individuals.

2.3.2 30-second sit to stand test

The 30-second sit to stand test (30STST) aimed to test leg strength and endur-
ance in older adults. The 30STST involves recording the number of stands a person
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can complete in 30 seconds. It is part of the Fullerton Functional Fitness Test
Battery. This test was developed to overcome the floor effect of the five or ten
repetition sit to stand test in older adults [105]. It is possible to assess a wide variety
of ability levels with scores ranging from 0 for those who cannot complete 1 stand
to greater than 20 for more fit individuals [106]. The 30STST provides a reasonably
reliable and valid indicator of lower body strength in generally active, community
dwelling older adults [101]. Older adult persons were inferior in force production
and quickness of movement, which decreased as elderly stood up from a chair of a
lower height [107]. It is worth noting that chair seat height’s relation to the lower leg
length should be considered when interpreting the 30STST scores [108].

2.4 Transfer tests

Depending on the social and living environment, sitting down on and rising
from the floor is essential for independent daily living. Irrespective of the culture,
the ability to return to an upright position after the fall is of vital importance [109].
The inability to return to upright position is viewed as an indicator of frailty in older
adults [110]. Tinetti et al. [110] report that 47% of their older adult study partici-
pants were unable to get up without assistance after falls without injury.

2.4.1 Timed floor transfer test

In order to assess the functional ability of seniors to sit down on and rise from
the floor, Murphy and colleagues [111], designed the so-called timed floor transfer
test (TFTT), which measures the time one needs to sit on the floor and return back
to the standing position in any preferred manner. The test is also used to detect
individuals with greater risk of falling [111].

The TFTT is a simple, cheap, easy and short performance-based assessment
tool, which does not require additional training. It can be administered quickly and
easily in both the clinical and home settings. Furthermore, it may reduce the need
for extensive assessment via other instruments. For test execution, a chronometer,

a matt and a chair for possible support is needed. In the cross-sectional study by
Ardali and co-workers [112], one practice trial was performed for familiariza-

tion purposes, followed by three timed trials for each subject. The mean of the
three timed trials was used for data analysis. Usually, a two-minute rest is allowed
between trials in order to minimize fatigue. The TFTT is applied to identify older
adults with physical disabilities and/or functional dependence and may be useful in
assessing readiness for independent living [112].

The TFTT test has been shown to have good test-retest reliability
(ICC(3,1) = 0.79, p < 0.0001) [111]. In the same study, the TFTT times showed also
significant correlation with the completion times of the 5-Step Test (r = —0.57),
functional reach distance (r = —0.49), 50-ft (15.24 m) walk test times (r = —0.52),
and scores on the Performance-oriented Mobility Assessment for Balance (r = 0.44).
In addition, the ability to complete the TFTT was shown to be a significant predictor
of falls among community dwelling older adults. It could correctly classify 95% of
fallers and non-fallers among 50 community dwelling older adults, with 81.8% cor-
rect prediction of falls and 100% correct prediction of no-falls [111]. Inclusion of
the TFTT test at initial evaluation may reveal the presence of these conditions and
address the safety of older adults in the community [112]. The study of FT ability by
Tinetti and co-workers [110] reported that those who had a history of falls and were
unable to get up without help were more likely to suffer functional decline than
those without the history of falls, or those who had a history of falls and who were
able to get up without assistance. Similarly, Alexander and co-workers [109] noted
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that 4 out of 9 congregate older adults [mean age = 80 years] who were unable

to rise from the floor without support could complete the FT task with support,
leaving 5 subjects who could not rise under any condition. In their work Bergland
and Laake [113] concluded that the test “get up from lying on the floor” is a marker
of failing health and function in older adults and a significant predictor of serious
fall injuries. Murphy and co-workers [111] reported that the timed FT test predicted
falls in independently functioning community dwelling adults older than 60 years,
correctly classifying 95.5% of the participants.

2.4.2 Supine to stand test

The ability to rise from the floor to a standing position is a basic human motor
skill [114], which is essential for maintaining independence and mobility through
adulthood [114, 115]. For that reason, the assessment of supine to standing position
has become an increasingly popular screening instrument to determine functional
performance [115, 116]. The supine-to-stand (STS) test has been designed as a
combined assessment of flexibility [117], strength [118], locomotion and balance
[115], and overall motor competence [116].

Subsequent research by Ulbrich and co-workers [119] has demonstrated that
older adults have more difficulty in rising from the floor than young adults. The
congregate housing residents took more than three times as long as the healthy
older adults to rise successfully from the floor, and the healthy older adults took
twice as long as the young adults to rise. The most advanced movement pattern
seems to be symmetrical (e.g., where both sides of the body move together in
the same pattern), most often occurring in older adolescents and young
adults [120-122].

Green and Williams [114] and Ng et al. [123] presented the sequence of
procedures used in the assessment of supine-to-stand performance. The study
participants were required to assume a supine position on a padded mat on the
floor. They were instructed to stand up as fast as possible after a ‘go’ command.
No prior demonstration was given so as to avoid influence on their moving
patterns [114]. The participants were allowed a practice trial before conduct-
ing two trials for the purposes of data collection [123]. Two metrics of scoring
supine-to-stand performance were used. Firstly, the time to complete the supine
to stand movement was taken as a product measure of this motor performance.
In the subsequent analysis the fastest time from the two trials was used. Timing
started at the beginning of the movement after the ‘go’ command and stopped
when the subjects were standing erect with both feet on the mat and with no
compensatory movement or sway [114, 123].

2.5 Balance tests

The peripheral sensory systems that are responsible for maintaining posture
control also deteriorate with aging [124, 125], while the ability to maintain control
of posture is important for the successful performance of most daily activities [125].
Balance involves the reception and integration of sensory stimuli, and the planning
and execution of movements to control the centre of gravity on the base support,
carried out by the postural control system that integrates information from the
vestibular and somatosensory system and visual receptors [126, 127]. Evidence
shows that postural instability is related to frailty [128-131] and pre-frailty [132].
Accordingly, the presence of postural instability determines a greater chance of the
elderly being frail or pre-frail [133].
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2.5.1 Timed up and go test

Weaknesses of Up and Go Test (UGT) triggered the design and development of
a modified version of the UGT, where the time in seconds required by the subject to
perform the test is measured [134]. The authors named the test Timed Get Up and
Go Test (TUGT). This test is an objective single continuous measure that is quick
and easy to apply in all settings and requires no specialized equipment [e.g. chro-
nometer, standard [folded] chair and masking tape or cone]. Individuals rise from a
chair of standardized height, walk a fixed distance of 3 m, turn, return to the chair,
and sit down again. The final test result expressed in seconds proved to be a more
reliable criterion compared to the ranking scale of the original version [134].

The TUGT is a sensitive and specific measure of frailty that offers advantages
in its measurement in cases when full application or interpretation of Fried’s
criteria is impracticable [135]. The TUGT can identify frail members of the
population well but is less able to discriminate the non-frail from the prefrail or
frail populations [135, 136]. For ordinal values, the TUGT times were categorized
into fast (< 10 seconds), intermediate (11-14 seconds), and slow (>15 seconds)
groups, which correspond to non-frail, prefrail, and frail categories, respectively
[135, 137]. The link between the impaired functional mobility and dynamic bal-
ance with frailty can be explained by the age-related physiological changes that
occur in the body with frailty, such as sarcopenia resulting in loss of muscle mass
and function [138].

The TUGT is an appropriate measure of functional mobility as well as dynamic
balance among frail older adults [134]. The TUGT has good intra- and inter-rater
reliability [139, 140]. It is correlated to regular physical activity [141], global health
decline [142], disability in activities of daily living [142-144], and falls [143-145].
Less than optimal functional mobility and dynamic balance result in susceptibility
to being frail [146].

2.5.2 Functional reach test

Functional Reach Test (FRT) is an assessment tool for ascertaining dynamic
balance in one simple task. Duncan and co-workers [147] define functional reach as
the maximal distance one can reach forward beyond arm’ length, while maintain-
ing a fixed base of support in the standing position. The only equipment required
for the FRT is a yardstick or paper measuring tape fixed to the wall at shoulder
height. Testing procedure is short and lasts less than five minutes. It was developed
to predict fall in elderly people; being unable to reach more than 15 centimeters
depicts a high fall risk and frailty [148]. The FRT is a practical instrument that
correlates with physical frailty even more than with age [148].

There is evidence for excellent reliability for adults aged 20-87 years [147] and
its concurrent [148], predictive [147, 149] and known groups validity [147, 150]
among older adults. The FRT correlates with walking speed, tandem walk, and
unipedal stance in community dwelling older adults [148].

2.5.3 Unipedal stance test

The Unipedal Stance Test (UPST) is a method of quantifying mostly static
balance ability [151]. Individuals are tested with eyes open and they are asked
to stand on either their left or right leg. They are instructed to keep their legs
from touching and to maintain single-leg stance for as long as possible. A digital
stopwatch is used for timing as this approach has previously been shown to exhibit
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near perfect inter-rater reliability [152 , p. 9]. The UPST and timing begin once the
subjects have lifted their foot off the floor, and end when placing the lifted foot on the
floor or with arm movement of placing the hand on a chair that is positioned beside
them for support if needed. The test is terminated after a maximum of 60s. Each leg
is tested three times unless subjects perform perfectly on the first two trials. Subjects
typically alternate between legs and are allowed to rest between trials if needed. The
best trial score is used for analysis which is typically used clinically [152].

Normative data for the eyes open and closed conditions have been established
with which to compare the tested values [153-155]. Performance is age-specific and
not related to gender [152]. The UPST is a valid measure [99] and is correlated with
frailty and self-sufficiency in activities of daily living [156, 157], gait performance
[158] and fall status [157]. The UPST with the eyes open, but not closed, is also
reliable for testing health-related fitness [155].

2.6 Joint range of motion and flexibility tests

Along with strength, balance, and endurance, flexibility is considered an
important physical dimension for active and healthy aging. Upper-extremity joint
impairments, including pain, limitations in range of motion (ROM), and joint
deformity are related to self-reported loss of independence in basic ADL tasks
[159, 160]. Lower-extremity ROM is associated with self-reported difficulty in
functional mobility, such as rising from a chair, stair climbing, and the need for
assistive devices during ambulation [161]. Independent of demographics and
non-musculoskeletal conditions, joint impairment is associated with diminished
walking ability in older adults [162].

2.6.1 Back scratch test

The back-scratch test (BST) is a part of Senior Fitness Test Manual [163], which
assesses upper limb and shoulder flexibility. The participants stand with one hand
reaching over shoulder and reach for another palm behind the back as far as pos-
sible and the distance between the extended middle fingers is recorded. The test is
performed twice, and the best trial is noted to one decimal point. The BST provides
an indication of the general shoulder range of motion, and the upper body and
shoulder flexibility. It is associated with lifestyle activities such as getting dressed,
reaching for objects and putting on a car seat belt. The BS is reported to have a good
intraclass test-retest reliability (ICC = 0.98) [164] and is regarded as a valid instru-
ment for measuring the upper-body flexibility of older adults [165].

2.6.2 Chair sit and reach test

The chair sit-and-reach test (CSRT) of the Senior Fitness Test Manual [163]
measures flexibility of the posterior muscle chain, more specifically in the lower
back and hamstrings. It is a modification of the Sit and Reach test. The participants
reach forward in an attempt to touch their toes from a sitting position on the edge of
a chair. The distance between the extended middle finger and the big toe is recorded
while in a static position for a couple of seconds at the point of greatest reach [166].
The test is performed twice. The best trial in centimeters to one decimal point is
noted.

The CSRT provides good validity and intraclass test—retest reliability (ICC = 0.92
for men; ICC = 0.96 for women), and it better correlates to hamstring flexibility in
elderly people than the floor sit-and-reach test [167]. Further studies indicate that the
CSRT produces reasonably accurate and stable measures of hamstring flexibility [168].
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2.7 Cardiorespiratory tests

Maximal aerobic capacity, as measured by maximal oxygen consumption
(V Oymax), declines progressively with adult aging [169]. Although V Ormax may not
provide an optimal measure of functional capacity [170], the decline in V Ojpay
with age contributes importantly to the age-related reduction in physical functional
capacity [171-173]. A V' Opmayx of 15-18 ml kg’1 min~ must be maintained for

independent function [172, 174], maintaining maximal aerobic capacity is therefore
an important component of successful aging.

Direct (maximal exercise) and indirect (submaximal exercise) laboratory
measurement of V Oyy.y, which have been defined as indicators of cardiorespira-
tory fitness, result in considerable expense to the healthcare system [equipment,
medical personnel]. In addition, such kind of testing may in older adults provoke
dyspnoea, muscle pain and fatigue. All submaximal methods of predicting the
V Ojmax are based on linear relationship between HR and V Oymax. Furthermore,
the majority of the equations used to estimate V Oypax Were developed on the basis
of tests performed in young and middle age individuals. HR can be affected by
many extrinsic (environmental temperature and humidity) and intrinsic (state of
health, medication) factors [175]. In older adults and especially in frail older people,
multimorbidity and polypharmacy are common, which adds to the difficulty to
properly assess cardiopulmonary fitness. Because of all mentioned problems,
submaximal field exercise tests are useful alternatives to measurement of the
V Oymax [176, 177]. Submaximal field exercise tests provide a feasible, safe, easy-
to-administer, and inexpensive technique for the prediction of V Oomax [177].

2.7.1 Six minute walk test

Among field walking tests, the 6-minute walk test (6MWT) is used by reason
of its ease of administration [178]. The 6MWT was first introduced as a func-
tional exercise test by Lipkin [179]. The 6MWT measures the maximal distance
that a person can walk in 6 minutes [180]. The European Respiratory Society and
the American Thoracic Society [181] published the detailed 6MWT procedure
guidelines. The 6MWT may be conducted in different environments, indoors or
outdoors, with different track length.

Determining factors of the 6 MWD in healthy adults are age [106, 182, 183],
gender [106, 183, 184], height and weight [183], body mass index, ankle-arm blood
pressure index, 1-second forced expiratory volume [184], health status [182, 184]
and smoking [184].

The reliability of the test in healthy elderly persons is high (ICC = 0.93) [185].
The test results are highly correlated with those of the 12-minute walk test [186]
and with cycle ergometer or treadmill based exercise tests [187]. The 6 MWT
performance correlates with both aerobic capacity and muscle fitness [188]. Several
authors propose either reference equations or normative data for the 6 MWT
outcome [106, 183, 184].

2.7.2 Two minute step test

If the 6MWT is not feasible [space limitation], it can be replaced by the Two Minute
Step test (TMST) [106]. Protocol involves determining the number of times within a
period of 2 minutes that a person can step in place, raising the knee to a height halfway
between patella and iliac crest. Performance on the test is defined as the number of
right-side steps of the criterion height completed in 2 minutes. A chronometer and
adhesive tape of a clearly visible color are the necessities needed to perform the test.
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Rikli and Jones [106] found the TMST to demonstrate good interday test-retest
reliability (ICC = 0.90). They also reported convergent validity relative to 1-mile
walk treadmill performance time (r = 0.73) and known group validity [106]. It
detects performance differences across different age groups and levels of physical
activity [106, 165, 189] and proposes exercise intervention in various community-
residing population [190, 191]. Rikli and Jones [192] also published normative
reference values for adults 60 to 94 years old.

2.8 Functional fitness test batteries

The concept of fitness encompasses beneficial health outcomes, including aerobic
conditioning, muscle strength and feelings of vigor [193], as well as increased physi-
ological and cognitive functioning [194, 195] leading to a reduced mortality rate
[196] and fewer years of disability before death [197]. Functional fitness has been
defined as having the physiological capacity to perform normal everyday activities
safely and independently without undue fatigue. Therefore, the test batteries must
assess the physiological attributes that support the behavioral functions necessary
to perform activities of daily living [106]. The frail older adults tend to depend on
others due to limitations of physical functions compared to the normal elderly, and
the maintenance of function is more important to the elderly than healing from
diseases [198, 199]. Unlike frailty, maintenance of functional fitness is associ-
ated with successful aging [200, 201]. Slow gait speed and low physical activity/
exercise seem to be the most powerful predictors followed by weight loss, lower
extremity function, balance, muscle strength, and other indicators of frailty [202].
Functional fitness is typically assessed using batteries that include a combination of
health- and performance-related tests, including measurements of aerobic capacity,
muscular strength and endurance, body weight and composition, flexibility, bal-
ance, and coordination [203]. Physical performance factors are strongly associated
with decreased frailty, suggesting that physical performance improvements play an
important role in preventing or reducing the frailty [204].

Physical fitness in community dwelling older adults declines early in frailty and
manifests differentially in both genders [205]. However, a decline in physical fitness
[represented by agility, endurance, flexibility and strength] may begin as early
as in middle life. After the age of 50, the annual decline of 1-2% in muscle mass
is matched by a progressive loss of 1.5-3% in muscle strength every year [206]. A
significant drop in aerobic capacity is observed after the age of 40 and this loss may
reach as much as 30% by the age of 65 [207].

By convention, weakness in frailty criteria has included only grip strength and
it is the most salient feature [208, 209] even though loss of muscle strength in the
lower limbs is typically greater than in upper limbs [201, 210]. It is also interesting
to note that physical exhaustion is observed much later in the frailty cycle despite
the loss of nearly 10% of aerobic ability after every decade [209, 211]. Since deterio-
ration in physical fitness typically precedes functional dependence [212], a com-
prehensive physical fitness assessment can be included in conventional measures of
frailty to facilitate early detection and prevention of frailty.

2.8.1 Short performance physical battery

The Short Physical Performance Battery (SPPB) test [213] is designed to mea-
sure functional status and physical performance. It has primarily been used to
assess elderly patients in the hospital, clinical and community settings. The SPPB

test might be also used as a screening tool to detect frailty syndrome in community
dwelling older adults [214, 215].
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The SPPB test consists of three assessments: repeated chair stands, balance tests
(side-by-side, semi-tandem and tandem balance tests) and eight-foot walk (2.44 m)
test [213]. In terms of equipment, it requires only the use of a standard chair with
arms, chronometer, tape measure and two cones to mark the distance. Categories
of performance is created for each set of performance measures to permit analyses
that includes those unable to perform a task. Those completing the task are assigned
scores of 1 to 4, corresponding to the quartiles of time needed to complete the task,
with the fastest times scored as 4. The three tests of standing balance are considered
as hierarchical in difficulty in assigning a single score of 0 to 4 for standing balance.
A summary performance scale is created by summing the category scores for the
walking, chair stand, and balance tests [213]. The time taken to perform the test is
around 10 minutes and the test is reasonably quick. The data can also be analyzed
using the lower extremity continuous summary performance score [0 to 3], where
each subscale has a maximum score out of 1 [216].

Regarding the threshold score for frailty, community dwelling older adults who
score <9 points on the SPPB test are most likely to be classified as frail [217] and are
at risk of losing the ability to walk 400 m [218]. In order to classify participants as
frail, pre-frail and non-frail, the following cut-offs are used [6]: 0-6 points (frail),
7-9 points (pre-frail), 10-12 points (non-frail) [6].

The SPPB has been shown to have a high level of validity, reliability and respon-
siveness in measuring physical function within an older community dwelling
population [219]. Test-retest reliability for community dwelling older adults ranges
from 0.81 to 0.91 [220-222]. The SPPB test has satisfactory short (1 week) and long-
term (6 months) reliability [222, 223].

The SPPB test has good concurrent validity when compared to other measures
of frailty [217, 224] and internal consistency [213]. In the study of Pritchard and
co-workers [225], there was fair (R = 0.488, p < 0.001) to moderate (R = 0.272,

p = 0.002) agreement between Fried’s phenotype method and the SPPB determin-
ing which participants were frail and pre-frail. The SPPB test score of <9 has the
most desirable sensitivity (92%), specificity (80%) and greatest area under the
curve (AUC =0.81) for identifying frail adults [224]. The SPPB better discriminated
frailty in elderly with higher socioeconomic conditions [224]. Standard error of
measurement for community dwelling older adults is between 0.68 and 1.42 points
[220, 226, 227] and minimal detectable change is from 0.54 to 2.9 points [225, 226].

2.8.2 Physical performance test

Originally described in 1990, the Physical Performance Test (PPT) was developed by
Reuben and co-workers [228] as an assessment tool to monitor and describe the multiple
domains of physical function in frail and non-frail community dwelling elderly people
through several performance tasks. These tasks simulate activities of daily living using
various degrees of difficulty. The two versions presented [228] encompass a nine-item
scale that includes writing a sentence, simulated eating, turning 360°, putting on and
removing a jacket, lifting a book and putting it on a shelf, picking up a penny from
the floor, a 50 ft. (15.24 m) walk test, and climbing stairs (scored as two items), and
a seven-item scale that does not include stairs. Both versions demonstrate concurrent
validity where high correlation is shown in comparison with basic daily activities and
Performance Oriented Mobility Assessment [228] and the 7-item version showed high
correlation with lower extremity muscle force and lower extremity joint range of motion
as well [229]. The majority of PPT items are scored based on the time taken to finish the
task. Scores vary from 0 to 28 and from 0 to 36 for the 7-item and 9-item PPTs, respec-
tively, with higher scores showing better performance. The PPT involves few instru-
ments and minimal instructions and takes about 10 minutes to complete [228].
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2.8.3 Senior fitness test

Rikli and Jones [106] developed the Senior Fitness Test (SFT) which may be
used to assess six underlying functional fitness parameters for older adults. These
parameters include lower and upper body strength, aerobic endurance, lower and
upper body flexibility, and agility/dynamic balance. The test components of the
SET have been singled out for their high content validity, criterion validity, con-
struct validity, and reliability [230, 231]. The SFT is usually performed in a fitness
facility or large community facility. However, Rikli and Jones [232] intentionally
selected testing procedures that require very little equipment, and therefore could
theoretically be easily adapted to other locations (even at home).

3. Discussion

Frailty is difficult to diagnose, particularly within primary care settings, due to
its coexistence with other age-related conditions and lack of a universally accepted
clinical definition [233, 234]. There is also a debate about frailty screening,
especially in relation to screening eligibility as well as the place and time of its
administration [235].

All single screening performance based instruments are less time-consuming
than the two reference standard, most frequently used frailty indicators. Self-
assessment questionnaires seem to be even faster to implement, they are simple
and inexpensive. However, their weakness resides in lower rates of completion
compared to instruments administered by health workers [236].

COMMUNITY <j:|| OLDER ADULTS ::{> HEALTHCARE

HEALTH CENTER
FITNESS CENTERS li | Patronage service |
SPORTS UNION OF I t —
SLOVENIA { Personal physician |
Sport clubs I -
(healthy club certificate) Family
Healt!l medicine
NONPROFIT promotion || | oference
center ..
ORGANISATIONS clinic
PHYSIOTHERAPY | Physiotherapy |
PRIVATE PRACTICES

Figure 2.

Tl':ge proposed screening scheme for frailty in the elderly in Slovenia. The two tests which proved to be most
efficacious as vegards the consumption of time for its performance, their good metric properties and costs

are the handgrip isometric dynamometry and especially the five-time sit to stand test. The older adults can
voluntarily commit to frailty testing or ave referved for screening by their personal physician. Within the health
centres, they can be advised to participate in frailty screening by their personal physician and can veceive it
within community nursing services, centres for health promotion, reference outpatient clinics or physiotherapy
clinics. If participation in testing is voluntary, there are several possibilities. Numerous non-profit organizations
(patients’ associations, ved cross, older people’s associations, etc.) can organige the screening for frailty of the
elderly once or several times a year either autonomously or in collaboration with sports associations, private
physiotherapy outpatient clinics or fitness centres. It is of great importance to inform the participants’ personal
physician about the screening results on the basis of which they can perform a complete geriatric assessment.
The elderly can be advised to undertake one of the available programmes within a health Centre or their
community (e.g. ABC of physical activity for health monitored by certified sports clubs).
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Individual performance tests can be conducted in all environments (Figure 2),
including the subjects’ home. Test batteries, however, require more organization,
professional staff, and space. Such test batteries may be conducted in gyms or
outdoors in collaboration with public health organizations, sports associations,
fitness centres, and other interested non-profit organizations (Figure 2). Due to
their simplicity, the tests can also be performed by non-medical professionals. The
only requirement is strict observance of the test protocols and providing data to a
personal physician.

For most performance tests, there are normative values for individual age groups
and for each country or geographical area. Therefore, the evaluation of deviations
from the expected results makes it difficult to classify the subjects into individual
frailty stages. For that reason, the researchers frequently opt for the Z-score system
which expresses the value as a number of standard deviations or Z-scores below
or above the reference mean or median value. For population-based uses, a major
advantage is that a group of Z-scores can be subjected to summary statistics, such
as the mean and standard deviation [237]. For population-based assessment, the
Z-score is widely recognized as the best system for analysis and presentation of
health-related data because of its advantages compared to the other methods [237].

Physical fitness declines early in frailty and manifests differentially in both
genders [205]. Prefrail/frail individuals have significantly poorer performance
in upper limb dexterity, lower limb power, tandem and dynamic balance and
endurance [205]. Except for balance and flexibility, all fitness measures usually
differentiate prefrail/frail from robust women. In men, only lower body strength is
significantly associated with frailty [205].

4, Conclusions

In screening for the condition of frailty, the latter should be first recognized as
being a significant public health problem. The treatment should be successful, and
the sufficient equipment and staff must be available for diagnosis and treatment.
The examination must be reliable, inexpensive and simple to perform, and as mild
as possible for the subjects. Given that physical frailty is correlated with other forms
of frailty, any adverse outcome of an individual performance test or test batteries is
a base for continuing a comprehensive geriatric assessment.
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Chapter 5

Elderly and Polypharmacy:
Physiological and Cognitive
Changes

Daniela A. Rodrigues, Maria Teresa Herdeiro,
Adolfo Figueiras, Paula Coutinho and Fitima Roque

Abstract

Population ageing is one of the most significant social transformations of the
twenty-first century. The increase in average life expectancy was a successful chal-
lenge achieved in the modern world. However, nowadays a new challenge arises for
all society: achieving a better quality of life for increasing people’s life. The comor-
bidities associated with ageing make elderly prone to polypharmacy. On the other
hand, physiological and cognitive changes interfere with drugs’ pharmacodynamics
and pharmacokinetics contributing to drug-related problems which have been
reported to account for a large percentage of emergency treatment and hospitaliza-
tions of older people, increasing the costs with health in the most aged regions. In
order to reduce the use of potentially inappropriate medicines in this population,
strategies and tools have been developed in recent years to assess the appropriate-
ness medication use in the elderly.

Keywords: polypharmacy, elderly, pharmacodynamics, pharmacokinetics,
potentially inappropriate medication

1. Introduction

Ageing is an inevitable process characterized by declining functions and
increased susceptibility to certain diseases. Biologically, ageing results from a
variety of molecular and cellular damage over time, leading to a gradual decrease in
physical and mental capacity, increasing the risk of illness and death [1]. The fragil-
ity acquired by the elderly population with ageing is related to the gradual decrease
of the physiological reserve and the failure of the homeostatic mechanisms. Thus,

a cumulative decline is promoted in several physiological systems, and there is an
exhaustion of the body’s reserves, starting to have a greater vulnerability to changes
in health status [2]. The mechanisms associated with ageing are determined by
environmental factors but also by genetic factors, which regulate the expression of
genes that can be especially important for this process [3].

With ageing, many chronic diseases arise, requiring the use of a higher number
of drugs. Polypharmacy, defined as the use of five or more drugs, is a significant
public health problem, particularly in the older adults, since it is responsible for
the increase of adverse drug reactions (ADR) and, frequently, for the rise of the
morbidity and mortality in this population [4]. There are many other important
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issues related to the problem of polypharmacy, such as the interaction between
drugs, organization and adherence to treatment [4].

Through the normal ageing process, changes occur with impact on the pharmaco-
dynamics and pharmacokinetics of drugs. These changes may be related to the func-
tion of particular organs, homeostatic mechanisms and also to the ability to respond
to specific receptors, causing greater vulnerability and susceptibility to ADR in older
patients [5] frequently associated with the use of potentially inappropriate medica-
tion (PIM) in this population [6]. The inappropriate prescription in older patients
occurs when the risk of adverse effects exceeds the clinical benefit, especially when
there are more effective alternatives available [7]. The use of PIM is a public health
challenge because it has high prevalence rates in different health contexts [8].

Although older adults are the primary consumers of medicines, the truth is
that clinical trials are usually carried out on younger people, and the physiological
changes that occur with ageing are not considered. With the rise of older people in
the world, the needs associated with the resources of health systems will continue to
increase, and several challenges will arise.

Over the past few years, to reduce the use of PIM in the older population, strate-
gies and tools of explicit and implicit criteria have been developed to evaluate the
appropriateness of medication use in the older patients. These criteria are useful
tools for clinical practice, as a support for clinical decision.

2. Physiological and pharmacological changes in the elderly

The normal ageing process implies the occurrence of several physiological,
biological, physical and psychological changes, which can affect the elderly
patient’ quality of life and modify the ability to reach the best health outcomes
[9]. The changes caused by ageing are associated with complex pathophysiology,
variability in organ function and the presence of comorbidities, specific to this
population [2]. When young, the human body has a sizeable physiological reserve
to sustain the function of most organs. However, in early adulthood, the first
physiological changes that can affect drug effects begin to occur, and the decline
of cellular activity becomes a gradual and continuous process. In older adults, this
reserve is increasingly diminished with decreasing in homeostatic mechanisms
activity [10].

All of these factors contribute to the frailty of older adults making them more
prone to drug-related problems. Most older people can experience significant
changes in drug pharmacokinetics and pharmacodynamics due to age-related physi-
ological changes and become more susceptible and vulnerable to adverse effects [7].

2.1 Age-related changes in pharmacokinetics

The bioavailability of a drug depends on many factors and all stages of pharma-
cokinetics (absorption, distribution, metabolism and excretion) and can be modi-
fied with ageing [9, 11]. A summary of the main pharmacokinetics changes can be
consulted in Table 1.

There are several available routes of administration. However, the most common
is the oral route. Although ageing is associated with decreased gastric emptying
and peristalsis, in the absence of pathology, the absorption of most drugs does not
decrease with age [9]. However, the presence of pathologies that affect the gastro-
intestinal organs can affect absorption. Furthermore, food intake can also affect
drugs’ absorption. The fraction of the drug dose administered that reaches the
bloodstream, after oral administration, can be influenced by several other factors,
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Pharmacokinetics Physiological changes Drug examples
Absorption Increased gastric pH Antacids
Decreased gastrointestinal motility H2-receptor antagonists
Decreased intestinal permeability Proton pump inhibitors
Decreased gastrointestinal blood flow Anticholinergic drugs
Distribution Decreased lean body mass Benzodiazepines
Increased fat body mass
Decreased body water
Metabolism Decreased liver volume Propranolol
Decreased blood flow Morphine
Decreased hepatic clearance rates
Excretion Reduced renal blood flow Thiazides
Decreased glomerular filtration rates Loop diuretics
Increased urea excretion ACEI
Decreased creatinine production ARBs
Decreased renal clearance rates Aliskiren
Digoxin

Potassium-sparing agents
Beta-blockers
NSAIDs

ACEI, angiotensin conversion enzyme inhibitors; ARBs, angiotensin II veceptor blockers; NSAIDs, nonsteroidal
anti-inflammatory drugs.

Table 1.
Impact physiological changes and pharmacokinetics in older adults [9, 11-13].

such as gastric pH, gastrointestinal motility, intestinal permeability and mucosal
integrity, function and expression of drug carriers and gastrointestinal blood
flow [11].

Drugs absorption after intramuscular or subcutaneous administration can be
modified in older patients because there is a reduction in blood perfusion of the
tissues [12].

After absorption, the drug enters the bloodstream and is distributed through
the body. The distribution will influence the amount of active substance available to
prosecute an effect at a specific target. Factors such as the extent of binding to tissues
and plasmatic proteins, changes in body composition and protein synthesis can affect
the distribution of drugs [11]. The volume of distribution can be affected by the pro-
portions of lean body mass and fat body mass. With ageing, there is a reduction in the
amount of body water and an increase in fat, so there are changes in the distribution
of drugs that depend on lipid solubility. Also, the half-life of a drug increases with the
volume of distribution. Thus, a decrease in the volume of distribution for hydrophilic
drugs results in higher plasma concentrations and a lower half-life in older patients.
Some examples are drugs such as digoxin and theophylline. As the volume of distri-
bution increases, the half-life of liposoluble drugs increases, affecting, for example,
long-acting benzodiazepines that can accumulate in the body [12].

Metabolism consists of converting an active substance in simpler and more polar
substances, called metabolites. These metabolites are inactive or have modified
activity. In the case of prodrugs, metabolism is necessary to convert the prodrug
in an active drug. Therefore, hepatic metabolism is essential for the elimination of
drugs from the body. Hepatic metabolism depends on hepatic blood flow, the trans-
port of the drug from the blood to the hepatocytes and the ability to metabolize the
drug [11]. It can be difficult to predict changes in liver metabolism for each patient.
In addition to age, the nutritional status of the elderly also affects the rate of
metabolism of the drug [12]. Moreover, the increase of inflammatory conditions in
older adults can compromise the enzymes associated with the metabolism of many
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drugs. Frailty is associated with higher inflammatory markers and a reduction in
the activity of esterases (enzymes class that catalyse hydrolysis reactions) [5].

With ageing, the composition of gut microbiome also changes. Intestinal
bacteria play a role in the metabolism of drugs as they, being mostly anaerobic,
participate in chemical reactions of reduction and hydrolysis of molecules. The
changes caused by this phenomenon occur mainly in frailty older adults and long-
term nursing homes residents. They have a decreased enzyme induction capacity,
which can lead to an increase in genetic silencing with age. Also, external factors
such as exposure to environmental contaminants are responsible for altering gene
expression. These changes reflect the differential biological ageing [5].

Most drugs are eliminated through the kidneys, and in older adults, the ability
to concentrate urine is reduced, consequently, there is a need for a higher amount
of urine to excrete the same amount of toxic waste compared to young adults. The
decline in renal function is mainly due to the decrease in the glomerular filtration
rate (GFR) and the reduction in renal blood flow. With ageing, the decline in glo-
merular filtration is quite evident. The decreased in renal function increases the risk
of ADR, and therefore, special attention should be given when prescribing, to older
patients, drugs excreted by kidneys. For drugs that have a narrow therapeutic index
and are excreted through the kidneys, such as digoxin, metformin and lithium, it is
especially important to adjust and monitor the treatment [12].

This decrease in GFR can be explained by an increase in urea excretion and a
reduction in creatinine production in older adults. The renal plasma flow is reduced
by 50%, and the kidney’ ability to increase baseline GFR by at least 20% (the renal
reserve) also decreases significantly with ageing [13].

Sodium reabsorption is reduced in the older adults, and drugs that promote the
excretion of salt and water, such as thiazides and loop diuretics, can induce hypo-
natraemia, hypovolaemia and renal failure. Also, renal excretion of potassium is
significantly reduced with ageing, so drugs such as angiotensin-converting-enzyme
inhibitor (ACEI), angiotensin II receptor blockers (ARBs), aliskiren, digoxin,
potassium-sparing agents, beta-blockers and nonsteroidal anti-inflammatory drugs
(NSAIDs) can induce hyperkalaemia [13].

2.2 Age-related changes in pharmacodynamics

Age-related pharmacodynamic changes may also occur. However, these are more
difficult to study than pharmacokinetic changes because there is low evidence of the
mechanism underlying these changes.

Many response measures are subjective and can be influenced by several factors.
These changes represent how drugs react in the body after absorption. The central ner-
vous system (CNS) and the cardiovascular system, as well as the homeostatic mecha-
nisms, are the most affected with the ageing process. Since most medicines used by the
older adults have strong anticholinergic properties, the principal ADR that occur in
this population are confusion, drowsiness and an increased risk of falls and fractures
[14]. Due to all the physiological changes, an older adult’ ability to recover from an
illness is often diminished, and symptoms may remain partially for a long time.

Age-related pharmacodynamic changes are associated with receptors (number,
activity and expression) and with the ability to signal transduction and changes in
homeostatic mechanisms [15].

Thus, in the older adults, there is an impaired circulatory response, an increased
risk of falls and fractures, changes in thermoregulation mechanisms, laryngeal reflexes
compromised with increased risk of aspiration or pneumonia, dehydration and bleed-
ing due to changes in vascular stability and impaired cognitive ability. Therefore, drugs
with sedative effects can considerably increase the risk of ADR in older patients [16].
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Considering the drugs that act in the CNS, there is an increased sensitivity to the
action of benzodiazepines, which can cause a high degree of sedation and impaired
psychomotor performance in older adults, making them more favourable to the
occurrence of falls and fractures. With increasing age, the ability to respond to anti-
psychotic drugs also increases, so there is an increased risk of anticholinergic and
extrapyramidal effects, orthostatic hypotension and adverse cerebrovascular effects.
The increase in the response capacity to antidepressants also increases the risk of
anticholinergic effects in the elderly, being responsible for causing gastrointestinal
bleeding and hyponatraemia. These population also have an increased sensitivity to
intravenous and inhaled anaesthetic and opioid medications, with an increased risk
of respiratory depression and reduced tolerability to these drugs. Furthermore, with
ageing, there is an increased sensitivity to the adverse effects caused by lithium,
increasing the risk of neurotoxic effects in these population [10, 17].

Concerning drugs that act on the cardiovascular system, the main pharmacody-
namic changes associated with age are related to the reduction of the baroreceptor
response to low blood pressure and the increase in the sinoatrial suppressive effect,
interfering with the administration of calcium channel blocker drugs, causing
an effect that can lead to the occurrence of orthostatic hypotension, falls and a
decrease in heart rate. With ageing, there is a change in the signal transduction
of the beta receptor and negative regulation of the beta-adrenergic receptors,
so that there may be a reduction in the effectiveness of beta-blocking agents at
doses considered normal. The reduction in GFR causes a decrease in the capacity
of diuretic and natriuretic responses. NSAIDs reduce the effects of diuretics, and
there is a compromise in adaptive and homeostatic mechanisms, thus reducing the
effectiveness of diuretics in doses considered normal, and a high risk of hypoka-
laemia, hypomagnesaemia and hyponatraemia may occur. NSAIDs can also reduce
the effects of ACEI. Since older patients are more sensitive to warfarin, there is an
increased risk of bleeding when taking anticoagulant drugs [10, 17].

The presence of comorbidities is also responsible for pharmacodynamic changes
during the ageing process. For example, the presence of psychiatric disorders such
as schizophrenia, depression and dementia can alter the function of several neu-
rotransmitters [16].

3. Polypharmacy and inappropriate medication in older patients

Pharmacotherapy can improve the quality of life, cure, prevent and relieve the
symptoms of many pathologies. However, there is a growing concern that many older
people are taking an inappropriately high number of medications [18]. Polypharmacy
consists of the use of several drugs by the same patient and appears as a response
to the increase in health-related problems, particularly in older adults. There is no
consensual definition for polypharmacy; however, most studies consider the con-
sumption of five or more drugs per day per person [19]. In older patients, polyphar-
macy has been associated with a wide range of negative health outcomes, including
falls, ADR effects, changes in physical and cognitive ability, hospital readmission and
mortality. It has also been associated with increasing costs in health [4, 18].

Besides, older adults often self-medicate themselves to improve their quality of
life. This is a concern because the use of home medicines and herbal products, as
well as the diet, can interfere with their health, due to the many drug interactions
that can occur [20].

The inappropriate use of medicines by older patients who suffer from multiple
diseases is a public health problem due to its impact on morbidity, quality of life and
the improper use of health resources. There is an increase in hospital readmissions
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and the occurrence of ADR, leading the older patients to have difficulties in carry-
ing out their daily activities, progressively losing their autonomy and, consequently,
with loneliness and social isolation [4, 21]. Polypharmacy and multiple comorbidi-
ties are also associated with a lack of therapeutic compliance by older patients. The
non-adherence may represent a risk because adverse health outcomes could occur
like hospitalization and mortality [22].

Polypharmacy represents a challenge for health professionals, and it is essential
to improve patients’ knowledge about their medication because beliefs about drugs
are a strong predictor of adherence. If the patient knows what medicines he is
using, the reason for pharmacotherapy and believe about its benefit, the adherence
problem will be improved. In practice, the main goal is to achieve an ideal pharma-
cotherapy by reducing the number of drug-related problems (DRP).

The probability of a drug interaction occurring also increases with ageing due to
the higher number of drugs used by older patients. These interactions have nega-
tive effects on health, and therefore, health professionals must be alert to possible
interactions and must prevent them from occurring [23].

Most of the medications are considered appropriate for older patients, as long as
they are used in the correct dosage and for the period strictly necessary. However,
since older adults are more susceptible to the adverse effects of drugs, as a result
of changes on pharmacokinetics and pharmacodynamics, special care by health
professionals is needed when treating older patients.

Having more than one prescriber increases the risk of inappropriate medications
use. Thus, it is crucial to implement medication review procedures and that the
most frailty older adults have a clinician with knowledge of all their pharmaco-
therapy and improve communication with caregivers [23].

Some studies have shown that some measures can be implemented to decrease
polypharmacy and its adverse effects, improving the quality of the prescription,
such as educational programmes for patients and professionals and the creation of
multidisciplinary teams of health professionals [24].

4. Improve pharmacotherapy in older patients

To improve the pharmacotherapy in older patients, the available tools must be
friendly to improve the use by the health professionals.

According to Wooten [25-27], 10 rules must be followed by the physician’s when
prescribing, especially in older patients: (1) know the patient and use the patient’s
most current medical record; (2) follow the tenets of evidence-based medicine, but
understand the limitations of the evidence; (3) understand the potential pharmaco-
kinetic and pharmacodynamic changes that can occur in older adults, and use this
specific patient information to make prudent prescribing decisions; (4) recognize
and investigate patient factors that may contribute to medication problems; (5)
avoid the prescribing cascade, if possible; (6) prescribe and recommend only those
medications/drug classes for which have a thorough understanding of the pharma-
cology; (7) identify, anticipate and monitor potential drug interactions before they
become a problem; (8) establish a monitoring plan for each medication prescribed
for both efficacy and toxicity; (9) properly counsel patients/caregivers on all of
the patient’s medications, and ensure that the patient understands the pharmaco-
therapy plan; and (10) assess and address compliance issues.

Clinical decision support includes a variety of tools and interventions that can be
computerized or noncomputerized. Clinical decision support systems (CDSS) are char-
acterized as tools for information management and include several clinical guidelines.
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In the last decades, the focus has been on tools to provide specific recommendations

to patients, called advanced CDSS. These may include, for example, checking interac-
tions between drug-disease, drug-drug, individualized dosing support and advice on
laboratory tests during drug treatment [28]. The creation and implementation of this
type of tools are responsible for increasing the quality of care and improving health
outcomes, reducing the likelihood of errors and adverse effects. Thus, it is possible to
reduce uncertainty and increase the reproducibility of decisions, increasing efficiency,
cost-effectiveness and the satisfaction of the patients and caregiver [29].

For reducing prescription errors in older patients, other measures can be taken,
such as implementing an educational system to train prescription, especially in
young doctors who have less practice, and also in hospitals, where this type of errors
are more frequent [30]. In many hospitals, pharmacists are responsible for identify-
ing errors in the prescription of medications and must report them immediately to
the medical team. Sometimes, the environment involving prescribing physicians
may influence the prescription process, leading to some errors. So, all the conditions
must be met so that the physician can carry out the prescription in the best possible
way, making simple changes such as reducing background noise and promoting
more effective communication between all health professionals and with patients.
Upon admission of the older patients to the hospital, it is advisable to carry out a
reconciliation of the medication in which all medicines used should be checked.
The importance and suitability of each medicine for the patient should be assessed,
as well as the needs of adding a new list with the latest medications, explaining
reasons. This list must be updated and given to the next health professional respon-
sible for the patient [30]. There is currently a validated tool used to provide physi-
cians with a method for obtaining their patients’ medication history, the structured
history taking of medication use (SHiM). The SHiM consists of 16 questions and
reveals the potential to avoid discrepancies in patients’ medication histories [31].

Another way to improve pharmacotherapy for older patients is to use criteria
that were created to identify PIM as tools to support clinical decision support as
described above.

4.1 Criteria used as tools to reduce potentially inappropriate medications in the
elderly

To reduce the use of PIM in older patients, strategies and tools have been
developed in recent years to assess the appropriateness of medication use in this
population. The created criteria can be classified as explicit, implicit or mixed.
Explicit criteria are lists of drugs that can be applied with minimal information and
clinical judgement. These do not consider individual differences between patients.
In contrast, the implicit criteria consider the patient’s therapeutic regimen and are
based on the judgement of a health professional, being specific to each patient. The
mixed criteria, on the other hand, consist of a combination of the previous two,
allowing to obtain advantages from both [8].

In 1991, Beers et al. [32] were the first ones to introduce the concept of PIM
and to propose a list of PIM for the older adults. These criteria, developed to help
healthcare professionals to assess the quality of prescription in older patients, were
initially intended for psychiatric patients. In 2011, the American Geriatrics Society
(AGS) assumed the responsibility for these criteria and became compromised
to update them regularly, and in 2012 [33] the criteria were updated. After that,
criteria have been updated, and new, improved versions appeared in 2015 [34] and
recently in 2019 [35]. A consensus panel was created with several experts to define
what these criteria would be and what individual aspects should be considered.
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However, there are drugs not included in these criteria, and that may also be poten-
tially inappropriate for older patients.

Many other attempts have been proposed using implicit or explicit criteria. For
example, the Medication Appropriation Index (MAI) measures the appropriation of
prescriptions for elderly patients [36]. That is an implicit tool that consists of mak-
ing a structured assessment of the patient’s medications across 10 criteria worded as
questions. The 10 items are essential to evaluate the potential of DRP.

Also, according to European standards, the EURO-FORTA List was created
in 2018 and is based on the FORTA List that has been validated for Germany and
Austria. The EURO-FORTA List is an implicit tool and consists of 264 drugs/drug
classes organized in 26 groups according to clinical diagnosis or symptoms [37].

On the other hand, explicit tools, such as the Screening Tool to Alert to Right
Treatment (START) and Screening Tool of Older Person’s Prescriptions (STOPP)
criteria, originally created in 2008 [38], are adapted to European prescription
standards. Over time, the START/STOPP criteria have been updated, with the most
recent version (version 2) being published in 2015 [39]. These criteria are used
as tools to help researchers and professionals to identify 81 PIM and 34 potential
prescribing omissions (PPO). Although the STOPP criteria are classified as explicit,
according to studies carried out recently in Portugal, for only 29 of the 81 STOPP
criteria, a judgement can be made only with the patient’s medication profile infor-
mation. This means that 52 of the STOPP criteria require additional information
(i.e., duration of treatment, previous medication, current medical conditions,
medical history and laboratory data) [40].

In 2015, the EU (7)-PIM List, an explicit criteria tool, was developed by experts
from seven European countries (Germany, Finland, Estonia, Holland, France, Spain
and Sweden) that allows the identification and comparison of PIM in these coun-
tries [41]. The EU (7)-PIM List development process was based on the participation
of several European experts in two Delphi rounds. Some PIM concepts were defined
considering the dose, the time of use or the therapeutic scheme, and the final list
consists of 282 PIM.

In addition to these criteria, there are many other PIM lists in several countries,
such as LaRoche (France) [42, 43], the PRISCUS list (Germany) [44], the Austrian
consensus panel list [45], the NORGEDP criteria (Norway) [46] and the Canada
national consensus panel list [47].

Figure 1 is a flowchart that represents the steps that must be taken by health
professionals when prescribing medications to the elderly, including the moment
when they should consult the currently available PIM identification criteria.

Step 2
Anal s:::: 1atient's Understand changes Step 3
cIinE::aI histc? e and/or patient factors Identify PIM using the
current medicarlyrecord that may contribute to available criteria
medication problems
Step 4 Step 5 Step 6

Establish a monitoring
plan for each
medication prescribed
in the elderly

Consider using safer
and more effective
therapeutic alternatives

Ensure that the patient
understands the
pharmacotherapy plan

Figure 1.
Flowchart of the operating procedure of the expected steps during prescription for older patients.
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5. Conclusions

There are many physiological and pathophysiological changes associated with
ageing that can affect the disposition of a drug. However, there are many variations
among individuals. Thus, health professionals should be more alert during a pre-
scription to older patients and monitor their health status with individual attention.

One of the main factors responsible for variability in older patients is genetics
since the structure, function and expression of most of the enzymes involved in
metabolism can be affected due to genetic polymorphism, which will modify the
therapeutic effect of certain drugs. Thus, the concept of individualized therapy,
which analyses for each subject, genetic and non-genetic factors to optimize
the treatment for each patient according to their characteristics, is increas-
ingly common.

In general, older patients have a higher sensitivity to drug therapy, so recom-
mendations for the appropriate prescription of drugs in the elderly population
should be considered.

The incorporation of the described criteria in the CDSS has been successful in
the detection of PIM. Persistent changes in medication were recorded in 8.7% of the
alerts generated [48]. These data suggest that CDSS alerts are a useful tool for imple-
menting guidelines related to the identification of PIM for older patients and for
helping physicians during the prescription process, improving healthcare practices.
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ACEI angiotensin conversion enzyme inhibitors
ADR adverse drug reaction

AGS American Geriatrics Society

ARBs angiotensin II receptor blockers

CDSS clinical decision support systems

CNS central nervous system

DRP drug-related problem

GFR glomerular filtration rate

MAI medication appropriation index
NSAIDs nonsteroidal anti-inflammatory drugs
PIM potentially inappropriate medication
PPO potential prescribing omissions
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START screening tool to alert to right treatment

STOPP screening tool of older person’s prescriptions

A. Glossary
Adverse drug reactions A response to a medicinal product which is noxious and unintended [49]
Bioavailability The fractional extent to which a dose of drug reaches its site of action ora

biological fluid from which the drug has access to its site of action [50]

Drug-related problems An event or circumstance involving drug therapy that actually or potentially
interferes with desired health outcomes [51]

Pharmacodynamic Biochemical and physiological effects of drugs and their mechanisms of
action [50]
Pharmacokinetic The absorption, distribution, metabolism and excretion of a drug that occurs

since the moment when the drug enters the body [50]

Polypharmacy The concurrent use of multiple medications. Although there is no standard
definition, polypharmacy is often defined as the routine use of five or more
medications. This includes over-the-counter, prescription and/or traditional
and complementary medicines used by a patient [52]

Potentially inappropriate Medicines where the potential risk is greater than the potential benefit,

medication especially when safer alternatives are available [41]

Prodrugs Inactive drug that undergo metabolism to an active drug [50]
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Abstract

Exercise-based interventions emerged as the best alternative for treating frailty
syndrome (FS). Recognized as a complex phenotype, the FS is a multifaceted
aging expression determined by biologic, environment, and behaviors factors. The
biological theories of human development perceive aging process as an accumula-
tion of harmful biochemical changes, whose occurrence attends the course of life.
The progressive losses of functional reserves that occur in the body systems are
a hallmark of this negative process. Despite the biological effects of physical and
cognitive decline, more contemporary studies have identified that the environmen-
tal and behavior factors such as malnutrition and negative psychological adjustment
across the life span also contribute to the early appearance of FS. Notwithstanding
the latest findings that consistently demonstrate an overall positive benefit of
long-term-based exercise in the decrease and/or reversal of the FS with a substantial
impact on their correlated outcomes, the focus of this chapter is to present strate-
gies for designing exercise programs for this type of population, taking into account
their practical application in the field.

Keywords: physical exercise, elderly-frail, program design, physical frailty,
cognitive frailty

1. Introduction

Frailty syndrome (FS) is a complex aging expression determined by ontogenetic
and phylogenetic factors [1]. Chronic stress has been shown to have immunosup-
pressive effects, to accelerate immunosenescence, and to cause cumulative disorders
in many physiological systems, resulting in a frail state [2]. This phenotype, as
thus treated by the specialists, had a strong influence on the biological theories of
aging [3], which explains this process as an accumulation of harmful biochemical
changes, whose occurrence accompanies the course of aging [4, 5]. The progressive
losses of energy and functional reserves that occur in the body are a hallmark of
this negative process [6]. The vulnerability induced by these losses can lead to a
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weakening state, if he or she is exposed to more severe aggressions [2]. From a frail
state, this individual tends to cycle through institutionalization, intensive care and
hospitalization, often followed by early death [7].

Environmental factors such as malnutrition and negative psychological adjust-
ment across the life span also contribute to an early appearance of frailty [8].
Nowadays, the scientific literature is identifying several sub-types of manifestation
and classification of FS [9]. Fried et al. have developed a construct whose bases are
the negative energy balance, low levels of physical activity, low gait speed, and hand
grip strength performance called the physical frailty (PF) status [10]. Recently,
some studies have identified cognitive frailty (CF) as a novel age-related concept
[11], a form of pathological brain-aging, and a precursor to neurodegenerative
processes, that is characterized by concurrent FS and potentially reversible cogni-
tive impairment [12].

Despite the different frailty subtypes, there is a consensus about the sedentary
lifestyle and the poor muscular resistance as powerful conditions linked to FS
[13]. Regular exercise has been shown to have positive effects on several factors
correlated to FS (e.g., immunity, musculoskeletal, cognitive abilities, and improve
psychosocial domains) [14]. For this reason, a large number of the intervention
studies with exercise in older individuals chose to investigate variables of physi-
cal, biological, and behavioral factors, also called frailty correlates [15]. These
factors share biopsychological commonalities that can be explained by studying
the exercise modulation simultaneous effect on some of these frailty related
outcomes [16].

Evidence shows that immunological and hormonal parameters are able to
mediate the effects of exercise on mucosal immunity, psychological stress, cogni-
tive improvement, and risk of dementia in the elders who are regularly active [17].
Regular exercise may provide an effective strategy in the treatment and prevention
of associated disorders due to its anti-inflammatory benefits [18] and also, in the
reduction of stress and anxiety levels and on the risk of psychological diseases
and emotional decline in the elders [19]. Currently, there is conflicting evidence
concerning the efficacy and practicality of different types of exercise interven-
tions to decrease FS. For this reason, some of the review articles published in the
last decade, aimed to present a robust evidence supporting the use of exercise as a
coadjutant treatment to frailty [20-22].

In this sense, the main purpose of the current chapter was to summarize the
recent robust evidence regarding the impact of regular exercise in the decrease of
several factors associated to the frailty syndrome. Specifically, our focus was to pres-
ent strategies to design exercise programs for this population, taking into account
their practical application in the field.

2. Benefits of exercise: recent evidences

An approach to the treatment, attenuation or reversal of the frail condition
in older adults has gained some notoriety in recent years [23]. Much has been
discussed about the efficacy of different physical exercise programs as an adjunct
therapy capable of promoting a positive impact not only on the independent
components of frailty but on their correlated domains [24]. Evidence indicates
that PF-related and regular exercise research may be a ‘key factor’ in the study of
these associations because of the important role played by regular physical exercise
in neuroendocrine, immune, and hormonal modulation of several biochemical
markers [25, 26]. The aging process does not affect the immune and neuroendocrine
system uniformly, and there is a high degree of individual variability that may be
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associated with confounding factors. These factors have the potential to either con-
found data interpretation or contribute to an interaction between different types of
exercise and immune function, or both [27-30].

However, recent findings showed that participation in regular exercise may
induce a “cascade” of cellular reactions, capable of promoting angiogenesis, neu-
rogenesis, and synaptogenesis, and further delay immunosenescence [28, 31]. In
addition, there is proven positive action in improving the quality of life related to
emotional states, psychological well-being, and gains in autonomy to perform daily
tasks [16]. However, scientific evidence points to different types of exercise causing
distinct and specific responses in the different physiological systems in this type of
population [32].

Current findings have demonstrated, for example, the beneficial effects of aero-
bic exercise on the increase of brain-derived neurotrophic factor (BDNF) in elderly
people who practice regular exercise [33]. BDNF is an important mediator of brain
neuroplasticity, differentiation, neuronal growth, learning, and memory [31]. Its
unregulated expression is related to diseases such as Parkinson’s, Alzheimer’s, and
mild cognitive impairment (MCI), a clinical condition evidenced through cognitive
testing [34]. All these conditions or diseases can be diagnosed through easy-to-
apply cognitive tests that are also valid and capable of revealing a possible decline in
executive function and memory, among others [35]. However, MCI is often charac-
terized as a condition or initial stage of more advanced cognitive impairments [36].

Recent findings consistently associate MCI with PF [34]. Exercise can act as
a positive mediator of cognitive functioning in individuals suffering from early
dementia and mental disorders, and these responses being attributed to a possible
role of BDNF [12]. Cognitive functions sensitive to early dementia and mental
disorders shown to undergo positive changes in response to the effects of exercise
were attributed to a possible neurogenic effect of BNDF [33]. A possible regulatory
effect of maintaining a satisfactory cognitive performance was also observed in
studies with other markers such as testosterone and cortisol [37].

The efficacy of exercise in the prevention/attenuation of clinical manifesta-
tions of depression, stress, and chronic anxiety, whose evidences are supported by
biochemical mechanisms of a similar nature was also shown [38]. In addition, the
evidence that associates PF and CF with possible declines in the neuroendocrine
system is increasingly robust [39]. A systematic review carried out by Hogervost
et al. found that different types of exercise may affect different levels of cognition
and dementia risk; aerobic programs seem to be particularly effective while there is
little evidence that flexibility exercises, such as yoga, can help cognition [40].

Exercise could be a significant factor in ameliorating the deleterious effects of
chronic stress but some indicators such as the type, intensity, and frequency of
exercise should be controlled and defined clearly in order to effectively reduce the
stress burden. However, other factors relevant to the participation of the elderly in
systematic physical activity programs such as schedule, adherence strategies, health
promotion and education, levels of physical function, personal wellness, and voca-
tional dimension, should be taken in consideration when planning new successful
community programs.

3. Exercise program design
An initial approach to the development of exercise programs for elderly people
should include detailed description of the exercise program, as well as its informa-

tion about intensity, volume, and resting intervals, taking into account the specifici-
ties of the population. Notwithstanding the influence of the fitness industry in the
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offer of many types of activities, the development of new concepts and materials,
and the disclosure of trends [41], the purpose of this chapter is to provide general
strategies for implementation exercise program for senior populations, taking

into account the current scientific evidence [42]. In this sense, a systematic search
using key-terms related to the topic was conducted, and results were discussed with
other exercise experts in order to prepare the final version of the exercise program.
The main purpose of the systematic review was to verify the most recent scientific
evidence and guidelines recommended for the type of exercise, the duration and
frequency, and other elements which are crucial for an exercise program design and
implementation. Table 1 shows the examples of recommendations for the imple-
mentation of exercise programs, taking into account the duration of the exercise
program.

Several books and guidelines related to exercise programs for elderly people
highlight several important aspects of the program for this type of population.
However, specific aspects, such as phases of implementation, schedule of activities,
interruption of activities, the social calendar of the participants, and specificities
of region, country, and target population are poorly referenced. The primarily
relevant aspect for the development of any exercise program concerns the schedule
of the program across the year. It is in this “time window” that we will organize
activities, taking into account the social calendar. In sport science and exercise,
this is a method called training periodization. Although it is premature to conclude
that periodized exercise is superior to non-periodize exercise to increase health
outcomes, periodization appears to be a feasible means of prescribing exercise to
inactive adults within an intervention setting [44].

The physical activity recommendations for older adults describe the amount
and type of systematic exercise that promote health and prevents, reduces or
reverses the risk of getting some diseases or clinical conditions. The main benefits

Steps General recommendations Expected
time
1 Pre-implementation
(a) Determine target population, program objectives, and fitness 3-6 months

assessment model; (b) establish partnerships (i.e., schools, universities, and
municipalities); (c) delimit the financial costs; (d) identifying appropriate
facilities (accessibility); (e) selected sport and exercise specialists; (f)
describe the types of activities, following the fitness assessment outputs

2 Implementation

(a) Organize a schedule in the periodization model, define key dates for 6-9 months
physical-functional fitness assessment of the participants (2 or 3 times);

(b) organize activities taking into account commemorative dates; (d)

provide assessment, control, and feedback to the participants regarding the

improvements in physical and global health

3 Post-implementation

(a) After the last moment of fitness assessment, close the season by 1-3 months
organizing a special class; (b) communicate results and news for the next

season; (c) look for some behavior indicators that provide important

outcomes of improve exercise program (i.e., adherence, attractiveness by the

activities and the teacher’s style, motivating)

Note: Adapted from [24, 43].

Table 1.
Recommendations for the implementation of exercise programs in older adults.
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of implementing exercise programs, not only in elderly people, but also in all other
populations, is the improvement of health-related physical fitness, in its all five
components (i.e., muscular endurance and strength, body composition, cardiovas-
cular endurance, and flexibility) and others integrated physical qualities (such as
balance, coordination, and reaction time), that tends to deteriorate across the aging
process. In one of your innumerous paper, the American College of Sports Medicine
(ACSM) makes clear the type of training and its degree of evidence in relation to its
effectiveness for some markers of global health [45].

In this sense, training for cardiorespiratory fitness, muscle strength and endur-
ance training, flexibility, and multicomponent exercise programs are strongly
recommended for the improvement of different health indicators in older adults.

In the next topic, these aspects will be discussed in further detail focusing on the
specificity of each type of exercise and the degree of evidence for the different
health-related indicators.

3.1 Participants

Frailty is considered by many authors to be a subcategory of the aging process,
taking into account the level of physical functions that allow them to perform
activities of daily living. This participants cannot perform several tasks evolving
strength (i.e., carrying shopping bags, carrying out small tasks like sweeping or
cleaning the floor) as they are unable to stand for long periods [46]. In terms of
physical condition, the main characteristics of this group are the low muscular
strength and cardiovascular endurance and the poor levels of dynamic and static
balance [8]. This population may have a debilitating disease or condition that
physically challenges them in their daily life. However, the recently created concept
of frailty — decreased resistance to biological stressors [47], has been reported to
modulate the risk of several types of dementia and cognitive impairment (CI) [48].
Since physical and cognitive decline have a similar outcome, a physical exercise
program must take into account other methodological specificities. In this sense,
chair assisted-exercise appears to be a good integrated method to promote exercise
for this population [49], considering that integrated methodologies seem to be the
best option for this type of population.

3.2 Physical-functional fitness assessment

There are numerous isolated tests and test batteries that can be used to assess the
physical and functional capacities of the elderly [50]. Based on the assumption that
exercise programs need to regularly monitor using quick, valid, and reliable tests,
some test batteries such as the Short Physical Performance Battery [51] and the
Senior Fitness Test Battery [52] seem to be great options to assess this population as
they evaluate different components of the physical-functional and health-related
fitness with low cost materials and still have numerous studies that support its use.

Although the most functional fitness tests for old adults are quite simple to use,
careful planning is required including adequate use of specific strategies to over-
come some critical phases that may appear during application. Thus, it is important
to consider the following steps before assessment: (a) technicians team training;

(b) screening of participants; (c) informed consent/assumption of liability; (d)
subject some program participants to a pre-test familiarization; (e) testing equip-
ment/supplies; (f) data recording (scorecards); (g) testing order; (h) environ-
mental conditions; (i) observation/monitoring of signs of overextension in the
participants during the tests. Considering these steps when planning the assessment
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is very important to assure the participant safety, testing efficacy, and to obtain a
good accuracy of the measurements [52].

Asarule, it is suggested that exercise program participants should be evaluated
twice, in a pre and a post exercise intervention moment, during the same season.
In long-term programs (6 months and more), it is recommended to carry out an
intermediate evaluation moment, since this can provide relevant information and
evidence for the hypothetical changes caused by the exercise program and about
the direction of those changes, that is, if they reveal a positive or a negative prog-
ress. Many studies in the literature indicate that exercise programs with a duration
between 8 and 12 weeks, in average, tend to evidence positive changes in the various
components of physical fitness, although it is known that the number of weekly
sessions and the participant’s initial state of physical fitness are factors that will
influence these variables [53].

3.3 Type of activities

The following guidelines are based on land-based group class exercise programs,
which seems to be the type of format that gathers more evidence regarding its
effectiveness and taking into account its epidemiological impact [43]; relatively
lower costs when compared to the other types of exercise and therapies, such as
water-based exercise [54]; the effect of the group environment to motivate the
participants, the psychosocial needs of the group in relation to building bonds of
friendship preventing social isolation and encouraging people to engage in activities
and maintain an active and healthy lifestyle [55].

However, our focus is on developing specific methodologies to be used with the
population affected by frailty syndrome. Table 2 presents a set of recommendations
for old adults and describes the amount and type of systematic physical activity
needed to promote an improvement of general health in frail individuals. These
recommendations apply to all adults aged 65+ years and to adults aged 50-64 with
significant clinical chronic conditions or functional limitations that affect move-
ment ability, functional status, and/or levels of physical activity.

Type of activities Dose

Aerobic activity or Moderate-intensity aerobic physical activity for a minimum of 30 minutes
cardiovascular on 5 days each week or vigorous-intensity aerobic activity for a minimum of
Exercises 20 minutes on 3 days each week [43]

Muscle strength and Moderate intensity for maintaining or increasing muscular strength and
resistance endurance for a minimum of 2 days each week. It is recommended that 8-10

exercises (10-20 repetitions) be performed on two or more non-consecutive
days per week using the major muscle groups [53]

Type-flexibility Low to moderate isolated type flexibility exercises on at least 2 days each week
activities for at least 10 minutes each day or integrated exercises 2-3 times per week [43]
Multicomponent Long-term intervention (>5 months) performed for a minimum three times
activities per week, for 30-45 minutes per session [24]

Body and mind After 12 weeks and frequency of 2-3 times weekly 45-60 minutes per session,
interventions (BMI) BMI interventions (i.e., Yoga, Taiichi) improve cognition related to motor tasks

and functioning [56].

Balance exercises Greater effects seen from long-term exercise programs (>6 months) that
protocol challenged balance and involved more than 3 hours/week [57].
Table 2.

Exercise recommendation statement for old adults.
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3.4 Exercise class format

Several formats can be effective for senior classes. The standard format includes
45-60 minutes comprising 5-10 minutes of warm-up, 30-35 minutes of fundamen-
tal part (core of the exercise session), and 5 minutes of cooldown. Classes for begin-
ners will have a longer warm-up and cooldown phases, but the fundamental phase
must be shorter. As participants adapt and adjust to their own level of effort, classes
become more regular and the duration of the fundamental phase may increase
progressively, becoming closer to the main specificities and characteristics usually
found in many exercise prescription manuals for older participants [43] (Table 3).

In order to develop a progressive exercise program aiming to improve physical
fitness, in elderly participants, each exercise will be planned and performed with a
specific number of sets, repetitions per set, time rest intervals, and other variables
relevant to the type of exercise program. In the case of the elderly frail population, it
is recommended to use an integrative approach due to the current literature which has
been shown that mixed or combined training methodologies can provide improve-
ments to one or more physical health problems that accompany these individuals.

An example of a muscle-strength exercise session with elastic resistance bands
created especially for old participants with frail condition is presented below (see
Figure 1). The use of elastic bands (EB) is an alternative method to traditional
muscle strength exercise devices which reduces the risk of injury, which is cheaper
and easily accessible [58], and allows individuals to perform a range of ergonomic
movements and easily adjusts the training intensity to the rate of perceived exertion
[59]. According to the ACSM evidence-based statement position, the systematic

Chair muscle-strength exercise group class Total time: 50 minutes
5minutes
Phase 1 Warming-up: Sets* Reps Cadence Rest PSE

Body mobilization and dynamic
flexibility exercises

2 6 12 20” 1-3

Phase 2 Muscle-strengthening activity: 30 minutes
Elastic-band exercises compound (bi-sets) protocol

Sequence of exercise*

1. Front squat (stand or chair) 1-3 10-15 2:3 30-45” 3-5
2. Leg press with chair 1-3 10-15 23 30-45” 3-5
3. The calf press with chair 1-3 10-15 2:3 30-45” 3-5
4. Chest press (stand or chair) 1-3 10-15 2:3 30-45” 3-5
5. Seated row 1-3 10-15 2:3 30-45" 3-5
6. Lateral raiser with chair (or stand) 1-3 10-15 2:3 30-45” 3-5
7. The triceps press 1-3 10-15 2:3 30-45” 3-5
8. The biceps curl 1-3 10-15 2:3 30-45” 3-5
Phase 3 Cool-down: 5minutes

Body mobilization and static flexibility exercises

1 10 21 10” 1-2

Table 3.
Overview of single session chair elastic-band muscle resistance exercises program.
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3.The Calf Press 4, Chest Press

1. Front Squat
A -

Figure 1.
Illustration of each elastic band exercise of the single session elastic-band muscle resistance exercises program,
authorized by British Heart Foundation (adapted from: https://wwwyoutube.com/watch?v=mkasZLE2RIo).

muscle-strength exercise has an evidence category A. The materials used in EB
exercise programs are relatively inexpensive and provide a practical form of
strength training that could be considered in exercise programs designed for older
adults with mobility limitations [60].

3.5 Control of exercise effort

Some methods can be used by exercise participants to check their own response
to intensity. A target heart rate range to be achieved and maintained during aero-
bic exercise can be calculated for monitoring the heart rate response to exercise.
Karvonen’ formula is an example of how to calculate an age-specific target heart
rate zone [61]. The Borg Rating of Perceived Exertion Scale (PSE), which consists
of a 10-point category/proportion scale, is another method used to monitor exercise
intensity [62]. It is a subjective method that allows exercise participants to assess
how well they are working during the exercise.

Stress assessment can be a primary way of measuring exercise intensity when
a patient is not experiencing typical heart rate responses to exercise. On a scale of
0-10, patients assess how they are feeling while exercising, in terms of body fatigue
and how they are feeling physically and mentally. In addition to the Borg Scale,
other methods using scales are widely used, for example, the OMNI scale (OMNI-S)
during resistance exercise [63].

In the case of the EB exercise program, intensity was measured through the
OMINI-S that consists of an arbitrary scale ranging from 0 to 10 points, with
identical intervals and with reference to the quality of effort: (PSE = 0) extremely
easy; (PSE = 1-2) easy; (PSE = 3-4) somewhat easy; (PSE = 5-6) somewhat hard;
(PSE = 7-8) hard; (PSE = 9-10) extremely hard [63].

In terms of periodization, considerate is suggested that these programs may last
9 months. During the first 12 weeks of periodization, participants will develop their
stabilization and implement their endurance strength training program using an
intensity somewhat easy [PSE = 3-4]. For this effect, the level one (yellow color) of
EB was used. In the next 12 weeks, participants were encouraged to develop their
resistance strength level, increasing their intensity load perception level to some-
what hard (PSE = 5-6).

They were also induced to change the elastic-band levels for 2 and 3 (red
and green color). In the last 12 weeks, participants were stimulated for training
their resistance and muscular strength level and increasing their intensity load
(PSE = 7-8) [49]. In this way, we have a periodization divided into 3 periods (meso-
cycles), determined by controlling the intensity of the training over a season.
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3.6 Music and materials

According to the current evidence, music plays a significant role in the suc-
cess of an exercise class. Exercise with music increases participation in the class,
when compared to the controls without music [64]. Exercise combined with music
helps to determine and maintain the rhythm of the motor tasks and the dual-tasks
involving upper and lower limbs and to improve balance [65]. Music can also match
or transmit vibrations, rhythms, and vocalizations consistent with the different
moments of the class. After moderate exercise (cooldown), listening to a favorite
piece of music might decrease the influence of stress caused by fatigue thus increas-
ing the level of “comfort” to perform the exercise [66]. Besides that, music plus
exercise appears to maintain older participants’ positive moods, motivate them to
exercise, and help them to continue high involvement [67]. Over time music may
encourage participants to realize a more challenge exercises.

Considering that the classic format of an exercise group class presents three
parts (warming-up, fundamental part of class, and cooling down), specific songs
should be selected to help us to create an adequate environment to those three
moments. When choosing the type of music, professionals should take into account
some cultural aspects of the group or try to identify the musical preference of the
participants. According to experts, the ideal number of beats per minute (bpm)
used in exercise programs for the elderly should vary between 100 and 140 bpm,
and for muscle strength and endurance training between 120 and 140 bpm. For
relaxation (or cooldown), music close to 100 bpm recommended [68]. However,
pay attention for some specific aspects, such as: (a) choose distinct music without
over powering vocals; (b) consider the appropriate volume of the music taking into
account that some of the participants may have some level of hearing impairment.

3.7 Quality of fitness instructors

Fitness instructors play an important role in helping their participants to acquire
and maintain a healthy lifestyle [69]. Exercise leaders must give safety and high
priority as well as to be able to match exercise programming to physical fitness and
functional abilities. Generally, these professionals have degrees in physical educa-
tion and sports, with extra training in specific fitness activities for each type of
population. For example, the laws in some European countries require that profes-
sionals, in addition to specific fitness courses, present additional cardiopulmonary
and basic or intermediate first aid certification.

In some countries, researcher surveys show that instructors usually stay in
continuous training education, combined with their work routine [70]. However, it
is still unclear how they impart practical knowledge based on scientific evidence to
their students and this needs to be improved. The senior exercise certifications offer
extensive information on special conditions and clinical settings and circumstances
relevant to conduct exercise programs for old people. It is recommended that the
professional is constantly undergoing in training and updating, as knowledge about
the benefits of exercise for health and well-being is evolving exponentially and
participants can highly benefit from this [69].

4. Conclusions
The growth of the physically and cognitively elderly frail population leads to
the creation of specific guidelines for the prescription of exercise programs aiming

to target this audience. Nowadays, the knowledge base of research and practice is
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growing; however, more information is needed to provide adequate exercise program-
ming for this populations, and this is a challenging task. Some factors such as motiva-
tion, global health status, and other psychosocial aspects can influence the participant
adherence. In this sense, the organization of the program and the quality of the
professionals involved may be one of the determining factors for the involvement and
regular participation of the elderly. Currently, exercise science seeks what is the best
type of exercise to prevent, mitigate, and to a certain extent, reverse this condition,
taking into account the close relationship between physical and cognitive decline.

Cognitive frailty represents a great challenge for public health. Recent findings
support causal evidence of regular exercise effects in older frail individuals not only
in motor skills, but in others important CS, such as visuospatial function, executive
function, and memory. In this sense, maintaining an active, healthy lifestyle and
including a regular exercise program in everyday life habits can have protective and
lasting effects on physical and mental health. For this reason, to meet the specifics
of this elderly sub-clinical population, professionals need specific education train-
ing and reviewing research in the area to be able to provide adequate answers to the
needs of those looking for this specific type of service.
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Chapter 7

The Complexity of Frailty:
Psychological Mechanism and
Therapeutic Interventions in Old
People - A Narrative Review

Francesca Romana Greco and Gragia D’Onofrio

Abstract

Aging is a complex and dynamic process. Senses become less sophisticated and
negative life events increase. These factors combined with medical conditions con-
tribute to develop a degenerative functional autonomy of the elderly. This clinical
condition is known as frailty. However, there is a difference in the way people live
their silver years in terms of happiness and their sense of autonomy. Both being and
feeling frail represent two different drives of cognitive representations concerning
how the elderly live their lives. In addition, other factors such as cognitive stimula-
tion, assistive technology and physical activity can support frail people to achieve
independence. This chapter aims to provide an overview on how the psychological
environment may affect frailty, suggesting a possible role of new technology’s
solutions and physical activity as therapeutic interventions.

Keywords: aging, frailty, emotion, assistive technology, psychology

1. Introduction

Aging is commonly defined as the accumulation of many deleterious changes in
cells and tissues with advancing age that are responsible for the increased risk of
disease and death (see Table 1) [1]*.

As a consequence of the extended life expectancy, older population is rapidly
increasing all over the world [2].

Older adults may experience reduced mobility, chronic pain, frailty, major
neurocognitive disorder and many other health problems affecting the quality of
their life.

Furthermore, all these factors can lead to social isolation, loneliness or physical
distress that may require long-term care [3]*.

To date, a great amount of data exists on frailty in older people, but few and
conflicting data exist about the psychological mechanism of frailty and its prevent-
ability.

This narrative review aimed to analyze to which extent the psychological setting
may improve frailty condition in elderly people.

This chapter also aimed to present a brief description of the main psychological
models and interventions used in the clinical practice for the elderly.
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Frailty: Frailty can be defined as a “clinically recognizable state of increased vulnerability resulting from
aging associated decline in reserve and function across multiple physiologic systems such that the ability to
cope with everyday or acute stressors is compromised

Comprehensive Geriatric Assessment (CGA): It is defined as a multidisciplinary diagnostic and
treatment process that identifies medical, psychological and functional limitations of a frail person in order
to develop a coordinated plan to maximize overall health with aging.

Cognitive impairment: Cognitive impairment is when a person has trouble remembering, learning new
things, concentrating, or making decisions that affect their everyday life. Cognitive impairment ranges from
mild te severe. With mild impairment, people may begin to notice changes in cognitive functions, but still be
able to do their everyday activities. Severe levels of impairment can lead to losing the ability to understand
the meaning or importance of something and the ability to talk or write, resulting in the inability to live
independently.

Emotions: biological states associated with the nervous system brought on by neurcphysiological changes
variously associated with thoughts, feelings, behavioral responses, and z degree

of pleasure or displeasure. There is currently no scientific consensus on a definition. Emotion is

often intertwined with mood, temperament, personality, disposition, creativity and motivation.

Positive technology approach: is a scientific and applied approach to the use of technology for
improving the quality of our personal experience through its structuring, augmentation and replacement

Table 1.
Definitions.

Furthermore, we proposed a positive technology approach in order to assist
elderly people using new technology solutions [4].

2. Methodology

We searched for publications dated between January 2015 and January 2020
(see Table 2) using keywords and medical subject headings termed as psychology of
frailty in the elderly. We searched PubMed, Medline and Google Scholar database.
Figure 1 shows the flow chart selection process. From the 1648 papers initially
selected, 20 were found suitable to be included in the present review (Table 3).

2.1 Possible limits of the review

Some possible limits of this narrative review can be found in the low prevalence
of randomized clinical trial that has investigated classical or innovative psycholog-
ical intervention for the frailty in elderly people.

3. Discussion
3.1 The complexity of frailty syndrome

Life expectancy has rapidly increased worldwide, from 461 million people older
than 65 years in 2004 to an estimated of 2 million people by 2050 [5].

This has a severe impact on social care.

In addition, frailty is the most problematic expression of population aging
because it is strictly interrelated to the physical system such as the endocrine,
muscle, cognitive and respiratory.
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Flow chart of the literature selection.

932

MEDLINE

CITATION SCREENED AFTER
DUPLICATION REMOVED =
56

l

FULL TEST PUBBLICATION
REVIEWED FOR POTENTIAL
INCLUSION=48

1026

COOCLE 3CHOLAR

|

r

l

ADDITIONAL REFERENG
E5 IDENTIFIED EY A MA
NUAL RESEARCH=2

TOTAL ARTICLES
INCLUDED =20

Hardcore Casual

REFERENCES EXCLUDED FOR:
NO METHOD DESCRIBED

IMORTANCE OF JOLURNAL
> NUMBER OF REFRENCES

CONTENT REDUNDANCY=30

Figure 1.

Examples of casual and hardcore video games.
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Summary of the included studies.

From this background, two models were proposed in order to identify the
concept of frailty in elderly patients.
Rockwood and colleagues have defined frailty as an accumulation of deficits.

One such example is the risk to develop dementia which increases in relation to

problems with hypertension or diabetes in older adults [6].
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It is becoming clear that a range of subclinical and clinical age-related deficits,
which are themselves not recognized as disease-specific risks, are associated with a
greater chance of common age-related illness in older adults [7].

On the other hand, the phenotype model suggests that five factors (weight loss,
self-reported exhaustion, low-energy expenditure, slow gait speed, and weak grip
strength) are associated with frailty [8].

What does it means being frail? And what characteristic defines a frail person?
Aging is arguably the most familiar yet least well-understood aspect of human
biology, and it can be present in different stages of severity: From mild to severe [9]*.

It is characterized by a progressive impairment of functions, difficulties in
environmental challenges, and a growing risk of death.

Clinicians suggest that frailty is a state of vulnerability in front of a stressful
situation, and the consequences are a decline in health status [10].

Therefore, the risk of developing other negative life events including falls,
delirium (a temporary condition characterized by the rapid onset of fluctuating
confusion and impaired awareness) and disability could increase.

To date, the concept of frailty is well analyzed in the clinical setting, where it is
considered as a potential negative factor of the patient’s clinical condition.

J. Hewitt and colleagues suggested that frail patients are likely to stay in the
hospital longer than those that are not frail.

In fact, there is a linear relationship between the increase of clinical frailty index
at admission and increase odds of day 90 mortality [11]*.

Frailty in old people becomes also evident in many complex physiological
systems including cognitive functions.

Aging is characterized by structural and physiological changes in the brain.

The loss of individual neurons in most cortical regions is low, but neurons with
high metabolic demands, such as the hippocampal pyramidal neurons, could be
affected disproportionally by changes in synaptic function.

The hippocampus has been identified as an important mediator in the patho-
physiology of cognitive decline and Alzheimer’ disease, and it is a key component
of the stress response.

The aging brain is also characterized by structural and functional changes to
microglial cells, which have an important role in the pathophysiology of delirium [12].

Accumulated evidence supports an association between frailty, cognitive
impairment, dementia and Alzheimer’s disease [13]* [14].

In a prospective, observational cohort study, Boyle et al. show the hypothesis
that physical frailty is associated with an increased risk of mild cognitive decline in
aging [15].

In this study, more than 700 older people without mild cognitive impairment
were involved.

Physical frailty, based on four components (grip strength, timed walk, body
composition and fatigue) was assessed at baseline and cognitive function was
assessed annually.

Proportional hazard models were used to examine the association of physical
frailty with the risk of incident MCI, and mixed effect models were used to examine
the association of frailty with the rate of change in cognition.

During up to 12 years of annual follow-up, 305 of 761 persons developed MCI.
Moreover, a higher level of physical frailty was associated with an increased rate of
decline in global cognition and five systems (episodic memory, semantic memory,
working memory, perceptual speed and visual spatial abilities).

In addition, Jennifer and colleagues have evaluated the use of multicomponent
frailty assessment tools in assessing frailty also in elderly patients with psychiatric
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disorders, comparing the items of each frailty assessment tool with the Diagnostic and
Statistical Manual of Mental Disorder 5th Edition (DSM-5) criteria to assess the overlap.

The results suggested that there is a significant overlap between the indicators
of frailty as conceptualized in frailty assessment tools and DSM-5 diagnostic
criteria for a common psychiatric disorder including major depression episode and
generalized anxiety disorder that has the potential to confound frailty assessment
results [16]*.

3.1.1 Evaluation tool

In order to establish frailty, reliable models should be assessed for their success
in predicting therapeutic interventions [17]*.

As we previously described above, there are two main geriatric models: The
phenotype model [8] and the cumulative deficit model, which form the basis of the
Canadian study of health and aging (CSHA) frailty index [18].

This chapter aims to go deep under the knowledge of these models and explore
how do these models are used in the clinical practice.

A frailty phenotype was established with five variables: Unintentional weight
loss, self-reported exhaustion, low-energy expenditure, slow gait speed and weak
grip strength.

The Fried frailty criteria could help healthcare professionals to identify and effi-
ciently treat frail older people in an efficient way and also contribute to provide
indications for other related problems (social, psychological and physical functioning).

In a study of 5210 men and women aged 65 years and older, Fried and colleagues
conducted a famous study that is known as the milestone study of the phenotype
model [19]*.

A frailty phenotype was established with the five variables: Unintentional
weight loss, self-reported exhaustion, low-energy expenditure, slow gait speed and
weak grip strength.

People with Parkinson’s disease, previous stroke, cognitive impairment or
depression were excluded.

Those with three or more of the five factors were judged to be frail, those with
one or two factors as pre-frail and those with no factors as not frail.

This work is important because it suggests that a frailty phenotype can be
defined and might be a basis for detection of frailty in routine care.

However, how the variables can be reliably translated into clinical practice is not
clear.

Furthermore, other important factors such as cognitive impairment, a prevalent
condition associated with functional decline, were not included as part of this
model.

Despite the criticism, the general approach of clusters of variables to define
frailty phenotype has been independently validated.

The frailty index was developed as part of the CSHA study [18].

10,263 people were involved, and it was designed to investigate the epidemiol-
ogy and burden of dementia in elderly people in Canada.

92 baseline variables of symptoms (e.g. low mood), signs (e.g. tremor), disabilities
and abnormal laboratory values (referred to as deficits) were used to define frailty.

The frailty index was a simple calculation of the presence or absence of each
variable.

The frailty condition is defined as the cumulative effect of individual deficits.

Additionally, the cumulative deficit model expresses the theory of a gradation of
frailty with progressive accumulation of deficits.

This model is clinically attractive because it presents frailty as gradable, rather
than present or absent.
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3.2 Comprehensive geriatric assessment

Clinicians and researchers need valid and accurate methods to assess and
identify frailty.

Comprehensive geriatric assessment (CGA) [20] (see Table 1) has become an
internationally established method to assess elderly people in clinical practice.

This method is the goal standard to assess frailty.

It is a process that specializes the elderly care delivered by a multidisciplinary
team (psychologists, nurses, occupational therapists, and geriatricians) to establish
functional psychological functions and a plan of treatment [21]*.

Besides, as aging is a process that leads to conditions of vulnerability to mortality
and severe stress, also for the caregiver’s multidisciplinary approach, programs of
prevention should be proposed.

How do clinicians identify frailty in the clinical practice?

More specifically, many types of test are used to evaluate the state of frailty in
elderly people.

Among them, the timed up and go test (TUG) and the Edmonton Frail Scale are
commonly used for screening the evaluation of frailty.

The TUG test is a simple and specific method to test functional mobility.

This test is easily included as part of the routine medical examination.

This test assesses many dimensions of frailty and requires no specific equipment
or training.

Each singular patient is observed and timed, while he/she rises from an
armchair, walks 3 m, turns, walks back, and sits down again.

The results indicate that the “up and go” test is a valid test to quantify frailty [22].

Moreover, the Edmonton Scale is a multidimensional scale assessment instru-
ment that includes the timed up and go test and many other tests in order to
evaluate cognitive impairment (see Table 1).

The test lasts less than 5 minutes and is a valid instrument.

To underlie the negative effects of frailty and the use of Edmonton Frail scale as
a multidimensional assessment, an original study was conducted.

Beecher MS and colleagues conducted a retrospective analysis based on 435
elderly patients.

This study aimed to evaluate the probability of early readmission and length of
hospital stay, using the Edmonton Scale and the age-adjusted Charlson comorbidity
index.

The results suggest that the Edmonton Scale was a significant instrument to
predict hospital readmission and length of stay [23]*.

4. Emotion and frailty

Social isolation or being socially lonely could have a severe impact on the
psychological health of the elderly.

Therefore, it is necessary to support the elderly in order to prevent them from
mood disorders.

Importantly, depression merits special attention because it can have negative
consequences, including increased burden of physical illness, cognitive impairment
and risk of suicide [24]*.

Living alone, not having a friend to confide in and not spending time with others
could have a severe impact on psychological well-being.

Being both active and socially involved are very important for frail patients;
therefore, emotions (see Table 1) and affective recognitions may play a crucial role
during aging.
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Moreover, neuropsychological functions are strictly connected with perceptions
of satisfaction of life and emotion recognition.

To date, existing literature suggests that age affects emotion recognition.

Does aging affect emotion detection during their life span?

Being socially involved in a relationship, cooperating with others, understanding
and reacting appropriately to the social signals sent out by other people determine
social perception abilities.

Being able to decode emotional expressions is an important and essential skill to
navigate through the social world and to guide appropriate behavior.

Meyer and colleagues propose that social perception is a powerful dimension of
emotional intelligence as mental ability including personal and social intelligence [25].

Prosocial behavior is involved in being able to establish a social relationship [26].

However, old people respond differently to emotional stimuli in everyday life.

Little is still known about the emotion recognition of the elderly and how these
are linked with the changes in social life during the life span of people.

Ruffman and colleagues examined 60 young and 61 older adults’ recognition of
emotions in facial, vocal, bodily expression and when matching faces and bodies to
voices.

Older adults were worse than young adults, reporting difficulties in recognizing
both positive and negative vocal and bodily expression.

In addition, they found that older adult’s difficulty in matching emotions was
explained by an additional problem of integration [27].

Social perception is a key factor to understand and react at the social signal sent
out by other people.

Also, as people grow older, they prioritize close social relationships and focus
more on achieving emotional well-being; therefore, the elderly became more selec-
tive in what and in where they invest their emotional resources.

It should be noted that most emotions that are decoded from people are not
static but dynamic.

Dynamic facial cues improved recognition of facial emotions for both younger
and older adults.

In addition, these results could also explain why many elderly have difficulties to
recognize emotion which appear stable [28].

Neuroscientists suggest that also gender differences could be involved in emo-
tional regulation and recognition of emotions.

More specifically, the amygdala is essential for enhanced long-term memory
associated with emotional events.

There is a strong relationship between men and women in the activity of the
right hemispheric of the amygdala and memory functions regarding emotional
material [29].

4.1 Cognitive compensatory strategies in ageing

During aging, the old people could be affected by cognitive impairment and
dementia disease.

This means that many cognitive domains like attention, memory and also mood
state could be affected [30]*.

The relationship between depression and frailty remains one of the common
problems of the elderly [31]*.

Besides, many changes in the health of elderly result from both intrinsic and
extrinsic factors, such as social vulnerability [32]*.

However, cognitive declines take place over a long time, and during this lapse of
time, the elderly can adopt to many cognitive strategies to manage stressful
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situations (e.g. cooking, providing self-care, etc.), while fragility and risk of fall are
two negative predictors of well-being [33]*.

Many researchers from France conducted an innovative study on this topic,
comparing the drivers’ performances on a driving simulator between 12 elderly
(between 65- and 78-year-olds) and 18 younger people (between 21- and 35-year-
olds) [34].

They compared their self-assessment of driving as well as their visual and
cognitive strategies.

Finally, they assessed their driving competencies and self-regulation practice
using a simulator.

This research sheds some additional point on the ability to self-regulate the
behaviors of the elderly, which could reduce the risk of being injured and to prevent
from social isolation, for example, increasing the safety distance from the vehicle in
front when reflexes decrease.

Previous research on this matter found that elderly drivers self-regulate by
engaging less frequently in secondary tasks (singing or talking) when the driving
task is more difficult.

In this way, they reduce the cognitive cost of sharing attention between two
tasks [35].

More specifically, in older people, cognitive strategies are used to solve problems
of daily life living.

Being able to self-regulate our mood state and cognitive functions is essential to
make sense and meaning of life.

Furthermore, the ability to reflect on how important it is to live these silver years
in terms of happiness and quality of life could have a great impact on the subject of
well-being.

Therefore, understanding and enhancing these cognitive strategies could be
crucial to support people in developing many coping methods.

In addition, a positive technology approach could be useful to identify and solicit
cognitive competencies.

5. Positive technology for healthy living and active ageing

“Positive technology” (see Table 1) approach is a scientific and applied
approach to the use of technology for improving the quality of our personal experi-
ence through its structuring, augmentation and replacement [36].

Aging is associated with a decline in mental, physical, functional activity and
well-being; therefore, it is necessary to promote active behavior in contrast to
sedentary behaviors [37]%, [38]".

However, promoting well-being in old people lifestyle interventions is com-
monly used to improve their quality of life.

Furthermore, technology could have an important role in supporting elderly
living and healthy and active aging.

Developing technological systems and applications to promote personal growth,
creativity and social support should be done by psychology.

Specifically, positive psychology is a psychological approach, which focuses on
the biopsychological aspects of cognitions, emotions and positive experiences [39].

Martin Seligman is considered as the pioneer of positive psychology.

He identified “three pillars” of the good life in his book titled Authentic
Happiness [40]*:

* The pleasant life: Achieved through the presence of positive emotions.
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* The engaged life: Achieved through pleasant activity.

* The meaningful life: Achieved through the ability to discover meaning and a
purpose in life.

According to positive psychology, positive technologies are classified in three
dimensions [41]:

* Hedonic dimension: Technologies are used to induce positive experiences.

* Eudaimonic dimension: Technologies are used to support people in reaching
engaging and personal experiences.

* Social/interpersonal dimension: These types of technologies are used to
improve social integration and be part of a social group providing relational
well-being.

The use of positive technology brings an advantage in cognitive stimulation
technologies beyond traditional healthcare.

In virtual reality, the serious game could engage the attention of the elderly.

In addition, thanks to a positive technology approach, it is possible to change
from a “disease-centered” to a “citizen-client” model, based on the engagement of
the elderly [42].

5.1 The effect of technology interventions on reducing social isolations

Social isolation is one of the major risk factors of mental and physical health for
the elderly [43]*.

However, many authors have investigated the role of technology as a new
potential intervention to prevent social isolation.

Assistive technology could contribute to improving their quality of life, living
independently at home.

Assistive technology includes many devices, which support people in their inde-
pendent living [44]*.

To date, smartphone and smart applications are the most common device
involved in assistive technology [45].

Using smartphone includes many advantages: Flexibility, user friendly, various
built-in sensors and connectivity options.

These technological devices make possible the development of new solutions for
the elderly.

Going deep under the use of technology, several studies proposed the role of video
games as powerful tools for cognitive training and well-being of the old people.

In fact, during the past years, video games were not designed to support people
or for specific improvements on cognitive domains, but recent research finds out
that they could be a valid instrument to help people with specific cognitive training
and brain exercise.

Generally, there are two types of video games: Hardcore and casual video games
(CVGs).

Hardcore video games are harder to play; they are usually played for a long time
period.

However, hardcore action video games were mostly used in most research dur-
ing the past years to study the improvement of perceptual and cognitive abilities in
the younger audience.
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Furthermore, the interaction between old people and this type of video games
could be very difficult.

First, learning how to play an action video game could be very difficult
and challenging for the elderly, and secondly, as many authors suggested, the
elderly usually dislike action video games, especially when they have violent
content [46].

To sum up, all these results suggest that the elderly could be less motivated to be
involved trough action video game interventions which are less attractive.

On the other side, casual video games (CVGs) have short play session and are an
easy task to be played, and this is the reason why they are mainly a target for old
people improving cognitive functions and emotional well-being [47].

Different CVG genres engage different perpetual and cognitive functions, and it
is important to understand the logical process under these video games to improve
specific cognitive abilities [48].

In order to understand better which CVGs are more suitable and enjoyed by
the elderly, many authors from Switzerland have studied what older people like
to play [49].

In this study, Chesham and coworkers [48] have evaluated 16 healthy older
adults (5 females and 11 males) aged between 65- and 84-year olds coping with
games.

All the participants have no deficit vision, and exclusion criteria were a diagnosis
of dementia, mild cognitive impairment, and motor impairments leading to inabil-
ity to manage a tablet computer.

Finally, all participants were informed about the procedure of the study and
signed for the informed consent.

We examined casual game enjoyment and game characteristics across a range of
four genres (casual action, casual puzzle, casual simulation and casual strategy
games) based on different cognitive functions in healthy older adults.

The results of this study suggest that tablet-based casual games have been
enjoyed by the elderly.

A possible limitation of the study was that all the subjects were healthy and
well-motivated to participate in the research.

No prior game experience was considered as possible bias in the obtained results.

5.2 A social virtual reality-based applications: The physical and cognitive
training of the elderly

Virtual reality is an interactive and immersive experience that can be used to
transport patients to a place beyond the clinical setting.

Patients can experience realistic, three-dimensional worlds that aim to not just
reduce the stress and anxiety of a clinic visit but also teach patients’ and the
clinicians’ new skills [50].

Generally, virtual reality is usually used to enhance many cognitive abilities
(attention) in clinical disease.

Because virtual reality is an interactive method, it is mostly involved in rehabil-
itation and education in children [51].

It leads the opportunity to work on creating a new virtual world.

There have been several numbers of software created to deflect the minds of
patients and focus more on virtual reality worlds that can help them to relieve stress
and to stimulate cognitive functions.

Virtual reality-based cognitive stimulation can also be used to improve
cognitive functions in critically ill patients, and most research involved the elderly
population [52]*.
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This tool could be a valid instrument to prevent the patients from the overload
of disturbing extra-stimuli, especially during the hospitalization period.

Furthermore, thanks to virtual reality, it is possible to select natural restorative
environments with neutral content.

Generally, there is a distinction between virtual environments (VE) and virtual
world (VW).

In virtual environments, people could see characters and objects interacting with
them in a realist way in real time.

On the other hand, virtual worlds consist of a social world that is more stable,
where people could interact with other users using an artificial avatar [53].

One challenge in using VR stimulation in old people especially in a critical
situation is to engage their attention in a suitable and relaxing scenario [54].

Many authors suggested that visual exposure to the natural environment (e.g.
landscapes, vegetation and water) has a protective role against stress, restoring
physiological, emotional and attention functions [55].

The attention restoration theory suggests that exposure to natural environments
combined with sounds has a relaxing effect.

The attention request from the clinical setting is lower, and this promotes a sense
of being away, stimulating less cognitive domains.

This has a crucial role in cognitive abilities because it allows the attention
capacity to be restored [56].

Chirico et al. focused on the level of immersion given by this experience.

They found out that exposure of VR nature environment stimuli can trigger
a parasympathetic activation, inducing strong emotion and a vivid sense of
scene [57].

Gerber and colleagues [58] conducted an interesting study in order to investigate
how virtual reality could help to relax in the intensive care unit.

In this study, three different nature VR videos (landscape, water worlds and
animals) were presented.

To measure the visual exploration behavior (e.g. where the patient “looks at”
and whether the eyes are open), the video-oculography was used.

Furthermore, to measure participant’s reactions to the virtual reality stimuli,
many vital parameters (heart rate, blood pressure, etc.) were recorded while the
videos were presented to the patients.

The results suggest that in line with previous studies, the exposure to virtual
nature environments produced a relaxing effect.

In fact, all vital sign measurements (heart frequency, respiratory frequency)
significantly decreased during the session of virtual reality.

This could show a positive link between VR and the reduction of psychological
stress.

In addition, no fatigue in visual exploration task and target stimulus has affected
the visual exploration behavior.

Finally, the VR scenario was accepted by all the participants of the study and the
possibility to be adapted for use in frailty patients.

6. Future perspective of research and the potential benefit of the use of
the proposed model in the clinical setting

The aging population is increasing, making a critical impact on social care.

Therefore, from our point of view, it is necessary to consider new potential
solutions as a therapeutic instrument to help frailty people.

A potential benefit solution comes from positive technology.
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The aim of this approach is contributing to the development of well-being for
the elderly and allows them to maintain their autonomy in their activities of daily
living.

It is necessary to consider that positive technology could have a positive effect
on the psychological well-being of the elderly in an alternative way from the classi-
cal therapeutic intervention which has already been used.

Also, taking together the main geriatrics models and deep comprehension of the
cognitive and emotional functions of the older gives the clinicians an opportunity to
embrace multiple disciplines.

It is crucial to consider many different aspects of the aging process from a
different point of view (medical, psychological and engineering).

This multidisciplinary approach gives the clinicians the opportunity to develop
and implement an innovative cognitive rehabilitation program providing to the
elderly strategies to increase motivation and social relationship in every clinical
setting.

In conclusion, future research should be focused on the importance of technol-
ogy as an instrument that could be used by the clinicians, the elderly patients and
especially their family to reduce the distance between them.

It has to be considered that most of the frailty elderly are in critical conditions
and live in nursing homes away from their family.

Positive technology could represent a bridge of hope between them and their
families, contributing to keeping alive a sense of community and the joy of sharing
their emotions.

7. Conclusion

The basic objective of this book chapter is to briefly describe the complexity of
aging, the impact of cognitive representation on emotions and life events, and the
role of new technology’s solution and physical activity as therapeutic interventions.

These results confirm the importance of considering multidimensional aspects
of the aging process (psychological mechanism and physical structures).

Taking together there are really good changes that in the near future will be
possible to help many humans to live healthy aging.
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Chapter 8

Crime against Elderly Women in
India

Avanish Bhai Patel

Abstract

The cases of crime against the elderly women are rising fast in India. Today,
elderly women are facing many problems such as murder, theft, hurt, cheating
and bag snatching by the both known and unknown persons. These problems have
certainly affected the way of life and sense of well-being of the elderly women.
They are also deprived to live a dignified life due to these problems. The study has
two objectives; first objective understands the nature of crime against the elderly
women and second objective examines relationship between elderly women
victims and their offenders and also examines the impact of crime on physical and
emotional well-being of elderly women. This study is based on content analysis.
The data have been collected through two national newspapers, namely, Amar
Ujala and Dainik Jagran from March 2012 to March 2013. Findings indicate that the
elderly women have been victimised due to property and lack of proper adjustment.
The study has also found in many cases that elderly women have been targeted by
known persons.

Keywords: content analysis, crime, elderly women, socio-ecological paradigm, India

1. Introduction

There is a sad reality for the elderly women in contemporary time because they
are facing the problem of victimisation in this phase of life. The victimisation of the
elderly women is the most concerning and emerging social issue in later life. Today,
they are being targeted for murder, attempt to murder, hurt, abuse, chain snatching,
cheating. It is difficult to find any specific cause behind victimisation. But it can be
supposed that the changing social and family structure is responsible for victimisation
of elderly women in current times because it has given rise to many problems such
as abusive behaviour, neglect and exploitation against the elderly women in Indian
society. The changing social and family structures also breach the social order. The
way of life and sense of wellbeing of the elderly women has been affected the most
due to changing social and family structure [1-3]. Increased longevity of the elderly
population has raised a number of problems on households with limited resources,
particularly in the absence of formal social support systems [4]. Consequently, it may
increase social rejection, broken family ties and embarrassment. The crime does not
only make worse and disabling conditions of the elderly women, but it also makes the
elderly women more dependent, vulnerable and marginalised.

With the steady rise in elderly population, the rate of their problems is also
increasing. The problem of crime against the elderly and elder abuse is one of them.
Crime against the elderly and elder abuse has never been considered as a problem
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in India. It has been found in many studies [1, 2, 5] that the roots of the traditional
social structure are being undermined ushered in by the processes of change such

as industrialisation, urbanisation and modernisation. In such changing situations,
the majority of the elderly, who have spent most part of their lives with their joint
families, are on the verge of isolation in old age. When they need family and social
support the most they are living alone and are feeling neglected. These changes have
certainly affected the way of life and sense of well-being of the elderly to a large
extent causing fracture in their social bonds. As a result of which problems like
criminal activities and abusive behaviour faced by the elderly are on the rise.

According to, National Crime Record Bureau Report [6] has found its nation-
wide survey that 41,942 elderly have been murdered, hurt and robbed in India from
2015 to 2016. This survey has also explored that the family members, neighbours
and strangers are involved in committing murder against the elderly. HelpAge
India [5, 7] conducted a study on elder abuse in 20 major cities of India. This study
reported that the daughter-in-law (61%) and son (59%) emerged as the topmost
perpetrators. The most common form of abuse experienced by the elderly is
disrespect followed by verbal abuse and neglect and elderly are beaten in the family
as well as in neighbourhood. This study has also identified the major reasons behind
the elder abuse such as lack of adjustment, economic dependence of the abused,
increasing longevity and economic dependence of abuser. Similarly, Group for
Economic and Social Studies [8] studied nature of crime against elderly in four
metro cities such as Chennai, Kolkata, Mumbai and New Delhi. This study pointed
out various types of crime such as crime against the body, which are committed
against the elderly. These crimes are recognised as crime against the body, crime
against the property and economic crime. This study found that those who are rich
elderly, they are more vulnerable to exploitation and physical threats for property
and financial gain from their family members, relatives and antisocial elements.
The survey shows that overall 48.6% elderly in our country are not being respected
by their family members, relatives and society [9].

Mallick [10] has pointed out in a study that the elderly women are discriminated
in the society on the basis of gender and age. He has mentioned that “the negative
connotations of ageism and ideas of dependency and impairment aggregate in the
negotiations of power within the society. Ageism and structural divisions combines
to create power imbalances that are predicated on the notion of women as being of
inferior status” The gender dimension of ageing reflects that both elderly men and
women face discrimination, violence and abuse due to age but elderly females have
more experience differently due to the subordinate status and stereotyped attitude
towards elderly females. The gender relations structure the entire life cycle from birth
to old age, influence access to resources and opportunities and shape life choices at
every stage. Often elderly women suffer more from elder abuse and they are treated
as a burden on the family because it is considered that they are not reproductive and
income generating person in the family they [11]. Therefore, elderly women are sub-
ject to harmful practices in the society which can involve in both family and society.
The position of elderly women has affected due to socio-technological changes, loss
of joint families, changing norms and values and dual career families [12].

2. Socio-ecological paradigm of crime against elderly women
Socio-ecological paradigm shapes perception and practices within the disciplines

according its subject matter. It shapes what we look at, how we look things, what we

label as a problem, and what problem we consider for worth investigation and what

methods are preferred for the investigation. Basically, socio-ecological paradigm
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states the level of interaction and relationship between individual, family members
and neighbourhood members in a particular social setting and how these interac-
tions and relationships influence the way of life and well-being of the individuals
[13, 14]. Bronfenbrenner [13] has discussed the system of interactions and relation-
ships under socio-ecological paradigm. The relationship and interaction between
the elderly and individuals within their immediate settings such as their family and
social networks. It also talks about the social structures and social systems that do
not directly contain the elderly but which impact upon the immediate micro system
in which the elderly are situated and can include health policy, social welfare system
and adult protection services. It also centralises on the overarching beliefs and
dominant social values around ageing, such as ageist attitudes towards elderly.

The nature and problem of crime against elderly women can be understood and
analysed with reference to Indian society by using above discussed socio-ecological
paradigm. The respect and honour for the elderly (women) is deeply rooted into
Indian value system and way of life since the ages. The elderly women have always
enjoyed a respectable place in family matters and decision making of Indian society.
They have provided the entire fabric of the social reality with proper care and
concern which have played a nurturing role in the family and society. But the advent
of changing socio-economic scenario has weakened the fabrics of social bonding
between elderly and their family members. Hence, these have not only affected the
respect for and decision making power of elders and elderly women but they have
contributed its role in bringing a number of problems before elderly parents and
elderly women in India. Today, the elderly (women) are being abused physically,
emotionally, verbally by known and unknown persons and sometimes crimes are
committed against them in family and society. Aforementioned problems of abuse
and crime in various forms have brought social, physical and cognitive frailty
among the elderly women in the society as well as family.

2.1 Objective of the study

The study has two objectives; first objective understands the nature of crime
against the elderly women and second objective examines relationship between
elderly women victims and their offenders and also examines the impact of crime
on physical and emotional well-being of elderly women.

3. Sources of data
3.1 Content analysis

The present study is based on content analysis. Content analysis is a method of
qualitative and quantitative data analyses which aim is to analyses the content of
documents, books, newspapers, magazines and other forms of written material.
Berelson [15] has defined that “content analysis is a research technique for the objec-
tive and systematic description of the manifest content of communication (verbal
and non-verbal materials)”. The researcher applied this method for the study due
to unavailability of specific data on crime against elderly women. The research
found newspaper as a best source for data collection related to crime against elderly
women. The researcher saw the patterns and nature of crime against elderly with the
help of every day news papers’ analysis and observation and based on this he made
contents for his study such as age group of elderly women, crime rate in rural-urban
areas, nature of crime and victim-offender relationship. For this task, researcher
went through two national newspapers like Amar Ujala and Dainik Jagran from
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March 2012 to March 2013. The data have been collected both urban and rural areas.
The researcher collected 103 cases of crime against the elderly women from five
places, namely, Delhi, Kanpur, Lucknow, Roorkee and Unnao through newspapers.

3.2 Result and discussion

Newspapers have shown that crime against the elderly women is an emerging
social problem in Indian society. A total of 103 cases have been collected from
March 2012 to March 2013.

3.3 Age group

Looking at the age group of the victims, we find that the elderly in the
60-65 year age category have been victimised the most. There are 38 (36.8%) such
cases in that age group. The study reveals that 33 (32.0%) case of crime against
elderly women belong to 6670 year age group and 18 (17.4%) case of crime against
elderly women belong to 71 and above age group. Moreover, the study indicates
that the age of victims has not been found in 14 (13.8%) cases of crimes (Figure1).

3.4 Rural-urban ratio of crime rate

A total of 39 (37.1%) cases of crimes against the elderly women have been
reported in rural area as compared to 64 (62.9%) cases of crimes reported in urban
area. The crime rate of an area decides level of fear of crime. The crime rate of an
area reveals anxiety about crime and it is also found that crime rate is higher in
urban areas and urban people are more fearful than rural areas [16] (Figure 2).
3.5 Nature of crime

The break-up of 103 cases of crime shows that there are 23 (22.4%) cases of
murder, 12 cases of attempt to murder, eight (7.7%) cases of cheating, six (5.8%)
cases of robbery and 10 cases of theft, 13 (12.6%) cases of hurt, 10 cases of mis-

treatment and 14 (13.6%) cases of chain snatching. The remaining seven (6.7%)
cases pertain to accidents and suicides (Figure 3).

= 60-65 Year
= 66-70 Year
= Above 71 Year

Not Available

Figure 1.
Age group number of cases.

126



Crime against Elderly Women in India
DOI: http://dx.doi.org/10.5772/intechopen.91173

Number of Cases Percentage (%)
= Rural 39 ' 37:1
* Urban 64 62.9

Figure 2.
Rural-urban vatio of crime rate.
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Figure 3.
Nature of crime against elderly women.

12.6%

Figure 4.
Victim-offender relationship.

3.6 Victim-offender relationship

Figure 4 reveals that 25 (24.2%) cases of crime against elderly women have been
committed by known persons such as family members and relatives. The study has
also found that 29 (28.3%) incidents of victimisation have been committed by the
neighbours of the elderly. Thus, it can be said that elderly women are insecure in
their families and neighbourhood. Similarly, some researchers have pointed out
this trend in their studies that the family members, relatives and neighbours abuse
and victimised the elderly which brings many frailty such as physical, emotional
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and social frailty among them [17, 18]. The study has found that found that 36
(34.9%) cases of crime have been committed by strangers. Furthermore, 13 (12.6%)
incidents of crime have occurred as accidents. In these incidents, criminals are

not involved but these incidents points to the negligence of village as well as town
municipal administrators [19].

The nature of crime which is directed specifically against the elderly women
and in which only elderly women are victims are considered as crime against the
elderly women [20, 21]. The crime against the elderly women is known as abuse
and includes any sort of physical aggression or misbehaves. The crimes against the
elderly women may involve different means such as hitting, kicking, biting, shov-
ing, and restraining, throwing objects. In broad terms, it includes threats, sexual
abuse, and emotional abuse, controlling or domineering intimidation, stalking, pas-
sive/covert abuse and economic deprivation, rape, abduction, kidnapping, murder
against the elderly women [20, 21]. Similarly, present study has found some specific
crimes which have been committed against the elderly women. These crimes are
murder (22.4%), attempt to murder (11.6%), hurt (12.6%), robbery (5.6%), cheat-
ing (7.7%), mistreatment (9.7%) chain snatching (13.6) and other crimes (6.7%).

Victim-offender relationship is the most important finding in the study of crime
against the elderly because victim-offender relationship plays an important role
in effecting of wellbeing of the elderly women. The study has found that in many
cases elderly women have been victimised due property. These elderly women were
staying with their family members because their husbands were no more and they
had property and bank account. Known persons victimised the elderly women for
occupying their property and bank account. The study has pointed out that elderly
women are not victimised only for property reasons but also economic dependency
on the family members. Similarly, a study has quoted that familial relationship is no
more based on love, affection and care. Instead there is an emergence of contractual
and utilitarian relationship. Sons look after their aged mothers not out of sense of
respect but out of selfish motives to get hold of their property and money [22].

A glimpse of crime against the elderly women can be had from the newspapers.
These cases of crime are such: “A son murdered his mother because she was not giving
money him for drinking. Being aggressive he murdered his mother and immediately ran
away outside the home (Dainik Jagran: New Delhi, March 18, 2013).” Similarly, “a
drunkard killed his blind grandmother because she got pension and forbade giving him
(Dainik Jagran: Lucknow, February 19, 2013).” Further, “in other case an elderly
woman was victimised by her drunkard son. In this case son knifed her eye at night.
When police veached for enquiry, she was so fearful and not able speak something (Amar
Ujala: Kanpur, April 11, 2013).” “A son shot his old mother and threw her on the road
because he wanted to occupy her property (Amar Ujala: Kanpur, July 10, 2012).” In
another case, “an elderly woman told the police that her son bothers her son and discards
her from house (Amar Ujala: Kanpur, April 25, 2013).” Moreover, “an elderly woman
was killed by her neighbour. This elderly woman forbade her neighbour to throw the

filthy water (Amar Ujala: Dehradun, April 18, 2013).” In another case it was found
that “an advocate cheated an elderly woman. She told police that advocate borrowed
money sometime ago. Now when I asked for money, he abused me and threatens to kill me
(Dainik Jagran: Kanpur, July 24, 2012).” This is a significant finding as the elderly
women have, in general, relied upon the family members and relatives for physical
and mental support. The dependence of elderly women on family members is based
on trust and attachment. But these cases of crime against elderly women indicate
that in many cases elderly have been victimised in the families. The different forms
of crime have been pointed out in present study such as mistreatment, cheating,
hurt, theft, murder, attempt to murder which highlight the social, physical and
cognitive frailty experienced by the elderly women [19]. Similarly, Madhurima [22]
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has examined in her study that family members especially sons beat their elderly
mothers they do not show any kindness to their elderly parents. She has reported
in her study that often elderly parents’ physical victimisation is not reported and in
many cases they are isolated from the mainstream of the society [22].

Moreover, the study has pointed out through news items that technological
innovation, urbanisation and migration have significantly affected our value based
social system because these changes have brought the technological innovation.
This technological innovation has exposed individual to all kinds of violent behav-
iours and abusive behaviours which are the major factors behind the crime against
elderly women [23, 24]. Further, the study has found that that economic growth has
brought to India problems inherent to rapid urbanisation and migration which have
affected the contemporary way of life. Urbanisation and migration have resulted in
loosening of social controls and widening of social gap between the privileged and
the disadvantaged. Security and violence have not been regarded as core issues of
urban management. This is one of the major reasons for increased crime (against
elderly women) in the society. Separation from family, lack of identity and possible
anonymity of the migrants is also a possible explanation of the increasing rate of
crime against the women (elderly women) [23-25].

This study found that victimisation affects the well-being of elderly women
which lead many other problems before the elderly women. The study has found
that the mistreatment is more common among the elderly women, which raise the
feeling of insecurity, depression and isolation. The mistreatment leads to physical
ill-health and lack of emotional bonding with family members and other individu-
als. The present research has pointed out that the family members do not give
proper attention and provide basic needs such as food, cloth and medical facilities
in rural areas which brings cognitive, physical and social frailty among the elderly
women. The study has found that most of rural elderly women are not economically
strong and are also widow and due to it they are dependent on their children and
other family members for their basic needs. Most of times children and other family
members do not fulfil their demand and they behave rudely with elderly women on
their any demand. These ignorance and rude behaviour emotionally weakens them
and brings many problems to them such as feeling of negligence, isolation and fear
of abuse. Many researchers [26, 27] have also discussed in their studies that when
elderly women are not able to care themselves due to growing age, then they have
hope for caring, for activities of daily living and for the financial support from the
children and other members of the family. As a result, their hope and dependence
on the children and other family members become the source of abuse. Moreover,
HelpAge India [7] has also pointed out in its report that emotional dependence on
the abuser’ and economic dependence on the abuser are the major reasons for them
being abused. In the case of urban elderly people, it is seen that when they need care
the most, they are living alone and are dependent on the caretakers and neighbours
because their family members have migrated to other towns for job [28]. Their
caretakers and neighbours take advantage of their helplessness and abuse them.
This abusive behaviour affects their well-being and raises the feeling of insecurity.

The Researcher has also focused on frailty to examine its impact on the physical
and emotional well-being of the elderly women with the help of news items. The
researchers has found during the analysis of news items that in many cases elderly
women have expressed that they are physically and socially weak and are not able to
protect themselves. The researcher has found that many of the elderly women are
suffering from multiple diseases such as paralysis, eye sight problem and diabetes.
The elderly women have become weak due to these diseases and these diseases have
reduced their physical capability. Due to such physical frailty, they are not able to
protect themselves from any mishappening or criminal assault. The researcher has
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also analysed hat many elderly women think that they are emotional weak because
in old age they are less engaged in social activities and consequently, feel isolated.
The news items indicated that children and other family members do not have time
for the elderly women and they do not have ‘we feeling’ like people of past. They
are of the view that materialistic way of life has affected Indian social structure a
lot and has contributed its share in bringing emotional frailty among the elderly
women. Similarly, Patel and Mishra [29] has found in their study related fear of
crime among the elderly that the nuclear families, working couples, changes in
neighbourhood behaviour have left the elders neglected, uncared for and lonely.
The social support of the elderly has weakened. Due to this many elderly are frail,
vulnerable and cannot help themselves [14, 30].

4, Conclusion

The paper implies that crime against the elderly women is an emerging social
problem in India. In this paper researcher has tried to highlight the nature of crime
against the elderly women through news items. The news items show that occur-
rence of crime in neighbourhood affects the way of life and sense of wellbeing of
the elderly women because those who were victimised, they expressed their fear
and said that they are not safe anywhere. Findings have found that maximum
crimes against the elderly women have been committed due to money and property
and mostly these incidents of crime against the elderly have been committed by
known persons such as family members and neighbours. Finally, Government
should implement abuse preventive and elder supportive mechanism for the safety
and security of the elderly women. Moreover, the paper suggests about the police
accountability for the protection of the elderly women from crime as well as fear
of crime. Police should implement neighbourhood watch programs through com-
munity policing. Police Friendly Mobile System should be implemented by police,
which motive is to solve the public problems and the problems of elderly women.
The paper also suggests that elderly women should follow some guidelines for their
safety and security. These guidelines such as elderly women should have telephone
numbers of police helpline and neighbours so that in case of any mishap immediate
help could be sought. The elderly women should install good locks, auto locks on
doors and windows and use door chains, magic eye and strong grills on the doors
and windows.

5. Limitations of the study

There are certain limitations of this study. The present study is based on
secondary data which have been collected through newspapers of few places.
These secondary data do not reveal clear picture of crime against elderly women.
Whatever cases related to crime against elderly women have been collected from
newspapers, they are very few and focus only on the crime of a particular area. It
would be difficult to make generalisations from this study considering that there
is great diversity of experience and difference in perception and nature of crime
against elderly women in the society.
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