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Frailty and cardiovascular diseases (CVD) are two common conditions in the
elderly, highly affecting clinical outcomes in older people. Epidemiological
studies suggest that CVD are among the most relevant contributors in the
development of frailty. At the same time, increasing research is showing that
frailty can be considered as a potential CVD risk factor, independently from
other CVD risk factors. The association between CVD and frailty is probably
due to the shared etiological factors, including low-grade inflammation,
cellular senescence, and endocrine dysregulation. The early detection of
frailty is therefore important in the management of patients with CVD or in
people who are at high risk of having CVD, such as frail patients. In this
regard, the use of a comprehensive geriatric assessment (CGA) seems to be
essential for better taking care of older people with CVD or in those at high
risk for developing CVD.

In this book, we will offer to the reader an overview of the current evi-
dence regarding the epidemiology of frailty and CVD and their co-existence
in terms of epidemiological research. Moreover, some chapters will be
dedicated to exploring the underlying pathophysiology, with a special
interest on inflammation and oxidative stress. Finally, the clinical importance
of frailty in CVD and vice versa will be discussed. A last part will be
dedicated to the treatment of frailty and CVD and the newer topics of interest
in this field.

Therefore, this book will offer an up-to-date review on the potential
relationship between frailty and CVD, which may represent a novel topic in
geriatric medicine. Accordingly, the book will be relevant to a wide range of
clinicians. The authorship will include many of the best known and widely
published experts in their respective fields.

Nicola Veronese

National Research Council
Neuroscience Institute, Aging Branch
Padova, Italy

Primary Care Department, Geriatric Unit
Geriatric Unit, Azienda ULSS 3 (Unita Locale Socio Sanitaria)
Dolo-Mirano District, Venice, Italy
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Marco Proietti and Matteo Cesari

Abstract

Over the past decades, a progressive and
exponential aging of the population has been
observed. In particular, an absolute e relative
increase of old and very old persons is also
projected for the next 30 years. This demo-
graphic phenomenon is substantially respon-
sible for the growing prevalence of frailty in
our societies. Frailty is a clinical condition
characterized by an excessive vulnerability of
the individual to endogenous and exogenous
stressors. This status generates a high risk of
developing negative health-related events.
Shifting to a construct as frailty to biologically
define the perimeter of action for geriatric
medicine will probably concur at modernizing
the old way of practicing medicine. In this
chapter the concept of frailty, its impact on the
evolving healthcare systems, the controversies
associated with its assessment and, ultimately,
the role it plays in the management of older
persons are discussed.
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1.1 Introduction

Over the past decades, a progressive aging of the
population has been observed worldwide. It is
noteworthy that the number of old and very old
individuals has substantially increased both in
absolute and relative terms. Furthermore, demo-
graphic projections show that the growth of older
age groups is expected to continue for the next
30 years (United Nations 2015).

The aging of our societies contributes at crit-
ically challenging the sustainability of the
healthcare systems. In fact, older persons are
characterized by high clinical complexity (with
consequent polypharmacy), disabling conditions,
and social issues (National Institute for Health
and Care Excellence 2017; Masnoon et al. 2017,
Payne 2016). All these factors make the older
population quite different from the standards
upon which the healthcare systems were origi-
nally designed (Tinetti and Fried 2004). In par-
ticular, the fragmentation of care services and the
rigid disease-centered approach determine a rel-
evant gap between the person’s priorities/needs
and the provided responses.
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In order to adapt the traditional clinical and
research approach to the new (older) older pop-
ulation referring to our services, several theoret-
ical constructs have been proposed in the
geriatric literature. Special attention in this con-
text has to be reserved to frailty (Cesari et al.
2017a).

Despite the existence of a largely agreed
definition of frailty (i.e., a medical condition
characterized by the reduction of homeostatic
reserves, exposing the individual to higher vul-
nerability to stressors and risk of negative
health-related outcomes (Morley et al. 2013)), its
definition remains controversial (WHO 2015). It
is paradigmatic a systematic review of the liter-
ature published in 2016 by Buta and colleagues,
which listed more than 60 validated instruments
for measuring frailty (Buta et al. 2016).

In this chapter, the condition of frailty is
presented in its theoretical and operational fea-
tures. Moreover, its clinical and research rele-
vance as well as the controversies associated with
its assessment are discussed.

1.2 The Concept of Frailty

In a consensus statement published in 2013, six
major international scientific societies (Interna-
tional Association of Gerontology and Geriatrics;
Society on Sarcopenia, Cachexia, and Wasting
Diseases; International Academy of Nutrition
and Aging; European Geriatric Medicine Soci-
ety; American Medical Directors Association;
American Federation for Aging Research)
endorsed the definition of frailty as “a medical
syndrome with multiple causes and contributors
that is characterized by diminished strength,
endurance, and reduced physiologic function that
increases an individual’s vulnerability for
developing increased dependency and/or death”
(Morley et al. 2013). This definition stands on
specific theoretical pillars. In particular, it is
established that frailty is different from disability,
sarcopenia, and/or multimorbidity. In other
words, although a frail subject can be disabled,
may present sarcopenia, and/or affected by mul-
tiple diseases, none of these three conditions can
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comprehensively capture the concept of frailty;
they may just represent specific aspects of such
complex age-related condition (Morley et al.
2013). It was also explained that frailty may find
its causal roots in the physical or cognitive
domains of the individual (Morley et al. 2013).
Frailty was also described as a dynamic entity
able to improve or worsen over time.

A growing body of the literature has recently
focused on multimorbidity as a parallel concept to
frailty. Both are, in fact, designed to capture the
clinical complexity of the aging person. Multi-
morbidity is defined as the coexistence of two or
more chronic diseases, not related each other, in
the same individual (National Institute for Health
and Care Excellence 2017; Mannucci and Nobili
2014). Multimorbidity has attracted alot of interest
in the scientific community, and several societies
have provided specific guidance on its manage-
ment (National Institute for Health and Care
Excellence 2017; Muth et al. 2019). Multimor-
bidity is associated with increased risk for adverse
health-related outcomes (Castro et al. 2017; Frac-
caro et al. 2016; Barnett et al. 2012). By counting
the number of diseases, it is assumed that a more
comprehensive assessment and holistic approach
to the individual will be possible. Multimorbidity
moves from the single-disease approach to a vision
characterized by the simultaneous existence of
multiple nosological conditions (to be organized
and treated) (Cesari et al. 2016a, 2017b).

Frailty and multimorbidity are closely related
(Vetrano et al. 2018) and often been alternatively
used (as wrongly considered synonymous).
Instead, a clear difference exists between them
(Cesari et al. 2017b). Whereas multimorbidity
relies upon the mono-dimensional construct of
disease (i.e., nosologically defined conditions),
frailty potentially implies a more exhaustive and
comprehensive assessment of the individual (in-
cluding signs, symptoms, clinical conditions, dis-
abilities). The geriatric background of the former is
evident, especially if considering how difficult is to
complete a diagnostic iter in older persons due to
clinical, functional, cost-effectiveness, social, and
ethical issues.

The concept of frailty is very close to the
resilience one. Resilience is described as the
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human ability to adapt when a traumatic life
stressor suddenly occurs (Morley et al. 2013). On
a purely theoretical basis, the same stressor will
generate heterogeneous consequences in different
individuals. Therefore, a resilient person will be
able to completely restore his/her health status
after a negative stressor in a relatively short time,
whereas a poorly resilient individual will struggle
to restore the quo ante condition and will also
take more time to recover.

Interestingly, the World Health Organization
(WHO) published in 2015 the “World Report on
Ageing and Health’. In this document, the novel
concept of intrinsic capacity was theoretically
framed and presented (WHO 2015). Intrinsic
capacity is here defined as the composite of all
the physical and mental capacities of an indi-
vidual. By interacting with the environment,
intrinsic capacity determines the functional abil-
ity of the individual, that is the health-related
attributes that enable people to be and to do what
they have reason to value (WHO 2015). Intrinsic
capacity and functional capacity tend to diverge
with advancing age. The environment becomes
more and more burdening on the capacity of the
person to function at his/her best. The document
thus insists on the importance of reducing the
environmental barriers and/or increasing the
intrinsic capacity by levering on the individual’s
reserves in order to promote the optimal func-
tional ability. It is noteworthy that this novel
framework is largely based on the background
literature of frailty. In fact, although differences
between frailty and intrinsic capacity are quite
evident, the two concepts are both (1) designed
to promote a novel and comprehensive approach
to the aging individual, and (2) based on the
necessary integration of care services.

1.3 The Assessment of Frailty

Several tools exist to measure frailty and the
number of validated tools has steadily increased
over the years (Cesari et al. 2017a). Table 1.1
presents the most commonly known tools,
although the list is far to be exhaustive (Buta
et al. 2016).

Among the different models of frailty, two
major school of thoughts might be identified in
the literature. Probably, the most commonly
known is the model of the frailty phenotype
proposed by Fried and colleagues (Fried et al.
2001), based on five signs/symptoms (i.e. weight
loss, fatigue, weakness, slowness, reduced or
absent physical activity).

Differently, Rockwood and Mitnitski pro-
posed in 2001 the so-called “age-related accu-
mulation of deficits” model of frailty (Mitnitski
et al. 2001). It is based on the concept that aging
is a continuous process characterized by the
accumulation of deficits. Its operationalization
gives life to the Frailty Index (FI).

The frailty phenotype and the FI are clearly
different. The frailty underlying them is not the
same. The frailty phenotype presents a clinical
manifestation based on five predefined signs/
symptoms. It is not necessary to adequately
know the individual for observing this physical
evidence. Differently, the FI consider frailty as a
heterogeneous state captured during the aging
process. It requires a comprehensive assessment of
the person for computing the FI, which may con-
sequently resemble a surrogate of biological age.

Independently of the instrument used to
measure frailty, it is always important to con-
textualize the assessment with the subsequent
actions. If the detection of frailty is not able to
modify the clinician’s decisional algorithm, then
the assessment is useless (Cesari et al. 2017a).

1.4 Frailty and Disability

As discussed, a controversy exists around the
concept of frailty. One of the major issues in this
field can be found in the positioning of frailty in
relation to disability (i.e., the functional limita-
tion of the individual in the accomplishment of
activities of daily living (Cesari et al. 2017b)).
Although Fried and colleagues did not exclude
the possibility that frailty and disability might
co-exist, the condition captured by the frailty
phenotype has often been considered as a sort of
“pre-disability” disability (Fried et al. 2011).
This is probably due to the fact that most studies



Table 1.1 Examples of
validated instruments for
the screening and
assessment of frailty
(Cesari et al. 2016a;
Morley et al. 2013)

Author

Fried (2001)
Mitnitski (2001)
Schuurmans (2004)

Model
Frailty Phenotype
Frailty index

Groningen frailty index

M. Proietti and M. Cesari

Rockwood (2005)
Ensrud (2008)
Romero-Ortuno (2010)
Gobbens (2010)
Morley (2012)

Pilotto (2012)
Mossello (2016)

have used the phenotype to capture a risk con-
dition for incident disability. On the other hand,
disabilities can be part of the frailty status cap-
tured by the deficit accumulation model.

This issue is not trivial, especially if it is taken
into account the relevance that disability has for
geriatric medicine. If disability is left outside of
frailty, then frailty may become the key target for
preventive interventions against disability. It
means anticipating the geriatric practice to the
community, where frail non-disabled individuals
live. On the other hand, by accepting that dis-
ability is included under the frailty umbrella does
not necessarily anticipate, but surely redefine the
perimeter of action for geriatric medicine (having
biological age as criterion to set the target).

As discussed elsewhere, the interactions of
frailty, multimorbidity, and disability may give
life to three main scenarios:

— Phenotype model. In this model, the three
entities are considered at the same level and
independent each other. They can coexist and
overlap. A person can thus be at the same
time multimorbid, disable, and frail (as sug-
gested by Fried and colleagues in (Fried et al.
2011));

— Pre-disability model. Frailty and multimor-
bidity act as risk factors for disability. This
latter represents the endpoint of interest, and a
methodological choice is driving the decision
of considering frailty (with/without multi-
morbidity) as a pre-disability condition;

Clinical frailty scale

Study of osteoporotic fractures index
SHARE frailty instrument

Tilburg frailty index

FRAIL

Multi-prognostic index

INTER-FRAIL

— Model for adapted care. Frailty is here con-
sidered in a broader sense, that is as a con-
dition of public health interest. Frailty is here
a biological condition of accentuated vulner-
ability, where multimorbidity and disability
may serve as contributors. In other words,
multimorbidity and disability are “contained”
within the concept of frailty, as suggested by
the FI (Cesari et al. 2017b; Fried et al. 2011).

In the mediation between frailty and disability,
an important role is also played by sarcopenia,
intended as the loss of muscle lean mass and
muscle strength (Cruz-Jentoft et al. 2019). Similar
to frailty, there is large discussion about definition
and measurement of sarcopenia (Cesari et al.
2016b). Nevertheless, there is a growing con-
sensus in the literature about the importance of
introducing the evaluation of the skeletal muscle
in the clinical routine in order to identify (and
eventually manage) individual exposed to an
increased risk of mobility and physical disability.

Irrespective of the debate around defining and
measuring it, that is outside the aims of this
chapter, sarcopenia may represent the
organ-specific pathophysiological background of
the progressive reduction of the physical domain
of intrinsic capacity, thus potentially influencing
the ability to reach and maintain the full func-
tional ability of the individual (Cesari et al.
2016Db).

Sarcopenia may represent a novel clinical
condition (a specific ICD10 is today available for
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it), legitimately entering in the computation of
the multimorbidity construct, and have the role of
biological substratum for the fragilization of the
aging individual (Cesari et al. 2016b).

1.5 Frailty Epidemiology

Given the heterogeneous way of measuring
frailty, it is clear that every estimate of its
prevalence in the population might become easily
arguable or (at best) provide a very partial vision
of the phenomenon. Nevertheless, several studies
have tried to estimate how frail some populations
are across settings, countries, and regions.

In a systematic review and meta-analysis based
on 21 studies (Collard et al. 2012), the prevalence
of frailty ranges between 4.0% and 59.1%. The
estimates were significantly lower when the anal-
ysis was restricted only to those studies adopting
the frailty phenotype. When different subgroups
were examined, women showed a substantially
higher prevalence of frailty compared to men. As
expected, prevalence increased with age, being the
highest in subjects >85 years (Collard et al.
2012). These data are consistent with those coming
from the Survey of Health, Aging and Retirement
in Europe (SHARE) project and also further veri-
fied in other cohorts coming from the Asian
countries (Cesari et al. 2016c).

Socio-economic factors are also closely rela-
ted to frailty prevalence (Poli et al. 2017,
Bandeen-Roche et al. 2015). Several studies have
demonstrated that socially and/or economically
disadvantaged persons present particularly high
prevalence of frailty.

Last but not least, it is important to consider
the weight of clinical conditions in the preva-
lence of frailty. It is obvious that a sicker person
is more likely to appear frailty, independently of
the adopted instrument to assess it. What is here
meant is that frailty prevalence may be very
different across clinical settings (Bandeen-Roche
et al. 2015; Searle et al. 2018).

1.6 The Geriatric Approach
to Frailty

In a recent document published by the British
Geriatrics Society (British Geriatrics Society
2017), frailty is described as the condition defining
individuals in the need of an adapted/integrated
care approach based on the comprehensive geri-
atric assessment. The recommendations do not
indicate a single tool to screen frailty (thus
implicitly allowing a non-standardization of the
results). The intervention offered to the individuals
screening positive to frailty is prioritized over the
eventual heterogeneity of the screening results. The
document explains that, once the frail status of the
individual is detected, the possible causes should
be explored via a comprehensive geriatric assess-
ment conducted by a multidisciplinary team, pur-
suing the final aim of designing a person-tailored
intervention.

A change of paradigms for moving from the
traditional disease-based approach towards a
person-tailored model based on the comprehen-
sive assessment of the aging individual is nec-
essary. Today, the reshaping of our healthcare
and clinical models is even solicited by the
WHO, which recognize the inadequacy of
available systems and evokes cornerstone mes-
sages of geriatric medicine (e.g., comprehensive
assessment, focus on functions, evaluation of the
environment, integration of care) (WHO 2015,
2017). In this context, shifting the focus from the
disease to frailty may imply more attention to
those deficits that concur at the fragilization of
the individual but are not (yet) nosologically
recognized. It implies paying attention to those
abnormalities that are often complained by the
older person but find no solution in a system
concentrated in the prescription of drugs.

This type of approach has been classically a
prerogative of geriatric medicine (Cesari et al.
2016a, c). It is today necessary to train other
health professionals at the key principles of ge-
riatrics for two main reasons: (1) age-related



conditions requiring pills of geriatric expertise
are today burdening every clinical setting and
specialty; (2) geriatricians are too few for taking
charge of every individual older than 65 (or 70?
or 757...) years.

1.7 Conclusions

Frailty is a clinical condition characterized by an
excessive vulnerability of the individual to endoge-
nous and exogenous stressors. This status generates a
high risk of developing negative health-related
events. Although sharing some characteristics with
conditions such as multimorbidity and disability,
frailty should not be confused with them. Several
tools exist to evaluate frailty, and the choice of the
proper one should be driven by the decisional algo-
rithm and intervention it is going to feed.

Our aging societies require a substantial
revision of our models of care. Frailty may rep-
resent a condition able to lever these changes and
introduce neglected aspects of old age (e.g.,
function, social issues, Ethics) in the traditional
medicine (largely based on the obsolete concept
of disease). Shifting to a construct as frailty to
biologically define the perimeter of action for
geriatric medicine will probably concur at mod-
ernizing the old way of practicing medicine.
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Abstract

The general notion of frailty is widely under-
stood to be a state of increased vulnerability to
stressors, following age-related declines in
function and reserves across multiple physio-
logical systems. Frailty is clinically charac-
terised by slower and/or incomplete recovery
from stressors such as infection, injury,
surgery or psychosocial distress. There is
however no consensus on a single operational
definition. Numerous assessment tools and
scores are promoted to detect or measure
frailty but two have widest research back-
ground and acceptance, the Frailty Phenotype
and the deficit based Frailty Index. We
describe these and other approaches in the
context of a description of the psychometric
properties, types of scaling, uses and misuses
of assessment tools. We advocate the choice
of an appropriate measurement tool be based
on the population characteristics and the
purpose for which it is to be used and
illustrate how an understanding of the prop-
erties of different tools helps to inform this
choice.
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2.1 What Is Frailty? Introduction

to the Concept

The broad consensus about the notion of frailty is
of a person (more likely an older person) at
heightened vulnerability to adverse health status
change, in response to a stressor challenge such
as infection, injury, surgery or psychosocial dis-
tress. This followed several decades of largely
descriptive reports identifying the nature and
scale of variation in the health of people of
similar age. Isaacs, the UK based geriatrician
who coined the term geriatric giants for the
syndromes we now refer to as falls, incontinence,
delirium or dementia, immobility and reduced
functional ability (Isaacs 1980) described these
as pre-death events related to widespread
advanced ageing changes occurring often with-
out clear disease correlates.

Rowe and Kahn’s seminal paper published
over 30 years ago (Rowe and Khan 1987)
described the broad range of ageing-related
physiological heterogeneity and distinguished
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usual from successful aging, where these changes
were less marked and attributed much of this to
favourable lifestyle factors. Chronological age,
years lived, is therefore an inadequate predictor
for the extent of ageing-related changes accu-
mulated during these years but they do inevitably
accumulate.

The idea of heighted vulnerability mentioned
above has two aspects. Firstly, it suggests greater
vulnerability than would have typically existed
when the person was younger. With this mean-
ing, although there remains some uncertainty as
to whether frailty is inevitable, potentially all
older people develop this heightened vulnera-
bility if they live into advanced old age. Sec-
ondly, it implies that some older person’s
vulnerability is greater than others of the same
age and this suggests the potential for stratifying
populations for targeted interventions if this
vulnerability can be measured. Although
age-related changes gradually progress, multi-
factorial interventions targeted to improving and
maintaining nutrition, physical activity and social
engagement may enable frailty to reverse (Gill
et al. 2006; Ng et al. 2015; Luger et al. 2016).

Frailty has been consistently shown to be a
risk factor for falls, disability, cognitive impair-
ment, dementia, hospital admission, increased
length of hospital stay, post-operative complica-
tions, long-term residential care and mortality
(Clegg et al. 2013; Fried et al. 2004; Lin et al.
2016; Hubbard and Story 2014; Cesari et al.
2016; Sirven and Rapp 2017; Rose et al. 2014;
Roe et al. 2017).

The explanation for the vulnerability has been
extensively researched (Walston et al. 2006;
Clegg et al. 2013). An age-associated
pro-inflammatory state, hormonal changes,
reduced mitochondrial function, nutritional and
other factors may all be involved, producing
change at the cellular and organ-system level
with impaired homeostatic responses being
common manifestations (Puts et al. 2005; Leng
et al. 2007). Cognitive changes and
psycho-social factors are important modifiers of
the impact of stressors but are not always inclu-
ded in the concept (or operationalisations) of
frailty. An international consensus characterised
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“cognitive frailty” as a heterogeneous clinical
state with both physical frailty and reduced
cognitive reserves (Dartigues and Amieva 2014).

2.1.1 How Is Frailty Diagnosed

and Measured?

There are plenty of assessment tools to screen
for, diagnose or measure the severity of frailty,
many of which have not been shown to be valid
and reliable and diagnostically accurate and to
have good predictive ability (Apostolo et al.
2017). Predictiveness of adverse health outcomes
is intrinsic to the notion and therefore a key
aspect of validity. The variety of measurement
approaches reflects the lack of consensus on what
should be regarded as the necessary domains or
parameters to be included (Rodriguez-Mafias
et al. 2012). Nevertheless, a consensus has
emerged around two operational approaches: the
frailty phenotype and the deficit accumulation
approach, and in judging all the main assessment
tools against the specific criteria suggested by
Clegg et al. (2013), these were considered the
most robust (Dent et al. 2016).
The criteria were:

e ability to reliably predict adverse clinical
outcomes

e an ability to reliably predict patient response
to potential therapies

e Dbe supported by a biological causative theory

e be simple to apply

The “Fried” phenotype approach (Fried
et al. 2001) was derived and validated from the
longitudinal US based Cardiovascular Health
Study of 5,317 men and women aged 65 years
and older on the basis of prediction of adverse
outcomes over several subsequent years. The key
point is that the variables collected were based on
the proposition that certain parameters repre-
sented evidence of clinically relevant reduced
physiological function. The five that emerged
from analysis were unintentional weight loss, self
reported fatigue and diminished physical activity,
and measured impairment (comparative to
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age-standardised norms) of grip strength and gait
speed. Whilst these clinical features often asso-
ciated with diseases, they are nosologically dis-
tinct. The definition of frailty (and the
intermediate/prodromal/subclincal ~ state  of
pre-frailty) are based on the presence of three (or
one or two) of these 5 variables being outside a
normative range.

This phenotypic approach lends itself to the
proposition that frailty is a syndrome with
underlying physiological and metabolic changes,
which may be inter-related and which are
responsible for driving progressive physical
and/or cognitive impairments through to loss of
functional capacity, often helped on the way by
acute or chronic disease or injury. This was
anticipated a few years earlier in a slightly more
elaborate definition of frailty than the broad idea
mentioned above: “a condition or syndrome
which results from a multi-system reduction in
reserve capacity to the extent that a number of
physiological systems are close to, or past the
threshold of symptomatic failure. As a result the
frail person is at increased risk of disability or
death from minor external stresses.” (Campbell
and Buckner 1997).

The deficit accumulation approach opera-
tionalises frailty as a collection of symptoms,
health behaviours, clinical signs, diagnoses, and
functional limitations, each of which is not rare,
increases in prevalence with age whilst not
becoming universal and plausibly contribute to
poorer health states. (Rockwood and Mitnitski
2007) Thus grey hair is excluded but anaemia and
memory problems are included. The metric for
each variable is dichotomized (or occasionally
trichotomised) into a deficit (e.g. visual loss or
high blood pressure or excess alcohol intake)
being present or absent. Then the number of defi-
cits present is divided by the total number assessed
and the result expressed as a fraction of one. This
number is the Frailty Index. It has a theoretical
score range from O to 1.0 but extensive data has
demonstrated that scores above 0.7 are very unu-
sual, being incompatible with life (Rockwood and
Mitnitski 2006; Bennett et al. 2013).

The variables can be collected from a compre-
hensive multidimensional (geriatric) assessment,

1

as long as this covers a wide range of domains and
includes upwards of 30+ variables. The Frailty
Index (FI) can also be derived from routinely
collected clinical data as in a primary care clinical
record (Clegg et al. 2016) or an epidemiological
survey dataset (Romero-Ortuno et al. 2010). This
approach is also validated by its ability to identify
people at higher risk of adverse health outcomes
and mortality, and has subsequently been shown to
be robust in this ability across many clinical and
population cohorts in many countries, using a
variety of deficits in the frailty indices.

These two approaches appear quite distinct
but it has been suggested that the underlying
pathophysiological factors may not be distinct as
the deficits reflect underlying ubiquitous age
related cellular changes (Howlett and Rockwood
2013) . Furthermore there is significant overlap
in the distribution of the FI scores and the
robust/pre-frail/frail categorisations from the
Fried phenotype in community and clinical
populations (Rockwood and Mitnitski 2007).
Frailty measured with either approach is more
prevalent in the oldest old and in those with the
greatest burden of co-morbidity, chronic disease
and disability but frailty and summative mor-
bidity or disability scores do not map exactly
within the older population. This is consistent
with the notion that frailty is both a conceptually
and epidemiologically distinct entity (Fried et al.
2004) .

The Fried phenotype assessment requires
some simple equipment and normative data.
Constructing a frailty index requires substantial
clinical information and in a new patient, a
comprehensive geriatric assessment.

Many other frailty tools are simpler and may
be suitable for some purposes, including
screening. Screening tools ranging from simple
performance measures such as gait speed to
composite clinical judgements (Rockwood et al.
2005) have been developed to detect frail indi-
viduals in community dwelling populations and
clinical settings (Apdstolo et al. 2017). Whilst
most are insufficient by the criteria described
earlier for a definitive diagnosis of frailty, they
may nevertheless be useful and more feasible for
some purposes. Their utility depends on what the
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information is to be used for (Martin and
Brighton 2008).

2.2 The Purposes of Detecting
and Measuring Frailty

Could the recognition of frailty offer added value
in the management of patients with acute illness
or chronic conditions? It is recognised that
disease-specific factors do not fully explain
well-being and quality of life (Yohannes et al.
1998) and frailty may contribute independently
of diseases severity. Comprehensive geriatric
assessment already encompasses an approach
which combines disease specific and non-specific
aspects to the assessment and treatment of older
people. Frailty recognition and management
would be a refinement of this approach. In the
surgical setting, the ability to improve prediction
of post-operative functional recovery from car-
diac surgery would provide added information
for patients and inform clinical decisions, as
disease based predictive models are far from
perfect (Hamel et al. 2005).

Although there are good reasons for achieving
agreement on the standardised tools described
above to diagnose frailty, the choice of assess-
ment will also depend upon the context and the
purpose. What is the question being asked and
what are the resources available—time, skill,
people, and equipment? Here we summarise the
range of contexts in which the addition of frailty
assessment could help.

2.2.1 Clinical Decision Making About

Individual Patients

e Suitability for medical or surgical treatments
in which the potential benefits, risks and
burdens will be impacted by the degree of
frailty, in addition to the severity of the index
condition being considered.

e Identifying how best to optimise physiologi-
cal function (reduce vulnerability) such as
respiration function or strength to achieve
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better outcomes from an acute medical event,
injury or medical procedure.

e Monitoring clinical progress following a
treatment programme.

2.2.2 Managing a Clinical Care
Pathway

e Risk stratification (including screening) to
identify people among a relatively low risk
population who are likely to benefit from
— amore detailed assessment, which may be

broader and deeper in scope (and thus
require more resources)
— a different treatment pathway.

e To describe the casemix of patients referred
to or using a service
— In order to design a service in terms of the

resources and skills needed
— To estimate (changing) need over time.

2.2.3 Research

e To describe a research patient population to
better understand the generalizability of the
benefits, risks and burden associated with a
treatment being evaluated.

Clearly, the types of assessment for screening,
case finding, diagnosis, targeting etc. may need
tools with different properties.

2.3 Properties of Assessment Tools

Tools may or may not do exactly as you would
expect from the name given by their authors. The
performance of tools can be systematically
described, according to the qualities explained in
Table 2.1.

These properties and how to assess and report
them have been described in the COSMIN
checklist, which also considers cross cultural
validity, —measurement error incorporating
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Table 2.1 Properties of assessment tools in health and social care

Property Explanation

Validity Does the tool do what it says that it does?

Face Does it seem to be about the issue of interest?

Content The degree which the items match some objective criterion

Construct Does the tool include the attributes understood to make up the health outcome or process being
measured (e.g. Frailty) and in appropriate relative proportion

Predictive Does the tool result predict subsequent events as expected

Concurrent Does the tool result match that of an alternative, preferably well established, tool which
addresses the same issue

Reliability Does the tool give consistent results?

Test-retest

Inter-rater

Does the tool produce consistent results when tested repeatedly in a stable situation
Do different raters obtain consistent results when assessing the same person in the same context

Does the tool behave the same in a variety of alternative formats, such as self-completion, face to

Format

face, by telephone, proxy scoring
Internal
consistency between parts of the whole tool
Responsiveness

Feasibility

Do items in the tool behave in a consistent way relative to each other: internal agreement

Does the tool detect change when this is evident by some other appraisal

Can it be used in the real clinical situation it is intended for? This includes resource

requirements, time, skill, and convenience

Acceptability

This is adapted from:

Springer International Publishing AG 2018
Series: Practical Issues in Geriatrics

Book title: Comprehensive Geriatric Assessment
Alberto Pilotto and Finbarr C Martin (eds)

2018

Chapter and Table author: Finbarr C Martin

Is the experience of the tested participants satisfactory?

Table 3.1 Properties of assessment tools in health and social care

standard error of measurement, smallest detect-
able change and limits of agreement (Mokkink
et al. 2010).

2.3.1 Scaling

How the findings of the assessment are repre-
sented has an important impact on several of
these qualities. Types of scaling are:

Categorical: this is a scale with two or more
distinct descriptors without necessarily having
any ordering or quantitative relationship to each
other. Examples include ethnic group or sex.
Some frailty tools produce a categorical result,
such as frail or prefrail or robust (Fried

phenotype) but these categories are based on
specific numeric measures and there is an
implicit ordering of the underlying construct
defining the categories.

Ordinal: in these scales, numbers are used as
labels which do have an intended ordering, but
the basis of the numbers is really categorical. For
example, the Edmonton Frail Scale (EFS) (Rolf-
son et al. 2006) ascribes numbers to the presence
or absence of things such as polypharmacy or
low mood. Therefore, the same numeric score
can be obtained in a variety of ways. Two indi-
viduals with the same score may have quite dif-
ferent features. A higher score depicts more
frailty associated characteristics but there is no
consistent difference in the amount of frailty with
each additional score from O to 2 etc. up to the
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maximum frailty score of 17. But that does not
necessarily matter if when tested the predictive-
ness of a score is fairly consistent. It would
matter however if the intention was to apply a
standard intervention based on the score regard-
less of the contributions of the underlying items.
Interval: In these scales, the numbers are based
on a consistent quantity of the entity being
measured, such as temperature. Some frailty
associated performance measures, such as gait
speed expressed in metres per second could be
regarded as interval scales but usually there is a
selected cut-point which is used to categorise.
Since there is no underlying single biomarker
which constitutes frailty, there is no pure frailty
scale.

In the categorical and ordinal scales there is an
implicit weighting applied to the items. So for
example, fatigue and unintentional weight loss
each provide one point towards the Fried cate-
gorisation but in what way are they actually
equal in quantity? In the EFS, 0-2 points can be
scored for functional ability but only 0-1 for
continence. In most such weighted scales, there
is no underlying theoretical rationale for the
weighting but sometimes they arise from statis-
tical modeling of predictiveness so are justified
on this basis.

2.3.2 Screening, Case Finding
and Rapid Assessment

There can be some confusion regarding these
terms. All have a role in the context of frailty but
in different contexts.

Screening is “the process of identifying healthy
people who may be at increased risk of disease
or condition...” (Public Health England 2013) or
“Screening refers to the use of simple tests across
an apparently healthy population in order to
identify individuals who have risk factors or
early stages of disease, but do not yet have
symptoms” (WHO). These are slightly different
definitions but the main point is that screening is
not about making a diagnosis but identifying
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those with a higher probability of having or
developing the problem. Criteria for a screening
test include being reasonably cheap and accept-
able with the acceptance that some who screen
positive are false and some real positives are
missed. Routine measurement of gait speed of all
people who reach 70 years old could be an
example, but would be justified only if it was
followed by a more definitive assessment and
offer of an intervention likely to improve future
health outcomes.

Case finding is also about stratifying in a pop-
ulation but actively searching for the presence of
the condition in individuals or groups who are
suspected to be at risk. In this instance a group at
risk might be older people presenting with a fall
and the case finding would require an accepted
diagnostic assessment such as the Frailty phe-
notype or Frailty Index.

As mentioned earlier there are many quicker
and/or easier assessment approaches for frailty.
A rapid assessment may be used to identify
people likely to be frail (screening) and following
this up with a more detailed assessment OR to
assess some characteristics of a person who is
likely to be frail in order to identify relevant
clinical features relevant for risk prediction or
treatment planning. In this case the important
issue is the ability of the rapid assessment to
identify those at greater risk, which can only be
established empirically.

2.3.3 Clinical Prediction Tools

Tools and scales vary in their ability to dis-
criminate, i.e. to detect an issue when it is present
(or not) or predict that a specific clinical outcome
or event will happen or not happen. The terms
used to describe the properties of tools are set out
in Table 2.2.

When a score on a scale is used to identify a
“positive” prediction, there is a choice to be
made about the most suitable cut point. This is
usually done by plotting a receiver operating
curve (ROC) to identify the optimum combina-
tion of sensitivity and specificity. A random
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Table 2.2 Properties of predictive tools
Term Explanation

Sensitivity

The hit rate: the proportion of real positives (with the issue, or who experience the clinical

outcome of interest) who are correctly identified by a positive assessment

Specificity

The proportion of real negatives (those without the issue or who do not experience the

outcome of interest) who are accurately identified or predicted by a negative assessment

accuracy

Positive predictive
value

Negative predictive
value

association of a positive test result and the clin-
ical outcome produces a ROC area under the
curve of 0.5. Total concordance would produce a
value of 1.0. In general, a ROC value of about
0.8 or above is regarded as clinically useful.
Clinical or epidemiological studies which
demonstrate impressive associations between, for
example, a combination of variables in a tool,
and a clinical outcome do not necessarily make
prediction tools which have clinical utility, but
lower ROC values are certainly sufficient to
demonstrate significant associations and this can
be useful for risk stratification or better under-
standing of causal factors or case mix
description.

For a prediction tool to be useful it must also
be applicable to groups other than those involved
with its initial development. However, even
when validated in a new “remote” population,
predictive values observed in one context do not
apply universally. A key issue here is the effect
of prevalence on predictiveness. Assuming the
same sensitivity and specificity, the rarer the
issue being predicted (e.g. occult disease or a
specific clinical outcome) the more likely that a
negative test is a true negative, but the likelihood
that a positive result is a true positive becomes
less. Thus clinical utility of a tool in one setting
(e.g. a clinic with many frail persons) cannot be
assumed to be as useful in another, such as a
generally healthy community dwelling popula-
tion. The threshold for defining frailty (or high
risk) is likely also impacted by the exposure

Correct identifications or predictions as a percentage of the total predictions made

Precision: the likelihood that a person identified as positive really has the issue or
experiences the clinical outcome of interest

Precision: the likelihood that a person identified as negative really does not have the issue or
experience the clinical outcome of interest

period - the time interval between assessment of
risk and the outcome.

The demonstration that a clinical prediction
tool is fit for purpose has several stages, and
these are set out in the TRIPOD statement for
reporting them (Collins et al. 2015). In addition it
is important to establish if a tool with adequate
predictive accuracy can lead to better outcomes
and ultimately be incorporated into routine clin-
ical practice. These stages are described briefly in
Table 2.3.

2.4 Which Tool for Which Purpose?

Whereas some tools may be judged to be poor by
their failure to attain the key qualities outlined
earlier, caution should be applied before con-
cluding that a good tool is suitable for any pur-
pose. It depends on what the information is to be
used for. There is a range of potential purposes
and a range of contexts: these factors will influ-
ence which tools or assessment approach is
suitable,

2.4.1 Screening

Since the usual purpose of a screening tool is
simply and quickly to differentiate people into
those with different likelihoods of being frail (or
of being at risk of experiencing a poor outcome
with a proposed treatment etc.), it should be short
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Table 2.3 Stages in the creation of a useful clinical prediction tool

Stage Explanation
Concept

Development
will inform this

— What is the tool to be used for, and in what context?

— Which parameters should be considered for inclusion? Clinical and epidemiological data

— Select variables which are feasible to measure and use in routine practice

— Test the relationships between individual and combinations of these variables and the
outcome of interest in existing or new longitudinal datasets

— Design a scoring system and identify suitable cut-points based on ROC analysis

Validation

— Test whether the tool is better than usual clinical judgement: does it add value?

— Test the reproducibility of discrimination in a remote cohort, e.g. a similar clinical group
in a different hospital or community

Impact
use

Implementation and
spread

— Test whether use of the tool results in better clinical outcomes or more efficient resource

— Assess feasibility and user friendliness
— The tool may need adaption in format and presentation for different settings, but changing

variables or cut-points would require revalidation

and fairly sensitive in identifying those needing
special attention, and specific, so as to avoid
providing unneeded interventions to robust
patients falsely classified as pre-frail or frail.
Available instruments tend to have high sensi-
tivity but limited specificity. Frailty screening
instruments must also have good positive and
negative predictive values, which are influenced
by the prevalence of frailty. These will be the
instruments most useful at population level. In
the absence of a “gold standard”, the instrument
to screen and diagnose frailty should be chosen
according to the characteristics of the population
being studied, the aims of the assessment and the
clinical context (Martin and Brighton 2008;
Cesari et al. 2014).

A recent umbrella review analysed the find-
ings of five systematic reviews inclusive of
227,381 participants (Apdstolo et al. 2017). This
looked at the qualities of 26 questionnaires and
brief assessments and eight frailty indicators,
most of which had been evaluated in use with
community-dwelling older people, including
studies in which the frailty prevalence was lower
than in older clinical populations. The reviews
differed in their focus including the predictive
accuracy for identifying frailty and/or for pre-
dicting adverse outcomes.

Gait speed showed high sensitivity, but only
moderate specificity, and excellent predictive

ability for future disability in activities of daily
living, in a community population over longish
time periods. The Timed-up-and-go test (Podsi-
adlo and Richardson 1991) and PRISMA 7
(preferred reporting items for systematic reviews
and meta-analyses) (Raiche et al. 2008) have
high sensitivity and moderate specificity for
identifying frailty. The Tilburg Frailty Indicator
(Gobbens et al. 2010) is a reliable and accurate
predictive tool for clinical outcomes, although it
does not provide a definitive frailty diagnosis.

2.4.2 (linical Decision Making

In clinical populations such as in surgery
pre-assessment clinic, the choice may not nec-
essarily be to identify frailty definitively but to
stratify by risk and/or identify potentially modi-
fiable factors. These might include medical
conditions such as under treated airways disease
or unrecognized ischaemic heart disease but also
frailty related factors such as cognitive impair-
ment as a risk factor for delirium or fatigue
suggesting poor endurance and therefore risk of
poor functional recovery. The well developed
Multidimensional Prognostic Index predicts
worse clinical trajectories for patients with heart
failure (Pilotto et al. 2010) and identifies risk
levels for a variety of clinical populations
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including those undergoing Transcatheter Aortic
Valve Implantation (TAVI) (Bureau et al. 2017).

Although it is a large step to translate pre-
diction from large datasets which works epi-
demiologically to the precision needed in clinical
practice, the FI has superior prediction of func-
tional recovery and return home after hip frac-
tures than the best disease-specific score
(Krishnan et al. 2014). Generally however, frailty
risk scores can identify those at higher risk but
more detailed assessment is necessary to inform
the balance of benefit, risk and burden for the
individual patient.

2.4.3 Planning Clinical Services

For planning health services and deciding in
broad terms where and for whom to apply health
preventative interventions, the larger population
predictive ability may suffice.

Aguayo et al. (2017) assessed the perfor-
mance of 35 frailty scores or indicators, 23 of
which showed a significant relationship with
longer term incident cardiovascular events, with
hazard ratios adjusted for sex between 1.2 and
16.5. These associations remained significant and
sizeable for the majority after adjustment for
other factors. This highlights the need to broaden
the scope of risk modification beyond the tradi-
tional risk factors

2.5 Future Developments

Living with frailty, according to any of the
established criteria, or having reduced functional
ability are predictive of functional decline (or
death) after significant stressors such as surgical
procedures. However, no frailty tool is a com-
plete and satisfactory measure of the totality of
the reserves of physiological or psychosocial
attributes which, if further depleted, contribute to
this reduced functional ability. There is however
a further source of variability which may be
complementary to frailty but even more elusive.
This may be termed resilience, although so far no
consensus has yet emerged on the exact nature or
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definition of this (Whitson et al. 2016). Here we
use this term to describe the propensity for
underlying physiological processes to recover
from a stressor. Clearly a relatively greater ability
to withstand an apparently similar sized stressor
will render the outcome different for two indi-
viduals who seem similar at the outset.

One difficulty here is that we lack a general-
izable measure of the magnitude of a stressor.
Nevertheless, to illustrate the point, consider that
an observational study of recovery from delirium
induced by an acute illness reported no rela-
tionship between recovery and the severity of
physical illness (admission APACHE II, APS,
BISEP) or disability (Barthel Index) (Adamis
et al. 2006). If we could measure the amount of
cognitive reserve, and this was also similar, then
we may conclude that their resilience differed. At
present this is speculative and further study is
warranted to establish whether adding resilience
to the dataset along with frailty would improve
predictive accuracy and therefore inform clinical
decision making. Furthermore, we don’t know if
pre-habilitation can impact resilience as well as
enhancing measurable reserves.
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Sabine Rohrmann

Abstract

Frailty is a complex of symptoms that is
characterized by impaired stress tolerance due
to a decline in the functionality of different
organs. Due to its multifactorial aetiology,
several definitions and assessments of this
symptom complex have been developed, of
which the Fried Frailty Score (Phenotype
Score) and the broader Frailty Index (Deficit
Accumulation Index) are the most commonly
used. The prevalence of frailty increases with
age independently of the assessment instru-
ment and ranges between 4 and 59% in
community-dwelling elderly populations and
is higher in women than in men. The actual
prevalence rate in a population depends on the
prevalence of chronic diseases including
depression, nutritional status, and inherently
socio-economic background and education.
Frailty is, however, not a steady state and
progression, but also reversion is common.
Although numerous studies on the prevalence
of frailty have been conducted, systematic
assessments in different populations are rare,
which reduces the comparability of results.
Similarly heterogeneous, but less frequent are
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studies on the incidence and on trajectories
and transitions of frailty, calling for further,
more systematic studies on this topic.

Keywords
Epidemiology * Frailty + Community °
Nursing home

3.1 Introduction

Frailty is a complex of symptoms that is char-
acterized by impaired stress tolerance due to a
decline in the functionality of different organs
because of sarcopenia, nutritional deficiencies,
hormonal changes, and increased inflammation
(Collerton et al. 2012; Fried et al. 2001). Though
not a disease in itself, it is associated with an
increased risk of falls, disability, hospitalization,
institutionalization, and finally mortality (Fried
et al. 2001; Clegg et al. 2013).

There is no uniform definition of the frailty
symptom complex. However, most studies are
based on the definition introduced by Fried et al.
(2001), which includes unintentional weight loss,
self-reported exhaustion, poor grip strength, slow
walking speed, or low physical activity (Fried
et al. 2001). This model is also called the
Phenotype Model (Li et al. 2017). Individuals are
usually considered as frail if they meet at least 3
of the 5 criteria and as prefrail if they meet 1 or 2
of these criteria. This definition has a focus on
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the physical aspects of frailty. A more complex
score, the so-called Frailty Index (or Frailty
Index of Deficit Accumulation), was established
by Mitnitski et al. (2002) based on the proportion
of 20 deficits observed in a structured clinical
examination. These deficits include diseases,
signs, symptoms, laboratory abnormalities, cog-
nitive impairments, and disabilities in activities
of daily living (Pena et al. 2014). Other defini-
tions exist, but these two, the Fried Frailty Score
and the Frailty Index, are most frequently used in
studies.

3.2 Prevalence

The prevalence of frailty has been assessed in
many studies worldwide, although most studies
were conducted in Western countries.

One of the most comprehensive reviews on
the epidemiology of frailty included 21 commu-
nity-based studies with 61,500 persons 65+ years
old (Collard et al. 2012). Overall, the prevalence
of frailty varied from 4.0 to 59.1% with an
overall weighted prevalence of frailty of 10.7%
(95% confidence interval (CI) 10.5-10.9). Of the
21 studies included, 14 used the Fried Frailty
Score (Fried et al. 2001). A difference in the
prevalence of frailty between studies emerged
when studies were stratified by the assessment
for frailty (Collard et al. 2012). In studies that
assessed physical frailty, using e.g. the Fried
Frailty Score, the prevalence rate ranged between
4.0 and 17.0%, but between 4.2 and 59.1% in
studies that used broad definitions or measure-
ment instruments (covering physical, but also
social and psychological aspects for frailty). The
weighted prevalence rate was 9.9% for physical
frailty (95% CI 9.6-10.2; based on 15 studies
with 44,894 participants) and 13.6% for the
broad phenotype of frailty (95% CI 13.2-14.0;
based on 8 studies with 24,072 participants).

Another review explicitly included only
studies that used the Fried Frailty Score to assess
the prevalence of frailty in community-dwelling
individuals 65 years of age and older (Choi et al.
2015). In the six studies included, the prevalence
of frailty ranged between 4.9% in Taiwan and
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27.3% in Spain. The Survey of Health, Aging
and Retirement in  Europe (SHARE;
Santos-Eggimann et al. 2009) assessed frailty in
a uniform way in Europe and still yielded vastly
different prevalence rates across Europe. Gener-
ally, they observed a prevalence of 17%, with
lows of 5.8% in Switzerland and 8.6% in Sweden
and a high prevalence rate of 23% in Italy and
27.3% in Spain. The prevalence rates of pre-
frailty were more comparable between the single
countries with 46.5% in Switzerland, 45.3% in
Sweden, 43.6% in Italy, and 50.9% in Spain.

3.2.1 Geographic Variation

There is some indication that the prevalence of
frailty and the extent of frailty is higher in
poorer countries than in more affluent ones.
A secondary analysis of the SHARE survey,
which included more than 35,000 participants at
least 50 years old from 15 countries, observed a
lower mean frailty index in higher-income
countries than in lower-income countries
(Theou et al. 2013). The overall mean frailty
index was inversely correlated with both gross
domestic product (r=—0.79; P < 0.01) and
health expenditure (r = — 0.63; P < 0.05). The
prevalence of frailty was lower in higher-income
countries compared with lower-income countries
(16.1 vs. 27.6%; P < 0.01). Interestingly, sur-
vival in non-frail participants 2 years after base-
line assessment was not associated with national
income, but survival in frail people was signifi-
cantly better in higher-income countries (Theou
et al. 2013). One explanation for the higher
prevalence of frailty in Southern compared with
Northern countries participating in the SHARE
study might be the lower rates of institutional-
ization of older disabled persons in southern
countries, leading to a higher prevalence of
frailty in community-based studies.

In a systematic review of 47 studies that
included community-dwelling adults 60+ years
old in low- and middle-income countries, the
pooled prevalence rate of frailty was 17.4% (95%
CI 14.4-20.7%) (Siriwardhana et al. 2018). This
is higher than the overall weighted prevalence of
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frailty of 10.7% (95% CI 10.5-10.9) in 21
studies from high-income countries (Collard
et al. 2012). The prevalence rates of frailty varied
between 3.9% in China and 51.4% in Cuba; the
prevalence of prefrailty ranged from 13.4% in
Tanzania to 71.6% in Brazil (Siriwardhana et al.
2018). However, only one low-income country
(Tanzania) and one low-middle income country
were included in that analysis; all other studies
were conducted in high-middle income countries.
The prevalence of prefrailty was 49.3% (95% CI
46.4-52.2%) in low- and middle-income coun-
tries (Siriwardhana et al. 2018), which was also
higher than the pooled rate of 41.6% (95% CI
41.2-42.0%) in high-income countries (Collard
et al. 2012).

It is interesting to note that even studies
conducted in the same country do not always
provide similar estimates. The FRALLE survey,
conducted in the Spanish city of Lleida, reported
a frailty prevalence of 9.6% in participants 75
+ years old (5.2% in men and 12.5% in women;
Jurschik et al. 2012), but other Spanish studies
provided prevalence rates ranging from 10.3 to
20.1% (see Jurschik et al. 2012). In the US, the
prevalence reported was also very disparate,
ranging from 6.9% in the study by Fried et al.
(2001) to 19.5% in the study among
Mexican-Americans (Ottenbacher et al. 2005).
A study looking at racial differences in the US
observed that 8.7% of African-American men
and 15.0% of African-American women were
frail compared with 4.6% and 6.8% of white men
and women, respectively (Hirsch et al. 2006). In
adjusted models, taking age, sex, comorbidity,
and socioeconomic factors into account,
non-obese African Americans had fourfold
greater odds of frailty compared with whites.
This study also noted that the increased odds of
frailty associated with African-American race
was less pronounced among those who were
obese or disabled. This study shows that,
although socio-economic factor might play an
important role, there may be other factors that
play a role in the development of frailty. Large
ranges were also reported from low- and
middle-income countries. A systematic review
reported that the prevalence rate of frailty in
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community-dwelling  older people ranged
between 17 and 31% in Brazil, between 5 and
31% in China, and from 21 to 44% in Russia,
with all studies using the Fried Frailty Score
(Nguyen et al. 2015).

A Chinese study that included individuals of
60+ years used the physical frailty phenotype
scale and reported a frailty prevalence of 7%,
which ranged between 3.3 and 9.1% depending
on the study region (Wu et al. 2018). It was
higher in rural than in urban areas and, as other
studies had shown before, frail individuals were
more likely to have co-morbidities and functional
limitations than non-frail individuals were.

3.3 Incidence

Incidence studies on frailty are rare; most studies
only describe the prevalence in a certain popu-
lation. In the Cardiovascular Health Study, which
included 5,317 participants 65 years and older,
the four-year incidence was 7.4% (Fried et al.
2001). In an analysis of the longitudinal
Osteoarthritis Initiative (OAI) database with
4421 study participants, the incidence of frailty
amounted to 12 (95% CI 10-14) participants per
1000 person-years (Shivappa et al. 2018). In an
analysis of the Progetto Veneto Anziani, which
included 1887 individuals older than 65 years of
age and free of frailty at baseline, 21.9% had
become frail after an observation period of
4.4 years (Trevisan et al. 2016). These results
illustrate the problems with respect to informa-
tion on frailty incidence from longitudinal stud-
ies. Even if numbers of incident frailty cases are
reported, it is difficult to compute incidence rates
due to the lack of information on person-time.
Moreover, hardly any study used
age-standardization to make studies comparable.
This was illustrated in a systematic review by
Galluzzo et al. (2018). Only 3 of the 6 studies
included had the aim of estimating frailty inci-
dence, with a wide age-range of participants. The
incidence proportion ranged from 5% (follow-up
22.2 years; age > 30 years) to 13% (follow-up
1 year, age > 55 years). Looking only at stud-
ies that used the Fried Frailty Score and were
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conducted on relatively similar samples in terms
of age, the incidence proportions ranged from
3.9% for a follow-up of about 3 years to about
8% over periods from 3.5 to 9.9 years. The
highest incidence rate was observed in an Aus-
tralian study that included remotely living abo-
riginal people. Participants were 45+ years old,
and of those who were non-frail at the beginning
of the study, 51.5% became frail during the
7-year follow-up period (Hyde et al. 2016).

3.4 Reasons for Differences
in the Prevalence of Frailty
Between Populations

Differences Due to Different
Assessment Instruments

3.4.1

The definition of frailty varies from physical
disability, impairment in basic or instrumental
activities of daily living to an increased vulner-
ability to adverse outcomes. In a review, Buta
et al. identified 67 frailty assessment instruments
that were mentioned in scientific publication, of
which nine were highly-cited (> 200 citations)
(Buta et al. 2016). The Physical Frailty Pheno-
type, as introduced by Fried et al., was the most
frequently used frailty assessment instrument in
the research literature, followed by the Deficit
Accumulation Index and the Vulnerable Elders
Survey. The definition by Fried et al. focuses on
a wasting syndrome, with weight loss and neg-
ative energy balance as important elements
(Fried et al. 2001). Other instruments have
emphasized a life course approach, taking into
account mid- and early-life influences on late-life
frailty. Cognitive and social factors for improv-
ing the prediction of frailty are a more recent
research focus (Buta et al. 2016). For example, a
US study among 6000 community-dwelling
elderly adults (65-95 years old) showed that
including cognitive impairment as a variable
improved the predictive validity of the opera-
tional definition of frailty (Avila-Funes et al.
2009). Another study conducted among 744 70
+ year old community-dwelling individuals
concluded that slow gait speed, low physical
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activity, weight loss, and cognitive impairment
were key indicators of frailty, but questioned the
usefulness of self-reported exhaustion and mus-
cle weakness (Rothman et al. 2008).

Collard et al. (2012) showed in their
meta-analysis that the differences in frailty
prevalence rates were less diverse when assess-
ments based on the physical frailty definition
were used compared with a broader definition
that also covers social and psychosocial aspects.
The smaller range of frailty rates in the first group
of studies might imply more consensus in the
definition of frailty between researchers or a
more reliable definition. The advantage is a better
comparability of studies. If a broad frailty defi-
nition is used, it appears to be very important to
examine separately the different aspects within
the respective frailty definition. This will provide
more information about who needs special care
in specific domains, but may also enhance the
understanding and disentangling of underlying
pathophysiological processes of frailty.

3.4.2 Differences Due to Different
Operationalizations
of the Single Components
of the Instrument

The Fried Frailty Score basically assesses slow
walking, weak grip strength, low physical activity,
exhaustion, and weight loss (Fried et al. 2001).
However, depending on the concrete assessment
of these five variables, the prevalence rate might
differ even though the same definition has been
used. This has been studied and discussed in the
SHARE study. Criteria used to define frailty in the
SHARE study were not identical to those used in
the Cardiovascular Health Study, except for
weakness, and may be less specific, leading to
higher estimates of the prevalence particularly for
exhaustion, which was common in the SHARE
population (Santos-Eggimann et al. 2009). In a
follow-up on this issue, Romero-Ortuno showed in
detail how the categorization of study participants
changed depending on how the five variables of the
Fried Frailty Score were defined (Romero-Ortuno
2013).
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3.4.3 Differences Due to Different
Settings

The prevalence rates differ substantially
depending on the setting where they have been
conducted. Prevalence rates are substantially
lower among community-dwelling individuals
compared with institutionalized individuals liv-
ing, e.g., in nursing homes. The review by
Nguyen revealed a prevalence of frailty of 49%
in institutionalized older patients in Brazil and
32% in hospitalized older patients in India. The
prevalence of frailty in outpatient clinics was 55—
71% in Brazil and 28% in Peru (Nguyen et al.
2015). As mentioned above, this may also differ
between countries or regions, depending, for
example, on whether older people are more likely
to stay at home or with family member rather
than living at nursery homes. This leads to lower
or higher proportions of frail elderly in the
community-dwelling population (Theou et al.
2013).

3.5 Risk Factors

A systematic review evaluated factors that were
either risk or protective factors for frailty (Feng
et al. 2017). In total, 23 longitudinal studies with
community-dwelling individuals 60+ years old
were included. Statistically significant associa-
tions with frailty were observed for sociodemo-
graphic factors (7/7 studies; this included older
age, ethnic background, neighbourhood, and
access to private insurance or Medicare), physi-
cal factors (5/6 studies; obesity and activities of
daily living functional status), biological factors
(5/7 studies; serum uric acid), lifestyle factors
(11/13 studies; higher Diet Quality Index Inter-
national score, higher fruit/vegetable consump-
tion and higher tertile of all measures of habitual
dietary resveratrol exposure), and psychological
factors (7/8 studies; depressive symptoms).
Many more factors have been analysed in these
studies, but most of them either did not turn out
to be significantly associated with frailty or were
examined in only a small number of studies
(Feng et al. 2017). The study among Australian
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aboriginal people clearly supports a multifacto-
rial aetiology, including on the one hand under-
lying chronic diseases and on the other hand
psychosocial stressors (Hyde et al. 2016).

Age and sex seem to be clearly associated
with frailty. In the meta-analysis by Collard
et al., the prevalence increased with age and was
higher in women (9.6%, 95% CI 9.2-10.0%)
than in men (5.2%, 95% CI 4.9-5.5%) (Fried
et al. 2001). In the SHARE survey, at all ages,
the mean frailty index was greater in women than
in men regardless of country. Every additional
year of age was associated with a 3.5 and 2.8%
higher mean frailty index in lower- and
higher-income countries, respectively (Theou
et al. 2013). The difference by sex and the
increase with age are seen in high- (Collard et al.
2012) as well as in low- and middle-income
countries (Siriwardhana et al. 2018). The preva-
lence of frailty is higher in women compared to
men because women have lower average
amounts of lean body mass and muscle strength
(Fried et al. 2001).

A systematic review and meta-analysis by
Verlaan et al. (2017) assessed the prevalence of
malnutrition and frailty among
community-dwelling elderly, the prevalence of
frailty ranged between 0% (a study in Taiwan)
and 36.6% (in a Lebanese study). Pooling data
from ten studies using comparable assessment
instruments, the authors observed that the
prevalence of physical frailty was higher among
those with less favourable nutritional status such
that 68.0% were frail in the malnourished group,
but only 11.9% in the well-nourished group (as
assessed using the Mini-Nutritional Assessment)
(Verlaan et al. 2017). However, vice versa, the
association was less clear. A prevalence rate of
malnutrition of 0.5% was observed in the robust
group and of 8.4% in the frail group.

3.5.1 Frailty Progression

So far, only few studies examined the progres-
sion of frailty. Most studies are cross-sectional in
nature and do not observe changes over time.
However, frailty is not a steady state. In a
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follow-up of the SHARE study that included
individuals 55+ years old, frailty worsened in
22.1% of the participants within two years after
the first assessment, remained stable in 61.8% of
the participants and improved in 16.1% (Etman
et al. 2012). The risk of worsening increased with
age and was statistically significantly higher in
individuals 65+ years old at baseline assessment,
in women and in individuals with low education.
It is interesting that participants from Southern
European countries (France, Italy and Greece)
had an increased risk of worsening at an earlier
age compared with those in Northern and middle
European countries (Sweden, Denmark, Ger-
many, the Netherlands, and Switzerland). Also,
although there was an overall higher risk among
women for worsening of symptoms compared
with men, no sex differences were found in
Northern European countries, whereas women
were at increased risk of worsening in frailty
state compared with men in Southern European
countries and in Belgium. A systematic review of
three studies concluded that studies on frailty
trajectories are rare and the results, as for
prevalence and incidence rates, highly heteroge-
neous and dependent on the population and the
setting (O’Caoimh et al. 2018).

3.6 Conclusion

In summary, frailty is widely spread in the
elderly population worldwide. Depending on the
instrument that was used to determine frailty, the
calculated prevalence will vary. Studies have
shown that prevalence rates are more comparable
when the physical frailty index as defined by
Fried and colleagues is used than a broader def-
inition that also covers social and psychosocial
aspects. However, not only the instrument used,
but also geographic variation has been observed
independent of the assessment instrument.
Prevalence rates in the community-dwelling
population tend to be higher in lower-income
countries compared with higher-income coun-
tries and one of the underlying reasons might be
that in lower-income countries fewer older, and
potentially frail, people live in nurseries than in
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higher-income countries. Contributing to differ-
ences between studies are different proportions of
men and women and different age distributions.
Other factors, such as nutritional status, depres-
sion, but also ethnic background, are important.
Few studies have, however, been conducted on
the progression of frailty. Although it has been
shown that frailty status of individuals may
improve, it is currently unclear who is more
likely to improve and why.
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Abstract

This chapter focuses on the epidemiology of
cardiovascular diseases in elderly adults who
are 65 or older. Risk factors for morbidity and
mortality, as well as variables associated with
disability and physical and social functional
decline in the elderly individuals are consid-
ered. Modifiable risk factors, such as life
habits are differentiated from unmodifiable
ones, such as age and sex. The chapter
concentrates in particular on the impact of
hypertension, dyslipidemia and diabetes on
cardiovascular diseases and mortality, as well
as the effect of cigarettes smoking, physical
activity, obesity and isolation on cardiovascu-
lar diseases and quality of life. The results
demonstrate that cardiovascular diseases are
not necessarily a consequence of aging;
instead, they are often linked to modifiable
risk factors. We can conclude that specific,
targeted prevention interventions should
preferably be implemented when individuals
are young, but they are also useful in the
elderly not only to prolong life but also to
improve their quality of life.
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4.1 Introduction

This chapter focuses on risk factors for morbid-
ity, disability and mortality in elderly adults, who
are defined here as individuals who are 65 and
older. Risk factors are usually defined as the
variables whose presence in an individual or in a
population raises the probability of death or of
developing a morbid condition with respect to
that in a risk-free individual/population. Geria-
tricians are generally interested in investigating
not only risk factors for death or disease but also
variables that predict disability and physical,
psychiatric and social functional decline in
elderly subjects. Thus, alongside classic factors
such as high blood pressure and malnutrition,
they are also concerned with variables that are
specific to elderly persons such as loneliness and
social isolation (Valtorta et al. 2018).

Risk factors are generally classified as modi-
fiable (life habits, environmental, etc.) or
unmodifiable (age, sex, familiarity). Modifiable
factors are considered critical as far as prevention
is concerned because specific, targeted interven-
tions may be able to attenuate the burden of risk.
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Skepticism about the utility of efforts made to
modify traditional cardiovascular risk factors
such as smoking, high blood pressure and
hypercholesterolemia in elderly adults has long
existed. Some doubts are based upon the con-
viction that it is impossible to change deeply
rooted habits and that hypertension and dyslipi-
demia are normal companions of old age (Pinto
2007; Streja and Streja 2017). There is, instead, a
large body of evidence demonstrating that
elderly individuals are often receptive to pre-
vention programs aiming to lower their morbid-
ity and mortality for some diseases (Morley and
Flaherty 2002). Although risk factors should
preferably be corrected or eliminated when sub-
jects are young or middle aged, some data indi-
cate that even elderly individuals can
successfully modify some risk factors.

The two categories of cardiovascular risk
factors that are considered in this chapter are:

(1) Risk factors for the most frequent causes of
disability and of death in elderly adults, such
as coronary artery and cardiovascular
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(2) Risk factors for conditions such as iatrogenic
illnesses, poverty or isolation that can affect
an elderly person’s quality of life.

4.2 Cardiovascular Disease

One of the most frequent causes leading to the
hospitalization and at times to the death of elderly
adults is ischemic heart disease. Figure 4.1
illustrates mortality rates of some age groups of
the Italian population. As can be seen, mortality
rates are higher in males compared to females, but
there is a net increase in the rates of both sexes
for the oldest age groups (Health for All (HFA)
2017). Coronary artery disease should not, how-
ever, be considered an inevitable consequence of
aging. Autopsy reports on even very elderly
subjects frequently, in fact, contain descriptions
of normal heart valves and heart dimensions and
coronary arteries without arterial plaque
buildup. As shown in Table 4.1, over the past
25 years ischemic heart disease death rates in
Italy have fallen by 26% in males over 75 and by
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Fig. 4.1 Age-standardized death rates for ischemic heart disease in Italy, 2015
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Table 4.1 Standardized mortality rates of ischemic heart disease in Italy between 1990 and 2015
Period Standardized mortality rates (x10,000)
45-54 years 55-64 65-74 75+ 45-54 years 55-64 65-74 75+
Males Females
1990 6.80 21.77 51.67 136.19 1.11 5.03 19.75 99.89
1991 7.14 21.53 52.46 142.02 1.16 4.78 18.71 102.95
1992 7.00 19.96 49.86 137.84 1.07 4.46 18.25 101.52
1993 6.50 19.26 50.80 142.57 1.02 4.23 18.46 106.47
1994 6.25 18.47 49.52 144.75 1.03 4.17 18.88 107.37
1995 5.65 17.33 49.17 149.16 1.00 4.09 18.15 110.44
1996 5.47 16.44 47.14 145.27 0.96 3.66 17.25 107.36
1997 5.51 15.61 44.78 141.74 0.97 3.44 16.47 106.71
1998 5.52 15.55 44.53 142.79 0.85 3.68 15.87 107.82
1999 4.73 14.70 40.70 135.86 0.82 322 14.98 102.98
2000 491 13.35 37.38 130.86 0.75 3.15 13.76 99.31
2001 4.51 12.44 35.45 129.33 0.78 293 12.98 95.48
2002 443 12.16 35.03 132.41 0.77 2.83 12.34 97.94
2003 4.24 12.37 34.02 139.41 0.68 2.78 12.56 108.95
2004 4.02 11.03 31.08 127.69 0.74 2.50 11.06 95.96
2005 3.80 10.79 29.90 130.08 0.64 2.45 10.73 99.64
2006 3.60 10.06 26.80 120.22 0.61 2.41 9.54 92.33
2007 3.41 9.40 25.18 119.10 0.64 224 9.16 92.56
2008 3.31 9.81 24.40 118.08 0.62 2.09 8.34 91.48
2009 3.09 9.12 22.89 114.53 0.55 2.14 8.25 87.52
2010 3.08 8.81 22.46 110.43 0.59 1.86 7.44 83.94
2011 2.86 9.04 22.16 111.24 0.57 1.99 7.49 87.33
2012 2.69 8.49 21.55 111.94 0.50 2.10 7.22 87.02
2013 2.70 8.00 20.18 104.52 0.49 1.71 6.94 79.65
2014 2.45 7.26 18.95 99.05 0.56 1.77 6.35 75.68
2015 2.66 7.79 19.30 100.40 0.44 1.80 6.22 78.96

Source the December 2017 version of the HFA Database, https://www.istat.it/it/archivio/14562

60% in males between 45 and 74 (Health for All
(HFA) 2017). The marked reduction in mortality
rates found in the elderly segment of the popu-
lation confirms that the disease is at least in part
preventable.

4.2.1 Hypertension

Although it is commonly thought that blood
pressure invariably rises with age, high blood

pressure is neither inevitable nor innocuous in
elderly persons. Increases in blood pressure in
elderly adults are for the most part caused by
arterial wall stiffness that naturally occurs as
individuals age. Historically, while this pattern
was often found in individuals living in indus-
trialized countries, it was a less frequent finding
in some primitive, isolated populations (Mad-
docks 1976) and longitudinal studies did not
uncover any increase in the systolic/diastolic
pressure in a community of healthy, non-
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institutionalized elderly persons. High blood
pressure is not a normal phenomenon linked to
aging (Mueller et al. 2018); it represents instead a
pathological process that can be prevented and
treated in the elderly person just as in the rest of
the population.

The prevalence of high blood pressure (de-
fined as systolic blood pressure values
>140 mmHg and diastolic >90 mmHg) is fre-
quently quite elevated in high-income countries,
ranging between 41 and 77.5% in persons over
60 with respect to 4.3 and 19.7% in persons
younger than 30 (Mills et al. 2016).

The Framingham Study (Franklin and Wong
2013) reported that individuals over 65 whose
systolic pressure was over 180 mmHg had a 4-5
times greater risk of coronary artery disease with
respect to those whose blood pressure was lower
than 120 mmHg. Individuals whose diastolic
blood pressure was higher than 105 mmHg pre-
sented a mortality risk that was 3—4 times higher
with respect to that in individuals with values
inferior to 75 mmHg. The study also showed that
the risk of coronary artery disease was twice as
high in elderly adults with high blood pressure
with respect to younger adults with high blood
pressure, both for males and females. It has also
been demonstrated that elderly patients with
hypertension have a higher prevalence of
myocardial infarction with respect to their
normal-blood-pressure counterparts (Lloyd-Jones
et al. 2009).

Treatments with antihypertensive medication
significantly reduce stroke, cardiovascular
events, and mortality in older adults (Beckett
et al. 2011). In particular, the Hypertension in the
Very Elderly Trial (HYVET) (Warwick et al.
2015) demonstrated that the antihypertensive
treatment could be beneficial also when started
after 80 years of age. Findings from the SPRINT
trial, moreover, demonstrated that lowering
standard blood pressure (SBP) to <130 mmHg in
adults 75 or older with high CV risk led to lower
rates of fatal and nonfatal major cardiovascular
events and all-cause mortality (Wright et al.
2015).
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4.2.2 Lipids and Lipoproteins

The concentration of plasma cholesterol increa-
ses with age from puberty until 45 to 55 years of
age in men and tend to stabilize when they are in
their 60 s. In women, cholesterol increases until
ten years later and stabilization takes place in
women who are in their 70 s. The low-density
lipoproteins (LDL), considered the atherogenic
lipoproteins, tend, in particular, to diminish after
70 (Félix-Redondo et al. 2013). The decline can
be due to a decrease in LDL synthesis due to
decreased liver function, but also to a selective
survival in older adults with lower levels. HDL,
which is considered the protective component,
fluctuate less than LDL, especially in men
(Félix-Redondo et al. 2013).

It has been hypothesized that a lower preva-
lence of dyslipidemia in very elderly adults could
be due to a variety of factors, such as (Lind et al.
2018):

(1) the selective survival of individuals with
normal blood values. According to this the-
ory, those persons with hyperlipidemia died
at an earlier age, and this would explain the
low prevalence of dyslipidemia in the elderly
group.

a cohort effect: persons born at an earlier date
could have been exposed to fewer risk fac-
tors such as diets containing large quantities
of saturated fats with respect to individuals
born at a later date.

the awareness to decrease fat intake in the
population in more recent years.

(@)

(©)

According to a review by Félix-Redondo et al.
(2013), the prevalence of hypercholesterolemia
in elderly adults, considering a cut-off of
240 mg/dl for total cholesterol, ranged from 10%
in Thailand to more than 50% in England, and
was generally higher in Western countries.

Several studies have reported that hyperc-
holesterolemia continues to be a cardiovascular
risk factor even in individuals over 65 (Shan-
mugasundaram et al. 2010). A meta-analysis
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published in 2004 uncovered a positive associa-
tion between hypercholesterolemia and CHD
morbidity and mortality in men, but not in
women, over 65 years, while for persons aged
80 years or more, an inverse relationship of
serum total cholesterol with all-cause mortality
was observed (Anum and Adera 2004). The
Rotterdam Study found that higher total choles-
terol was associated with lower mortality for
non-cardiovascular causes in older adults aged
65 years or more, with an inverse association
increasing with the increase in age (Newson et al.
2011).

While the association of LDL cholesterol and
cardiovascular morbidity and mortality seems to
be attenuated at older age, a strong association of
HDL cholesterol and outcomes was observed at
older age (Odden et al. 2014). In the Uppsala
Longitudinal Study of Adult Men (ULSAM),
during a follow-up of 40 years LDL cholesterol
remained a strong risk factor for myocardial
infarction, and became significant at older ages
also for ischemic stroke; HDL-cholesterol
seemed to be protective mainly at middle ages
(Lind et al. 2018).

Current recommendations from the National
Cholesterol Education Program Adult Treatment
Panel (NCEP ATP-III) are for treatment of LDL
cholesterol to values <100 mg/dl for patients
with known CHD or CHD risk equivalents such
as diabetes mellitus (Expert Panel 2001). Con-
sidering that the causes of dyslipidemia may be
linked to lifestyles, placing patients on an
appropriate diet should be considered the first
step in preventing and treating hypercholes-
terolemia (Félix-Redondo et al. 2013).

4.2.3 Diabetes

Type 2 Diabetes is a risk factor for cardiovas-
cular morbidity and mortality in the elderly
population. Even though the association between
coronary disease and diabetes is not as strong in
older with respect to younger populations, it is an
important risk factor for congestive heart failure,
especially in women, as well as for peripheral
arterial disease and claudication (Dhingra and
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Vasan 2011; Rhee and Kim 2015). The mortality
for cardiovascular morbidity is four times higher
in diabetic than in non-diabetic women (Collins
et al. 2016). Contributors to cardiovascular risk
in diabetes include hyperglycemia, dyslipidemia,
obesity, insulin resistance, inflammation and
hypertension (Halter et al. 2014).

There is however little evidence that lowering
blood glucose levels by prescribing insulin or
oral anti-diabetic drugs affects the development
of cardiovascular complications or mortality. But
given the high prevalence of risk factors associ-
ated to diabetes, it seems essential in any case to
monitor blood glucose levels and to treat con-
comitant risk factors (Yakaryilmaz and Oztiirk
2017).

4.24 Cigarette Smoking

The causal relationship between smoking and
cardiovascular morbidity and mortality has been
amply investigated and confirmed in young
adults, but despite being a relevant modifiable
risk factor, few prospective studies investigated
the effect of cigarettes smoking on cardiovascular
outcomes at advanced age (Gellert et al. 2013).
These studies suggest that even in later life,
smoking is a risk factor for cardiovascular deaths
and disease, and that smoking cessation could
still be beneficial.

The influence of cigarette smoking on car-
diovascular morbidity is mediated by different
pathophysiological pathways, including vaso-
motor dysfunction, inflammation, and smooth
muscle proliferation (Ambrose and Barua 2004).

A meta-analysis by Mons et al. (2015) con-
sidering persons aged 60 years and older, evi-
denced that cigarettes smoking was strongly
associated with acute coronary events, stroke,
and cardiovascular deaths. The hazard of car-
diovascular mortality was double among smok-
ers with respect to never smokers, with an excess
risk increasing with higher levels of cigarette
consumption. These data confirm that it is
important to convince elderly smokers to give up
smoking and that it is possible to change habits
even at an elderly age.
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4.2.5 Physical Activity

The idea that physical activity has beneficial
effects on several health conditions (cardiovas-
cular pathology, osteoporosis and obesity, etc.)
has been widely accepted, and a decline in
physical activity has been demonstrated to lead
to increased risk of cardiovascular, cerebrovas-
cular and coronary heart diseases (Iijima et al.
2012). Unfortunately, recent reports dealt with
middle-aged populations and little is known
about the correlation between physical activity
and cardiovascular events in elderly persons.

The positive effect of physical activity on
cardiovascular disease could be attributed to a
direct action on the cardiovascular system or to
an indirect one on specific risk factors. It has
already been established, for example, that
physical activity is inversely associated to blood
cholesterol levels and to blood pressure values in
the elderly and it is directly associated to glucose
tolerance, to insulin resistance, and to neu-
ropsychological performance. It has also been
reported that physical activity has a positive
effect on pulmonary ventilation and oxygenation
(Fiogbé¢ et al. 2017).

4.2.6 Obesity

Most agree that there is a positive association
between overweight/obesity and cardiovascular
risk in young adults (Ebbert et al. 2014). But an
association between these factors in elderly
adults continues to be a controversial issue
(Maggi et al. 2015). According to data from the
Framingham study, the cardiovascular mortality
risk was higher in both the overweight and obese
individuals in both sexes. The mortality of indi-
viduals with a high body mass index (BMI)
(above the 70th percentile) was found to be
100% higher in the women and 40% higher in
the men with respect to that in individuals whose
weight fell between the 30-49th percentile (Long
and Fox 2016). Recent studies have shown that
the relationship between BMI and cardiovascular
morbidity and mortality in elderly subjects can
be expressed in the form of a U-shaped curve,
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suggesting that unilateral interventions in weight
reduction in the elderly may be inappropriate
(Wu et al. 2014).

Environmental factors are likely to be major
contributors to the current obesity epidemic,
together with biological predisposition. It is cer-
tain that obesity develops when there is a positive
imbalance between energy intake and energy
expenditure, but the relative contribution of these
factors is poorly understood. Evidence supports
the contribution of both excess energy intake and
decreased energy expenditure in determining
obesity. With regard to diet, it has been exten-
sively demonstrated that healthy dietary patterns,
such as the Mediterranean diet, have a positive
impact not only in preventing obesity at any age,
but also preventing CVD in the aged individuals
(Boccardi et al. 2018).

4.3 Isolation and Poverty

The lack of social and familial support systems is
considered a risk factor for morbidity and mor-
tality for elderly persons. Elderly widows and
widowers have, in fact, a higher morbidity and
mortality with respect to elderly persons who are
living with their husband/wife; this has been
explained by the state of isolation in which these
individuals find themselves or by the stress that
accompanies a period of mourning (Brenn and
Ytterstad 2016).

According to the Alameda County Study,
elderly individuals with few social contacts are
twice as likely to die with respect to those who
are still in touch with friends and relatives (Pat-
terson and Veenstra 2010). This association is
generally explained by the fact that social ties
promote physical activity, improve psychological
status, provide an essential support during ill-
ness, and all of these help individuals regain their
health.

Likewise poverty, in particular changes in an
individual’s social-economic status (SES), which
refers to education, income, occupation, living
conditions, income, and other aspects that may
be linked to retirement, are associated to higher
mortality and morbidity. Several studies have
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reported an inverse association between SES and
CVD mortality, independently from several CVD
risk factors and from access to health care. Fac-
tors such as stress levels, the presence of negative
psychosocial factors and less access to medical
care may also explain the relationship between
low SES and CVD (Carrino et al. 2018).

Given the importance of socio-economic
conditions on the quality of life of all individu-
als and thus also of elderly adults, they need to be
considered when prevention interventions to
promote physical and psychological health are
being planned.

4.3.1 Cerebrovascular Diseases
Cerebrovascular diseases, which represent the
second leading cause of death globally, include
ischemic and hemorrhagic stroke and transient
ischemic attacks (Tang et al. 2014).

Figure 4.2 shows the standardized mortality
rates for cerebrovascular diseases in the Italian
population (Health for All (HFA) 2017). Just as
for ischemic heart disease, in Italy, mortality is
higher in the males with respect to the females
with the exception of individuals 75 and over and
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there is a net increase in mortality as people age.
Although the mortality rate has fallen over the
last 30 years, strokes are the third cause of death
in elderly populations. As can be seen in
Table 4.2, there has been a 50% decline in
mortality over the last quarter century in males in
Italy over 75 and a 69% decline in males falling
into the 65-74 age group. There has been a 42%
decline in women 75 and over and a 70% decline
in the 65-74 age group.

The risk factors are, for the most part, the
same as those for cardiovascular disorders, or in
other words, hypertension, diabetes, hyperc-
holesterolemia, obesity and smoking (O’Donnell
et al. 2016). Some risk factors such as dietary
habits, poor physical function, and substance
abuse are modifiable (Jauch et al. 2013).

Data from the INTERSTROKE  study,
demonstrated that ten potentially modifiable risk
factors, including hypertension, waist-to-hip
ration, diet, physical activity, diabetes and alco-
hol intake, were associated with 90% of the
population attributable risk of acute stroke and
intracerebral hemorrhage in each major region of
the world, in ethnic groups, in men and women,
and in different age group including persons aged
55 years or more (O’Donnell et al. 2016).

80
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Fig. 4.2 Standardized Mortality rates for cerebrovascular disorders in the Italian population, 2015
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Table 4.2 Mortality rates due to cerebrovascular disorders in the Italian population between 1990 and 2015

Period Standardized mortality rates (x10,000)
45-54 years 55-64 65-74 75+ 45-54 years 55-64 65-74 75+
Males Females

1990 2.29 8.04 28.90 152.44 1.38 4.38 19.08 145.54
1991 2.24 7.81 27.72 159.70 1.51 4.29 17.69 148.08
1992 2.17 7.63 26.58 151.57 1.30 3.87 17.01 147.37
1993 2.14 6.46 26.01 159.23 1.24 3.83 16.97 151.87
1994 1.81 6.47 259 156.39 1.22 3.57 17.03 153.22
1995 1.80 6.01 23.54 144.17 1.19 3.24 15.58 140.33
1996 1.60 5.35 22.78 134.96 1.15 32 14.31 132.17
1997 1.61 533 22.28 134.29 1.09 2.86 13.90 131.53
1998 1.58 5.32 21.73 133.90 1.17 2.78 13.94 130.52
1999 1.55 4.77 20.39 122.58 0.95 2.62 12.29 122.61
2000 1.51 4.61 19.48 119.92 0.98 2.45 11.63 118.87
2001 1.47 4.45 17.57 113.45 0.99 2.32 10.78 112.81
2002 1.38 4.05 16.71 112.35 0.94 2.40 10.1 110.91
2003 1.33 4.16 16.19 113.14 0.78 2.08 10.12 115.08
2004 1.08 3.40 14.66 95.71 0.79 1.78 8.55 96.82
2005 1.03 3.39 13.65 98.24 0.71 1.79 8.25 99.17
2006 1.05 3.27 12.75 92.11 0.73 1.76 7.77 94.53
2007 1.06 3.02 11.93 90.13 0.60 1.73 7.40 94.76
2008 0.97 3.12 12.18 92.30 0.75 1.60 7.46 95.11
2009 0.94 3.09 11.80 88.47 0.68 1.56 7.10 93.90
2010 0.94 2.78 11.11 83.53 0.63 1.53 6.37 88.52
2011 0.92 2.86 10.35 82.11 0.69 1.63 6.36 87.24
2012 0.83 2.68 10.16 81.28 0.62 1.63 6.36 88.34
2013 0.80 2.53 9.46 75.81 0.57 1.50 5.79 81.62
2014 0.91 2.46 8.87 71.09 0.61 1.53 5.76 77.97
2015 0.88 2.63 9.08 75.03 0.59 1.30 5.78 83.59

Source December 2017 version of the HFA Database, https://www.istat.it/it/archivio/14562

Treating hypertension can undoubtedly be
considered an efficacious preventive measure for
cerebrovascular disease, and a significant reduc-
tion in cerebrovascular disorders has, in fact,
been found in elderly subjects who are receiving
treatment for high blood pressure (Rubio-Guerra
and Duran-Salgado 2015; Castilla-Guerra et al.
2012).

4.4 Conclusion

This chapter presents epidemiological data on
some risk factors for morbidity and mortality in
the elderly population. Good health status clearly
does not depend on biological factors alone but is
also linked to socio-economic aspects. The
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results outlined here are encouraging because
they show that morbidity is not necessarily a
consequence of aging but is due to specific, often
modifiable risk factors.

It seems clear then that primary and secondary
prevention interventions should be implemented
not only to prolong life but to improve quality of
life and to reduce morbidity and physical and
social dependence.
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Abstract

Cardiovascular disease burden increases with
the increasing age of populations. Also, with
increasing longevity, some individuals are
ageing along an unfavourable path developing
frailty syndrome. Epidemiologic studies indi-
cate that frailty is overrepresented among the
persons with cardiovascular disease. On the
other hand, frail subjects tend to be burdened
with cardiovascular disease to a greater degree
than their biologically better-off peers. Hyper-
tension, diabetes, and obesity, especially
abdominal, and at least some other risk factors
appear to be shared between frailty and
cardiovascular disease. The probable common
underlying pathophysiologic feature is inflam-
mation and associated phenomena, possibly
having its root in the inflammageing. We
discuss these issues based on the results of
original studies, comprehensive literature
reviews, and metaanalyses, by hundreds of
dedicated researchers worldwide.
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5.1 Introduction

The burden of cardiovascular disease increases
with advancing age. For all entities from hyper-
tension and cardiovascular risk factors to heart
failure, cardiovascular events and cardiovascular
mortality, the current estimates indicate a steady
increase with advancing age (Vasan et al. 2002a,
b; GBD 2017 Disease and Injury Incidence and
Prevalence Collaborators 2018). At the same
time, ageing process is far from being homoge-
nous in all individuals, which bears heavily upon
quality of life, morbidity and survival. Poorer
physiologic profile, including lower eGFR, low
albumin, low sodium, greater white blood cell
count, decreased FEV1 has been traced to
pre-frailty and frailty phenotypes defined
according to Fried criteria (Ramsay et al. 2015).
The data from the United States indicate, that
while a person at the age of 80 years would on
average have eight years to live, the actual sur-
vival strongly depends upon the patient’s func-
tional status, which in turn is the function of a
trajectory of ageing process and the presence of
multimorbidity. According to data published by
Studenski et al., such ‘average’ 80 years old
male subject walks at a speed of 1.1 m/s. If the
walking speed is greater by 0.5 m/s then the
prospected survival grows to little under
15 years, whereas it falls to under 5 years when
walking speed is 0.2 m/s on average (Studenski
et al. 2011). Likewise, the walking speed has
been associated in a similarly reverse fashion

39

N. Veronese (ed.), Frailty and Cardiovascular Diseases, Advances in Experimental
Medicine and Biology 1216, https://doi.org/10.1007/978-3-030-33330-0_5

®

Check for
updates


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-33330-0_5&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-33330-0_5&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-33330-0_5&amp;domain=pdf
mailto:jerzy.gasowski@uj.edu.pl
https://doi.org/10.1007/978-3-030-33330-0_5

40

with risk of complications of cardiovascular
surgery in older persons (Afilalo et al. 2016).
This is underpinning the importance of all
potential pathologies, acting in a nonspecific
way, and their interaction with ageing process to
produce functional decline and at the same time
to limit survival. The speedier, more aggressive
ageing process which induces more pronounced
homeostenosis often leads to frailty. The phe-
notypic feature of frailty and at least some of the
cardiovascular disease overlap. Among these,
loss of muscle mass and function (sarcopenia),
fatigue, or smouldering inflammation come to the
fore. Another important, possibly shared, aspect
of frailty and cardiovascular disease is cognitive
impairment. The question however remains
whether the factors implicit in the cardiovascular
disease on one hand, and frailty on the other hand
overlap. The reports from the INTERHEART
and INTERSTROKE studies traced approxi-
mately 90% of the variability in cardiovascular
risk to 10, classic risk factors (Yusuf et al. 2004,
O’Donnell et al. 2010). The American Heart
Association launched its Live’s Simple 7, aiming
at increasing awareness of more appropriate diet
(‘eat better’), battling against physical inactivity
(‘get active’), maintaining appropriate weight
(‘lose weight’), not smoking (‘quit smoking’),
good metabolic control (‘reduce blood sugar’,
‘control cholesterol’), and having appropriate
blood pressure (‘manage blood pressure’)
(American Heart Association 2019). However,
whether these factors would equally explain risk
of frailty, and in consequence whether battling
them will translate into less frailty has not been
fully elucidated.

5.2 Frailty and Cardiovascular
Disease. A Reciprocal Relation

Numerous studies and several meta-analyses
addressed the issue of cardiovascular disease in
the context of frailty. Wong et al., in 5,618 par-
ticipants in the Irish Longitudinal Study on Ageing
(TILDA), cross-sectionally addressed the relation
between the Systematic Coronary Risk Evaluation
(SCORE), Ideal Cardiovascular Health (ICH) ,
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and Cardiovascular Health Metrics (CHM), and
the 40-item frailty index. They found a linear
relation between SCORE and frailty index. The
odds ratio for frailty associated with SCORE
indicative of very high risk vs. low-to-moderate
was 3.18. Likewise, the poor health indicator vs.
good health, based on ICH, had odds ratio for
frailty of 3.45 (Wong et al. 2018). Veronese et al.
combined data from 10 cross-sectional studies. He
found that both pre-frailty and frailty was associ-
ated with higher odds ratios for the concomitant
cardiovascular disease. The analysis of six longi-
tudinal studies demonstrated that pre-frailty was
associated with 23% greater risk of CVD, whereas
frailty was associated with 70% greater risk of
CVD. Concordant results were obtained for mor-
tality (Veronese et al. 2017a, b). This analysis
expanded earlier data from the same group, which
indicated that prefrailty defined as fulfilment of
up-to two out of five modified Fried criteria was
associated in a dose-dependent fashion with
greater risk (by 25% for 1 criterion and by 79% for
2 criteria) of CVD (Sergi et al. 2015). Discordant
results were demonstrated by Aguayo et al. Based
on data of 5294 participants in English Longitu-
dinal Study of Ageing (ELSA) , who were fol-
lowed for 7 years, Aguayo et al. checked the
performance of 35 frailty scores in prediction of
cardiovascular disease, cancer and total mortality.
The Authors assessed the relative hazard rates of
defined outcome measures associated with the
frailty scores on a continuous scale. For all out-
comes, they found inconsistent results across the
scores, with progressive adjustment blunting the
statistical significance. The addition of frailty
scores on top of age and sex significantly improved
the c statistic for all-cause mortality by 0.6-3.1%,
however, there was no improvement for the
prediction of cardiovascular disease (the age-and-
sex-based score C-statistic 0.70) or cancer events
(the age-and-sex-based score C-statistic 0.60).
This work raises important question as to the
practical validity of frailty indexes used in that
study in recognizing patients at a greater risk of
adverse cardiovascular outcome. Of note the
analysis included all major and clinically used
indices including the Fried, Rockwood, SPPB, and
the 40-item frailty score (Aguayo et al. 2018).
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5.3 Cardiovascular Risk Factors
and Risk of Frailty

The report from the UK Biobank study
(n = 421,000), showed an incremental,
dose-dependent relationship between Cardiovas-
cular Risk Score and the increase in risk of frailty
as assessed based on Rockwood visual or Fried
phenotypic scales (Atkins et al. 2019).

5.3.1 Hypertension

Hypertension is the most important modifiable
risk factor of cardiovascular disease. The preva-
lence of hypertension increases sharply with age,
to the effect that the remaining lifetime risk of
becoming hypertensive after reaching the age of
55 years is 90% (Vasan et al. 2002a, b; Messerli
et al. 2007). Isolated systolic hypertension is the
most prevalent form of primary hypertension in
the elderly and is associated with higher mor-
bidity and mortality, which is in part associated
with higher pulse pressure (Staessen et al. 2000;
Gasowski et al. 2002), and Pulse Wave Velocity
(PWYV) (Zhong et al. 2018). The cross-sectional
analysis of data from Framingham Heart Study
indicated that PWV increases from robust to
pre-frail to frail older persons, which may help
linking frailty with increased cardiovascular risk
(Orkaby et al. 2019). In the past, it was found
that higher levels of blood pressure in midlife
translate to greater risk of developing cognitive
impairment (Launer et al. 1995). Although,
individuals with clinically overt dementia often
tend to have lower blood pressures when com-
pared to people free from dementia, when traced
back in time, their blood pressures tend to be
significantly higher (Skoog et al. 1996). This
clinical observation was paralleled by the mag-
netic resonance data concerning white matter
lesions (Korf et al. 2004). Previously we found
that subclinical changes in mood and cognition
are associated with poorer blood pressure control
in a nationwide cohort of older, ambulatory
hypertensives (Piotrowicz et al. 2016). Depres-
sion and other psychosocial factors have been
established as cardiovascular risk factors (Yusuf
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et al. 2004; O’Donnell et al. 2010). Likewise, the
older patients with Post Traumatic Stress Disor-
der (PTSD) as a result deportations to Siberia
during WW?2 have been traced to higher cardio-
vascular risk estimated by greater Pulse Wave
Velocity (Walczewska et al. 2011). In a similar
group of patients with PTSD, who had high
prevalence of depression (73.5%), the prevalence
of frailty was also high and amounted 39.7%, and
42% had coronary artery disease. In the same
cohort the prevalence of multimorbidity was
91.3% (Piotrowicz et al. 2018). Overall, the
prevalence of hypertension in frail persons has
recently been estimated in a large meta-analysis
by Vetrano et al., at 72%, and the prevalence of
frailty among hypertensive patients at 14%
(Vetrano et al. 2018). On the other hand, putting
the categorical diagnosis of hypertension aside,
most data tend to indicate that frail people with
advanced age tend to have significantly lower
values of blood pressure (Ravindrarajah et al.
2017; Basile et al. 2017), which is in line with
the data for association between blood pressure
and cognition, and may indicate that hyperten-
sion may play a role at earlier stages, before the
path of ageing differentiates between frail and
robust. Indeed, when developed, frailty tends to
have more weight on poor survival, than hyper-
tension per se. In short, a 70-year-old frail
male individual has 0.1-1.8 years to live, and
female individual of similar age 0.4-5.5 years
(Romero-Ortuno et al. 2014). An observation by
Gijon-Conde et al. makes it possible to unify low
blood pressure, frailty and increased mortality. In
a cross-sectional analysis of 1047 Spanish sub-
jects >60 years of age, she found frailty (6%) and
disability (8.1%) to be associated with respec-
tively 3.5 and 2.5 mmHg lower daytime, 3.6 and
2.7 mmHg higher night-time SBP, resulting in
3.3 and 2.5% less night-time dipping of SBP,
respectively (all p < 0.02) (Romero-Ortuno et al.
2014).

5.3.2 Measures of Adiposity

The relation between various measures of adi-
pose tissue and cardiovascular disease has been
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well documented (Lahey and Khan 2018). From
Body Mass Index (BMI) (Lavie et al. 2009),
through measures of central obesity (Pischon
et al. 2008), through changes in BMI (Bangalore
et al. 2017). De Stefani et al., performed a
meta-analysis of 5 studies which in total included
178,644 persons. The authors analysed the role
of unintentional weight loss in the development
of combined cardiovascular events (MACE) or
death. In general, the unintentional weight vs.
stable weight increased mortality by 38% and
non-significantly tended to incidence MACE by
17%. The effect was more pronounced in older
persons (81% greater risk of death with weight
loss) and persons with comorbidity (38% greater
risk upon weight loss) (Bangalore et al. 2017). Of
note, and in line with finding by Bangalore et al.
(Bangalore et al. 2017), the higher mortality
associated with unintentional weight loss was
also observed in overweight/obese patients (11%
greater risk of mortality with weight loss) (De
Stefani et al. 2018). This is despite of the fact that
some, mainly cross-sectional analyses find
increased BMI to be associated with higher
frailty scores (Wong et al. 2018).

The NHANES data for 1999-2004 indicate
that the mean (SD) BMI was higher in frail (30.7
(0.49) kg/mz), as compared to pre-frail (28.3
(0.18) kg/m?) and robust (27.8 (0.12) kg/m?).
Similar trend was observed for waist circumfer-
ence from 99.5 cm in robust to 104.7 cm in frail
(p < 0.001). The total body fat was following the
BMI and waist circumference, resulting in frail
persons having total body fat of 40.0% compared
to 38.3% in pre-frail and 35.9 in robust individ-
uals (p < 0.001), indicating potential input of
obese sarcopenia in this representative sample of
US subjects (Crow et al. 2019). These results are
in line with earlier reports mainly from European
studies. In a study based on data of over 1.4
million individuals, a U-shaped relationship was
found between total mortality and BMI, irre-
spective of age. Of note, the nadir of the rela-
tionship was between the BMI of 18.5 and
24.9 km/m* for the group aged 20-49 years,
20.0 and 24.0 km/m*> for those aged 50—
59 years, 20.0-27.4 km/m? for the groups aged
60-79 and 80-84 years (Berrington de Gonzalez

K. Piotrowicz and J. Gasowski

et al. 2010). Hubbard et al. based on ELSA
cohort of 3,055 individuals aged 65 years or
more demonstrated similar, U-shaped relation
between BMI and frailty, defined according to
Fried and Rockwood criteria. Using both criteria
for frailty syndrome, lowest prevalence of frailty
was found for BMI between 25 and 29.9 kg/m?
(Hubbard et al. 2010). Indeed, metabolic syn-
drome and higher levels of leptin are associated
with higher prevalence of frailty (Hubbard et al.
2010; Lana et al. 2017).

5.3.3 Smoking

Non-smoking has recently been associated with
close to 30% better physical performance in
7,746 with mean age of 55.5 (14.9) years (Landi
et al. 2018). In several analyses smoking was
cross-sectionally associated with pre-frailty and
frailty. The report from the UK Biobank study,
performed in individuals aged 37-73 years
showed that past smoking was associated with
5% greater risk of pre-frailty and 7% greater risk
of frailty. Current smoking was associated with
42% greater risk of pre-frailty and 247% greater
risk of frailty (Hanlon et al. 2018). In a cohort of
older British men aged 79-92 years, smoking
was associated with 17.6% greater risk of pre-
frailty and 54% greater risk of frailty (Hanlon
et al. 2018). On the other hand, neither the Age,
Gene/Environment  Susceptibility  (AGES)
Reykjavik Study with a median follow up of
8.7 years where 3,818 persons aged over
65 years (Veronese et al. 2017a, b), nor the
English Longitudinal Study of Ageing (ELSA)
which followed for four years 1,726 men and
women aged between 60 and 90 years (Gale
et al. 2014), did not prospectively confirm this
relationship.

5.3.4 Dyslipidemia

In a previously mentioned study by Landi et al.,
total cholesterol below 5.18 mmol/l, is associated
with borderline 17% less risk of poor physical
performance defined as the ability to perform 5
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unsupported chair-stands within 7.75 s for
women and 7.43 s for men (Landi et al. 2018).
The data for the cross-sectional association
between lipid profile constituents and pre-frailty
and frailty turn out to be inconsistent. In a
baseline data analysis by Veronese et al., HDL
concentration was borderline significantly greater
in persons with pre-frailty (61.7 mg/dl) versus
non-frail individuals (58.1 mg/dl, p = 0.04)
(Sergi et al. 2015). However, the ELSA study did
not report differences in total cholesterol or HDL
between frail and non-frail persons (Gale et al.
2014). The data from the British male cohort
indicate that pre-frailty and frailty are associated
with higher odds of low HDL and high LDL
concentration, although the latter association in
the entire studied group was not observed in
individuals without concomitant cardiovascular
disease (Ramsay et al. 2015). In the Reykjavik
Study (AGES), HDL and LDL were marginally
lower and triglycerides marginally higher in frail
versus non-frail persons. Of note, in this study
the two groups did not differ in the intake of
lipid-lowering medications. Importantly, in this
study, a higher percentage of people affected
with frailty had metabolic syndrome (37% vs.
28.4%, p < 0.0001) (Veronese et al. 2017a, b).

5.3.5 Diabetes

Diabetes is listed by the European Society of
Cardiology (ESC) among the 7 current main
targets and goals of the CVD prevention (Piepoli
et al. 2016). It accounts for 9.9% population
attributable risk (PAR) for coronary heart disease
in the international, worldwide, case-control
INTERHEART Study (52 countries represent-
ing all populated continents, 27,098 participants),
and respectively for the PAR of 5% for the
association of all stroke in the INTERSTROKE
Study (22 countries, 3000 participants) (Yusuf
et al. 2004; O’Donnell et al. 2010). Following the
numbers discussed in the 2018 joint guidelines of
the European Association for the Study of Dia-
betes (EASAD) and the American Diabetes
Association (ADA) on management of hyper-
glycemia in patients with diabetes type 2, more
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than one third of the US population aged
65 years and more, suffers from mostly type 2
diabetes. Additional 50% meets the laboratory
criteria for pre-diabetes (Menke et al. 2015;
Davies et al. 2018). The prevalence of diabetes in
frail and pre-frail subjects differs significantly
(Veronese et al. 2017a), and for the community
dwelling frail subjects ranges from 11% in the
US (Khan et al. 2013), 15% in France (the Three
City Study) (Avila-Funes et al. 2014), 19% in
Italy (Sergi et al. 2015) to 26% in the FIBRA
Brazil study (Moreira and Lourengo 2013), 27%
in the UK (Ramsay et al. 2015), but also in the
US (Eichholzer et al. 2012), and 29% in Taiwan
(Lin et al. 2015). For in-hospital frail patients
with acute coronary syndrome, diabetes was
reported in up to 46% of them (Sanchis et al.
2014), but also in 37% of those burdened with
atrial fibrillation (Polidoro et al. 2013). However,
the presented results are discordant. Indeed,
Ramsay and colleagues in the cross-sectional
British Regional Heart Study of the representa-
tive sample of 1622 older British men showed a
high prevalence of diabetes in frail subjects (al-
most one third of frail cases) but failed to
demonstrate the relation between impaired fast-
ing glucose and both frail and pre-frail syndrome
in those with and without established cardio-
vascular disease (Ramsay et al. 2015). Gale and
colleagues in the 4-year follow-up of the ELSA
Study proved that those who had been diagnosed
with diabetes at the time of baseline assessment,
developed physical frailty significantly more
often (16.6 and 7.2% of frail and pre-frail sub-
jects respectively, who had been suffered from
diabetes on baseline when compared to 6% of
those with diabetes but any of the components of
physical frailty) (Gale et al. 2014). In the report
from the UK Biobank data study diabetes was
listed among conditions that were associated
with frailty, with the odds of 5.0 (Hanlon et al.
2018). Castrejon-Perez et al., reported a
cross-sectional association between diabetes
mellitus and frailty in 5,379 older adults with
mean (SD) age of 70.3 (7.8) years. The odds of
frailty associated with diabetes mellitus were
2.31, and results were compatible across sub-
samples of hospitalised in previous year (OR
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2.32), on insulin and oral glucose lowering
medications (OR 5.6) and patients with neu-
ropathy (OR 2.02, all p <0.001) (Cas-
trejon-Pérez et al. 2018). These results may raise
suspicion that overachievement of therapeutic
goal, possibly associated with episodes of
hypoglycaemia may play a role in greater odds of
concomitant frailty.

5.3.6 Sedentary Behaviour

Sedentary lifestyle is an established risk factor
for cardiovascular disease (Piepoli et al. 2016).
Analysis of data from ELSA study supply strong
evidence in support of the link between lack of
physical activity and frailty. Moderate physical
activity defined as car washing, dancing,
stretching, moderate-pace walking or gardening,
especially from the age of 60 onwards, was
associated with significantly lower risk of frailty
compared with mild activity and sedentary life-
styles (Rogers et al. 2017). This type of activity
is probably much safer for most older persons
than the vigorous activity. An umbrella review
by Jadczak et al., concludes that multi-
component exercises, resistance training, and
the aerobic exercises, balance and flexibility ex-
ercises, when instituted in pre-frail and frail
patients are effective in increasing gait speed,
balance, and physical performance in pre-frail
and frail subjects (Jadczak et al. 2018). Similar
activities are believed to improve cardiovascular
prognosis (Kachur et al. 2017).

Is There a Common
Pathophysiology of Frailty
and CVD?

54

The previously discussed results by Veronese
et al., shed some light on the possibility of shared
pathological background of frailty and clinical
CVD (Veronese et al. 2017a, b). Initially, with
adjustment for age only, frailty was increasing the
risk of clinical CVD in men and women to a
similar degree. However, after adjustment for
additional risk factors, and further for subclinical
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CVD (carotid plaque and total coronary calcifica-
tions) the relation remained significant in women
(RHR 1.51, p = 0.006) but not in men (RHR 1.19,
p = 0.44). This may be due, at least in part, to the
fact that male sex is associated with greater risk of
CVD. Of note, of the five constituents of frailty
according to Fried criteria, only exhaustion was
significantly related to new-onset CVD (Veronese
et al. 2017a, b). It may reflect the fact that
exhaustion is also an important clinical symptom
of CVD, especially in the very old people, in
whom it may be a masque of the conditions
ranging from stable, through acute coronary artery
disease, atrial fibrillation and heart failure. This
may further point to the possibility that at least
some of the frail or pre-frail older persons, espe-
cially men, may already be hosting subclinical
CVD (Veronese et al. 2017a, b). The earlier
analysis by Sergi et al. demonstrated the low
energy expenditure, exhaustion and slow gait have
been associated with greater risk of developing
CVD (Sergi et al. 2015). The observations by
Wong et al, that both diabetes mellitus and
smoking are associated with the diagnosis of
frailty, and that level of SBP and BMI are posi-
tively associated with a 40-item frailty score, lend
support to the shared pathogenesis hypothesis.
Moreover, in that analysis, 16.4% of the total
group were frail, which grew to 42.5% in the
octogenarian sub-cohort. In the entire group,
10.7% of individuals without CVD and 43.0%
individuals with CVD were frail. This underlines
the possibility that speedier vascular ageing may
contribute both to the development of cardiovas-
cular disease and frailty (Wong et al. 2018). The
interesting data on possible modification or accel-
eration of processes leading to development of
cardiovascular disease were presented by Korada
et al., who studied a group of 976 (62% HIV
positive) male subjects with mean (SD) age of 54
(O’Donnell et al. 2010) years. The prevalence of
frailty was 7.4% in HIV negative men and 14.3%
in HIV positive ones. In this pre-old age stratum,
based on cardiac CT and coronary CT angiogra-
phy, frailty only when associated with HIV
infection was related to presence of subclinical
atherosclerosis assessed with calcium score (>0),
total plaque score (>0) and mixed plaque score
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(>0). This may indicate the possible modifying
role of the immune derangement in both frailty and
subclinical atherosclerosis (Korada et al. 2017). In
the context of the important data published by
Korada et al., one of the possible molecular com-
mon denominators of frailty, cardiovascular dis-
ease, and HIV/AIDS is the overexpression of
interleukin 6 (IL-6) (Nordell et al. 2014).

Low grade inflammation has indeed been traced
as a factor important in the development of car-
diovascular disease (Ridker et al. 2000; Yang et al.
2009). At the same time, frailty has been associ-
ated with such factors as elevated c-reactive pro-
tein (CRP) and elevation of IL-6. Velissaris et al.,
comprehensively reviewed available literature
concerning association between CRP and frailty
(Velissaris et al. 2017). In some studies CRP was
associated with pre-frailty and frailty (Soysal et al.
2016; Saum et al. 2015), including broad range of
age (Almeida et al. 2012), octogenarians (Gio-
vannini et al. 2011), and nonagenarians (Tiainen
et al. 2010), worse cognitive performance and
mortality (Puzianowska-Kuznicka et al. 2016),
adverse association with cognitive function in
women (Canon and Crimmins 2011), mortality in
multimorbid older persons (Nouvenne et al. 2016),
mortality in frail older persons (Giovannini et al.
2011), worse physical performance (Yoshida et al.
2010; Cesari et al. 2004). On the other hand, some
studies put a question mark over the existence
relation between CRP and frailty in younger old
persons (Baylis et al. 2013), in nonagenarians
(Jylhd et al. 2007), or a weaker association with
CRP and frailty in postmenopausal women (Reiner
et al. 2009). Likewise, abundant studies point to
the association between IL-6 and frailty (Velissaris
et al. 2017), and some between frailty between
IL-1Ra (Velissaris et al. 2017).

5.5 Inflammageing—Towards
Unifying Theory of Ageing,
Frailty, Cardiovascular Disease

and Other Age-Related Diseases

Ageing is associated with profound changes at
the cellular level, which lead to the development
and accumulation, in various organs and organ
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systems of the senescent cells (Ferrucci and
Fabbri 2018). Based on a comprehensive review
of the available literature, Ferucci and Fabbri
identified these changes to include cell-cycle
arrest, loss of the proliferation capacity, global
cell enlargement, misshaping of the nuclei,
chromatin focal persistent DNA damage
response, increase of NF-kappa-B signalling,
resistance to apoptosis, increase in cyclin
dependent kinase inhibitor 2A (p16™%**) which
interferes with replication, and increased activity
of lysosomal beta-galactosidase activity (Ferrucci
and Fabbri 2018). The accumulation of senescent
cells, whether the trigger of prolonged inflam-
mation, its result, or both, is associated with
increased expression of inframmation-related
molecules including IL-1, IL-1 receptor antago-
nist protein (IL-1RN), IL-6, IL-8, IL-13, IL-18,
CRP, IFNalpha, IFNbeta, TGFbeta, TNF, TNF
receptor super family la and 1b, and serum
amyloid A (Ferrucci and Fabbri 2018; Franceschi
et al. 2000; Ferrucci et al. 2010). Likewise, the
senescent cells expose the so called Senescence
Associated Secretory Phenotype (SASP), which
includes secretion of interleukins, chemokins,
various growth factors and, of note, metalopro-
teinases  including interstitial  colagenase
(MMP1) or colagenase 3 (MMP13), which may
play an important role in atherosclerotic com-
plications (Wang et al. 2011; Ezhov et al. 2019).
Genetic studies tend to indicate that some
mutations, for instance in genes encoding IL-6,
such as 174 G > C, leading to increased release
of IL-6 upon stimulation are associated with
higher risk of Alzheimer disease, cardiovascular
diseases (Hou et al. 2015) or type 2 diabetes
mellitus (Testa et al. 2006). Likewise mutations
in genes encoding receptor for IL-6, and CRP,
have been traced to increased CVD. An inter-
esting observation was that the SNPs associated
with ageing and inflammation cosegregate with
those associated with cancer, diabetes, and car-
diovascular disease (Jeck et al. 2012; Johnson
et al. 2015). Of note, the CDKN2A gene
ancoding the pl16™ ** is close to a SNP asso-
ciated with poor physical function (rs284712).
Also, the role of some miRNAs has been
underlined in the context of accelerated ageing,
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inflammation and mitochondrial dysfunction, and
some were described as protective (Ferrucci and
Fabbri 2018; Melzer et al. 2007). Prolonged
inflammation can also be triggered by some of
the cardiovascular risk factors. For instance:
cholesterol crystals may induce the NLRP3
inflammasome which via stimulation to produce
IL-1beta may induce atherosclerotic complica-
tions. However induced, inflammation down-
regulates insulin-like growth factor 1 (IGF1)
which has been shown to play role in muscular
regeneration and is protective against instability
of atherosclerotic plaques (Ridker et al. 2000;
Higashi et al. 2016). It was also demonstrated,
that inflammation, causes insulin resistance via
the TNF receptor superfamily member 1A and
the Toll-like-receptor induced activation of Janus
kinase, which in turn interferes with insulin sig-
nalling. Insulin resistance in turn winds-up
inflammation via central obesity (adipocytes
release the c-c motif chemokine 2 (CCL2)) and
via the tissue accumulation of M1 macrophages
(Ferrucci and Fabbri 2018). It is important to
stress, that the influence of inflammation on
frailty and cardiovascular disease tends to pro-
duce, among other, signs and symptoms of fati-
gue, muscular wasting, low strength, which lends
support to possibility that both frailty and car-
diovascular disease in the elderly share at least
some patophysiologic pathways together with
risk factors.

5.6 Conclusions

Despite huge research effort thus far, there are
still knowledge gaps in need of addressing. Not
all known cardiovascular risk-factors have been
examined on the account of being risk factors for
frailty. Although we know, that the Mediter-
ranean diet (Guasch-Ferré et al. 2017; Veronese
et al. 2018) and regular, moderate physical
activity (Jadczak et al. 2018; Kachur et al. 2017)
are capable to reduce inflammation, frailty and
cardiovascular outcome (Estruch et al. 2013),
and that statins, especially in persons with higher
CRP, reduce CV risk (Yang et al. 2009) (but not
so much frailty itself), we still lack convincing
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evidence supporting the wide-spread use of par-
ticular interventions that would at the same time
decrease CV risk and improve functionality, and
sarcopenia, maybe, with an exception for physi-
cal activity and caloric restriction (Ferrucci and
Fabbri 2018). Indeed, the current European car-
diovascular prevention guidelines adopt more
liberal goals to be achieved in conditions such as
hypertension, or diabetes mellitus in the frail
population, or, as in the case of dyslipidemia, do
not mention fraillty at all (Piepoli et al. 2016).
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Abstract

The prevalence of frailty seems to be higher in
people with cardiovascular disease (CVD) com-
pared to those without, but also the prevalence
of CVD is higher in people with frailty
compared to robust ones. In longitudinal studies
and meta-analyses dealing with the role of
frailty as potential risk factor for incident CVD,
we have an increasing literature suggesting
that frailty increases the risk of these conditions,
particularly of fatal events, and independently
from several potential confounding factors.
Among the domains usually included in the
definition of physical frailty, exhaustion, low
physical activity, slow gait speed and weakness
are significantly associated with the onset of
CVD in older people. However, also CVD can
be considered as potential risk factor for
incident frailty even if the literature is more
limited. In this chapter, I will therefore report
and discuss the most recent and relevant
findings in this topic, of extreme importance
in actual geriatric medicine.
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6.1 Introduction

Frailty has been traditionally defined as “reduced
physiological reserve and increased vulnerability
for poor resolution of homeostasis after a stressor
event” (Clegg et al. 2013). It is estimated that one
person in ten is affected by frailty in older com-
munity-dwelling people (Collard et al. 2012), but
this prevalence is probably higher in other set-
tings such as nursing home (Kojima 2015).

The prevalence of frailty in people affected by
cardiovascular diseases (CVD) is significantly
higher than in people without CVD (Afilalo
2011; Veronese et al. 2017a). Therefore,
increasing literature has suggested that the rela-
tionship between frailty and CVD is strict and
that frail people are at increased risk of CVD, but
also vice versa (Afilalo et al. 2014). In this
chapter, the research of frailty as potential CVD
risk factor (and vice versa) will be discussed, in
the light of the current epidemiological evidence.
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6.2 Frailty as Risk Factor
for Cardiovascular Disease

Frailty is a risk factor for several important
conditions in older people. In her seminal paper,
Linda Fried suggested that frailty is a relevant
determinant of incident falls, worsening mobility/
disability, hospitalization, and finally death
(Fried et al. 2001). Other more recent works have
substantially confirmed the negative impact of
frailty on health outcomes in older people.

The acquisition of frailty as potential CVD risk
factor is, on the contrary, relatively new. In a
recent systematic review and meta-analysis
regarding this issue, my team and I have sum-
marized this topic finding that in ten
cross-sectional investigations, not only frailty, but
also intermediate stages of this condition (com-
monly called pre-frailty) was associated with a
higher presence of CVD than in robust partici-
pants (Veronese et al. 2017a). In our
meta-analysis, longitudinal data were obtained
from six prospective cohort studies. After a
median follow-up of 4.4 years, frailty was sig-
nificantly associated with an increased risk of
incident CVD of 70% and pre-frailty of 23%,
after taking in account several potential con-
founders, such as the presence of potential CVD
risk factors (diabetes, hypertension, obesity), age
and gender (Veronese et al. 2017a). The associ-
ation between frailty, pre-frailty and incident
CVD was more evident for fatal than for non-fatal
events (Veronese et al. 2017a).

Taken singularly, some studies reported the
association between frailty/pre-frailty and inci-
dent CVD events. For example, Khan et al., in
2,825 American participants aged 70-79 years,
found that moderate (hazard ratio, HR 1.36, 95%
CI 1.08-1.71) and severe frailty (HR 1.88, 95%
CI 1.02-3.47) were associated with a higher risk
for heart failure (Khan et al. 2013). More recently,
we found that not only frailty, but also pre-frailty
was associated with an increased risk of CVD in
older Italian people without any limitation in the
activities of daily living (Sergi et al. 2015).
Finally, in The Age, Gene/Environment Suscep-
tibility (AGES)-Reykjavik Study, we found that
frailty increased the risk of CVD of 35%, with

N. Veronese

results stronger in women than in men (Veronese
et al. 2017b). This latter study has the advantage
that estimate of subclinical CVD parameters (e.g.
the presence of atherosclerotic plaques in coro-
nary arteries and higher carotid intima media
thickness) were taken in account in the analyses,
indicating an effect of frailty in CVD develop-
ment, independently from early atherosclerosis
markers.

Taken together, these findings suggest that in
older people, frailty can increase the risk of CVD
events.

6.2.1 Single Frailty Domains
and Cardiovascular

Disease

If we consider the definition of physical frailty
suggested by Fried et al., we can consider 5
domains of frailty (Fried et al. 2001), i.e.
shrinking, exhaustion, low physical activity,
weakness, slow gait speed. The association
between these domains and CVD is beyond the
aims of this chapter (and of this book), but some
words should be spent regarding some important
results.

Exhaustion, in the original definition of the
Fried’s phenotype, indicates a sort of depressed
mood typical of frail individuals (Fried et al.
2001). The literature regarding depression and
CVD is important. In a large-scale meta-analysis
of 3,211,768 patients and 113,383,368 controls,
major depression was significantly associated
with CVD (particularly with coronary artery
disease) (Correll et al. 2017). Again, in the
AGES-Reykjavik Study, exhaustion was the only
Fried’s criterion associated with incident CVD
that resists to the adjustment for potential base-
line confounders (Veronese et al. 2017b).

Low physical activity is another important
aspect to consider in frailty as potential CVD risk
factor. Several available studies have reported
that low physical activity level was associated
with a higher risk of incident CVD, but the lit-
erature was mainly limited to middle-aged sub-
jects (Li and Siegrist 2012). In a recent study,
with a 10 years of follow-up, higher physical
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activity was associated with a lower CVD risk in
a large cohort of older people (Soares-Miranda
et al. 2015). After adjustment for potential con-
founders, greater physical activity was inversely
associated with coronary heart disease, stroke
(especially ischemic stroke), and total CVD, also
in people >75 years (Soares-Miranda et al.
2015).

Finally, also low physical performance level
(represented by slow gait speed and weakness,
i.e. low handgrip strength values) are associated
with an increased risk of CVD in older people. In
3,208 older French men and women living in the
community, followed for an average of 5.1 years,
people walking more slowly reported an
increased risk of fatal CVD of three times than
those walking faster (Dumurgier et al. 2009). We
have substantially confirmed these findings in a
large meta-analysis in which each reduction of
0.1 m/s in gait speed was associated with a
higher risk of 8% of CVD in 13 prospective
cohort studies reporting this association (Vero-
nese et al. 2018). Similar results were evident for
low handgrip strength as recently evidenced in a
large study regarding this topic (Celis-Morales
et al. 2018).

6.3 Cardiovascular Disease
as Potential Risk Factor
for Frailty

Cardiovascular conditions are particularly com-
mon in older people and their consequences are of
clinical importance. CVD are associated with
sarcopenia (a pathological condition of loss of
muscle mass that often precedes frailty) and with
disability (that unfortunately often follows frailty)
(Kim and Choi 2013). Cardiovascular conditions
are a major cause of sick leave, and diseases of the
circulatory system are estimated to be the fourth
most common basis for long-term disability
insurance claims (Go et al. 2013).

In older people, we have some studies sug-
gesting a potential association between CVD and
incident frailty. In the Women’s Health Initiative
Observational Study, people with coronary artery
disease (CAD) had an increased risk of frailty

53

during 6 years of follow-up (incident frailty with
vs. without CAD: 12% versus 5%; OR, odds
ratio: 1.40 (95% CI: 1.11-1.76)) (Fugate Woods
et al. 2005). Other studies confirmed that the
presence of CVD can worse physical perfor-
mance in older people finally leading to frailty
(Afilalo et al. 2014; Bandeen-Roche et al. 2006).

In this sense, in 786 women participating to
the Women’s Health and Aging Studies I and II,
the risk of 3-years disability was 16 times higher
in people with CVD than those without
(Bandeen-Roche et al. 2006). A recent study in
392 older individuals, persons with CVD were
more likely to experience a rapid functional
decline than those without (Keeney et al. 2018).

Altogether, these findings suggest that older
people having CVD are at increased risk of
(physical) frailty and therefore of disability and,
consequently, people having a CVD event should
be routinely evaluated for the presence of frailty
and disability (von Haehling et al. 2013).

6.4 Conclusion

This chapter summarized the current epidemio-
logical evidence regarding frailty and CVD.
Altogether these findings suggest a significant
association between these two entities that are
extremely common in older people. The research
regarding frailty as potential CVD risk factor is
larger than CVD as risk factor for frailty, but we
need more research for understanding if revers-
ing frailty (or improving cardiovascular function)
can have an influence on CVD (or frailty).
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Abstract
Chronic inflammation, which is called
“inflamm-aging” , is characterized by an

increased level of inflammatory cytokines in
response to physiological and environmental
stressors, and causes the immune system to
function consistently at a low level, even
though it is not effective. Possible causes of
inflammaging include genetic susceptibility,
visceral obesity, changes in gut microbiota
and permeability, chronic infections and cel-
lular senescence. Inflammation has a role in
the development of many age-related diseases,
such as frailty. Low grade chronic inflamma-
tion can also increase the risk of atheroscle-
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rosis and insulin resistance which are the
leading mechanisms in the development of
cardiovascular diseases (CVD). As it is well
known that the risk of CVD is higher in older
people with frailty and the risk of frailty is
higher in patients with CVD, there may be
relationship between inflammation and the
development of CVD and frailty. Therefore,
this important issue will be discussed in this
chapter.

Keywords
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7.1 Inflammation, Frailty and

Cardiovascular Disease

The prolongation of lifetime causes to increase of
elderly people population and causes increase
exponentially in the number of aging related
diseases as well as complications related to this
diseases. Major two of these diseases are frailty
and cardiovascular diseases (Ferrucci and Fabbri
2018). Inflammation is one of the most accused
reason for both aging and development of these
two diseases. According to this inflammation
hypothesis, in the case of chronic low levels of
pro-inflammatory and inflammatory cytokines
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released from aging organs and tissues is named
as “inflammageing”; and the probability of
endothelial damage, vascular remodeling
impairment, atherosclerosis and insulin resis-
tance as risk factors of cardiovascular disease and
frailty is higher (Ferrucci and Fabbri 2018;
Soysal et al. 2016). Inflammation occurred due to
genetic susceptibility, visceral obesity, changes
in gut microbiota and permeability, chronic
infections and cellular senescence is a common
cause of these two diseases and cardiovascular
disease in frail patients as well as frailty in car-
diovascular diseases is seen much more; wonders
the question of whether there is a special rela-
tionship between inflammation-frailty and car-
diovascular disease triad (Fougere et al. 2017). In
this book chapter answer of this question will be
researched.

7.1.1 Aging

Aging occurs due to progressive cell damage,
deterioration of tissue functions, increased vul-
nerability to stressors and a reduction in physi-
ological reserves. The mechanism by which
aging occurs is not yet fully understood, but
mitochondrial dysfunction, hormonal changes,
impaired immune system regulation, telomere
dysfunction, and epigenetic modifications are the
most discussed theories (Burton DGA. Cellular
senescence, ageing and disease (Ren et al. 2009;
Burton 2009). Environmental factors have a
significant impact on homeostatic balance (Fou-
gere et al. 2017). For example, air pollution can
accelerate aging by activating oxidative stress
and inflammatory pathways (Fougere et al.
2017). Chronic inflammation is characterized by
an increased level of proinflammatory cytokines
in response to physiological and environmental
stressors, and causes the immune system to
function consistently at a low level, even though
it is not effective. This continuous activity of the
immune system related to aging is called
inflamm-aging (Salvioli et al. 2013). In some
epidemiological studies, inflamm-aging has a
role in the development of many age-related
diseases such as cardiovascular diseases (CVD),
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Alzheimer’s Disease, frailty, sarcopenia, cancer,
type 2 diabetes mellitus and macular degenera-
tion (Fougere et al. 2017).

7.2 Inflammation

Acute inflammation occurs as a result of acute
events such as infection and trauma. By the
release of cytokines such as tumor necrosis
factor-oo (TNF-a) and interleukin-6 (IL-6), mac-
rophages and monocytes become activated,
resulting in a systemic response with multiple
organ involvement. Thus, the destruction of
microbial pathogens, tissue repair and return to
physiological hemostasis can be achieved.
Unlike acute inflammation, chronic inflammation
does not occur for same reasons, such as an acute
damage or infection, and chronically inflamed
tissues continue to produce signaling that allows
the migration of leukocytes from blood to tissue,
disrupting the process of repair in intact tissues.
Therefore, chronic inflammation is the underly-
ing cause of many age-related diseases (Fougere
et al. 2017).

7.2.1 Possible Causes
of Inflammation
7.2.1.1 Genetic Susceptibility

Genetic susceptibility is considered as a factor
that can contribute to the effects of inflammaging,
immunocompromise and their negative effects.
Both pro-inflammatory cytokines (i.e., TNF-o,
IL-6, interleukin (IL)-1, Interferon-o, transform-
ing growth factor) and anti-inflammatory cytoki-
nes (i.e., IL-1 receptor antagonist, IL-4, IL-10,
IL-13, IL-33) are two important components of
the immune system working in harmony. How-
ever, since cytokine dysfunction increases with
aging, the immune response is adversely affected.
One of the most well-defined mechanisms in
immune system dysfunction is genetic vulnera-
bility. Some single nucleotide polymorphisms
(SNPs; a common type of genetic variation
among people) are associated with low risk for
CVD and others with high risk. For example, a
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functional genetic variant (Asp358Ala) affecting
IL6R1 has been found to be associated with an
increased risk of coronary artery disease, whereas
IL-6 gene 174G/C polymorphism is associated
with increased risk of coronary artery disease
(Collaboration IRGCEREF et al. 2012; Schnabel
et al. 2011). Multiple SNPs in the C-reactive
protein (CRP) gene are associated with high CRP
levels and death due to myocardial infarction and
CVD (Lange et al. 2006). Variants in IL genes
have also been associated with non-CVD. For
example, correlations have been observed
between the IL-1 gene and the development of
osteoarthritis and acute infection, and between
IL6 gene and rheumatoid arthritis, asthma and
Alzheimer’s disease (Del Pinto and Ferri 2018).
Although genetic polymorphisms have been
shown to cause multimorbidity and frailty by
cumulative effect, there is insufficient evidence to
support this hypothesis at present.

Some epigenetic changes that occur with aging
(e.g., DNA methylation and histone modifica-
tions) contribute to overexpression of proinflam-
matory genes, leading to carcinogenesis and
chronic inflammatory diseases (Fougere et al.
2017). Telomere shortening occurs due to accu-
mulation of DNA damage due to inflammation.
This has been demonstrated to contribute to per-
sistent DNA damage through replicative senes-
cence and to further increase pro-inflammatory
cytokines (Hewitt et al. 2012). Potential media-
tors such as micro-RNAs provide modulation of
gene expression. These molecules have also been
displayed to induce inflammation such as nuclear
factor kappa-light-chain-enhancer of activated B
cells (NF-kB) signaling (Olivieri et al. 2015).
There is evidence suggesting that some
micro-RNAs are associated with inflamm-aging
and chronic diseases. For example, lower levels
of miR-126-3p have been observed in patients
with CVD and diabetes mellitus, whereas miR-21
m5p levels were higher (Olivieri et al. 2015;
Olivieri et al. 2014).

7.2.1.2 Cellular Senescence

One of the biological mechanisms thought to
cause chronic inflammation is the accumulation
of senescent cells in many tissues. Senescence, as
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a response to damage and stress, suppresses cell
proliferation, prevents cancer growth and con-
tributes to optimal healing of tissues (Franceschi
and Campisi 2014). Cellular senescence 1is
caused by intracellular secretion of nearly 40
soluble molecules, so it is called senescence-
associated secretory phenotype (SASP) (Coppe
et al. 2010). SASP has a large number of para-
crine effects that stimulate pro-inflammatory cy-
tokines, triggering the secretion of interleukins,
chemokines (IL-8 and growth-regulated-o. pro-
tein), growth factors (fibroblast growth factor 2),
metalloproteinases, collagenase 3, and other
extracellular matrix proteins (Coppe et al. 2010).
On the other hand, it has been revealed that the
locations of genes that play a regulatory role in
senescence and inflammation are close to one
another and their SNPs play a role in many
diseases such as aging-associated cancer,
atherosclerosis, type 2 diabetes, and glaucoma.
The strongest association was found with a
variant of the CDKN2A gene encoding the
pl6INK4A protein overexpressed in many forms
of aging (Jeck et al. 2012). With aging, the
number of senescent cells accumulated in organs
and tissues increases exponentially. The accu-
mulation of senescent T cells has been shown
especially in patients with cytomegalovirus
(CMV) or human immunodeficiency virus
(HIV) infection (Fulop et al. 2013). This suggests
that one of the causes of increased inflammation
in patients with chronic viral infection may be
the accumulation of senescent cells.

7.2.1.3 Chronic Infections

Subclinical and clinically chronic infections
continuously stimulate the immune system,
causing chronic inflammatory cytokines to be
elevated. For example, more than half of adults
are in the latent phase of the herpes virus,
Cytomegalovirus (CMV), and CMV-specific
memory T cells account for more than 50% of
total memory T cells in the elderly (Simon et al.
2006). CMYV infections increase IL-6 and TNF-a
levels and cause aging-like changes in the
immune system (Derhovanessian et al. 2011). In
a study of 511 patients over the age of 65 years
who had been followed for 18 years, it was
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found that mortality was higher in patients with
CMV infection and life expectancy was lower
than those without CMV infection (Savva et al.
2013). Other chronic infections such as hepatitis
C or HIV also play a role in inflammaging. With
effective antiretroviral treatment, prolonged life
expectancy and decreased complications in HIV
patients indicate the close relationship between
chronic infections and immune system dysregu-
lation (Lederman MM, Funderburg NT,
Sekaly RP, Klatt NR, Hunt PW 2013). The
results of the study investigating the relationship
between CMV infection and CVD are contra-
dictory. However, recent studies have shown that
CMV specific CD8+ T-cell response in patients
with hypertension is independently correlated
with arterial stiffness, and there is evidence that
human CMV infection may be a risk factor for
vascular endothelial dysfunction and coronary
heart disease (Wang et al. 2017).

However, chronic infections, such as asymp-
tomatic urinary infections or intestinal infections,
may lead to chronic pathogen-associated molec-
ular patterns release and thus chronic inflamma-
tion. It is not clear whether the treatment of these
infections can prevent inflamm-aging and asso-
ciated numerous adverse complications.

7.2.1.4 Microbiota and Gut
Permeability

In recent years, the hypothesis that aging gut
permeability and microbiota may be related to
inflammation has been emphasized. With aging,
colonization of beneficial microorganisms (e.g.,
Coprococcus, Faecalibacterium, and Lactobacil-
lus) in the intestine is reduced. These microor-
ganisms are important in maintaining the
intestinal barrier, preventing the colonization of
pathogenic microbial agents and preventing the
pathogen-associated molecules from reaching the
circulatory system (Biagi et al. 2016). Frail
patients have been shown to have altered gut
microbiota compared to non-frail patients. Cen-
tenarians who are considered to have aged
healthily, have been found to be rich in
microorganisms such as Akkermansia, Bifi-
dobacterium, and Christensenellaceae, which
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have anti-inflammatory activity and have positive
effects on the immune system (Biagi et al. 2016).

It was found that facultative anaerobes (e.g.,
Fusobacterium and Staphylococcus) became
dominant in the intestines of the elderly people,
which was associated with increased inflamma-
tory cytokines (Biagi et al. 2010).

It has been shown that systemic inflammation
and central obesity can be reduced with a healthy
intestinal flora supported by probiotic and pre-
biotics, which in turn may have beneficial effects
on cardiovascular system in particular (Nagpal
et al. 2016). For example, patients who had been
administered Lactobacillus plantarum following
myocardial infarction showed a significant
decrease in the infarct area and improved left
ventricular function (Lam et al. 2012). Moreover,
the number of studies found to be related to the
pathology of hypertension, which is one of the
most important modified risk factors for CVD,
and gut microbiota is increasing (Tang et al.
2017).

7.2.1.5 Visceral Obesity

The prevalence of obesity increases dramatically
and contributes to the increase in the prevalence
of many diseases such as type 2 diabetes melli-
tus, asthma, cancer, neurodegenerative diseases,
nonalcoholic liver disease. Localized inflamma-
tion in the abdomen, liver, intramuscular, peri-
cardial adipose tissue and the systemic low-grade
inflammation induced by it have an important
role in the development of all these diseases
(Karczewski et al. 2018). Visceral adipose tissue
in obese patients is infiltrated by macrophages,
monocytes and T lymphocytes. IFN-a released
from T lymphocytes stimulates T lymphocyte
migration by increasing the production of
chemokines (Vandanmagsar et al. 2011). The
accumulation of B lymphocytes and macro-
phages, which cause the release of the inflam-
matory compound, increases with increasing
body mass index (Weisberg et al. 2003).
Reducing dietary intake (calorie restriction), and
bariatric surgery resulting in weight loss also
reduce inflammatory markers. It has been shown
that in obese patients, higher TNF-alpha is
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released from adipose tissue, compared to
non-obese ones, which causes insulin resistance
by preventing insulin signaling (Fulop et al.
2018). Weight lost by exercise improves func-
tional status in obese elderly people, reducing
frailty and preventing CVD from occurring
(Zomer et al. 2016). However, it is unclear
whether this beneficial effect is due to control of
inflammation.

7.3 Inflammation and Frailty

The age-related decline in function and reserve
may lead to a reduction in the ability to cope with
acute or external stresses, which is typically
defined as frailty (Clegg et al. 2013).

Proinflammatory cytokines can directly affect
frailty by promoting protein degradation or
indirectly by affecting important metabolic
pathways (Lang et al. 2009). A direct relation-
ship was observed between the frailty and high
levels of inflammation, independent of the
chronic disease states associated with increased
IL-6, CRP, fibrinogen, and factor VIII (Newman
et al. 2001). Nevertheless, other studies have
shown that these markers do not indicate frailty
in the elderly (Yao et al. 2011).

A recent meta-analysis of 23,910 older adults
showed that fragility and pre-frailty were asso-
ciated with higher inflammatory parameters,
particularly CRP and IL-6. Both high inflam-
matory levels and frailty are associated with
some negative consequences in the elderly, such
as mortality, morbidity, high hospitalization rate,
disability, and co-morbidity onset (Piggott et al.
2015).

In this meta-analysis, it was found that the
association of high inflammation with frailty
appears to be consistent in the studies, because
both frail and pre-frail patients showed high
serum CRP, TNF-a, IL-6, white blood cells, and
fibrinogen levels (Piggott et al. 2015). There may
be several reasons for these results. First, frail
and pre-frail participants have more concurrent
factors such as disability, medical conditions,
that can increase inflammatory markers. Second,
frail and pre-frail people (especially those living
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in the community) are generally more obese than
non-frail participants, and obesity significantly
increases inflammatory parameters (Greenberg
and Obin 2006; Solmi et al. 2015; Veronese et al.
2015). Ultimately, frail people appear to have a
significant reduction in the innate immune sys-
tem, T-cell activity, antibody production, and an
increase in oxidative stress products in mito-
chondrial activity, resulting in an increase in
serum inflammatory levels (Hubbard and
Woodhouse 2010; Li et al. 2011).

Inflammation
and Cardiovascular Disease

7.4

Numerous studies have shown that inflammation
is one of the causes of CVD and frailty, anemia,
cancer, disability, depression, osteoporosis, sar-
copenia, morbidity and increased mortality.
Atherosclerosis and insulin resistance are the
leading mechanisms in the development of CVD.

7.4.1 Atherosclerosis

CVD, most of which develop on the background
of atherosclerosis, are one of the most important
causes of mortality in geriatric patients.
Atherosclerosis, which is a good example for
inflammatory diseases, is a process that continues
throughout human life. It usually begins at an
early age, but after years it begins to appear as a
clinical disease in the form of coronary heart or
cerebrovascular or peripheral arterial disease
(Fulop et al. 2018). Atherosclerosis begins in
damaged endothelial cells that allow accumula-
tion of cholesterol-containing low-density
lipoprotein (LDL) particles, which tend to oxi-
dize in the vessel wall. This initiates a strong
inflammatory reaction that occurs with the effect
of the triggering factors, including the interaction
of the innate and the adaptive immune cells and
the endothelial cells (Libby et al. 2011). Mono-
cytes reach the intima layer of the arterial vessel
wall where they turn into macrophages, causing
the release of IL-1B, IL-18, and other
pro-inflammatory cytokines (Libby et al. 2011).
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In the advanced process, inflammation is exac-
erbated by the accumulation of apoptosis and
senescent cells. Complications such as plaque
rupture, plaque hemorrhage and acute vascular
occlusion may develop (Colin et al. 2014).
Studies have shown that high-sensitive CRP and
IL-6-containing proinflammatory markers, which
determine the risk of CVD, are higher in both
middle-aged and elderly individuals, regardless
of cardiovascular risk factors(Ferrucci and Fabbri
2018).

In the development of atherosclerosis, lipid
imbalance, Heat-Shock Protein Axis,
pro-inflammatory cytokines and infections are
triggering factors (Fulop et al. 2018). However,
just as the presence of high levels of proinflam-
matory substances in the circulatory system and
tissues may cause diseases, inflammation may
also be a reactive indicator of the underlying
disease. Nonetheless, neither of these two con-
ditions can explain the association between
inflammation and atherosclerosis alone. There-
fore, multiple mechanisms are considered to be
responsible for the development of atheroscle-
rosis in the presence of inflammation (Ferrucci
and Fabbri 2018).

It is possible to reduce the development of
cardiovascular events by controlling the
immuno-metabolic events that play a role in the
development of atherosclerosis for cardiovascu-
lar health protection and successful aging prac-
tices (Phan et al. 2017; Netea et al. 2016). For
example, in healthy subjects with high-sensitivity
CRP levels without hyperlipidemia, statin treat-
ment is associated a significant reduction in the
incidence of major CVD (Cesari et al. 2003). In
another example, it was found that tocilizumab
(IL-6 receptor blocker) increased high density
lipoprotein (HDL) cholesterol, a cardiovascular
protector in patients with rheumatoid arthritis
(Mclnnes et al. 2015).

Another hypothesis explaining the relation-
ship between inflammation and atherosclerosis is
“The Hormetic Effect”. Hormesis is an essential
component of adaptability to neutralize endoge-
nous and environmental toxins. Thus, it promotes
survival by protecting the metabolism from dis-
turbing effects. In addition, hormesis is highly
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conserved, generalizable and pleiotropic, inde-
pendent of biological models. Hormesis can
prevent the development of atherosclerosis by
protecting the vascular system in the inflamma-
tory process that progresses from foam cells to
unstable plaques during aging; however, repeti-
tive stresses make the hormonal effect harmful
(biphasic dose response), which increases the
likelihood of atherosclerosis occurring clinically.
Therefore, hormesis is considered an indirect
component of inflammation (Fulop et al. 2018).
Because atherosclerotic changes occur at a cer-
tain level in the majority of elderly patients, they
do not seem to be preventable, however, clinical
data suggest that such conditions can be pre-
vented in patients with fewer cardiovascular risk
factors.

7.4.2 Insuline Resistance-Diabetes

Mellitus

Inflammation also plays a role in the pathogen-
esis of diabetes mellitus (DM) or insulin resis-
tance, which has a very important place in the
development of atherosclerosis as well as CVD.
DM is both a major risk factor for CVD, and one
of the reasons for frailty development which
increases mortality due to cardiac diseases (Cobo
et al. 2016).

DM may also occur as part of a single disease
or metabolic syndrome. Very closely related to
obesity, metabolic syndrome is the most severe
group of inflammatory processes (Ferrucci and
Fabbri 2018; Fulop et al. 2018). Class 5 DM,
especially in the new DM classification, is the
most common form of DM (approximately 40%)
and the most likely form of DM with increasing
age (Ahlqgvist et al. 2018). This form of DM may
be related to the physiological adaptation disor-
der in the aging period. Considering these cases,
it can be said that early onset inflamm-aging
plays an active role in the development of DM in
class 5 form (Ferrucci and Fabbri 2018).

Recent studies have shown that insulin resis-
tance and lipotoxicity increase neutrophil infil-
tration, macrophage proliferation, and the release
of inflammatory mediators that induce smooth
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muscle and endothelial cell activation, indicating
that the increase in mediators accelerates
atherogenesis (Ferrucci and Fabbri 2018).
Excessive oxidative stress causes endothelial
dysfunction, which allows the passage, accumu-
lation, and physicochemical modification of
lipoprotein particles into the subendothelial space
(Gimbrone and Garcia-Cardena 2016). Studies
have suggested that individuals with DM have a
shorter telomere than non-DM and a higher
number of cells with positive senescent
biomarkers in their arteries, an indication that
atherosclerosis accelerates and inflammation
increases in DM (Aryan et al. 2018). Excessive
production of angiotensin II can lead to mito-
chondrial damage by increasing chronic inflam-
mation (Eguchi et al. 2018). In addition,
inflammation is a risk factor for the development
of DM and DM complications (Ferrucci and
Fabbri 2018).

7.5 Inflammation, Frailty and CVD

Cardiac and CVD, such as heart failure,
myocardial infarction, atrial fibrillation, severe
heart valve disease, and stroke, increase the risk
of frailty. Both cardiovascular comorbidities and

Visceral Obesity I \
Intrinsic Immune
Cell Defects “
etic —_—
Predispositions
Chronic
Infections /
Changes in Gut
Permeability and Microbiotae

frailty are influenced by the same risk factors,
including low physical activity, smoking, dietary
pattern, obesity, DM. Additionally, many
biomarkers reflecting multisystem dysfunction
are common for the two. The increased inflam-
mation and inflammatory markers are associated
with frailty and CVD (Stewart 2018). The rela-
tionship between inflammation, frailty and CVD
is shown as Fig. 7.1 (Ferrucci and Fabbri 2018;
Del Pinto and Ferri 2018; Sadowska et al. 2018;
de Araujo et al. 2013).

High-level inflammatory markers in blood
have been associated with depression, decreased
physical activity, multimorbidity, decreased
muscle mass, and muscle strength, all of which
pose a risk for both frailty and cardiac disease
(Cesari et al. 2004; Stepanova et al. 2015).
Inflammation is associated with a decrease in
insulin-like growth factor I (IGF1), a growth
factor that acts on muscle regeneration and
muscle mass, and thereby causes frailty (Ridker
et al. 2000). On the other hand, as IGF-1 has a
protective effect against atherosclerotic plaque
development, the decrease of IGF-1 due to
inflammation may also cause the development of
cardiovascular mortality (Higashi et al. 2016).
Inflammation adversely affects endothelial acti-
vation, disrupting muscle perfusion, which leads
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Fig. 7.1 The relationship between inflammation, frailty and cardiovascular disease
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to frailty and leads to differentiation of
endothelial progenitor cells, resulting in vascular
damage and increasing the incidence of cardiac
disease (Haybar et al. 2018; Timmerman et al.
2010). Inflammatory mediators, are produced by
especially senescent cells in the elderly.

Studies show that there is a relationship
between the accumulation of senescent cells and
the major components of frailty: muscle strength,
walking speed and mobility (Justice et al. 2018).
On the other hand, accumulation of senescent
cells in vascular smooth muscle cells has been
found to play a role in the onset or progression of
CVD (especially atherosclerosis) (Wang et al.
2015).

There are anti-inflammatory and antioxidant
properties of exercise, Mediterranean diet,
aspirin, and nonsteroidal anti-inflammatory
drugs, and there is evidence that they can be
effective in preventing both cardiovascular health
and frailty-related conditions (Ferrucci and Fab-
bri 2018). Metformin, an antidiabetic agent, can
reduce the risk of all age-related diseases,
including CVD and frailty, as it is effective
against insulin resistance and inflammation
(Wang et al. 2017). However, further studies are
needed on the subject.

7.6 Conclusion

Inflammation is one of the most important
defenses of the body. There are many beneficial
effects, such as preventing invasion of microbial
agents or detecting and destroying tumor anti-
gens, but chronic inflammation is associated with
many age-related diseases. Therefore, the risk of
CVD is higher in elderly with frailty and the risk
of frailty is higher in patients with CVD. How-
ever, in the development of CVD and frailty, there
is insufficient evidence on the effectiveness of
anti-inflammatory treatments. Randomized con-
trolled studies in the future will shed light on the
potential utility of anti-inflammatories in reducing
the risk of both CVD and frailty in the elderly.
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Izabella Uchmanowicz

Abstract

The aim of this chapter is to review the results
of recent studies analyzing the role of oxida-
tive stress and systemic inflammation as
potential contributors to frailty and CVD,
and to explain a possible pathogenic relation-
ship between the latter two conditions. Avail-
able evidence suggests that frail patients have
elevated levels of oxidative stress biomarkers
and proinflammatory cytokines, as well as
with reduced concentrations of endogenous
antioxidants. This implies that oxidative stress
and systemic inflammation might play a role
in the pathogenesis of frailty, but an underly-
ing mechanism of this relationship is still
mostly hypothetical. Oxidative stress and
systemic inflammation are also involved in
the pathogenesis of CVD. Cardiovascular
conditions are established risk factor for frailty
and in turn, presence of frailty constitutes an
unfavorable prognostic factor in cardiac
patients. Finally, some cardiovascular risk
factors, such as lack of physical activity,
smoking, obesity and inappropriate diet, are
also involved in the etiology of oxidative
stress, chronic inflammation and frailty. This
complex interplay between intrinsic and
extrinsic elements should be considered dur-
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ing holistic management of older persons with
frailty and/or cardiovascular conditions.

Keywords

Oxidative stress * Reactive oxygen species *
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8.1 Introduction

In the era of increasing life expectancy in
developed countries, a growing attention is paid
to health-related quality of life in the elderly.
Aging is associated with a decline of physical
and cognitive reserves, and as a result, even the
quality of life in older persons without any evi-
dent disease entities is worse than in younger
individuals. Based on this observation, a concept
of frailty has been developed as a clinically rec-
ognizable state of increased vulnerability result-
ing from aging-associated decline in reserve and
function across multiple physiologic systems and
contributing to worse ability to cope with both
everyday and acute stressors (Xue 2011).

Aging is known to be a consequence of cel-
lular damage (Pinto and Moraes 2015), which
eventually contributes to organ failure and mor-
tality (Soysal et al. 2017). The progressive loss of
tissue and organ function over time was shown to
be associated with systemic inflammation and
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accumulation of oxidative damage (Crowe et al.
2016). This refers also to the heart and vessels,
and CVD are the main cause of morbidity and
mortality in developed countries.

Plausibly oxidative stress and systemic
inflammation might also play a role in the
development of frailty. However, available evi-
dence in this matter is limited and inconclusive,
especially with regards to oxidative stress, the
biomarkers of which are not routinely determined
in geriatric practice. To make the picture even
more complicated, CVD are an established risk
factor for frailty, and the latter is associated with
worse prognosis in CVD (Stewart 2018). Hence,
systemic inflammation and oxidative stress seem
to predispose to both CVD and frailty and these
two entities are apparently interrelated.

In this chapter, we review the results of recent
studies analyzing the role of oxidative stress and
systemic inflammation as potential contributors
to frailty and CVD and explain a pathogenic
relationship between the latter two.

8.2 Mechanisms and Markers
of Oxidative Stress

Oxidative stress is a consequence of disruption in
a prooxidant-antioxidant balance and resultant
accumulation of reactive oxygen species
(ROS) (Soysal et al. 2017). ROS are highly
reactive atoms or molecules having at least one
unpaired electron in their external shell, formed
as a result of interaction between oxygen and
some elements (Chandrasekaran et al. 2017).
ROS may originate from both endogenous and
exogeneous sources (Liguori et al. 2018).
Endogenous ROS are products of some enzymes,
specifically nicotinamide adenine dinucleotide
phosphate oxidase, myeloperoxidase, lipoxyge-
nase and angiotensin II (Salisbury and Bronas
2015). Exogenous sources of ROS include pol-
luted air or water, tobacco, alcohol, heavy or
transition metals, some drugs, industrial solvents,
radiation and thermally processed foods

I. Uchmanowicz

(Phaniendra et al. 2015). Regardless their source,
ROS cause oxidative modifications of major
cellular macromolecules: proteins, lipids and
nucleic acids, which results in functional and
structural alterations of the cells (Salisbury and
Bronas 2015).

Under physiological conditions, the harmful
effects of ROS are counterbalanced by endoge-
nous and exogenous antioxidants (Liguori et al.
2018). The group of endogenous antioxidants
includes enzymes that convert ROS into nontoxic
forms (superoxide dismutase, catalase and glu-
tathione peroxidase) and non-enzymatic com-
pounds that interact with ROS terminating the
free radical chain reactions  (bilirubin,
alpha-tocopherol, beta-carotene, albumins and
uric acid) (Birben et al. 2012; Wu et al. 2013).
Antioxidants, e.g. vitamin C, vitamin E, phenolic
compounds, selenium, zinc, etc., may also be
provided from exogenous sources, e.g. with diet
(Salisbury and Bronas 2015).

Presence and severity of oxidative stress can be
determined with various biomarkers, usually
determined in plasma and urine (Liguori et al.
2018). The biomarkers of oxidative stress can be
divided into several groups (Frijhoff et al. 2015):
(1) ROS-induced modifications, such as protein
carbonyl (PC), a product of oxidative modification
of proteins, oxidized low-density lipoproteins
(oxLDL), reactive aldehydes produced during
oxidation of polyunsaturated fatty acids:
trans-4-hydroxy-2-nonenal (HNE), malondialde-
hyde (MDA) and isoprostanes, and DNA modifi-
cations: 8-0x0-7,8-dihydro-guanine (8-oxo-Guo)
and 8-0x0-7,8-dihydro-2’deoxyguanosine
(8-0x0dG), (2) markers of ROS generation (e.g.
myeloperoxidase), (3) markers of antioxidant
defense (e.g. thioredoxin, peroxiredoxins) and
(4) downstream functional —markers of
ROS-induced damage (e.g. asymmetric dimethyl
L-arginine, phosphorylated vasodilator-stimulated
phosphoprotein). Although a plethora of oxidative
stress biomarkers are available nowadays, the most
commonly determined group, in both research and
clinical practice, are ROS-induced modifications.
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8.3 Definition
and Operationalization
of Frailty

The definition of frailty is a subject of ongoing
debate (Abellan van Kan et al. 2010). While the
experts generally agree that the core feature of
frailty is an increased vulnerability to stressors
caused by impairment of multiple body systems
and leading to a decline in homeostatic reserve
and resiliency (Bergman et al. 2007), still no
consensus has been reached whether this defini-
tion should be limited solely to the physical
sphere or also expanded on the cognitive func-
tion, psychological status and social relations
(Uchmanowicz et al. 2014). In the absence of a
gold standard, Fried et al. (2001) proposed to
operationalize frailty based on the following five
phenotypic criteria: (1) low grip strength, (2) low
energy, (3) slow walking speed, (4) low physical
activity, and/or (5) unintentional weight loss
(Fried et al. 2001). Based on this operational
definition, a person can be considered frail is
he/she satisfies at least three of the criteria
mentioned above, and pre-frail if one or two
criteria are met (Fried et al. 2001). However, it
needs to be stressed that the Fried’s criteria,
although objective and used commonly by
researchers and clinical practitioners worldwide,
are applicable solely to physical frailty and do
not cover other important domains of this con-
dition, such as cognitive, psychological and
social frailty.

Frailty has a detrimental effect on the quality
of life in the elderly. The negative consequences
of frailty include multiple limitations in the
activities of daily living, reduced mobility,
greater predisposition to falls and disability,
higher prevalence of mild cognitive impairment
and depression, and deterioration social rela-
tionships, to mention a few (Uchmanowicz et al.
2014). Moreover, frailty is an established con-
tributor of higher hospitalization and mortality
rates at the older age (Soysal et al. 2017). Con-
sidering all the above, WHO recognized frailty as
a target of preventive interventions (Morley et al.
2013; Beard et al. 2016). According to an inter-
national consensus, frailty is a syndrome that can

be reversed or at least attenuated by interven-
tions, and as such, it needs to be identified as
early as possible (Morley et al. 2013; Cesari et al.
2016).

8.4 Oxidative Stress Biomarkers
in Frailty

While a link between oxidative stress and frailty
has been postulated by many authors, empirical
data for this relationship originate from only a
few studies reviewed below and summarized in
Table 8.1.

In a study conducted by Wu et al. (2009) in a
group of 90 Taiwanese aged 65 years or older,
frailty status was determined based on Fried’s
criteria (Fried et al. 2001). Using that operational
definition of frailty, 21 (23.3%, mean age
79.9 £ 5.8 years) participants were identified as
frail, 56 (62.2%, mean age 76.8 £ 5.8 years) as
pre-frail  and 13 (144%, mean age
73.1 £ 5.3 years) as robust. Oxidative DNA
damage was determined based on serum levels of
the main oxidized nucleoside, 8-0xodG. The
analysis also included metabolic markers: body
mass index (BMI), waist-to-hip ratio, blood
concentrations of albumins, lipids and glucose,
as well as high-sensitivity C-reactive protein
(hs-CRP) as an established marker of chronic
inflammation. Pre-frail and frail patients were
shown to present with significantly higher serum
levels of 8-0xodG than the robust subjects, and a
significant correlation was found between the
concentration of this oxidative stress marker and
the number of satisfied Fried’s criteria. Elevated
8-0xodG remained a correlate of frailty after
adjusting for other significant determinants of
this condition: age, waist-to-hip ratio, serum
albumin, hs-CRP, smoking status and comor-
bidities (Wu et al. 2009).

The primary aim of the study conducted by
Goulet et al. (2009) was to determine whether
frail elderly subjects were more insulin resistant
than the non-frail controls. Moreover, the authors
verified if insulin sensitivity in the study subjects
was influenced by various anthropometric,
lifestyle-related and laboratory variables, among
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Table 8.1 Summarized results of the studies analyzing a link between oxidative stress and frailty

Authors

Wu et al.
(2009)

Goulet
et al.
(2009)

Serviddio
et al.
(2009)

Inglés
et al.
(2014)

Saum
et al.
(2015)

Country

Taiwan

Canada

Italy

Spain

Germany

Frailty
criteria
Fried

et al.
(2001)

Rothman
et al.
(2008)

Fried
et al.
(2001)

Fried
et al.
(2001)

Fried
et al.
(2001)

Frailty status Age
(years)

Frail (n = 21, 799 £5.8

23.3%) 76.8 £ 5.8

Pre-frail 73.1 £5.3

(n = 56, 62.2%)

Robust (n = 13,

14.4%)

Frail (n = 33, 82+ 5

61.1%) 79+£5

Pre-frail/Robust
(n =21, 38.9%)

Frail (n = 43, NA
69.4%)

Robust (n = 19,
30.6%)

Frail (n = 54,
7.3%)
Pre-frail

(n = 278,
37.5%)
Robust

(n = 410,
55.3%)

78.8 £ 6.0
73.8 £ 4.7
724 £ 4.2

73.7 £ 6.0
703 £ 6.2
67.8 £ 5.8

Frail (n = 210,
8.3%)
Pre-frail

(n = 1,463,
58.1%

Robust

(n = 845,
33.6%)

Oxidative stress
biomarkers

8-0x0dG

Paraoxonase-1
MDA
Antioxidant capacity

Reduced glutathione
Oxidized glutathione
MDA

HNE

MDA
PC

BAP d-ROM TTL

Findings

Significantly higher
8-0x0dG levels in frail
and pre-frail groups.
Significant correlation
between 8-0xodG levels
and the number of
satisfied frailty criteria

No significant differences
between the study groups

Significantly higher
levels of oxidized
glutathione, MDA, HNE
and oxidized to reduced
glutathione ratio in the
frail group. Significant
determinants of frailty:
higher values of oxidized
to reduced glutathione
ratio (OR = 1.8, 95% CI:
1.2-2.5), higher
concentrations of MDA
(OR =2.8,95% CI: 1.6
4.7) and HNE (OR = 1.5,
95% CI: 1.2-2.8).
Significant correlation
between the number of
satisfied frailty criteria
and the values of the
oxidized to reduced
glutathione ratio

In the frail group,
significantly higher levels
of MDA and PC than in
non-frail

group. Elevated MDA
and PC levels
significantly associated
with frailty, independent
of age, sex and other
confounders

In the frail group,
significantly higher levels
of d-ROM and
significantly lower levels
of TTL. Frailty associated
positively with d-ROM
(OR = 2.02, 95% CI:
1.25-3.25) and inversely
with TTL (OR = 0.42,
95% CI: 0.25-0.69)

(continued)
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Authors Country | Frailty Frailty status Age Oxidative stress Findings
criteria (years) biomarkers
Liuetal. | USA Fried Frail (n = 142, 77 £ 6 Lipoprotein-associated | In multivariate logistic
(2016) et al. 7.4%) 72 +7 phospholipase A2 regression models
(2001) Pre-frail 69 + 6 Isoprostanes adjusted for age, sex,
(n = 864, BMI, smoking, diabetes
45.0%) mellitus, CVD, cancer
Robust and chronic kidney
(n =913, disease, frailty associated
47.6%) with elevated levels of
both analyzed biomarkers
Namioka | Japan Fried Frail (n = 34, 82.3 &£ 6.1 | Diacron reactive In frail and pre-frail
et al. et al. 24%) 80.5 £ 4.9  oxygen metabolite groups, significantly
(2017) (2001) Pre-frail 78.2 &+ 6.0 | 8-oxodG Isoprostanes | higher levels of diacron
(n = 62, 44%) BAP reactive oxygen
Robust (n = 44, metabolite, 8-0xodG and
31%) isoprostanes than in
non-frail participants.
Significantly higher
diacron reactive oxygen
metabolite level in the
frail group than in
pre-frail patients. BAP
level in the frail group
significantly lower than in
the non-frail group
Ble et al. | Italy Fried Frail (n = 54, NA Alpha-tocopherol Age- and sex-adjusted
(2006) et al. 6.5%) plasma levels of
(2001) Pre-frail alpha-tocopherol
(n =313, decreased gradually with
37.8%) the number of satisfied
Robust frailty criteria.
(n = 460, Participants with the
55.6%) highest alpha-tocopherol

levels (third tertile)
significantly less likely to
present with frailty than
those with the lowest
(first tertile)
concentrations

(OR = 0.30, 95% CI:
0.10-0.91)

8-0x0dG: 8-ox0-7,8-dihydro-2'deoxyguanosine; BAP: biological antioxidant potential; d-ROM derivate of reactive oxygen
metabolites; HNE trans-4-hydroxy-2-nonenal; MDA malondialdehyde; NA not applicable; PC protein carbonyl; TTL total thiol

level

them oxidative stress biomarkers: paraoxonase-1,
MDA and antioxidant capacity. Contrary to other
studies included in this review, frailty was
identified based on Rothman’s criteria: slow gait
speed, low physical activity, weight loss,
exhaustion, weakness, cognitive impairment and
depressive symptoms (Rothman et al. 2008). The

study included 54 subjects, among them 33
(61.1%) identified as frail and 21 (38.9%)
pre-frail/robust persons with mean ages of
82 £ 5 and 79 £ 5 years, respectively. The
study groups did not differ significantly in terms
of the analyzed oxidative stress biomarkers
(Goulet et al. 2009).
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Serviddio et al. (2009) analyzed four oxida-
tive stress biomarkers (reduced and oxidized
glutathione, MDA and HNE) in 43 (69.4%) frail
patients identified based on Fried’s criteria (Fried
et al. 2001) and in 19 (30.6%) non-frail controls,
recruited among outpatients of an Italian clinic.
Frail patients presented with significantly higher
levels of oxidized glutathione, oxidized to
reduced glutathione ratio values, MDA and HNE
concentrations. No significant between-group
differences were found in terms of the reduced
glutathione levels. Higher values of oxidized to
reduced glutathione ratio (odds ratios, OR = 1.8,
95% confidence intervals, CI: 1.2-2.5), higher
concentrations of MDA (OR = 2.8, 95% CI: 1.6—
4.7) and HNE (OR =1.5, 95% CI: 1.2-2.8)
turned out to be significant determinants of frailty
on binary logistic regression analysis. Further-
more, a strong positive correlation was found
between the number of satisfied Fried’s criteria
and the values of the oxidized to reduced glu-
tathione ratio (Serviddio et al. 2009).

Inglés et al. (2014) verified whether
biomarkers of oxidative damage to proteins
(PC) and lipids (MDA) remained significant
determinants of frailty after adjusting for age, sex
and other confounders. The authors examined
742 participants of the Toledo Study for Healthy
Aging, aged between 65 and 95 years. Based on
Fried’s criteria (Fried et al. 2001), the study
group was divided into frail (n = 54, 7.3%, mean
age 78.8 + 6.0 years), pre-frail (n = 278, 37.5%,
mean age 73.8 &£ 4.7 years) and non-frail per-
sons (n = 410, 55.3%, 72.4 + 4.2 years). Frail
persons presented with significantly higher levels
of MDA and PC than non-frail participants.
Linear regression analysis confirmed that ele-
vated MDA and PC levels were significantly
associated with frailty, independent of age, sex
and other confounders (serum lipids and serum
cytosolic enzymes for MDA and total serum
protein levels for PC) (Ingles et al. 2014).

A cross-sectional analysis conducted by Saum
et al. (2015) included 2,518 persons, participants
of a German population-based cohort study of
aging. Frailty was defined according to Fried
et al. (2001) and operationalized using
population-independent cut-off values for the
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physical performance measures proposed by
Saum et al. (2012). Based on those criteria, the
study group was divided into three subgroups:
frail (n = 210, 8.3%, mean age
73.7 £ 6.0 years), pre-frail (n = 1,463, 58.1%,
mean age 70.3 & 6.2 years) and non-frail sub-
jects (n = 845, 33.6%, mean age
67.8 £ 5.8 years). The study groups were com-
pared in terms of the levels of oxidative stress
biomarkers: biological antioxidant potential
(BAP), derivate of reactive oxygen metabolites
(d-ROM) and total thiol level (TTL), as well as in
terms of the concentrations of CRP. Frail and
non-frail participants were shown to differ sig-
nificantly in terms of d-ROM, TTL and CRP
levels. In an age- and sex-adjusted logistic
regression analysis comparing highest and lowest
levels of the biomarkers, frailty turned out to be
associated positively with d-ROM and CRP
levels (OR =2.02, 95% CI: 1.25-3.25 and
OR =3.15, 95% CI: 2.00-4.96, respectively)
and inversely with TTL concentration (OR =
0.42, 95% CI: 0.25-0.69) (Saum et al. 2015).
The aim of a cross-sectional analysis con-
ducted by Liu et al. (2016) was to verify if
inflammatory and oxidative stress biomarkers
linked with CVD were associated with frailty in
1,919 participants of the Framingham Offspring
Study, a prospective study following the off-
spring and offspring spouses of the Framingham
Heart Study Original cohort. When the frailty
criteria proposed by Fried et al. (2001) were
applied, the study cohort turned out to consist of
142 (7.4%, mean age 77 &+ 6 years) frail, 864
(45.0%, mean age 72 4 7 years) pre-frail and
913 (47.6%, mean age 69 * 6 years) non-frail
persons. The pre-frail group was not included in
the analysis. The relationship between frailty and
oxidative  stress  biomarkers  (lipoprotein-
associated phospholipase A2 and isoprostanes)
was studied in multivariate logistic regression
models adjusted for age, sex, BMI, smoking,
diabetes mellitus, CVD, cancer and chronic kid-
ney disease. Frailty turned out to be associated
with elevated levels of both analyzed oxidative
stress  biomarkers.  Elevated levels of
lipoprotein-associated phospholipase A2 and
isoprostanes, as well as increased concentration
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of an inflammatory marker, interleukin-6 (IL-6),
remained significant correlates of frailty also in a
stepwise regression model (Liu et al. 2016).

Namioka et al. (2017) determined the levels of
oxidative stress biomarkers: diacron reactive
oxygen metabolite, 8-oxodG, isoprostanes and
BAP in 140 outpatients with mild to moderate
Alzheimer’s disease. Based on Fried’s criteria
(Fried et al. 2001), the study group was divided
into fraill (n=34, 24%, mean age
82.3 &+ 6.1 years), pre-frail (n = 62, 44%, mean
age 80.5 £ 4.9 years) and non-frail participants
(n =44, 31%, mean age 78.2 £ 6.0 years).
Analysis of covariance, with age, sex and
Charlson Comorbidity Index scores as covari-
ates, demonstrated that frail patients presented
with significantly higher diacron reactive oxygen
metabolite levels than pre-frail and non-frail
participants; also, diacron reactive oxygen
metabolite concentration in pre-frail patients
turned out to be significantly higher than in
non-frail persons. Moreover, both frail and
pre-frail patients had significantly higher urinary
levels of 8-0xodG and isoprostanes than non-frail
persons. Finally, BAP level in the frail group
turned out to be significantly lower than in the
non-frail group (Namioka et al. 2017).

A slightly different approach was presented by
Ble et al. (2006) who verified whether low
plasma levels of alpha-tocopherol, an established
endogenous antioxidant, were associated with
frailty in older persons free from dementia and
disability. The study included 827 persons par-
ticipating in an Italian population-based study,
aged 65 years or older. Frailty was diagnosed
according to Fried et al. (2001) . Using those
criteria, 54 (6.5%) study subjects were identified
as frail, 313 (37.8%) as pre-frail and 460 (55.6%)
as robust. The study showed that age- and
sex-adjusted plasma levels of alpha-tocopherol
decreased gradually with the number of satisfied
Fried’s criteria. After adjusting the results for
potential confounders (lower extremity muscle
strength, cognitive function, diseases and factors
associated with vitamin E metabolism), partici-
pants with the highest alpha-tocopherol levels

(third tertile), were significantly less likely to
present with frailty than those with the lowest
(first tertile) concentrations (OR = 0.30, 95% CI:
0.10-0.91) (Ble et al. 2006).

As summarized by Soysal et al. (2017), 6 out
of 8 cross-sectional studies reviewed above
demonstrated that frailty was associated with
elevated levels of oxidative stress biomarkers:
lipoprotein-associated phospholipase A2 (Liu
et al. 2016), isoprostanes (Liu et al. 2016;
Namioka et al. 2017), MDA (Serviddio et al.
2009; Ingles et al. 2014), 8-oxodG (Wu et al.
2009; Namioka et al. 2017), d-ROM (Saum et al.
2015), oxidized to reduced glutathione ratio
(Serviddio et al. 2009), HNE (Serviddio et al.
2009) and PC (Ingles et al. 2014), and two
studies showed that frail persons presented with
lower levels of antioxidants: thiols (Saum et al.
2015) and alpha-tocopherol (Ble et al. 2006).
Only one study (Goulet et al. 2009) did not
demonstrate a relationship between oxidative
stress and frailty; a list of potential reasons
behind this discrepancy might include small
sample size, analysis of pre-frail and non-frail
persons as a single group and the use of Roth-
man’s frailty criteria (Rothman et al. 2008)
instead of the Fried’s criteria (Fried et al. 2001)
applied by other authors.

8.5 Relationship Between Oxidative
Stress and Frailty

According to the free radical theory of aging,
also referred to as oxidative stress theory of ag-
ing, the progressive loss of tissue and organ
function over time is caused by accumulation of
ROS-induced oxidative damage to macro-
molecules (Beckman and Ames 1998). The exact
mechanism of this process remains unknown, but
plausibly, accumulation of ROS inside the cell
contributes to cellular senescence, a physiologi-
cal mechanism preventing cellular proliferation
whenever a damage occurred during the repli-
cation (Liguori et al. 2018). The cells acquire an
irreversible  senescence-associated  secretory
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phenotype and synthesize a plethora of soluble
factors (interleukins, chemokines, growth fac-
tors), degradative enzymes (matrix metallopro-
teinases) and insoluble proteins/extracellular
matrix components (Chandrasekaran et al. 2017).

Oxidative stress was also shown to be asso-
ciated with many age-related diseases, such as
sarcopenia, cardiovascular and cerebrovascular
diseases, Alzheimer’s disease, Parkinson’s dis-
ease and other neurodegenerative disorders,
macular degeneration and malignant neoplasms
(Liguori et al. 2018; Reinisalo et al. 2015; Patel
et al. 2016). However, the question whether ox-
idative stress predisposes to all those conditions
or is a consequence thereof is still a matter of
debate. Similarly, we still do not know whether
the free radical theory can be applied to frailty
development. Although both the harmful effects
of oxidative stress and frailty increase linearly
with age, the relationship between these two
conditions is not necessarily straightforward
(Soysal et al. 2017). To this date, several
hypotheses have been proposed to explain the
link between oxidative stress and frailty.

First, it was suggested that oxidative stress
may lead to musculoskeletal damage, since it
contributes to an increase in intracellular calcium
and thus, promotes proteasomal activity and
accelerates muscle breakdown; indeed, ROS
were shown to trigger the apoptosis of murine
skeletal muscles and to decrease myoblast pro-
liferation (Boittin et al. 2006; Derbre et al. 2014).
Hence, oxidative stress likely contributes to
muscle dysfunction and the loss of muscle
strength, which in turn results in lesser physical
activity, a major determinant of frailty (Fried
et al. 2001). However, it should be remembered
that reduced physical activity may also promote
oxidative stress, as demonstrated both in animal
models and in humans (Bar-Shai et al. 2008;
Agostini et al. 2010). Consequently, a relation-
ship between oxidative stress and frailty might be
a kind of a vicious circle (Soysal et al. 2017).
According to the second theory, oxidative stress
might contribute to immune activation due to
generation of oxidized cellular components (Wu
et al. 2009). Previous studies demonstrated that
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as a result of oxidative stress, frail persons may
show a depletion of the innate immune system
components, lesser T-cell activity and antibody
production (Li et al. 2011; Soysal et al. 2016).
Frailty might also be related to elevated levels of
proinflammatory cytokines which are one of the
hallmarks of aging and were shown to promote
protein degradation and to interfere with many
important metabolic pathways (Lang et al. 2009).
Third, frail and pre-frail persons frequently suffer
from various comorbidities associated with
enhanced oxidative stress, such as CVD, stroke,
dementia and diabetes mellitus (Reinisalo et al.
2015; Patel et al. 2016). These conditions, often
diagnosed in the elderly, might be associated
with increased metabolic rate to maintain cellular
homeostasis, and hence, might promote oxidative
stress with all harmful consequences thereof
(Saum et al. 2015). Finally, the results of many
studies suggest that frail persons frequently pre-
sent with excess body weight, and obesity both is
an established determinant of oxidative stress and
exerts a negative effect on walking ability, a
criterion of physical frailty (Keaney et al. 2003;
Woo et al. 2007).

As mentioned before, nowadays frailty is not
considered merely as a physical weakness, but
this term is expanded also on a cognitive dys-
function observed at an older age. According to
literature, oxidative stress contributes to the loss
of cognitive performance in the elderly (Mulero
et al. 2011). Brain seems to be particularly vul-
nerable to oxidative damage due to a relative
deficiency of antioxidants, high consumption of
oxygen, high contents of iron and prone to per-
oxidation fatty acids and low regenerative
potential of nervous tissue (Mulero et al. 2011).
Indeed, age-related memory impairment was
shown to correlate with a decrease in brain and
plasma antioxidants (Rinaldi et al. 2003), and the
studies in rodents demonstrated that dietary
supplementation with antioxidants attenuated the
cognitive decline and protected the brain against
the oxidative damage (Fraser et al. 2005; Muller
et al. 2007; Yankner et al. 2008; Park and
Reuter-Lorenz 2009). Moreover, elevated PC
levels were found in various areas of the brain of
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persons with mild cognitive impairment (Abd El
Mohsen et al. 2005; Poon et al. 2006). Individ-
uals with mild cognitive impairment also pre-
sented with significantly higher cerebrospinal
fluid, plasma and urinary concentrations of iso-
prostanes than cognitively normal elderly sub-
jects (Pratico et al. 2002).

8.6 Oxidative Stress
and Cardiovascular Diseases

Several authors stipulated that aging is associated
with lesser tolerance of the heart and vessels to
oxidative stress (Liguori et al. 2018). This greater
susceptibility to oxidative damage seems to be
related to a systemic decrease in the activity
antioxidant enzymes and is likely a significant
contributor to the development of cardiovascular
pathologies (Abete et al. 1999).

The primary cardiovascular condition in the
case of which the link with oxidative stress
became evident is atherosclerosis. oxLDL, a
product of LDL oxidation, was shown to play a
key role in the pathogenesis of atherosclerosis,
and some studies demonstrated an association
between oxLDL concentration and arterial stiff-
ness, independent of other conventional risk
factors for CVD (Brinkley et al. 2009; Paik et al.
2013). However, although the causal link
between accumulation of oxLDF and arterial
insufficiency raises no controversies, it is still
unclear whether this oxidative stress biomarker
has a prognostic value in cardiovascular patients;
for example, a large population based follow-up
study, INCHIANTI found no association between
oxLDL levels and cardiovascular mortality
(Zuliani et al. 2013).

Aside from the overproduction of oxLDL,
another driver of cardiovascular morbidity seems
to be oxidative endothelial damage. Brachial
artery flow-mediated dilation in healthy adults of
various ages was shown to correlate inversely
with the concentration of nitrotyrosine, a product
of tyrosine interaction with ROS, in vascular
endothelial cells (Donato et al. 2007). Also, the

expression of endothelin-1, a potent vasocon-
strictor synthesized in vascular endothelium, was
demonstrated to be positively correlated with
nitrotyrosine concentrations (Donato et al. 2009).
Aside from being a vasoconstrictor molecule,
endothelin-1 has also prooxidant and proinflam-
matory properties and hence, it has been impli-
cated in oxidative endothelial damage (Lemkens
et al. 2012). Furthermore, endothelin-1 produc-
tion in endothelial cells was shown to be stimu-
lated by oxLDL (Donato et al. 2009), and
endothelin-1 overexpression is known to stimu-
late ROS generation by NADPH oxidase (Bar-
houmi et al. 2014). All those findings suggest that
a determinantal effect of oxidative stress on car-
diovascular system is likely a self-perpetuating
process. Moreover, oxidative stress stimulates
inflammatory response within the cardiovascular
system, and as shown further in this chapter,
proinflammatory cytokines stimulate further
oxidative damage in a positive reverse feedback
mechanism.

Taken altogether, those findings imply that
oxidative stress predisposes to cardiovascular
morbidity primarily via an increase in peripheral
vascular resistance, as it likely plays a role in the
development of atherosclerosis and arterial
hypertension (Siti et al. 2015).

8.7 Oxidative Stress,
Cardiovascular Diseases
and Frailty—Common Links

As shown above, both frailty and CVD seems to
be related to oxidative stress and systemic
inflammation. Then, there is an evident bidirec-
tional link between CVD and frailty.

First, CVD are an established risk factor for
frailty. Most cardiovascular conditions exert a
detrimental effect on functional capacity, which
is inter alia reflected by lesser physical activity, a
hallmark of frailty (McNallan et al. 2013; Poli-
doro et al. 2013). Moreover, despite many pub-
lished recommendations, cardiovascular patients
tend to intentionally decrease the level of their
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physical activity, even if not justified by the
symptoms (Stewart et al. 2013).

Second, frail patients are known to cope worse
with their cardiovascular conditions. Frail patients
with CVD were shown to have higher risk of both
cardiovascular and non-cardiovascular mortality
(Adabag et al. 2018). Frailty was also demon-
strated to predispose to adverse outcomes after
various cardiac interventions, including percuta-
neous coronary intervention (Singh et al. 2011),
coronary artery bypass surgery (Afilalo et al.
2017) and transcutaneous aortic valve replace-
ment (Lee et al. 2010), also after adjustment for
other risk factors.

Finally, CVD and frailty share some common
risk factors and some of those factors, namely
physical inactivity, obesity, smoking and inap-
propriate diet seem to predispose to oxidative
stress as well (Stewart 2018). This complex
interplay between oxidative stress, CVD and
frailty has been presented schematically in
Fig. 8.1.

Fig. 8.1 Relationships
between oxidative stress,
systemic inflammation, CVD
and frailty (solid lines) and
their risk factors (dashed
lines)
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8.8 Conclusion

Available evidence suggests that frail patients
present with elevated levels of oxidative stress
biomarkers and proinflammatory cytokines, as
well as with reduced concentrations of endoge-
nous antioxidants. This implies that oxidative
stress and systemic inflammation might play a
role in the pathogenesis of frailty, but an under-
lying mechanism of this relationship is still
mostly hypothetical. Oxidative stress and sys-
temic inflammation are also involved in the
pathogenesis of CVD. Cardiovascular conditions
are established risk factor for frailty and in turn,
presence of frailty constitutes an unfavorable
prognostic factor in cardiac patients. Finally,
some cardiovascular risk factors, such as lack of
physical activity, smoking, obesity and inappro-
priate diet, are also involved in the etiology of
oxidative stress, chronic inflammation and
frailty. This complex interplay between intrinsic
and extrinsic elements should be considered
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during holistic management of older persons
with frailty and/or cardiovascular conditions.
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Abstract

Frailty is a complex clinical syndrome, pro-
gressively described in the last thirty years,
resulting from multiple impairments across
many organs and systems and characterized
by a reduction in physiological reserves and
increased vulnerability to stressors, as well.
Cardiovascular diseases (CVDs) are a common
health problem in very old populations.
Age-related changes occur throughout the body
and in all organs, including the cardiovascular
system. Cellular senescence links age-related
CVDs and frailty by many mechanisms of
particular interest in the aging biology and
geriatric syndromes. Cellular senescence may
represent the pivotal factor with its senescence-
associated secretory phenotype (SASP) leading
to systemic inflammation. In this context, SASP
may represent the key element in the associa-
tion between aging, frailty and the development
of age-related CVDs.
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9.1 Introduction and Overview

The old age population is increasing worldwide
at an impressive rate. However, while people are
more long-lived, parameters of health span—
defined as the years lived in health—have stag-
nated for years. In the last fifty years, death rates
for chronic diseases have changed dramatically.
Due to the reduction of many modifiable risk
factors including smoking or high blood pres-
sure, acute heart disease death is declining.

Nevertheless, all over the world, the old age
population is growing rapidly and, in spite of the
relative success of clinical medicine for early
detection and management of chronic diseases,
the gain in longevity pushed older adults in a long
period of multimorbidity. A recent large popula-
tion study showed that European countries would
have about 21% of female and about 17% male
over 65 years with severe long-term activity
limitations by 2047 (Scherbov and Weber 2017).
In Italian oldest old subjects (over 85 years old),
these percentages will reach 49% in women and
34% in men. Thus, the goal of the modern
biomedical research is to try to compress, if not
eliminate, the long period of disability and to
lengthen years of health.

Aging is a process characterized by a pro-
gressive decline in physiological functions,
leading to an increased vulnerability to diseases
and risk of death. Thus, age per se remains the
major risk factor for several chronic conditions,
including cardiovascular diseases (CVDs).
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However, aging is an extremely heterogeneous
process, and three different phenotypes have
been described so far: (1) normal aging (2) suc-
cessful aging and (3) unfit or accelerated aging.
The accumulation of different chronic diseases in
the same person determines a phenotype of
accelerated aging, with a relevant decline in the
muscle mass as well as an increment of the basic
metabolic rate (Fried et al. 2004). Thus, the loss
in resiliency and the increased vulnerability to
many and different stressors, which inevitably
occur along with aging, is recognized as
“frailty.” At present, there are many operational
definitions of frailty, as already discussed in this
book, but recently it has been proposed as a
syndrome of “accelerated aging.” Briefly, as
described by Ferrucci et al. (2018), frailty can be
conceptualized as a construct of many overlaying
dimensions. Just like to layers of an onion. The
outside layer is the clinical presentation or
functional aging that affects daily life and
includes multimorbidity, cognitive and physical
impairment. Going inside there are the hypo-
thetical ~pathophysiologic mechanisms and
including inflammation, anabolic hormone defi-
cit, energy unbalance, loss of weight, weakness,
neurodegeneration and poor endurance. At the
hearth of this construct holds the biological
mechanisms, including genomic instability,
telomere attrition, epigenetic alterations, loss of
proteostasis, mitochondrial dysfunction, deregu-
lated nutrient sensing, stem cells exhaustion, and
altered intercellular communication (Lopez-Otin
et al. 2013; Afilalo et al. 2014). Among them,
there is the cellular senescence. Upon this model
construction, frailty may be considered as the
solid substrate for geriatric syndromes suscepti-
bility. The prevalence of frailty in older adults
living in community is estimated to be around
10% (Collard et al. 2012), rising to 60% in
subjects affected by CVDs (Afilalo et al. 2009).

Interestingly, frailty has been implicated as a
causative and prognostic factor in patients with
CVDs. In CVDs, frailty is associated with a
significant increase in mortality, even after
adjustment for age and presence of other chronic
conditions (Matsuzawa et al. 2013). However,
what is the fundamental “biological link” among
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aging, frailty, and CVDs? Cellular senescence is
emerging as a pivotal contributor and linking
mechanism. In this chapter, we will review the
existing literature regarding the importance of
cellular senescence in frailty as well as CVDs to
better define linking mechanisms.

9.2 Cellular Senescence

Cellular senescence has been first described as a
natural process that limited the proliferation and
growth of normal human cells in colture (Hay-
flick and Moorhead 1961). At present, three
distinct origins of senescent cells have been
recognized and well described: (1) “replicative
senescence” , or cells that have reached their
limit and unable to further divide (2) “cellular
senescence”, or cells that are blocked in the GO
phase of the cell cycle, as induced by many and
different stimuli, before the loss of the prolifer-
ative capacity (3) “non replicative senescence”,
or non-proliferative cells because terminally dif-
ferentiated (such as neurons). Interestingly, cel-
lular senescence is not only characterized by a
simple loss in the replicative capacity, but also by
a series of changes in cell structure, morphology,
gene expression and metabolism (van Deursen
2014). In detail, senescent cells are in a
metabolically active state, that can alter the
microenvironment through the “senescence-
associated secretory phenotype (SASP).” SASP
refers to the secretion of several molecules where
interleukin IL-1, IL-6, IL-8, transforming growth
factor (TGF)-B, and tumor necrosis factor (TNF)-
a, have the main impact. SASP, together with the
accumulation of B-galactosidase (SAPG), and
increased activity of the cell cycle regulating
protein p16 Ink4a, the tumor protein p53, and the
heterochromatin foci, are the main biomarkers of
cellular senescence. One of the key functions of
SASP is the regulation and modulation of the
immune system to eliminate senescent cells.
Inflammatory proteins, secreted by immune cells,
act in an autocrine and paracrine manner,
spreading senescence via a “bystander effect,” as
previously reported (Acosta et al. 2013).

Collectively, senescence induces extensive
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metabolic and bioenergetics changes in cells,
tissues and whole body function (Quijano et al.
2012). The accumulation of senescent cells in
tissues, organs, systems, and whole body as well,
is considered as the principal underlying mech-
anism of aging. However, cellular senescence
has a dual role, from aging progression to pro-
tection from development and growth of cancers.
First, activation of the senescence process is
fundamental to avoid uncontrolled cellular
replication. Accumulation of senescent cells that
increases along with age is the key element for
tumor suppressor pathways, but it is also a pro-
moter of tissue repair.

Nevertheless, cellular senescence has a dark
side: in addition to suppressing tumorigenesis, it
might promote fuel inflammation associated with
cancer progression. So, if the presence and the
efficient elimination of senescent cells are critical
for tissue remodeling, their chronic accumulation
may lead to accelerated aging. Thus, in young
people, senescent cells act as a security mechanism
that prevents tumor transformation but, in the old
ones, accumulation of senescent cells not only
promotes the appearance of a senescent pheno-
type, but also the generation of a favorable envi-
ronment for tumorigenesis In conclusion, cellular
senescence is described from evolutionary theo-
ries as an antagonistically pleiotropic process,
with both beneficial and deleterious effects.

9.3 Frailty as Clinical Syndrome
of Accelerated Ageing

When a stressor occurs, the organism reaction
involves mainly three cellular responses
(1) apoptosis (2) senescence or (3) repair. Usu-
ally, after an injury, apoptosis is activated to
remove damaged or aberrant cells through con-
trolled cell death, senescence alters cell pheno-
type and blocks further replication, while repair
machinery properly removes waste products (as
damaged proteins, lipids, and organelles). Dys-
regulation of these coordinated cellular responses
may lead to tissue dysfunction when increased
apoptosis induces organ atrophy or when the
higher expression of senescent cells increases the
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pro-inflammatory status. The “perfect” balance
among apoptosis, senescence, and repair is the
key element to avoid accelerated aging. The
difference between these conditions could be in
the “normal or abnormal” response to stressors,
that can determinate the individual rate of se-
nescence. It may be expected that the patterns
observed in normal aging among these cellular
responses may be much accelerated in the syn-
drome of frailty.

Frailty may be considered as a clinical syn-
drome of “accelerated aging” characterized by
weakness, weight loss, and low activity that is
associated with adverse health outcomes. This is
due to the loss of homeostasis that predisposes to
a higher vulnerability to many and different
stressors. In this context, inflammation may be
considered as the systemic response to Stressors.
Thus, “sickness behavior’—including fatigue,
loss of interest in social activities, changes in
sleep and appetite patterns, difficulty concen-
trating and depression—may be caused by the
inflammatory state linked to senescence (Dantzer
2009). Accordingly, many are the evidence
showing the association between inflammation
and frailty in old age subjects (Leng et al. 2011;
Lee et al. 2016). Moreover, the altered inflam-
matory state observed in frailty may contribute to
several frailty-associated diseases.

9.4 Cellular Senescence
and Cardiovascular Diseases

Cellular senescence is the major contributing
factor to age-associated organs and systems dys-
function, including cardiovascular, and represents
the core feature of the age-related changes
(ARCs). In summary, the ARCs arise from
intrinsic and extrinsic causes: the first are those
resulting from programmed processes, while the
second is the result of experiential wear and tear
and of randomly occurring, or stochastic, dam-
aging events during life (Boccardi et al. 2017).
Strongly connected to aging, CVDs are a com-
mon problem in the old age population.
Atherosclerosis, heart failure, and atrial fibrilla-
tion are important cardiovascular problems where
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age represents the primary risk factor. Everything
starts at the biological level: endothelial, vascular
smooth muscle (VSMC) and cardiomyocyte cells
play a pivotal role in the maintenance and
regeneration of cardiovascular tissue.

Along with aging, as the result of these cel-
lular events, the structure and function of the
cardiovascular system progressively change,
from the cellular to the structural and functional
level. Structural modifications involve the myo-
cardium, valves and the cardiac conduction sys-
tem. The progressive degeneration and collective
changes in the cardiovascular system (ARCs)
along with aging are summarized in Table 9.1.

Cardiac senescence is characterized by both
quantitative (reduction in the number of car-
diomyocytes), and qualitative (changes in car-
diomyocyte properties) alterations (Centurione
et al. 2002). Molecules such as lipofuscin—a
brown granular pigment consisting of cross-
linked lipids and proteins produced during lyso-
somal digestion-, and amyloid-aggregates of
insoluble fibrous proteins-, can be found in the

Table 9.1 Cardiovascular Age Related Changes (ARCs)

Myocardial subcellular
changes

V. Boccardi and P. Mecocci

aged myocardium (Lakatta and Levy 2003).
Senescent cardiomyocytes are characterized by
prolonged relaxation, diminished contraction
speed, a reduction in the B-adrenergic response,
and an increase in the myocardial stiffness. Fur-
thermore, the increase in the size of cardiomy-
ocytes contributes to age-associated diastolic
dysfunction. This alteration in left ventricular
diastolic function leads to the higher incidence of
heart failure and atrial fibrillation in old age
populations. Cardiomyocyte hypertrophy is also
very pronounced in the aged heart and associated
with changes in cytoskeletal proteins that may
alter the microtubule architecture and the orga-
nization of sarcomeres in myocytes. Increased
collagen volume fraction, higher resting car-
diomyocyte tension and larger cardiomyocyte
diameter are correlated with left ventricular
diastolic stiffness. Also, hypertrophic cardiomy-
ocytes require more energy by the pool of dys-
functional mitochondria. Mitochondrial
dysfunction is often associated with increased
production of reactive oxygen species (ROS)

The nucleus, containing DNA, becomes larger and may show invagination of its
membrane. The mitochondria show alterations in size, shape, cristal pattern, and matrix

density, which reduce their functional surface. The cytoplasm is marked by fatty
infiltration or degeneration, vacuole formation, and a progressive accumulation of
pigments, such as lipofuscin. The combined age related changes in the subcellular
compartments of the cells result in decreased cellular activities such as altered
homeostasis, protein synthesis, and degradation rates

Valves

An age-related increase in valvular circumference has been reported in all four cardiac

valves (aortic semilunar valve, semilunar valve, bicuspid valve, tricuspid valve), with the
greatest changes occurring in the aortic valve (the valve between the left ventricle and the
aorta). Calcific deposits frequently are present. These changes do not usually cause
significant dysfunction, although in some older adults, severe aortic valvular stenosis and
mitral valvular insufficiency are related to degenerative changes with age

Blood vessels

Factors that contribute to the increased wall thickening and stiffening in aging include

increased collagen, reduced elastin, and calcification. The decrease of elasticity of the
arterial vessels with aging may result in chronic or residual increases in vessel diameter
and vessel wall rigidity, which impair their function

Electrical conduction
system

First, cardiac conduction is affected by the decrease in the number of pacemaker cells in
the sinoatrial node with age. With advancing age, there is an increase in elastic and

collagenous tissue in all parts of the conduction system. Fat accumulates around the
sinoatrial node, sometimes producing a partial or complete separation of the node from the

atrial musculature

Cardic output

The decline in left ventricular compliance provides an increase workload on the atria,

resulting in hypertrophy of the atria. Cardiac output at rest is unaffected by age, while
Maximum cardiac output and aerobic capacity are reduced with age
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that furtherly damage cardiomyocytes leading
them to apoptosis.

Age-associated cellular changes may enhance
the risk of developing CVDs. Inflammatory fac-
tors -such as IL-6, TNF-a, and acute-phase pro-
teins—are recognized as pathogenic factors in
the development of CVDs. In this context, cel-
lular senescence and related inflammation play a
key role in the genesis as well as progression of
several cardiovascular diseases

9.4.1 Atherosclerosis

CVDs due to atherosclerosis is the primary cause
of mortality worldwide. Increased numbers of
SABG-positive vascular smooth cells (VSMCs),
endothelial cells (ECs), and monocyte/macro-
phages have been found in the aged vessel as
well as atherosclerotic lesions (Matthews et al.
2006; Minamino and Komuro 2002), reinforcing
the idea that atherosclerosis is associated with
premature cellular senescence. During plaque
formation and progression, smooth-muscle pro-
liferation and subsequent decline in endothelial
nitric oxide synthase levels can lead to oxidative
stress (DeMello et al. 2015; Kawashima and
Yokoyama 2004). These alterations are strong
inducers of cellular senescence, as reported in
human and mouse atheroma (Wang and Bennett
2012) (Biirrig). A sequential role of senescent
cells in atherogenesis has been described: First,
senescent endothelial cells accumulation induces
plaque initiation, which, through the SASP acti-
vation, promotes the initial invasion of circulat-
ing monocytes into the vessel wall. Also,
senescent endothelial cells are more susceptible
to apoptosis, leading endothelial layer “leaki-
ness” that allow extravasation of oxidized LDL
into the vessel wall. Then, accumulation of
senescent endothelial cells promotes a dysfunc-
tion in signaling, such as secretion of nitric oxide
(NO), driving early intimal thickening, a well
known key risk factor for atherosclerosis (Zhang
et al. 2002; Krouwer et al. 2012). Later, plaque
progression is mediated by chemoattractant fac-
tors in the SASP, with known pro-atherosclerotic
functions (Rippe et al. 2012). Finally, senescent
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cells contribute to plaque destabilization and
more prone to the rupture and defined “vulnera-
ble” plaques that lead to acute complications,
such as stroke as well as myocardial infarction.

9.4.2 Heart Failure

Heart failure (HF) is another typical
age-associated disease. It is the last stage of
many CVDs resulting in a progressive weaken-
ing of the global cardiac function, related to the
dysfunctional hypertrophic and apoptotic state of
terminally differentiated cardiac myocytes (Leri
et al. 2003). The mechanism of HF is still not
completely identified and understood, although
there is strong evidence of cardiac endothelial
cell senescence in its onset and progression.
Heart disease associated with hypertension rep-
resents the main causes of HF. When cardiac
tissue is chronically exposed to pressure over-
load, hypertrophy occurs as an adaptive response
to maintain the systolic function. It has been
demonstrated that increased cardiac expression
of the tumor protein p53, which promotes cel-
lular senescence, leads to cardiac dysfunction as
shown in a murine model of hypertension (Kat-
suumi et al. 2018). p53 signaling activation in
vascular endothelial cells leads to senescence,
SASP and next cardiac remodeling (Yoshida
et al. 2015).

9.4.3 Atrial Fibrillation

Atrial fibrillation (AF) is a high prevalent con-
dition in the old population, and its incidence is
expected to even double in the next twenty years
(Kotecha and Piccini 2015). It is generally
known recognized that fibrosis contributes to
atrial structural remodeling, the structural base
for development of AF (Kotecha and Piccini
2015). However, the underlying mechanisms of
fibrosis in AF remain unclear. According to a
recent study by Meyer et al. (2016), cardiac
fibroblasts (CFs) senescence play an essential
anti-fibrotic role as shown in a murine model.
Similar results have been obtained from tissues
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of heart biopsies from patients affected by idio-
pathic cardiomyopathy, that showed a positive
and significant relationship between senescence
and fibrosis. These findings strongly support the
concept that senescence is associated with atrial
fibrosis in the development of AF (Meyer et al.
2016).

9.5 Frailty and Cardiovascular
Diseases Linked by Cellular
Senescence

Since frailty and CVDs share common aspects
(Soysal et al. 2016), it is reasonable to conclude
that frailty represents a significant risk factor for
CVDs. A large epidemiologic study showed the
association of frailty with subclinical CVDs
(Newman et al. 2001). In the Cardiovascular
Health Study, the prevalence of HF resulted eight
times higher in frail patients than in non-frail
subjects (Newman et al. 2001). Frailty might
predispose cardiac tissue to damage by reducing
resistance to many stressors including myocardial
ischemia, pressure or volume overload as well as
rhythm alterations. Among several tissues and
organ systems, cardiovascular dysfunction is
more frequently associated with the frail pheno-
type (Nadruz et al. 2017). Although the pathways
leading to CVDs and frailty are complex, both are

Fig. 9.1 Conceptual
framework. The cellular
senescence linked to
inflammation and
cardiovascular diseases

V. Boccardi and P. Mecocci

linked to chronic low-grade inflammation. Cir-
culating inflammatory markers including neu-
trophils, monocytes, high-sensitivity C-reactive
protein, and interleukin-6 (IL-6) are increased in
CVDs and frailty (Cesari et al. 2004; Leng et al.
2009). High inflammation levels correspond to
higher markers of thrombosis that could play an
additional role in CVDs onset. In this context,
cellular senescence exhibit a distinctive pattern of
proteins expression for the induction of replica-
tive senescence in vitro (Kortlever et al. 2006). In
addition to sharing causal pathways, CVDs has
been shown to contribute themselves in frailty
susceptibility (Dumurgier et al. 2009).

9.6 Conclusions

In conclusion, it is possible to conceive a con-
ceptual framework where cellular senescence
links inflammation and cardiovascular diseases
(Fig. 9.1). A state of chronic inflammation is a
common feature of frailty syndrome. Thus, frailty
can be considered as a clinical manifestation of
cardiovascular disease, where senescence may be
the connection. Significant advances in our
understanding of cellular senescence and the
proof of concept that interventions able to mod-
ulate the fundamental mechanisms of aging, may
significantly impact on health as well as

Atherosclerosis

Inflammation
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morbidities  compression. Some  strategic
approaches are trying to protect against car-
diomyocyte loss and thus to improve myocardial
structure and performance, as well. The preven-
tion of senescent cells accumulation in cardiac
tissue or their cleaning, in the right amount, may
delay the onset of CVDs. In progeroid mice (Xu
et al. 2015) it has been shown that senolytics—
the class of small molecules under basic research
able to induce death of senescent cells—are
effective in reducing frailty. However, the toxi-
city of these drugs remains a major concern and
limitation in human studies.
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Abstract

Frailty and cardiovascular disease (CVD) are
both highly prevalent in older adults. Cardio-
vascular disease has been identified as the most
frequent cause of death, while frailty has been
identified as one of geriatric giants character-
ized by decreased physiological reserves and
increased vulnerability. However, the exact
pathobiological links between the two condi-
tions have not been fully elucidated. Conse-
quently, we observe a relevant difficulty not
only in accurately defining cardiovascular risk
in vulnerable elderly patients (and the other
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way around), but also a lack of consensus
regarding CVD management in the very old.
Nowadays, considering the enormous techni-
cal innovation, many elderly patients, if
appropriately selected, could be eligible even
for the most complex treatments, including
invasive cardiological procedures. Identifica-
tion of frail patients at risk of negative
outcomes can allow the customization of
therapeutic interventions in elderly patients
with CVD, allowing the elderly who can
benefit from them to undergo even invasive
procedures and avoiding futile or dangerous
treatments for the most vulnerable patients.
A large number of tools and definitions for
assessing frailty have been proposed; different
scales and assessment tools can be useful for
different purposes, but at present there is no
clear indication for their use in CVD. In this
chapter, we will describe the main geriatric
approach to ascertain frailty, the assessment
tools used in patients with cardiovascular
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diseases, and propose an operational strategy
to evaluate frailty and identify patients eligible
for pharmacologic or surgical interventions.

Keywords
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Transcatheter aortic valve replacement °
TAVR

10.1 Introduction

In older adults, both cardiovascular disease
(CVD) and frailty are highly prevalent and often
coexist (Stewart 2019; Veronese et al. 2017).
Cardiovascular diseases still represent the main
cause of morbidity and mortality among older
adults. In the European Union, almost 49 million
individuals have CVD, and there are approxi-
mately 4.1 million deaths from CVD each year, of
which over 80% occur in persons aged 65 years
and over (Singh et al. 2014). The burden of CVD
disproportionately affects older people, in whom
overall health status, particularly frailty, is known
to influence prognosis (Singh et al. 2014). Frailty
is a state of multi-system impairment leading to
decreased physiological reserve and increased
vulnerability to stressors (Clegg et al. 2013).
There is a bidirectional relationship between
CVD and frailty, with many common pathways
and risk factors being implicated in both condi-
tions (Stewart 2019). Patients with CVD are more
likely to become frail (Kleipool et al. 2018), while
the presence of frailty is associated with several
pathological conditions across the spectrum of
CVD, including heart failure (McNallan et al.
2013; Volpato et al. 2011), cardiac surgery (Lee
et al. 2010; Sundermann et al. 2011), atrial fib-
rillation (Polidoro et al. 2013; Perera et al. 2009;
Lefebvre et al. 2016), severe valvular heart dis-
ease (Green et al. 2012; Schoenenberger et al.
2013; Stortecky et al. 2012; Ewe et al. 2010), and
coronary artery disease (Ekerstad et al. 2011;
Purser et al. 2006; Singh et al. 2011; White et al.
2016). Older patients with CVD are often affected
by multimorbidity and frailty—which in turn
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affect clinical manifestations, prognosis, and
response to treatment—and are associated with
inflammation by mechanisms similar to those in
CVD. The hypothesis that inflammation affects
CVD, multimorbidity, and frailty by inhibiting
growth factors, increasing catabolism, and inter-
fering with homeostatic signalling is attractive but
requires confirmation in humans (19bis). Nowa-
days, thanks to advances in technical innovations,
large numbers of older patients, previously con-
sidered ineligible for the most complex cardio-
logical therapies, are now be treated with devices,
procedures and pharmacological therapies that
were heretofore reserved for younger patients
(Dodson and Maurer 2011). These novel and
advanced cardiovascular therapeutic treatments
have contributed to increase the overall life
expectancy and led to an increasing number of
older adults living with chronic CVD-, this rep-
resents an enormous clinical and socio-economic
burden for Western society (Kleipool et al. 2018).

Identifying persons at high risk of frailty among
this growing population of older adults may enable
earlier implementation of interventions targeted to
those most likely to benefit (Stewart 2019), and
help to counteract the symbiotic effect of the
combined presence of frailty and CVD.

In this context, the issue of appropriate patient
assessment has become crucial in clinical prac-
tice. Indeed, on the one hand, there is a need to
avoid under-treatment of older adults based sim-
ply on their chronological age, while on the other
hand, it is increasingly important to optimize
resource allocation to prevent patients from
receiving futile and costly interventions (Afilalo
et al. 2014). The majority of standardized scores
for risk stratification in CVD have been devel-
oped and validated in middle-aged adults. How-
ever, in the elderly population the value of
existing risk scores in discriminating between
potential benefit and harm from a specific man-
agement strategy or intervention is currently
unreliable. Moreover, since frail older people are
often excluded from clinical trials, standardized
guidelines are often not useful in the very old
adult with significant multi-morbidity, polyphar-
macy, and in whom goals of care should be
focused less on mortality and more on quality of
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life and maintaining independence (Bell and
Saraf 2014). Indeed, existing risk stratification
tools do not take into account variables that reflect
frailty status, even though frailty is known to be
associated with a twofold increase in mortality
risk in CVD (Afilalo et al. 2014). Hence, there is a
compelling need for assessment tools that account
for the complexity of older individuals, and are
able to measure the multiple determinants of
frailty and stratify risk due not only to the severity
of CVD itself, but also to the overall functional
status of the older person. The recognition of frail
older subjects may enable better estimates of
prognosis, and consequently, avoidance of
potentially useless, time- and cost-consuming
medical interventions in these patients (Gill
2012).

10.2 Screening and Diagnosis
of Frailty in Elderly People

The Royal College of Physicians and the French
Society of Geriatrics and Gerontology advocated
screening for frailty in older persons. Simple
rapid screening tests have been developed and
validated to allow physicians to rapidly recog-
nize frail persons (Morley et al. 2013): examples
of some commonly used screening tools include
the FRAIL scale (Morley et al. 2012), the
Gérontopdle Frailty Screening Tool (Subra et al.
2012) and the Edmonton Frail Scale (Rolfson
et al. 2006). This latter scale is a simpler tool that
does not require special training; it includes short
questions about multiple domains, such as cog-
nition assessed by the clock drawing test,
self-reported general health, functional indepen-
dence, social support, medication use, mood,
continence, and functional performance.

Recent reviews, however, highlight that only
few frailty screening measures seem to be valid,
reliable and accurate, and with good predictive
ability. Among them, the Frailty Index, Prisma-7
(Turner and Clegg 2014) and some physical
performance tests emerged as the most useful in
routine care and community settings (Apostolo
et al. 2017; Clegg et al. 2014).

Indeed, several studies have reported that
single indicators of functional capacity such as
grip strength (Celis-Morales et al. 2018), walk
speed (Studenski et al. 2011; Hardy et al. 2007)
and the “timed up and go test (TUG)” (Bischoff
et al. 2003) are good predictors of adverse
outcomes.

One of the most widely used performance test
is the Short Physical Performance Battery
(SPPB), which includes three tests exploring
balance, gait, and, indirectly, via repeated chair
standing, lower limb strength (Guralnik et al.
1994). Population-based cohort studies (Di Bari
et al. 2006) have demonstrated that the SPPB is a
strong, independent predictor of mortality, insti-
tutionalization, and incident disability in old age.
In subjects older than 65 years living in the
community, the risk of death and disability
increased 7-9% for every point reduction in
SPPB score, even after adjustment for complex
measures of comorbidity (Di Bari et al. 2006). In
patients hospitalized for an acute medical event,
in most cases congestive heart failure (HF),
SPBB is a powerful short- and long-term pre-
dictor of overall clinical and functional status,
length of hospital stay, rehospitalization, or death
(Volpato et al. 2011).

Another widely used measure of physical
performance is gait speed, which has been pro-
posed as a novel “vital sign” for older persons. It
has been shown to be a good predictor of survival
and other hard endpoints in older populations
(Hardy et al. 2007; Bischoff et al. 2003). Gait
speed is usually evaluated over a short distance (4
or 5 m), walking at a usual, comfortable speed.
Accepted cutoffs vary between 0.8 and 1 m/s,
depending on the purpose of the examination.

We must also give an account of the recent
lively debate between two ‘schools of thought’
about the two instruments that represent the most
known operational definitions of frailty, i.e. the
frailty phenotype (proposed and validated by
Fried and colleagues in the Cardiovascular Health
Study) (Fried et al. 2001) and the Frailty Index
(FI) (proposed and validated by Rockwood and
colleagues in the Canadian Study of Health and
Aging) (Rockwood and Mitnitski 2012). The two
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instruments have different purposes but can be
complementary in the evaluation of the older
person: the frailty phenotype may be more suit-
able for an immediate identification of non-
disabled elders at risk of negative events, while
the FI may summarize the results of a compre-
hensive geriatric assessment providing a marker
of deficits accumulation (Cesari et al. 2013).
Linda Fried et al. proposed a definition of frailty
mainly based on physical performance parame-
ters. They proposed 5 clinical criteria, namely
weakness assessed from grip strength, slow walk
speed, self-reported exhaustion, low physical
activity, and unintentional weight loss. The Fried
criteria for frailty are met when 3 or more of these
5 characteristics are present (Fried et al. 2001).

The ‘original’ version of the FI was composed
by a long checklist of clinical conditions and
diseases (70 items); it has been reported that
estimates of risk are robust when a minimum of
50 items are considered, but shorter versions (as
low as 20 conditions) have also been explored.
The conceptual design of this index deems as
more important the deficit accumulation. The
7-point CSHA Clinical Frailty Scale (Rockwood
et al. 2005) grades frailty on a broad assessment
of functional capacity and general health from
“very fit,” robust, energetic, well nourished,
motivated, and fit, to “very severely frail,” i.e.
completely dependent on others for the activities
of daily living or terminal. When evaluated by
geriatricians, frailty is a strong predictor of both
mortality and need for institutional care (Rock-
wood et al. 2005). However, this scale is rela-
tively subjective, influencing consistency of
assessment between clinicians.

Frailty assessment by evaluating accumulated
clinical deficits has been extended to the Elec-
tronic Frailty Index, which can automatically
calculate a frailty score with data from electronic
medical records (Clegg et al. 2016).

The “hospital frailty risk score” (Gilbert et al.
2018) assesses the risk of frailty from algorithms
using multiple ICD-10 codes. However, frailty
based on ICD-10 codes showed only fair to
moderate agreement with clinical measures of
frailty (Gilbert et al. 2018).
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However, to date only the Comprehensive
Geriatric Assessment (CGA) is considered the
gold standard for the diagnosis of frailty in
elderly patients (Turner and Clegg 2014). CGA
is a multidisciplinary and multidimensional pro-
cess aimed at capturing information on accumu-
lated clinical and functional deficits, nutrition,
social factors, and cognitive function (Ellis et al.
2017); consequently, this evaluation can be very
informative regarding the specific factors con-
tributing to frailty. CGA has not only a diag-
nostic purpose but has also proved to be an
effective management tool for the health needs of
the elderly in several health conditions and in
different clinical contexts (Pilotto et al. 2017).
CGA however requires time and specialized
geriatric skills, so it cannot be applied to all the
elderly but only to those who can benefit the
most, namely those not too fit and those not too
clinically compromised or with reduced life
expectancy (Rubenstein 1995).

Aggregated multidimensional indices (like FI
by Rockwood) are able to combine feasibility
and typical information content of the CGA in a
‘summary’ form, overcoming the methodological
complexity of the CGA.

The Multidimensional Prognostic Index
(MPI) is another aggregate index based on a
standardized CGA that was developed and vali-
dated for 1-month and 1-year mortality in two
large cohorts of hospitalized patients aged over
65 years (Pilotto et al. 2008). The MPI has been
used and validated in numerous cohorts of
elderly patients suffering from specific acute and
chronic pathologies, always showing excellent
clinimetric properties in stratifying elderly sub-
jects in different risk groups both for short and
long term mortality, as confirmed by reliable
systematic reviews (Yourman et al. 2012; Dent
et al. 2016).

10.3 Frailty Assessment in CVD

Among patients with CVD, frailty is up to three
times more common (von Haehling et al. 2013),
and reportedly affects over 40% of those aged



10 Comprehensive Geriatric Assessment in Cardiovascular Disease 91

over 70 years of age admitted to a cardiology
unit with acute CVD (Sanchez et al. 2011) and
about half of elderly patients with heart failure
(Denfeld et al. 2017).

Although there is increasing awareness of the
importance of frailty in adjusting risk assessment
in patients with CVD, there is no consensus as to
the best tool to be used for the evaluation of
frailty in this clinical context given that no vali-
dated frailty instruments specific to heart failure
(HF) or other cardiovascular conditions are
available (Forman and Alexander 2016;
McDonagh et al. 2018).

A recent systematic review (McDonagh et al.
2018) identified seven frailty assessment instru-
ments that have been used in HF research
heretofore, namely the Frailty Phenotype, the
Deficit Accumulation Index, the Tilburg Frailty
Indicator, the CGA, the Frailty Staging System,
the Canadian Health and Ageing Clinical Frailty
Scale and the Survey of Health, Ageing and
Retirement in Europe Frailty Index. Among
these, none has been validated for use in HF,
although assessing frailty with a validated
instrument is a priority, as recommended by
international frailty guidelines (Morley et al.
2013; Dent et al. 2017).

In any case, however, some frailty measures
have proved to be able to stratify the risk of
negative clinical events in different cardiological
conditions and in the context of invasive cardi-
ological procedures or even cardiac surgery.

A systematic review and meta-analysis about
frailty and mortality after percutaneous coronary
intervention (PCI) showed that frailty (measured
by means of Fried score or CSHA) was a sig-
nificant predictor of all-cause mortality after the
procedure, with a mean hazard ratio (HR) of
about 3 (Tse et al. 2017).

The role of MPI as a prognostic tool for
30-day mortality has also been tested even in
older adults discharged after hospitalization for
HF (Pilotto et al. 2010). In this cohort of 376
patients aged over 65 admitted to a geriatric unit
with a diagnosis of HF, increasing MPI grades
were associated with progressively higher 30-day
mortality rates in both men and women.

The discriminatory capacity of MPI was also
good, with an area under the ROC curve for
mortality of 0.83 (95% CI, 0.76-0.90) in men
and of 0.80 (95% CI, 0.71-0.89) in women. In
the same study, MPI was compared with other
“traditional” prognostic scores, and the predictive
value of MPI was found to be higher than that of
the New York Heart Association (NYHA), the
Enhanced Feedback for Effective Cardiac Treat-
ment (EFFECT), and the Acute Decompensated
Heart Failure National Registry (ADHERE)
models in both men and in women (Pilotto et al.
2010). A sensitive measure of multidimensional
impairment such as the MPI could be useful in
identifying older CVD patients with a different
risk of mortality, who could then be oriented to
the most appropriate management depending on
their individual circumstances.

In the frame of the MPI_AGE project (Bureau
et al. 2017), a prospective observational study
was carried out in consecutive patients aged
>75 years who underwent transcatheter aortic
valve implantation (TAVI) . MPI was calculated
at baseline and after 1-year of follow-up. Among
116 patients (mean age 86.2 £ 4.2 years, mean
MPI score 0.39 & 0.13), the mortality rate was
higher for higher MPI scores at 6 and 12 months.
Patient survival also decreased in line with
increasing MPI scores (HR = 2.83, 95% CI 1.38-
5.82, p = 0.004). This study indicates that
CGA-based MPI was an accurate tool to predict
prognosis and contribute to selection of older
patients suitable for the TAVI procedure (Bureau
et al. 2017).

Another study, the CGA-TAVI, focused on
gathering data on CGA results and medium-term
outcomes in geriatric patients undergoing TAVI
(Ungar et al. 2018). In a total of 71 patients
undergoing TAVI, the authors reported that after
adjustment for selected baseline characteristics, a
higher MPI score and a lower SPPB score were
significantly associated with an increased likeli-
hood of death and/or hospitalisation in the first
3 months after the procedure. The use of CGA
during clinical assessment of the operative risk in
patients with aortic stenosis (AS) has been sug-
gested as a way to address the shortcomings of
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the EuroSCORE and STS score, and to better
predict outcomes (Ekerstad et al. 2011; Guralnik
et al. 1994). Interestingly, in the study by Ungar
et al. (2018), while high MPI was a “negative
predictor” in the univariate analysis, it became a
“positive predictor” after adjusting for age, gen-
der, NYHA class and surgical risk. This change
of direction can be explained by the clinical
setting; younger patients with a low MPI are
typically treated with surgical aortic valve
replacement (SAVR), while older patients with a
high MPI are unlikely to be treated at all. Con-
sequently, the reported TAVI population was
likely composed of patients with a lower age and
high MPI or a higher age and low MPI, resulting
in a switch of the direction of the odds ratio by
multivariate analysis. This reflection of the clin-
ical context is supportive of the “real” association
between MPI score and outcomes (Ungar et al.
2018).

Although no other studies appear to have
specifically reported on the predictive value of
MPI in TAVI, several studies (Pilotto et al. 2009,
2010; Giantin et al. 2013; Sancarlo et al. 2012)
have shown higher MPI scores to be significantly
associated with higher mortality in older patients
with a variety of acute illnesses, including HF
and transient ischemic attack (TIA).

Other studies have evaluated multi-component
models for predicting mortality and morbidity
after cardiac invasive procedures. For TAVI
specifically, Green et al. found that patients with a
high frailty score, as determined by gait speed,
grip strength, serum albumin and activities of
daily living (ADL), were at greater risk of
one-year mortality (Green et al. 2012). The
five-component frailty score proposed by Kamga
et al. was able to predict one-year mortality after
transfemoral TAVI (Kamga et al. 2013). Stor-
tecky et al. (2012) identified numerous parame-
ters in their Multidimensional Geriatric
Assessment that were predictive of 30-day and
one-year mortality and major adverse cardiovas-
cular and cerebral events (MACCE) after TAVI.
Data from the PARTNER trial (Arnold et al.
2014) were used to construct models for pre-
dicting a poor outcome, defined as death or a
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low/significantly decreased quality of life, after
TAVI (Arnold et al. 2016). These models were
subsequently validated in a large multi-centre
cohort of TAVI patients, with an incremental
increase in discriminatory capacity with the
addition of markers of frailty and disability
(Arnold et al. 2016). In agreement with the data
from the CGA registry (Ungar et al. 2018), these
studies demonstrate the potential value of such
multicomponent analyses for predicting outcome
after TAVL. In the same work, it was reported that
use of the SPPB alone was equally as effective as
the MPI for predicting death and/or hospitalisa-
tion, and death and/or non-fatal stroke, in the first
3 months after TAVI (Ungar et al. 2018). This
short series of tests is recommended by the
European Union Geriatric Medicine Society
(EuGMS) as part of CGA in older people (Eker-
stad et al. 2011), although it appears that there is
little published evidence in support of its use for
assessing TAVI candidates specifically. The
concept of tests of physical ability to predict
outcome after TAVI or cardiac surgery has been
evaluated in other studies. Stortecky et al. repor-
ted that the “timed get-up and go” (TUG) test had
the greatest predictive ability of all the individual
geriatric assessment tools that they investigated
(Schoenenberger et al. 2013). In combination
with either the STS or EuroSCORE, the TUG was
superior to the other components evaluated for
predicting all-cause mortality and MACCE dur-
ing the first year after TAVI. A recent report by
the American College of Cardiology (ACC) rec-
ommends that a 5 m gait speed test and a 6 min
walk test be used to assess frailty and physical
functioning, respectively, when determining a
patient’s suitability for TAVIL.

The simplicity of physical tests such as gait
speed and SPPB is not their only one advantage.
The lack of subjectivity on the part of both
physician and patient provides a level of accuracy
that cannot be obtained using questionnaire-based
assessment. This is particularly relevant for the
advanced-age cardiologic population, where
cognitive impairment is a potentially significant
confounding factor when evaluating self-reported
parameters (Ioannidis 2009). The only limitation
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to the use of physical performance tests to stratify
frailty in CVD is the possible presence of physical
disability not related to frailty.

SPPB has been applied to older patients being
discharged from hospital after an episode of
worsening HF, and was shown to accurately
predict 1-year survival independently of demo-
graphics, comorbidity and regardless of ejection
fraction and New York Heart Association clas-
sification, both of which are recognized as
cornerstones of risk stratification in heart failure
patients (Chiarantini et al. 2010).

Still in the context of the use of physical
performance tests in CVD, it is worth mentioning
some relevant data regarding the predictive role
of gait speed. A meta-analysis of 44 articles
totaling over 100,000 participants found that
after adjustment for a median of 9 confounders,
each reduction of 0.1 m/s in gait speed was
associated with a 12% increase in the risk of
early mortality and a significant 8% increase in
the risk of CVD (Veronese et al. 2018). Fur-
thermore, gait speed has been shown to improve
risk stratification for adverse outcomes after
cardiac surgery, percutaneous coronary inter-
vention, and transcatheter aortic valve implanta-
tion (Afilalo et al. 2014; Afilalo et al. 2017). In
particular, when assessing surgical risk for sur-
gical aortic valve replacement, frailty evaluation
was shown to increase the prognostic value of the
traditional, validated score, namely the Society of
Thoracic Surgeons (STS) risk score, in the
Frailty ABCs (Frailty Assessment Before Car-
diac Surgery) prospective study (Afilalo et al.
2010). In this study, Afilalo et al. reported that
for a given STS risk prediction for mortality or
major morbidity, the predicted risk based on the
model including gait speed was 2-3 times greater
in patients with slow gait compared to patients
with normal gait speed (Afilalo et al. 2010).

Finally, a brief comment on the Essential
Frailty Toolset (EFT) (Afilalo et al. 2017), a
particular multi-dimensional tool wused for
assessing the potential for functional recovery in
older adults undergoing transcatheter aortic valve
replacement (TAVR) or surgical aortic valve
replacement (SAVR). It includes physical func-
tion, assessed by chair rises, cognitive function,

low serum albumin (<3.5 g/dL), and low hemo-
globin (<13 g/dL in men, <12 g/dL in women).
Compared to other frailty measures, EFT showed
similar or better predictive ability for mortality
and hospitalization, probably because in addition
to assessment of physical and cognitive function,
it includes measures of hepatic protein synthesis
and hemopoiesis, which are powerful mortality
predictors not included in most frailty scores
(Afilalo et al. 2017).

10.4 Operative Indications

The relevance of assessing frailty in patients with
CVD is undeniable, to select older people who
will benefit most from interventions with inva-
sive therapeutic procedures. Given that health
status is reduced in patients with HF and frailty,
measuring patient-reported health status is piv-
otal for cardiovascular conditions, according to
the American Heart Association (AHA) (Rums-
feld et al. 2013). Moreover, a position paper from
the AHA, American College of Cardiology and
American Geriatrics Society states that future
guidelines should take into account the assess-
ment of frailty domains as well as chronological
age in the management of older patients with HF
(Rich et al. 2016). As most older adults are not
frail, however, chronological age is not a reliable
indicator of biological age and health status.
Frailty, for instance, has been found to be a better
predictor of age-dependent heart rthythm disor-
ders than age (Cho 2016).

Formal screening for frailty should be per-
formed in every older patient who comes to
medical attention for any reason, but in particular
in the case of established diagnosis of CVD.

Based on the predictive ability demonstrated
in many studies and given the characteristics of
the tests, gait speed and SPPB can be a quick,
easy and inexpensive way to identify cardiologic
older patients who may be at increased risk of
adverse outcomes.

If the presence of frailty or pre-frailty is sus-
pected (SPPB <9 or gait speed <0.8 m/s), then
CGA should be performed with appropriate
tools. CGA-based tools such as the MPI that
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allow stratification of older patients facilitate
clinical decision-making in terms of diagnostic
and therapeutic choices. People at low risk of
frailty, i.e., MPI-1, should be treated according to
usual guidelines. Conversely, aged individuals at
moderate or high risk of frailty (i.e., MPI-2 or
MPI-3) should be managed with tailored inter-
ventions according to their frailty profile and
prognosis. In this regard, considering early pal-
liative care/supportive care, especially in MPI-3
category, is important not to say mandatory.

10.5 Concluding Remarks

Frailty and CVD are intricately linked in a bidi-
rectional relationship relying on several common
risk factors and pathways. Patients with CVD are
at increased risk of becoming frail, while frailty
is associated with a significant increase in the risk
of adverse outcomes across the spectrum of CVD
manifestations. In this regard, there is a large
body of evidence supporting the utility of taking
frailty into account when attempting to modify
the risk of CVD in older patients, and particularly
when assessing the risk-benefit ratio of specific
therapeutic interventions in various forms of
CVD. To date, there is no consensus regarding
the optimal approach to assessing frailty in CVD,
and a multitude of different tools exist, based
either on the presence of core phenotypic
domains, or on the cumulative deficits model.
The choice of method will be influenced by the
reasons for performing the assessment, the
source of relevant information, and the time and
skills of the assessor. Assessments based on
information from medical records or ICD-10
codes can be applied to large populations, but
their value for guiding individual patient care is
uncertain. Frailty should not be systematically
considered as a contra-indication to therapy, but
rather as an additional factor to guide appropriate
decision-making, in agreement with the patient’s
wishes and goals of care. Reaching a consensus
on a validated tool (or tool set) would facilitate
frailty assessment in CVD older patients in daily
practice, and would enable comparison of results
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across studies. Future research might also focus
on investigating whether addressing the compo-
nents of frailty could have a positive impact on
incident CVD or outcomes in patients with CVD,
and conversely, whether frail CVD patients yield
greater benefit from interventions and rehabili-
tation. As the number of frail patients (with and
without CVD) looks set to increase substantially
over the coming decades owing to the progres-
sively population ageing, the clinical relevance
of frailty assessment is undeniable, and routine
assessment of frailty can improve the prognostic
assessment and management of CVD older
patients.
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Abstract

The number of older people candidates for
interventional cardiology, such as PCI but
especially for transcatheter aortic valve implan-
tation (TAVI) , would increase in the future.
Generically, the surgical risk, the amount of
complications in the perioperative period, mor-
tality and severe disability remain significantly
higher in the elderly than in younger. For this
reason it’s important to determine the indication
for surgical intervention, using tools able to
predict not only the classics outcome (length of
stay, mortality), but also those more specifically
geriatrics, correlate to frailty: delirium, cogni-
tive deterioration, risk of institutionalization
and decline in functional status. The majority of

the most used surgical risks scores are often
specialist-oriented and many variables are not
considered. The need of a multidimensional
diagnostic process, focused on detect frailty, in
order to program a coordinated and integrated
plan for treatment and long term follow up, led
to the development of a specific geriatric tool:
the Comprehensive Geriatric Assessment
(CGA). The CGA has the aim to improve the
prognostic ability of the current risk scores to
capture short long term mortality and disability,
and helping to resolve a crucial issue providing
solid clinical indications to help physician in the
definition of on interventional approach as
futile. This tool will likely optimize the selec-
tion of TAVI older candidates could have the

maximal benefit from the procedure.
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Over the past 20 years the number of older
people undergoing surgery has been exponen-
tially growing, with plans to reach in the US in
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the next few years more than 47% of the totality
of the surgical activity (Etzioni et al. 2003),
resulting in an increase in the percentage of
elderly evaluated preoperatively for different
surgical indications (Klopfenstein et al. 1998).

This phenomenon is due to the increase in the
average length of life, the improvement of sur-
gical and anesthetic techniques as well as a sig-
nificant improvement in mortality and morbidity
intra- and peri-operative (Goldstein et al. 2010;
Kurian et al. 2010). Despite those improvements,
risk of surgery, complications in the periopera-
tive period, mortality and severe disability
remain significantly higher in the elderly than in
younger (Polanczyk et al. 2001).

The perioperative risk of surgery of a patient
is one of the main factors determining the final
indication for intervention. Although many sur-
gical procedures can enhance the quality and
duration of life, a careful assessment is able to
decrease both predictable and untoward risk of
adverse event for the patient, increasingly vul-
nerable and frail, and improve the outcome. This
is even more true for the elderly, for which we
need tools able to predict not only the classics
outcome (such us length of stay, mortality), but
also those more specifically geriatrics, such as
delirium, cognitive deterioration, disability and
risk of institutionalization.

A national survey in the United Kingdom
identified some alert in pre operative assessment
of co-morbidity, frailty and risk and a
sub-optimal intra- and post-operative medical
care in the cohort of elderly who died within
30 days of surgery (National Confidential
Enquiry into Patient Outcome and Death 2010).

In international literature (Myles 2014) has
been increasing interest in consider not only the
evaluation of outcome measures typically inclu-
ded in clinical studies (survival, major compli-
cations, mitigation of symptoms), but also in the
use of patient-centered outcomes and the use of
disability-free survival as a primary outcome,
which often represents the real major goal for
elderly patients.

There are various factors to be considered in
assessing the risk of surgery, generally divided
into patient-related and surgery-specific risks
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(such as urgency and duration of the operation,
type of surgery, possibility of bleeding). To date,
in elective surgery the patient-related risk
assessment often consists of an evaluation 1-
4 weeks before intervention, consisting in com-
plete a default medical record with medical his-
tory, physical exam, laboratory tests and
radiological imaging. This information, usually
collected by anaesthetist basing on ASA
(American Society of Anesthesiologists) Physi-
cal Status Classification (American Society of
Anesthesiologists. ASA Physical Status Classi-
fication System 2014), providing the possibility
to organize further investigations before surgery,
alerts support services and permits the option of
admission on the day of surgery. This is could be
considered sufficient for young or adult patients,
but not for the older ones. Indeed, aging is
associated with a paraphysiological or patholog-
ical decline of the functional reserve of multiple
organ systems with reduced adaptation to stress,
with an increasing prevalence of comorbidity and
loss of functional autonomy often concomitant
with a reduction in social resources.

Indeed, the aging process per se entails a
progressive reduction of physical performance
and overall autonomy. This process (Nakamura
and Miyao 2007) in the first instance is, in its
temporal trajectory, genetically determined, and
is linked to the progressive modification of bio-
logical processes (Nakamura and Miyao 2007).
Nevertheless its phenotype is individually influ-
enced by the style and background, and by the
history of diseases (Nakamura and Miyao 2007).
For these reasons, a group of octogenarians is by
definition not homogeneous. Chronological age
is an independent risk factor for both surgical and
anesthesia as demonstrated by an extensive lit-
erature: Naughton and Feneck (2007) showed in
over 1500 patients with cardiovascular diseases
that have an age >70 years increases the risk of
death at 6 months 3.57 times (OR, 95% CI:
2.22-5.73) in elective non-cardiac surgery. The
prognostic value of chronological age was later
confirmed by the fact that it always be the first
item of the biggest score of surgical risk score
whether it be included as a continuous variable
that dichotomous (Barnett and Moonesinghe



11 Role of Frailty on Risk Stratification in Cardiac Surgery ... 101

2011). Anyway, chronological age is not a factor
excluding “per se” from the surgery whether
elective or emergency.

Must be finally emphasized as some funda-
mental outcome for the evaluation of the opera-
tive risk in surgery are today still little considered
in the scientific literature, such as the risk of
prolonged stay in intensive care unit and of
prolonged ventilation. The Society of Thoracic
Surgeons established a Quality Measurement
Task Force to develop a method to evaluate adult
surgery quality of care (Shahian et al. 2007),
within which there is “Postoperative Risk-
Adjusted Major Morbidity”, where a parameter
of bad performance is occurrence of prolonged
ventilation/intubation, as defined in STS website
(The Society of Thoracic Surgeons 2006).

As it known, in elderly occurs many
“para-physiological” and pathological change: a
decline in pulmonary reserve and in renal func-
tion, an alteration of gastrointestinal physiology,
sarcopenia. All these changes compromise the
ability of older patients to tolerate surgical pro-
cedures and increase their risk of mortality and
morbidity and of decline in functional status. It is
clear that becoming familiar with method and
tools able to detect these changes alone and as a
whole is necessary to choose the right patient to
candidate to surgery and to achieve better-
tailored treatments when possible.

11.2 The Reliability and Validity
of the Risk Scores
in the Elderly

An accurate risk stratification of perioperative
cardiac elderly patient should have different
objectives; first, to identify those who can benefit
of intervention and those who have a not sus-
tainable operatory risk; second, to identify those
who need intensive care in the postoperative
period, preparing in advance an ICU. The ideal
tool for risk stratification in the elderly waiting
for surgery should be; reliable; usable, if possi-
ble, in elective surgery but also in emergency;
tested and built for an elderly population, with
information about the functional and cognitive

status and the level of non-cardiac comorbidities
that the geriatric literature has demonstrated to be
able to predict prognosis (Barnett and Moon-
esinghe 2011).

To date, is privileged a purely anaesthetic,
surgical or cardiological perspective in risk score.
In fact, the score of surgical risk are often type
specialist-oriented (anaesthetic or surgical or
cardiology). One of the best-known risk score of
the population is the ‘American Society of
Anesthesiologists Physical Status score ASA-PS)
(Saklad 1941) (Table 11.1) which categorized
patients in five types of populations at growing
risk of anaesthesia, with a recently added ones
dedicated to organ donors (American Society of
Anesthesiologists 1963). As can be seen from
Table 11.1 is easy to use and fast, but with
several limitations: it is not adjusted for sex, age
and anthropometric characteristics of patient, and
is not applicable to geriatric patients not con-
sidering geriatric parameters. Recently, it has
been demonstrated (Wolters et al. 1997) that the
instrument has low individual predictive power,
being capable to predict not more than 15-16%
of perioperative complications, with a positive
predictive power next to 50% and negative 80%,
percentages to be considered really low (Wolters
et al. 1997).

The most widely used surgical risk score is
the POSSUM (The Physiological and Operative
Severity Score for the enumeration of Mortality
and Morbidity-POSSUM), developed in 1991 by
Copeland et al. (1991). In its final version this
score incorporates eighteen variables through
two mathematical algorithms is constructed a risk
value for mortality and morbidity (twelve phys-
iological variables recorded before surgery and
include symptoms, signs and laboratory test and
six surgical variables). The POSSUM is used for
the assessment of surgical procedures risk in both
elective and emergency interventions for urol-
ogy, vascular, hepatobiliary and gastrointestinal
(Bennett-Guerrero et al. 2003). The POSSUM is
reliable in predicting hospital mortality but has
little power to seize the perioperative complica-
tions (Prytherch et al. 1998).

Regarding cardiac scores, an interesting risk
score has been developed based on previous risk
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Table 11.1 ASA grade
I A normal healthy patient
I A patient with mild systemic disease

III A patient with severe systemic disease
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IV A patient with severe systemic disease that is a constant threat to life

V' A moribund patient who is not expected to survive without the operation

VI A declared brain dead patient whose organs are being removed for donor purposes

Table 11.2 Revised Cardiac Risk Index-RCRI

1 High-Risk Surgery: Intraperitoneal; Intrathoracic; Suprainguinal vascular

2 History of ischemic heart disease: history of MI; history of positive exercise test; current chest pain considered due
to myocardial ischemia; use of nitrate therapy; ECG with pathological Q waves

3 History of congestive heart failure: pulmonary edema, bilateral rales or S3 gallop; paroxysmal nocturnal dyspnea;

CXR showing pulmonary vascular redistribution
4 History of cerebrovascular disease: prior TIA or stroke
5 Pre-operative treatment with insulin

6 Pre-operative creatinine > 2 mg/dL—176.8 umol/L

score of Goldman et al. (1977) and Lee et al.
(1999): Revised Cardiac Risk Index-RCRI
(Table 11.2), which was prepared and tested in
different populations (Ford et al. 2010). This score
has a good ability to predict cardiovascular com-
plications during non-cardiac surgery but its
ability to predict cardiovascular mortality is not as
accurate (Ford et al. 2010). The predictive value of
this score in another interesting recent work seems
to be frankly improved is associated with the
measurement of NT-proBNP and CRP (Choi et al.
2010). This score seen from the geriatric per-
spective has some fundamental limitations: at first,
often elderly heart patients in the post intervention
die of non-cardiovascular death; second, in geri-
atric patients use the creatinine level to assess renal
function is fallacious (Fig. 11.1).

About cardio surgical risk scores, currently
between risk score used in clinical practice and
tested in the literature we find the European
System of Cardiac Operative Risk Evaluation
(EuroSCORE) I (Roques et al. 1999) and II
(Nashef et al. 2012) and the score of the Society
of Thoracic Surgeons (STS) (Ferguson TB Jr
et al. 2000). These risk scores provide relatively
good discriminative capacity, adequate capacity
to distinguish the layer of low-risk patients from

the high risk. However, there are still significant
differences between the expected risk and that
observed, in particular for the EuroSCORE,
which, compared with the STS, also tends to
overestimate of two or three times the risk of
mortality for cardiac surgery in adults compared
to the actual mortality seen in clinical practice,
especially in older and complex patients (Wendt
et al. 2009). This appears even truer in patients
undergoing cardiac valve surgery, in relation to
the fact that these risk models have been devel-
oped and validated in cardiosurgical populations
for the most part composed of individual patients
undergoing CABG (Collart et al. 2005; Barili
et al. 2010).

The EuroSCORE was developed in 1999
using the information regarding risk factors and
mortality of 19,030 patients undergoing elective
coronary artery bypass in 1995 in 128 European
cardiac surgery centres. The score predicts the
risk of death at 30 days in the form of logistic
EuroSCORE (i.e. as a percentage risk) or as an
additive EuroSCORE (<3 low risk, 3—-6 medium
risk or >6 high risk). However, among the
19,030 patients originally considered, only 3200
(17%) have been subjected, for example, also in
aortic valve replacement. The score was therefore
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Fig. 11.1 Comprehensive geriatric assessment

developed assuming the intervention of single
CABG as the basic risk model, while the action
of the valve is considered as “other than CABG
procedures”. Therefore, the mitral and aortic
valve replacement or mitral plastic, either alone
or in combination with CABG, all fall in the
same risk profile (Roques et al. 1999). In order to
overcome the limitations of logistical and addi-
tive EuroSCORE, the EuroSCORE II was
developed, more complex than the previous
version, in spite of the risk factors considered are
substantially the same (Nashef et al. 2012), and
that has improved the evaluation of risk of sev-
eral interventions by the single CABG. Despite

such improvements, although the EuroSCORE II
is still not one convincing score, especially in the
evaluation of more complex patients and there-
fore at greater risk (Barili et al. 2013).

The STS score is a risk model developed by
the Society of Thoracic Surgeons on the basis of
demographic and clinical data in the adult pop-
ulation and is used for predicting the risk of
operative mortality and morbidity after cardiac
surgery. Compared all EuroSCORE, the STS is
based on a large collection of data from more
than 100,000 patients, taking into consideration
morbidity outcomes (risk of revision surgery,
stroke, acute renal failure, prolonged ventilation
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and hospitalization, surgical wound infection), it
is periodically updated and a significantly higher
number of valvular patients were included in his
initial formulation (Ferguson et al. 2000). How-
ever, this model is realistic exclusively for pro-
cedures considered as case studies within the
same model (single CABG; single aortic valve
replacement, mitral valve replacement or mitral
plastic; CABG+ valve one of the above proce-
dures) effectively excluding interventions more
complex surgical.

A new score, the Age, Creatinine and Ejection
Fraction (ACEF) has recently been developed on
the basis of a limited number of risk factors and
showed similar results in terms of accuracy than
EuroSCORE (Ranucci et al. 2009), but a most
discrimination, primarily to the benefit of
patients undergoing single aortic valve replace-
ment (Ranucci et al. 2011).

Among these three score (STS,
EuroSCORE IT and ACEF) the STS has a greater
discriminative capacity while EuroSCORE has a
better calibration capacity. However, none of
these three score is reliable in the evaluation of
patients at intermediate and high risk (Barili et al.
2013), and even less to predict the long-term risk
(Collart et al. 2005).

Particularly when applied in very old indi-
vidual patient, these risk scores show their most
important limits. This is mainly because the risk
is not specific for the age group and is not well
stratified, as already said, for the different inter-
ventions and for the various pathologies. Finally,
many variables are not considered by any score
(i.e. liver function, irradiation, fragility, etc.).
These considerations reduce the reliability of
these score, which need integration of new
variables in the elderly population.

11.3 The Role of Comorbidity,
Functional Status and Frailty
in Surgery Risk Stratification

Comorbidity is defined as the simultaneous
presence of two or more diseases in the same
patient, an event that grows with increasing age
and changes phenotype, whereas in the elderly
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comorbidities are usually chronical contrary that
in the young (Abete et al. 2004). From the epi-
demiological point of view, the problem of
chronic comorbidities in the elderly is very
important but its clinical effects even more,
because a significant comorbidity is associated
with a higher risk of death (Librero et al. 1999),
to a high risk of rehospitalisation, disability and
poor quality of life (Chin et al. 1999).

Comorbidity influences the diagnostic and
therapeutic process because often the coexistence
of several diseases makes difficult the interpre-
tation of symptoms and signs that characterize a
disease. It is a classic example breathlessness of
an elderly suffering from heart failure, COPD
and anemia.

The high comorbidity level of elderly plays a
central role in excluded these patients in clinical
trials (Cherubini et al. 2010). Substantially in the
most of geriatric cardiology studies, comorbidity
it is simply assessed as disease count; this
approach shows great limitations, especially if
the outcome is not limited only to mortality and
morbidity, but considers the risk of becoming
disabled. Marchionni et al. (1996) had clearly
demonstrated that in elderly individuals with
heart failure the risk of becoming disabled was
high due to the presence of the disease index but
grew differently if it was associated with COPD
or cerebrovascular disease; in the first association
the risk of disability progressed substantially in
order arithmetically, in the second case expo-
nentially. The work well demonstrated as the
interrelationship in terms of risk between two
chronic conditions were much more complex
than the simple sum of the risks and it was lar-
gely due to pathophysiological mechanisms,
above all functional, confirming the fallacy of the
approach disease count-type.

Finally, the evaluation of co-morbidity of the
elderly has to include the measure of severity of
individual diseases associated. Among many stud-
ies, the ICED-Index of coexisting disease Green-
field (Greenfield et al. 1993) and the Geriatric Index
of Comorbidity-GIC (Rozzini et al. 2002) are to
mention. The first one index predicts the risk of
disability in patients suffering from chronic disease
and consists of two subscales: one composed of a
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list of fourteen chronic conditions with clinical
severity increasing from O to 4 and with the possi-
bility to classify also diseases not on the list; the
second subscale includes twelve domains in which
the functional disability is scalable from 0 to 2.
The ICED was validated in eight populations
including in patients with myocardial infarction or
coronary artery bypass grafting (Imamura et al.
1997). The GIC consists in a list of fifteen diseases
with severity grading from O to 4, with the possi-
bility to build four classes of comorbidity basing on
the presence of one or more diseases associated
(Rozzini et al. 2002).

While these scores are certainly able to better
characterize the value and the level of comor-
bidity with respect to a count of associated dis-
eases, we have to emphasize that in many
chronic elderly diseases there is a dichotomy
between symptom severity and prognosis, risk of
death and risk of disability. This geriatric para-
dox is well explained by severe osteoarthritis, in
which is obvious that the risk of becoming dis-
abled is high when the joint symptoms is poorly
controlled by drugs but the risk of death appears
to be rather negligible.

The association between the elderly patient
and surgical risk cannot exclude the integrity of
global functional status. The global functional
status is the capable of the whole of physical and
cognitive abilities of an elderly to maintain the
ability to perform normal activities of daily living
and to maintain sufficient social network. This
concept was measurable medicine geriatrics by
the BADL (Basic Activities of Daily Living)
(Katz et al. 1963) and IADL (Instrumental
Activities of Daily Living) (Lawton and Brody
1969) scales.

The predictive value of this scale in geriatric
medicine has a solid literature. Fukuse et al.
(2005) showed that in older patients underwent
thoracic surgery, a reduction of autonomy, mea-
sured by the number of BADL lost, is able to
predict major perioperative complications, inde-
pendent of other risk factors.

The probability of exit disabled by surgery is
complicated by the difficulty to capture in the
pre-operative the level of physiological homeo-
static reserves and the vulnerability to stressful
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events that sums up the concept of frailty (Fukuse
et al. 2005). The conceptual definition of frailty
appears much discussed in geriatric medicine
(Partridge and Harari 2012). Campbell defines
frailty as “a condition or syndrome which results
from a multi-system reduction in reserve capacity
to the extent that a number of physiological
systems are close to, or past, the threshold of
symptomatic clinical failure” (Campbell and
Buchner 1997).

Given this definition, there are two models of
frailty suitable for the stratification of surgical
risk of the elderly. They are summarized in the
model called “Frailty phenotype” arising from
the Cardiovascular Health Study (Fried et al.
2001) and in the “Deficit accumulation model of
frailty” created by the Canadian Study of Health
and Aging (Rockwood et al. 2001). The first
substantially recognizes a set of five domains:
unintentional weight loss, muscle strength mea-
sured by hand grip, the feeling of self-reported
exhaustion, walking speed, the amount of phys-
ical activity habitual self-reported (Fried et al.
2001). The Canadian model builds a frailty index
from a list of over 70 both functional and clinical
items, exploring the physical, cognitive and dis-
ability in daily life, scoring from O to 7 for
increasing fragility (Rockwood et al. 2001). Both
models have been tested in the stratification of
surgical risk of elderly patients proving ability to
predict long-term adverse outcomes (Partridge
and Harari 2012), but certainly showing some
limitations related to the complexity of their
implementation in clinical routine.

In our opinion, the assessment of the surgical
risk of elderly should be take into account two
key points: tools used have to be simple, repro-
ducible and acceptable because of the complexity
of the surgical setting; two, scores have to be
able to stratify perioperative risk as well as to
identify any modifiable factors to improved out-
come (Partridge and Harari 2012).

Therefore it is useful in a preoperative setting
rely patient assessment on surrogate, but quite
reliable, measures of frailty such as physical
performance tests. The strength of the upper
limbs measured with the dynamometer (Hand-
grip test) or the gait speed performed in a short
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corridor are tools that have proved their worth in
the field of surgical stratification of elderly
patients (Makary et al. 2010; Klidjian et al.
1980). The attention to the measures of physical
performance in the field of geriatric cardiology
and cardiac surgery has significantly increased in
recent years. Di Bari et al. have shown
(Chiarantini et al. 2010) that the Short Physical
Performance Battery (Guralnik et al. 1994) is
able to predict independently the prognosis of
elderly patients with heart failure as much as the
NYHA class. Until recently, the group of DUKE
University of Afilalo et al. (2010) has demon-
strated as in 131 elderly undergoing cardiac
surgery the speed along a corridor 5 m higher
than 6 s identified a subpopulation at higher
independent risk of mortality and morbidity. The
risk is 2-3 times higher for each level of the STS
score (STS Adult Cardiac Surgery Database Risk
Model Variables—Data Version 2005) used for
surgical preoperative screening by cardiac
surgeons.

11.4 The Role of Comprehensive
Geriatric Assessment
(CGA) in Preoperative Cardiac
Surgery

The rapid increase in the number of elderly
people and life expectancy is accompanied by an
increased demand for cardiac surgery in these
patients, so much so that one of the most
important and current topics in cardiology and
geriatrics is represented by the difficult choice
whether to submit or not elderly cardiac surgery.
In fact, for this type of intervention, the current
risk prediction models have poor performance
and inaccurate in elderly patients, generally
tending to overestimate the operative risk
(Dupuis 2008). Nevertheless, the perception that
these patients have a lower functional reserves
and the fact that present greater comorbidity,
made cardiologists and cardiac surgeons often
hesitate to propose to elderly cardiac surgery.
Despite the increase of co-morbidity in the
elderly population undergoing cardiac surgery
(increased incidence of diabetes, dyslipidemia,
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hypertension, and left main disease), mortality
reported in the literature relative to octogenarians
has been greatly reduced, with the downsizing of
incidence of post-operative complications such
as stroke, acute dysfunction of the pump and use
of aortic counter pulsation (Maganti et al. 2009).
Cardiac surgical procedures can be performed
safely and with therapeutic benefit even in care-
fully selected nonagenarians (Ullery et al. 2008;
Assmann et al. 2013). A recent study (Buth et al.
2014) analysed the variations of the type of
population and the type of intervention in clinical
practice in the last decade. Regarding the types of
interventions, there has been a reduction of iso-
lated CABG procedures and to an increase of the
interventions on valve (mostly due to the
increase of the aortic valve replacements) and of
intervention on thoracic aorta or of device plant
ventricular  Assist; interventions combined
CABG/valve were stable. As regards the age of
the population operated, there has been a reduc-
tion of patients with <70 years and an increase in
those >80 years of age; there were no significant
changes in patients with ages between 70 and
79 years. The average age has grown in 10 years
from 64.1 years to 65.4. There has also been an
increase in the percentage of frail patients, in all
three decades old, but the most significant among
the over-eighties. Just among older and frail
patients recorded a significant increase in the
total hospital stay and intensive care unit stay.
Also among frail patients, compared to
non-brittle, even mortality and institutionaliza-
tion they were much more frequent. Several
studies, however, have shown how to foreclose
the subject senior cardiac surgery only in relation
to their age is not justified, because the elderly
receive comparable benefits compared to
younger in terms of symptoms, function and
quality of life (Likosky et al. 2008; Zingone et al.
2009). In order to maximize the benefit of sur-
gery for the elderly, however, it is necessary to
be able to improve the selection of subjects to be
subjected to surgery.

In 1991, the lack in management of elderly
patients led to the development of a specific
geriatric tool: the Comprehensive Geriatric
Assessment  (CGA) This consists in a
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“multidimensional interdisciplinary diagnostic
process focused on determining a frail elderly
person’s medical, psychological and functional
capability in order to develop a coordinated and
integrated plan for treatment and long term fol-
low up” (Rubenstein et al. 1991).

From 1991 a growing interest has been
demonstrating in the applicability and effective-
ness of this tool in predict and prevent compli-
cations in cardiac and non-cardiac surgery. This
includes assessment of medical, psychiatric,
functional and socio-economical domains fol-
lowed by a tailored management plan including
rehabilitation; the team includes as a minimum
experienced medical, nursing and therapy staff.
The evaluation consists of administering stan-
dardised assessment tools to gather information
in a semi-structured way. For example, this
might include Basic and Instrumental Activities
of Daily Living for functional evaluation (Katz
et al. 1963), Geriatric Depression Scale for psy-
chological screening (Sheikh and Yesavage
1986) or the Mini Mental State Examination for
cognition (Folstein et al. 1975).

Only few studies incorporated disabilities in
activities of daily living as a predictor of out-
comes after cardiac surgery (Maillet et al. 2009;
Lee et al. 2010).

A good test for the identification of elderly
who, for reduced physical performance, are
considered frail and therefore a high prognostic
risk tool is the Short Physical Performance Bat-
tery (SPPB). The SPPB consists of three timed
physical performance tests (walking speed, rising
from a chair and balance), each with a score from
0 to 4: a total score of 5 out of 12 identifies the
frail elderly. The marks obtained at SPPB is a
powerful predictor of mortality in the elderly
population, even after adjusting for age, sex,
levels of multimorbidity and cognitive status
(Guralnik et al. 1994; 1995).

In contrast to scales as the SPPB, which are
composed of multiple items, the gait-speed and
the measurement of the upper limb strength
through dynamometer are measurable indicators
of fragility as single items (Abellan van Kan et al.
2009; Dumurgier et al. 2009; Ling et al. 2010).
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The walking speed has been shown to have
excellent reproducibility, intra- and
inter-investigator. Furthermore, it is not so
important the distance walked, which can vary in
the different tests from 3 to 10 m, as the time to
cover every meter (Graham et al. 2008). How-
ever, the distance of 5 m is the one most used, as
it takes into account the possible occurrence of
cardiopulmonary symptoms for longer paths. For
each increment of 0.1 m/s of gait-speed there has
been a reduction of approximately 12% risk of
death (Studenski et al. 2011). A patient with a
walking speed lower than 0.8 m/s is at greater
risk of loss of autonomy, declining health status
and increased risk of institutionalization and
death (Studenski et al. 2003; Guralnik et al.
2000).

Up until only a few years ago, there were no
studies specifically focusing on the use of gait
speed as a predictor of post-operative mortality
and morbidity in elderly cardiac surgery patients.
A forerunner study in this field was conducted by
Afilalo et al. (2010), in 131 patients undergoing
cardiac surgery of 70 years of age or older (mean
age of 75.8 + 4.4 years). 46% of patients were
defined as slow walkers (time to walk 5 m of >
6 s] before cardiac surgery. The primary end
point verified in 23% of patients (composite of
in-hospital postoperative mortality or major
morbidity). Slow gait speed has been demon-
strated independently predict the composite
endpoint after adjusting for the STS risk score
(odds ratio: 3.05; 95% CI: 1.23-7.54). A subse-
quent study of Afilalo confirmed these results:
slow walking and presence of high-level dis-
ability (at least 3 impairments in Nagi’s scale)
were associated with a significant increase in
adjusted risk. Among the risk scores evaluated,
the Parsonnet score and STS-PROMM demon-
strated the best discriminative ability for mor-
tality or major morbidity in elderly patients
(Afilalo et al. 2012).

Another interesting study (Lee et al. 2010)
defined frailty as any impairment in activities of
daily living ambulation, or a documented history
of dementia. Of 3826 patients, 157 (4.1%) were
frail. Frail patients were older, were more likely
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to be female, and had risk factors for adverse
surgical outcomes. By logistic regression, frailty
was an independent predictor of in-hospital
mortality (odds ratio 1.8; 95% CI: 1.1-3.0), as
well as institutional discharge (odds ratio 6.3;
95% CI: 4.2-9.4) and of reduced midterm sur-
vival (hazard ratio 1.5; 95% CI: 1.1-2.2)

Siindermann et al. (2011) tested a more
complex evaluation tool, called Comprehensive
Assessment of Frailty (CAF). It included: unin-
tentional weight loss; weakness (handgrip at
dynamometer); self-reported exhaustion (through
a specific Questionnaire); slowness of gait speed
(time to walk 4 m); low activity (IADL); the
evaluation of standing balance; a test to assess
body control; laboratory tests (serum albumin,
creatinine and Brain Natriuretic Peptide); mea-
sure of Forced Expiratory Volume in 1 s (FEV1)
was measured. This protocol was applied to 400
patients > 74 years. Median frailty score was 11;
median of logistic EuroSCORE was 8.5% and of
STS score was 3.3%. There was a significant
correlation between frailty score and observed
30-day mortality (P < 0.05). The evident limit of
this study was the complexity of the evaluation,
which makes impossible apply it to real life.
Fortunately, the same study group simplified the
assessment and created the “Frailty predicts
death One yeaR after Elective Cardiac Surgery
Test (FORECAST)” (Siindermann et al. 2011),
limited to the more predictable variables. These
resulted: Chair rise (patient gets up and down
from a chair three times and time is measured);
Weak (in the last two weeks); stair (patient
climbs as many stairs as he is able to); Clinical
Frailty Scale (as estimated from one cardiac
surgeon and an experienced clinician); creatinine.
At one-year follow up, mortality rate was 12.2%.
Patients who died within one year had a median
frailty score of 16 compared to 11 to the one-year
survivors (P = 0.001).

Another interesting practical implication of
multidimensional geriatric evaluation is the
ability to identify patients at high risk of devel-
oping delirium during hospitalization. Rudolph
et al. (2009) recently published a paper on the
development and validation of a scoring system
to predict delirium after cardiac surgery, as
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defined by the Confusion Assessment Method
(Inouye et al. 1990). They enrolled 122 elderly
cardiac surgery patients that underwent a delir-
ium assessment pre- and postoperatively begin-
ning on postoperative day 2. Delirium occurred
in 52% of the patients and multivariate analysis
identified four independent variables associated
with delirium: previous stroke, MMSE scores,
abnormal serum albumin, and the geriatric
Depression Scale scores.

11.5 The Role of Comprehensive
Geriatric Assessment
(CGA) in Interventional
Cardiology

Older patients requiring PCI are more likely to
have complex, multivessel disease often associ-
ated with altered hemostasis, platelet
hyper-reactivity and blood hyper-viscosity, all
factors increasing the risk of early thrombosis, or
of dual antiplatelet therapy-related bleeding
complications (Madhavan et al. 2018). More-
over, non-cardiac, comorbid conditions com-
monly encountered in advanced age (e.g.
chronic kidney disease with higher risk of
contrast-induced nephropathy; even minor cog-
nitive impairment increasing the likelihood of
delirium), substantially increase the risk of
adverse periprocedural outcomes in older candi-
dates to PCI (Madhavan et al. 2018).
Interestingly Singh et al. demonstrated in a
large cohort of elderly patients underwent PCI,
the addition of frailty and comorbidity measure to
the traditional cardiovascular risk factors
improves risk prediction of older patients after
PCI. Among 628 discharged older patients the
three-year mortality was 28% for frail patients,
6% for nonfrail ones; after adjustment, frailty
(HR = 4.19, 95% CI; 1.85-9.51), physical com-
ponent score of the SF-36 (HR = 1.59; 95% CI;
1.24-2.02), and comorbidity, (HR = 1.10; 95%
CI; 1.05-1.16) were independently associated
with mortality. In addition introducing these
variables in the model about 40% patients were
moved to the higher risk category according to
Mayo Clinic Risk Score definition (Singh et al.
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2011). Murali-Krishnan R et al. demonstrated in
745 patients underwent PCI that the presence of
frailty, defined according to Rockwood accu-
mulation deficits score (Murali-Krishnan et al.
2015) was associated with increased 30-day (HR
4.8, 95% CI 1.4-16.3, p = 0.013) and 1 year
mortality (HR 5.9, 95% CI 2.5-13.8, p < 0.001).
In addition frailty was a predictor of length of
hospital stay independent of age, gender and
comorbidities.

In the field of valvular disease, a recent advent
of transcatheter aortic valve implantation (TAVI)
and its impressive worldwide utilization reports a
clear shift for treating patients with severe aortic
stenosis previously deemed inoperable or refused
from different surgical procedures (Leon et al.
2010) and now, through recent data of the
PARTNER program, patients considered at high
(Smith et al. 2011) or intermediate (Leon et al.
2016) STS surgery risk can be eligible to this
interventional procedure with non inferiority
result respect to cardiac surgery and recently also
in patients defined as low risk ones (Mack et al.
2019).

In the perspective of future increase of elderly
patients candidates to TAVI, important efforts
must be made to improve the prognostic ability
of the current risk scores to capture short long
term mortality and disability, and helping to
resolve a crucial issue providing solid clinical
indications to help physician in the definition of
this interventional approach as futile.

Wendt et al., compared different risk scoring
algorithms on isolated conventional or tran-
scatheter aortic valve implantation and certified
how the predictive value of many currently
available risk-scoring algorithms is insufficient to
allow a precise and reliable risk assessment in
patients undergoing surgical aortic valve
replacement or TAVI, with the result of overes-
timation for logistic EuroSCORE-I and a clear
underestimation of the risk for the Society of
Thoracic  Surgeons (STS) score logistic
EuroSCORE-II and age-creatinine-ejection frac-
tion (ACEF) score (Chakos et al. 2017). These
authors highlighted how frailty and comorbidity
are the most significant missing parameters not
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evaluated by traditional risk scores and their
incorporation in newly scores must to be con-
sidered as a mandatory challenge in the next
future.

In support of this clinical view, recent data
confirm the crucial role of Comprehensive
Geriatric Assessment-CGA as a predictor of
prognosis after transcatheter aortic valve
Implantation (Stortecky et al. 2012). In fact
Stortecky et al. in a prospective cohort of 100
consecutive patients aged equal or more 70 years
undergoing TAVI, risk prediction can be sub-
stantially improved the prognostic power of
recommended risk scores by adding MGA based
informations such as cognitive level, malnutri-
tion, frailty index, and impairment in activities of
daily living.

Schoenenberger et al. (2013) prospectively
demonstrated that an index of frailty strongly
predicted post-TAVI functional decline when
adjusted for both the STS and EuroSCORE:s; in
addition data showed, over a 6-month period,
that functional status worsened only in a minority
of patients surviving TAVIL. Indeed in this study
the frailty index was a mixed association of
frailty and disability parameters because it was
calculated as summary score (from O to 7) from
the following baseline components: MMSE,
TUG, MNA, BADL limited activity, IADL lim-
ited activity, and a pre-clinical mobility disability
(defined as decreased frequency of walking
200 m and/or of climbing stairs during the pre-
ceding 6 months).

Similarly Green et al. recently reported on a
PARTNER substudy evaluating the prognostic
value of frailty (assessed using a composite of
albumin levels, dominant handgrip strength, gait
speed, and Katz index) in older TAVI recipients.
They demonstrated in 244 patients of the study
population that all-cause mortality rate was
32.7% in the frail group and 15.9% in the non-
frail group (log-rank p < 0.004). At 1 year, poor
outcome included 30-day cardiac death, repeat
hospitalization because of AS or complications
of the valve procedure, stroke, major bleeding,
major vascular complications, permanent pace-
maker, and renal failure requiring dialysis
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occurred in 50.0% of the frail group and 31.5%
of the nonfrail group (p = 0.02) Relation between
six-minute walk test performance and outcomes
after transcatheter aortic valve implantation
(from the PARTNER trial) (Green et al. 2013).
Although at present, substantial differences
can be detected among instruments utilized for
measuring frailty in patients candidate to TAVI,
The AHA/ACC guidelines on managing patients
with valvular heart disease support frailty mea-
suring when assessing peri-procedural risk
because this additive evaluation will likely opti-
mize the selection of TAVI candidates could
have the maximal benefit from the procedure.
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Abstract

Cardiovascular diseases (CVD) and frailty
syndrome are major problems for successful
aging. These conditions share many biological
aspects, symptoms and adverse effects. Aero-
bic capacity and muscle strength, that are
important characteristics for independence in
daily activity, are markedly reduced in older
adults with CVD and frailty. There are
evidence and recommendations of physical
activity and exercises to prevent, treat and
manage these conditions. However, the exact
dose-response (type, intensity and duration) of
exercises is still uncertain for these popula-
tion. A good physical exercise program should
consider the aging physiologic alterations, the
vulnerability of the frail syndrome, and the
functional-structural changes of CVD. There-
fore, a multicomponent program with aerobic
and strength training is desirable to improve
these conditions. For long term results it is
important to older adults with these conditions
to change lifestyle and be more active during
daily living to reduce sedentary behavior.
Being frail with CVD it is not a contraindi-
cation for older adults to be engaged in
physical activities.
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12.1 Introduction

Since the 21th century, the average lifespan is
increasing worldwide. However, despite increased
population longevity, there has been a rising bur-
den of people living with chronic diseases and
functional impairment (Prince et al. 2015; Vifia
et al. 2016). Much of this burden is attributable to
an old recognized problem that is cardiovascular
disease (Prince et al. 2015; Vina et al. 2016) and a
relatively “new” phenomenon the frailty syn-
drome (Garcia-Pefa et al. 2016; Vina et al. 2016).
Itis common that older adults, especially those that
are very old, share both conditions, cardiovascular
disease and frailty syndrome (Nadruz et al. 2017,
Vigorito et al. 2017).

Prevention and management of cardiovascular
disease and frailty is essential. One intervention
of considerable interest is physical activity and
exercises. In this chapter we will present the
importance of physical activity for healthy aging,
for frailty and for cardiovascular diseases pre-
vention and management. Also, the need for a
special physical exercises approach when these
conditions are presented simultaneous on older
adults.
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12.2 Physical Exercise for Healthy
Aging

Typically, as people age, there is a decline in
both physical activity and physical exercise
levels, and therefore, an increase in physical
inactivity and sedentary behavior. Physical
activity is defined as any body movement pro-
duced by skeletal muscles contraction (Caspersen
et al. 1985; ACSM 2009) that results in aug-
mented of energy expenditure >1.5 METs
(SBRN 2012), e.g. gardening, walking to gro-
cery. While physical inactivity is being bellow
recommendations of physical activity level, that
is for older adults not achieving 150 min of
moderate-to-vigorous-intensity physical activity
per week (WHO 2010; SBRN 2012; Gonzélez
et al. 2017; Tremblay et al. 2017) . Physical
exercise is a subset of physical activity that is
planned, structured and repeated with the objec-
tive of improving or maintaining physical fitness
(Caspersen et al. 1985), e.g. strength training.
Sedentary behavior is defined as any wakeful
behavior characterized by an energy expendi-
ture <1.5 METs in posture lying, sitting or
reclining (SBRN 2012; Tremblay et al. 2017),
e.g. watching television, using the computer.

Inactivity and sedentary behavior are major
contributors to morbidity and mortality among
older adults (Gonzalez et al. 2017; Perracini et al.
2017). Thus, physical activity plays an important
role in healthy aging and to chronic disease man-
agement (Daskalopoulou et al. 2017). It is
important to highlight that being active and the
practice of regular physical exercises is not only a
recommendation for robust older adults, but par-
ticularly imperative for those with chronic dis-
eases, disabilities and frail (ACSM 2009; Perracini
etal. 2017). Thus, physical training can be viewed
as a preventive measure for the occurrence of
chronic diseases or as a actual therapy to
well-compensate and stable diseases (Pedersen
and Saltin 2006). Table 12.1 displays the evidence
regarding the practice of aerobic, strength, balance
and stretching exercises for older adults (ACSM
2009; Elsawy and Higgins 2010).

N. A. Ricci and A. I. L. Cunha

There are several Recommendations- Guide-
lines for Physical Activity for older adults,
Table 12.2 displays the most widespread ones
(ACSM 2009; WHO 2010; Piercy et al. 2018).

Despite the evidence of the benefits of these
recommendations for health, older adults find
difficult to perform moderate and vigorous
physical activity intensity (Matthews et al. 2008;
Sparling et al. 2015). People aged 70-79 years
old spend 9.6 h of their awake time in sedentary
condition and less than 10-15% of older adults
are meeting the minimum standard of >150
min/week of moderate intensity activity (Mat-
thews et al. 2008). Fulfill these requirements can
be even harder for those with multimorbidity,
disabilities, frailty and chronic diseases. Never-
theless, the Guidelines state that for those older
adults that cannot meet the amount or intensity of
the exercises, they can still have benefits from
engaging in physical activity less than those
endorsed (Nelson et al. 2007; WHO 2010;
Sparling et al. 2015; Piercy et al. 2018).

For sedentary older adults that want to start
practicing physical exercise it is necessary to
begin with light-intensity activity and the dura-
tion and number of days a week should increase
slowly (Elsawy and Higgins 2010). For those
with disability it is important to highlight that
regular and oriented exercises is safe and can
improve functional capacity and independence
(Elsawy and Higgins 2010). And for those with
an acute injury or illness a pause can be neces-
sary, until the individual can get back to practice
in a low level and increase slowly to the previous
level (Elsawy and Higgins 2010).

Before initiating physical exercise practice,
older adults with chronic health conditions,
especially those with cardiac risk factors and
physical limitations, should undergo pre-exercise
evaluation (Elsawy and Higgins 2010). Absolute
contraindications are just for moderate to high
intensity activities and include recent myocardial
infarction or electrocardiographic changes, com-
plete heart block, unstable angina, uncontrolled
hypertension, congestive heart failure (ACSM
2009; Elsawy and Higgins 2010). So, increasing
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Table 12.1 Evidence of exercises in older adults
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Level of evidence B

— Long-term vigorous intensity is associated
with elevated cardiovascular reserve and
skeletal muscle adaptations, which allow
trained older adults to maintain a submaximal
exercise load with less cardiovascular stress
and muscle fatigue (ACSM 2009)

— Prolonged aerobic exercise decreases
age-related body fat accumulation, providing
cardioprotective effect (ACSM 2009)

— Promote metabolic adaptations, e.g. increasing
glycemic control and lipid clearance (ACSM
2009)

— Effective in combating age-related declines in
bone density in postmenopausal women
(ACSM 2009)

— At least 2 days-week for maintaining health
and physical independence (Elsawy and
Higgins 2010)

— Prolonged strength training is associated with
increased muscle mass and bone density
(ACSM 2009)

— High-intensity strength training is effective in
treating clinical depression (ACSM 2009)

— At least 2 days—week for 10 min to maintain

Type of Level of evidence A

Exercise

Aerobic Improve and maintain health: moderate intensity

training for at least 30 min on weekdays, or vigorous
intensity for at least 20 min on 3 days-week
(Elsawy and Higgins 2010)
Increase VO, .« intensity > 60% of VOjax
pre-training, 3 days-week for 16 weeks (ACSM
2009)
Cardiovascular adaptations at rest:
moderate-intensity aerobic exercises (ACSM
2009)

Resistance Increase strength and muscular power (ACSM

training 2009)

Balance Reduce the risk of falls and related injuries

training (Elsawy and Higgins 2010)

Flexibility

training

or increase the flexibility needed to practice
physical activity and daily living activities
(Elsawy and Higgins 2010)

Level A: consistent, good-quality patient-oriented evidence; level B: inconsistent or limited-quality patient-oriented

evidence (Elsawy and Higgins 2010)

Level A: evidence from randomized clinical trials and/or observational studies with consistent results. Level B:
evidence from randomized clinical trials and/or observational studies with some inconsistent results for the overall

conclusion (ACSM 2009)

the daily activity, i.e., physical activity behavior,
and exercises in low level has no contraindica-
tions for older people.

12.3 Physical Exercise for Frailty
Syndrome

The frailty syndrome is defined as a state of
vulnerability to adverse outcomes resulting from
a decreased reserve and resistance to stressors
(Fried et al. 2001). It is a dynamic state, i.e. can
improve or worsen over time, in which one or
more domains (physical, psychological and

social) is affected (Gobbens et al. 2010a; Morley
et al. 2013). Although all domains are important
to the development of frailty, in its first concep-
tualization frailty phenotype was considered as
an exclusively physical condition (Morley et al.
2013; de Labra et al. 2015). This physical phe-
notype consisting of five components: weight
loss, exhaustion, weakness, low gait speed, and
reduced physical activity (Fried et al. 2001;
Morley et al. 2013). More recently, a consensus
defined physical frailty as “a medical syndrome
with multiple causes and contributors that is
characterized by diminished strength, endurance,
and reduced physiologic function that increases
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Table 12.2 Recommendations—guidelines for physical activity for older adults

Goal

Recommendations

WHO—Global
recommendations on
Physical Activity for health
(WHO 2010)

The American College of
Sports Medicine—Exercise
and physical activity for
older adults (ACSM 2009)

Population

All individuals > 65

years

— Precautious and
adjustments for
those with chronic
diseases and
disabilities

All individuals > 65

years

— Older adults with
clinically significant
chronic conditions
or functional
limitations

— Improve
cardiorespiratory, bone,

muscular conditions
and functional health;

— Reduce mental illnesses

(depression and

cognitive disorders) and

the risk of chronic
disease

— Reduce the risk of

chronic diseases,
premature mortality,
functional limitations
and disabilities

N. A. Ricci and A. I. L. Cunha

Prescription

— Aerobic exercises: at least
150 min of
moderate-intensity or 75 min
of vigorous-intensity during
the week, or an equivalent
combination of moderate-
and vigorous-intensity
activity. For additional
benefits, the above amount
should be increased to 300
and 150 min respectively.
The exercises should be
performed in bouts of at least
10 min duration

— Muscle-strengthening
exercises: should involve
major muscle groups
on >2 days-week

— To enhance balance and
prevent falls physical activity
should be performed
on >3 days a week for
those with poor mobility

At least 150 min of physical
activity per week
— Aerobic exercises: minimum
of 30 or up to 60 min of
moderate-intensity on
5 days-week or a minimum
of 20 or up to 30 min of
vigorous-intensity
3 days-week, or an
equivalent combination of
moderate- and
vigorous-intensity activity.
Exercises should be in bouts
of at least 10 min duration
— Muscle-strengthening: at
least 2 nonconsecutive
days-week with a level of
effort moderate to high and
should involve major muscle
groups
— Flexibility exercises:
2 days-week for at least
10 min per day
— Exercises to improve balance
and to reduce risk of falls and
injuries related
— Those with chronic
conditions for which the
physical activity is
therapeutic should have a
planned integrating
prevention and treatment

(continued)
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Table 12.2 (continued)

Recommendations Population
Physical Activity Guidelines | All individuals > 65
for Americans (Piercy et al. | years

2018)

an individual’s vulnerability for developing
increased dependency and/or death.” (Morley
et al. 2013). Old age and unhealthy lifestyle were
associated with greater physical frailty (Gobbens
et al. 2010b). The reduction in physical activity
as people getting older can both predict or
exacerbate frail (Liu and Fielding 2011; Fried
2016) . Thus, physical activity can be an
important modifiable lifestyle factor to both
preventing and treating the physical component
of frailty in older adults (BGS 2014).

Several molecular mechanisms contribute to
the development of frailty, such as cellular se-
nescence, loss of telomeric structures, mito-
chondrial dysfunction, increase free radical
production and poor capability to repair
deoxyribonucleic acid (Walston et al. 2006).
These mechanisms culminate in neuromuscular
changes, dysfunction of the immune system and
neuroendocrine dysregulation (Walston et al.
2006). The neuromuscular changes are marked
by sarcopenia, i.e. skeletal muscle loss. Muscle
replacement by adipose tissue (Visser et al. 2002)
leads to reduced strength, decreased exercise
tolerance and reduced functional capacity
(Zampieri et al. 2014). Inflammatory cytokines
(IL-6), bioactive hormones and preserved func-
tion of the sympathetic and central nervous

Goal

— Gain substantial health
benefits

119

Prescription

— The same amount as the
WHO recommendations.
Considerations for those that
cannot performed de
150 min of
moderate-intensity activity

— Aerobic exercises: should be
performed at least
3 days-week

— To prevent falls and
imbalance problems, balance
exercises and
muscle-strengthening
activities should be
performed at least
3 days-week for a total of
90 min, in addition to
moderate-intensity aerobic
exercise at least 1 h a week

system are essential to the maintenance of
skeletal muscle (Ershler and Keller 2000).
Physical activity improves the systems related to
frailty etiology, including neuromuscular, hor-
monal, inflammatory, immune, hematologic and
brain functions (Liu and Fielding 2011; Fried
2016)

There is evidence that physical exercise are
efficacy in the treatment of frailty, being recom-
mended by guidelines (Fairhall et al. 2011; BGS
2014; Dent et al. 2017) and committees (Morley
et al. 2013). However, current health-care for
frailty is mainly secondary based treatment and
reactive to acute outcomes, such as falls and
delirium (Turner and Clegg 2014). It is impera-
tive that exercises should be prescribed to pre-
vent the occurrence of frailty and pre-frailty, to
reverse these statuses, and to prevent adverse
outcomes that those with frailty are more pre-
disposed for.

The benefits of physical exercises for pre-frail
and frail older adults are (Theou et al. 2011; de
Labra et al. 2015; BGS 2014):

— Mobility improvement;

— Strength and power enhance;

— Fatigue reduced;

— Functional capacity improvement;
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— Balance control improvement;

— Diminished need of care;

— Preventing falls;

— Changes in body composition;

— Decreased likelihood of admission to a hos-
pital or nursing home;

— Reversal of frailty.

As frailty affects negatively multiple physio-
logical systems, a multicomponent exercise pro-
gram (resistance, aerobic, balance, flexibility and
functional activities training) is the most effective
intervention for this population (Bray et al. 2016;
Jadczak et al. 2018). Physiological adaptations
occur with the practice of exercises and each type
of exercise will act at specific components of
frailty (Aguirre and Villareal 2015).

One of the essentials types of exercises and
that must be included in any intervention for frail
older adults is resistance training or strength
exercises (Jadczak et al. 2018). Resistance
training is fundamental for prevention and for
treatment of sarcopenia (Theou et al. 2011; BGS
2014; Dent et al. 2017). There is a claim that
maybe sarcopenia could be the starting point for
the development of frailty, and therefore avoid-
ing it effectively can prevent the progress of the
remainder physical frailty phenotype (Xue et al.
2012). Resistance exercise promotes neuromus-
cular adaptations (Cadore et al. 2014), with
motor performance, muscle mass and strength
improvement (Liu and Fielding 2011), and thus
can positive influence most of the components of
the physical frailty phenotype.

The decline in strength in the older adults is
explained in large part by the selective atrophy of
type II muscle fibers (Aguirre and Villareal
2015). This atrophy is caused by high levels of
inflammatory cytokines that have a direct cata-
bolic effect on skeletal muscle (Aguirre and
Villareal 2015). Strength training can suppress
inflammatory factors, promoting anabolism and
muscle protein synthesis leading to muscle
hypertrophy, increase recruitment capacity,
strength gain and muscle power (Cadore et al.
2014; Aguirre and Villareal 2015). To promote
marked muscle strength gains, the resistance
training for frail older adults should be performed
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2-3 times a week, starting with high repetitions
(3 sets of 1215 repetitions) and low intensity
(30-55% of 1RM) progressing to low repetitions
(3 sets of 8 repetitions) and high intensity (80%
of IRM) (Cadore et al. 2014; Bray et al. 2016).

Endurance and balance training are often
included within a multicomponent exercise pro-
gram for frail older adults (Theou et al. 2011;
Cadore et al. 2013; Dent et al. 2017).

Aerobic or endurance exercises, such as
walking, stationary cycling, can change the
frailty phenotype by improving the maximal
oxygen uptake (VO, peak), increasing muscle
mass, and decreasing fatigability (Liu and
Fielding 2011; Aguirre and Villareal 2015).
Older adults present reduction in the supply O, to
the muscles and difficulty of the muscle to extract
the O, (Aguirre and Villareal 2015). Aerobic
training increases capillary density resulting in
greater myoglobin content and greater mito-
chondrial biogenesis (Zampieri et al. 2014).
These adaptations rise VO;,.x and the ability of
the muscle to generate energy via oxidative
metabolism (Cadore et al. 2014). The endurance
training should be performed 2-3 days a week
starting with 5—10 min progressing to 15-30 min
(Cadore et al. 2014) and with an intensity of
perceived exertion of 3—4 (somewhat hard) on
the Borg scale (Bray et al. 2016).

Balance exercises are important for this pop-
ulation as they are at higher risk of falls (Bray
et al. 2016). Static and dynamic balance training
can be performed with several stimuli (Bray et al.
2016), such as eyes open and closed, diminished
the base of support (feet together, tandem), gait
velocity, gait change directions and others. The
training should be performed 2-3 days a week
for 820 min (Bray et al. 2016).

Flexibility training or stretching exercises,
although not mandatory, can be helpful within a
multicomponent exercise for frail older adults, to
improve range of motion (Stathokostas et al.
2012). This type of exercise can be performed
integrated to the other trainings or separately as
part of the cool-down for 7-10 min in 2-3 days a
week (Bray et al. 2016).

Exercises simulating activities of daily living,
such as star climbing, changing between
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positions, are important to functional indepen-
dence (Bray et al. 2016; Liu et al. 2016). It seems
that older adults do not fully translate physio-
logical gains from regular exercise (strength,
flexibility) to improve in their performance in
daily activities (Liu et al. 2016), i.e. they could
have quadriceps strength but cannot raise from a
chair. Exercises task oriented might be ideal to
prevent disability and frailty in older adults.
Regardless of the type of exercise there is
evidence that physical exercise interventions for
frail older adults improve normal gait speed
(mean difference: 0.07 m/s; 95% CI: 0.04-0.09),
fast gait speed (mean difference: 0.08 m/s; 95%
CI: 0.02-0.14), the Short Physical Performance
Battery (mean difference: 2.18; 95% CI: 1.56—
2.80) and the Chair Raise test (mean difference:
2.35 s; 95% CI: 0.35-4.35) comparing to inac-
tive control. No between groups differences were
found for general physical function scales,
mobility (Timed Up and Go), balance tests
(tandem, one leg stance) and independency in
daily activities (Giné-Garriga et al. 2014). For
mild or pre-frail older adults, the evidence is
scarce, due to small samples, insufficient and not
high-quality trials (Frost et al. 2017). A quanti-
tative synthesis with 5 trials revealed that exer-
cises interventions for pre-frail older adults had
superior benefits than control in
performance-based functioning (mean difference:
0.37; 95% CI: 0.07-0.68), balance (mean dif-
ference: 0.33; 95% CI: 0.08-0.57) and muscle
strength (mean difference: 0.44; 95% CI: 0.11-
0.77). No effects were found on self-reported
functioning, gait speed and Timed Up and Go
(Frost et al. 2017). An umbrella review (Jadczak
et al. 2018) summarized the evidence (seven
systematic reviews—58 randomized control tri-
als) regarding effectiveness of exercises inter-
ventions to improve physical function in frail
older people. The authors founded that there is an
overall increase in muscle strength (n = 5 trials
increase vs. n = 2 trials no effects), gait speed
(n =7 trials increase vs. n =3 trials effects),
balance (n = 8 trials increase vs. n = 1 trials no
effects) and physical performance (n = 16 trials
increase vs. n = 1 trials no effects) with a mul-
ticomponent training. The physical outcome,

mobility, had no overall effect in frail older
adults (n = 9 trials increase vs. n = 10 trials no
effects) (Jadczak et al. 2018).

Although there is evidence that physical exer-
cises are benefic to frail older adults, still it is
unclear the best type, intensity and duration (Giné-
Garriga et al. 2014; de Labra et al. 2015; Dent
et al. 2017; Puts et al. 2017; Jadczak et al. 2018).
Some prescriptions go from 3 times a week for 45
of up to 60 min per session for pre-frail older
adults (Bray et al. 2016) and 2-3 times a week for
30 of up to 45-60 min, for frail older adults
(Theou et al. 2011; Cadore et al. 2013; Bray et al.
2016; Jadczak et al. 2018). The physical practice
should start with more accessible and safe exer-
cises (Liu and Fielding 2011; Bray et al. 2016),
such as chair exercises, non-weight bearing
activities, walking and elastic band exercises. The
exercises should progressively intensify on the
individuals’ capability and performance (Puts
et al. 2017). The exercise progression is manda-
tory to promote gains in physiological function
and must be at the level of the activities of daily
living performance to ensure functional indepen-
dence (Bray et al. 2016). For those severely frail it
is advised to perform exercises with the orienta-
tion of a rehabilitation professional (Liu and
Fielding 2011). For better adherence the physical
program should be supervised and individually
tailored to the frail older adult (Dent et al. 2017).
There is a dissipation of the effect once frail
individuals discontinue the practice of exercises
(Giné-Garriga et al. 2014). Therefore, for long
term benefits, it is central to continue practicing
exercises and stimulating older adults to be more
physically active and reduce sedentary time (Dent
et al. 2017).

Is important to highlight that there is no
contraindication to frail older adults be engaged
in physical activities (Aguirre and Villareal
2015) and in physical rehabilitation (Gustavson
et al. 2017). Trials with frail older adults revealed
very low occurrence of adverse effects during the
practice of exercises program (Liu and Fielding
2011; Giné-Garriga et al. 2014; Puts et al. 2017).
A systematic review with meta-analysis found no
difference between inactive control group and
experimental ~ group  practicing  exercises
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regarding the occurrence of adverse effects such
as fractures, tendinitis, muscular soreness, back
pain, musculoskeletal injures and falls in frail
older adults (Giné-Garriga et al. 2014). Thus,
precautions with the practice of physical exer-
cises for frailty should be the same as the older
population in general.

12.4 Physical Exercise
for Cardiovascular Disease

As people become older, the cardiovascular
system undergoes structural and functional
changes that compromise cardiac reserve, pre-
disposing ~ for  cardiovascular  disorders
(CVD) and decreasing physical activity capacity
(Roh et al. 2016; Jakovljevic 2018). One of the
most important structural changes in the cardio-
vascular system is a progressive loss of myo-
cytes, i.e. the cardiac muscle cells. Consequently,
there are mild hypertrophy of the cardiac muscle
and a decreased in the sensitivity to sympathetic
stimuli, which will compromise myocardial
contractility and the ability to pump blood
(Lakatta 2002; Lakatta and Levy 2003).
Regarding vascular changes, collagen decrease,
calcium deposition and fragmentation of the
elastic fibers are observed with aging, culminat-
ing in enlarged arteries and thicker and stiffer
walls (Lakatta 2002; Jakovljevic 2018). Thus, it
is common that older people face cardiovascular
pathophysiological conditions such as left ven-
tricular hypertrophy, chronic heart failure, atrial
fibrillation and atherosclerosis (Lakatta and Levy
2003; Jakovljevic 2018).

CVD’s are the leading contributors to disease
burden in older people, being the main cause of
death, causing considerable disability and
reducing well-being (Li and Siegrist 2012). In
2010, CVD were responsible for 30% of total
DALYs (disability-adjusted life years), being the
most frequent cause the ischemic heart disease
(Prince et al. 2015). The control of CVD should
happen using preventive measures and be treat in
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the primary care level, i.e. before the disease
seriously affect a person (Buttar et al. 2005).
However, when the CVD is installed, cardiac
rehabilitation will provide secondary prevention
in order to stabilize, slow or reverse disease
progression, and, also to preserve patient func-
tional capacity to perform daily activities (Price
et al. 2016).

There is evidence that CVD is preventable and
treatable by lifestyle changes (Buttar et al. 2005).
One of the most important modifiable risk factors
for CVDis physical inactivity. Physical activity and
exercise can attenuate age-related cardiovascular
changes by improving the cardiovascular system,
cardiac function and metabolism (Jakovljevic
2018) . Physical exercise has a protective effect on
CVD because it acts in the deceleration of the
atherosclerotic process (improve endothelial func-
tion and lipid profile; and decrease inflammation
markers and thrombosis) and controlling risk fac-
tors, such as hypertension, diabetes, and obesity
(decrease insulin and vascular resistance and
diminish sympathetic activity) (Cheng et al. 2013).
In general, the exercise prescriptions for patients
with CVD should always be individualized, espe-
cially for older adults that have other associated
comorbidities (Pedersen and Saltin 2006). The
practice of physical exercises by older people with
CVD appears to be safe and should be done regu-
larly (NHFA 2006). Bellow we present the effects
of exercises in the cardiovascular system and for the
most common CVD conditions in older adults.

12.4.1 Effect of Exercise on Blood
Coagulation

and Fibrinolysis

Blood coagulation and fibrinolysis are physio-
logical factors that influence the development of
blood clots and its breakdown within vessels
(Buttar et al. 2005). Increased fibrinogen con-
centrations and platelet aggregation factors rise
the risk of ischemic cardiovascular events, e.g.
heart attack and stroke (Buttar et al. 2005).
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Long-term aerobic exercise leads to decreased
coagulation potential (Womack et al. 2003) and
increased fibrinolytic potential (Li et al. 2007).

12.4.2 Effect of Exercise on Vascular
Remodeling

Vascular endothelial cells produce nitric oxide that
has vasodilatory function (Taddei et al. 2000).
With aging the action of nitric oxide is reduced
(Taddei et al. 2000). However, moderate aerobic
exercise significantly increases the plasma con-
centration of this vasodilator (Maeda et al. 2004).
Thus, the exercise leads to increased arterial lumen
resulting in reduced resistance to blood flow and
maximizes tissue perfusion. Reduced resistance
decreases the risk of CVD (i.e. hypertension) and
increases blood flow in areas that may have
undergone ischemia (Buttar et al. 2005).

12.4.3 Effect of Exercise on Blood
Lipid Profiles

There is a direct relationship between chronically
elevated cholesterol levels and coronary heart
disease. Evidence shows that exercise has benefi-
cial effects in individuals with dyslipidemia, since
they appear to reduce total cholesterol levels
(Buttar et al. 2005) . Physical exercise causes the
muscle to increase lipid consumption as a source
of energy. This process increases the activity of
lipoprotein lipase that coincides with increase in
HDL cholesterol (Earnest et al. 2013). HDL
cholesterol acts by collecting excess LDL (re-
sponsible for forming atheromatous plaques) that
has been deposited in vascular tissue reducing total
cholesterol levels (Ohashi et al. 2005).

12.4.4 Effect of Exercise on Blood
Pressure
and Hypertension

Blood pressure is determined by cardiac output
and vascular resistance. Prolonged practice of
aerobic exercise leads to a reduction in vascular
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resistance and consequent decrease in blood
pressure (Pescatello et al. 2004). These adapta-
tions are due to sympathetic nervous
system-mediated increase in vessel diameter and
the humoral renin-angiotensin system (Cheng
et al. 2013). For those with hypertension it is
recommended the practice of aerobic exercises of
moderate intensity (40-60% VO,) at least
30 min per day (Pescatello et al. 2004; Pedersen
and Saltin 20006).

12.4.5 Coronary Heart Disease

For coronary heart disease, the European Society
of Cardiology recommends aerobic physical ex-
ercises of moderate intensity (Giannuzzi et al.
2003). Low-risk patients should perform 30-
60 min per week of aerobic exercise with 55—
70% of the maximum workload. For moderate to
high-risk patients, exercise prescription is simi-
lar, but should start with a maximum work load
of less than 50%. Resistance exercise should last
at least 1 h per week with intensity of 10-15
repetitions per set (Piepoli et al. 2010).

12.4.6 Chronic Heart Failure

For those with chronic heart failure, aerobic
training should be performed with intensity and
duration gradually increasing (Pedersen and
Saltin 2006). During initial stage, intensity
should be kept at a low level (40-50% of peak
VO,), increasing the duration from 15 to 30 min,
2 to 3 days a week according to the patient
perceived symptoms and clinical status. After the
acute phase, a gradual increase in intensity (50,
60, 70-80% of peak VO,) should be performed
(NHFA 2006; Piepoli et al. 2010).

To reduce cardiovascular mortality, healthy
individuals of all ages should perform moderate-
intensity aerobic physical activity of at least
30 min in most days of the week with weekly
energy expenditure of about 1000 kcal (Giannuzzi
et al. 2003). For those with CVD the recommen-
dation is to perform exercises through cardiac
rehabilitation (Giannuzzi et al. 2003; NHFA 2006;
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Piepoli et al. 2010). Cardiac rehabilitation is a
multidisciplinary intervention that includes health
education, physical activity and stress manage-
ment to patients with heart diseases or cardiac
procedures, such as post-myocardial infarction,
post-coronary artery by-pass grafting, heart failure
and others (Giannuzzi et al. 2003; Cacciatore et al.
2016). Physical rehabilitation should be imple-
mented in accordance with the risk assessment
criteria to exercises and adapted to the different
CVD patterns (Cacciatore et al. 2016).

It is a consensus from guidelines and societies
recommendations-statements that the aerobic
endurance training is the foundation for cardiac
rehabilitation (Price et al. 2016). However, the
intensity and duration prescription varied
broadly, from 40 to 80% of VO,, 40-85% of
Heart Rate Reserve, 1-5 days a week and 15—
60 min (Price et al. 2016). The practice of
strengthening exercises has been recommended
in association with aerobic exercises (Piepoli
et al. 2010). Resistance load prescription varies
from 30 to 80% of 1RM and on the individual’s
level of fatigue (Price et al. 2016). Regarding
flexibility exercises, they are not routinely spec-
ified as a component of cardiac rehabilitation
because of the paucity of evidence regarding the
benefits to this population (Price et al. 2016).

The performance of older adults with CVD
during physical exercises should be monitoring by
parameters, such as heart rate, Borg Rating of Per-
ceived Exertion Scale, blood pressure, breathless-
ness, fatigue, chest pain and lightheadedness, in
order to adapt the treatment, to achieve better results
and to avoid adverse effects (Price et al. 2016).

Although, there is evidence of the protective
role of physical exercise on CVD, the exact
dose-response (type, intensity and duration) is
still uncertain, even further for older adult pop-
ulation (Cheng et al. 2013). Thus, rehabilitation
programs for CVD vary in their frequency and
intensity (Price et al. 2016). A metanalysis (Li
and Siegrist 2012) revealed that high level of
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leisure time physical activity reduces the risk of
CVD in 24% (men) to 27% (women) compared
to those with low level, while moderate intensity
decreases the risk 18% (women) to 20% (men).
Regarding occupational physical activity a pro-
tective effect was found for moderate level of
11% (men) to 17% (women), whereas high
physical activity at work fails to show stronger
protective effect against CVD (Li and Siegrist
2012). Thus, there is a dose-response relationship
between physical activity and CVD (Li and
Siegrist 2012). It seems that moderate exercise is
the desirable activity level for increase benefits in
patients with CVD (Buttar et al. 2005). This
agrees with the recommendations of The
National Heart Foundation of Australia in which
people with stable CVD should be engaged in
30 min or more of moderate-intensity physical
activity on most days of a week for health ben-
efits and those with advanced CVD may have to
practice for a lesser amount (NHFA 2006).

Regardless of all benefits, physical exercises
should be prescribed with some caution on older
adults with CVD (Vinaet al. 2016). Thus, without a
professional advice even low-intensity exercises
may not be advisable for patients with chronic heart
failure or had an acute heart attack (Buttar et al.
2005). There are some CVD that are considered
contraindications for physical exercises, such as
unstable angina, severe aortic stenosis, uncon-
trolled cardiac failure, pericarditis, myocarditis,
endocarditis, fever and severe hypertension (NHFA
2006). It is also advised that during exercises Val-
salva maneuvers should be avoided, especially in
patients with high blood pressure (Vinaet al. 2016).
Although there are some contraindications, this
should not constrain to prescribe it, as exercises
through cardiac rehabilitation demonstrated to be
feasible, safe and efficacy to older people (Fattirolli
and Pratesi 2015).

Despite the benefits and recommendations
above mentioned of regular physical exercises
for patients with CVD, it is important that the
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exercise routine integrates a treatment with other
measures (nutrition, medication, professional
orientation) to achieve better results.

12.5 Physical Exercise for Frailty
and Cardiovascular Disease-
Working Together

The previous sections of this chapter have
showed the characteristics of the frailty syn-
drome and the CVD and its relationship to
physical activity and exercises separately. How-
ever, as it was possible to notice, these conditions
share many biological aspects, symptoms and
adverse effects. Thus, when present concurrently
the older adult is exposed to a worse prognosis
and is at high risk for functional disability (Fat-
tirolli and Pratesi 2015). The importance to
identify older adults with both conditions is to
anticipate major cardiac events (Singh et al.
2008), prevent hospitalizations, and avoid phys-
ical deconditioning. Therefore, the practice of
physical exercises, through physical rehabilita-
tion, is mandatory for older adults that presents
these conditions.

Before of a clearly clinical diagnosis of CVD,
frail older adults already exhibit subclinical car-
diovascular derangements (Afilalo et al. 2014).
A systematic review found that in older adults,
CVD increases 2.7-4.1 the chance for prevalent
frailty and 1.5 for incident frailty (those not frail
at baseline) (Afilalo et al. 2009). Alterations in
inflammatory and immune cells encountered in
both conditions affects the arterial wall and pro-
mote atherosclerosis (Afilalo et al. 2014).

Older adults represent more than one third of
those referred to cardiac rehabilitation and a
substantial proportion are also frailty (Fattirolli
and Pratesi 2015; Vigorito et al. 2017). Cardiac
rehabilitation presents benefits for older adults
with both conditions. Particularly, improvements
with exercises through cardiac rehabilitation are
observed in frailty older adults that needs cardiac
surgery (Afilalo et al. 2014). In these cases, to
facilitate recovery, rehabilitation should be pre-
and post-cardiac procedure. Unfortunately, car-
diovascular rehabilitation for older adults has
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lower referral rate and is underused (Fattirolli
and Pratesi 2015; Flint et al. 2018). One study
(Flint et al. 2018) regarding older adults after one
month of acute myocardial infarction and gait
speed (a mark of physical frailty) revealed that
compared to those with normal gait speed, older
adults with slow gait speed were less likely to be
referred to cardiac rehabilitation (55.7% vs.
68.9%) and were less likely to participate in it
(27.1% vs. 40.1%). At one-year follow-up slow
gait speed and lack of participation on cardiac
rehabilitation were associated with higher rates
of death or disability (Flint et al. 2018).

A good physical exercise program should
consider the typical physiologic alterations that
occurs in older adults adding vulnerability of the
frail syndrome and the standard cardiac limita-
tions in those with CVD. Both aerobic capacity
and muscle strength is markedly reduced in these
conditions. In the Longitudinal Aging Study
Amsterdam (LASA) (Kleipool et al. 2018), it
was found that excepting for the weight loss, all
other four components of the physical frailty
phenotype were statistical higher in older adults
with CVD comparing with those without CDV.
The component with higher prevalence between
those with CVD was weak grip strength (56%)
(Kleipool et al. 2018).

A multicomponent program with endure and
strength training is desirable to improve the neu-
rohormonal, inflammatory and metabolic param-
eters related to frailty and CVD (Vigorito et al.
2017). The exercise prescription should be influ-
enced by the older adult risk profile regarding
these conditions (Cacciatore et al. 2016). Despite
the evidence of the benefits of exercises in both
conditions isolated (Giannuzzi et al. 2003; de
Labraetal. 2015; Pedersen and Saltin 2006; Li and
Siegrist 2012; Cadore et al. 2013; Frostet al. 2017;
Jadczak et al. 2018), there is need to future studies
to investigate the effects of physical exercises on
those that share frailty and CVD. The Cardiac
Rehabilitation Section of the European Associa-
tion of Preventive Cardiology (EAPC) proposed a
call to action to cardiac rehabilitation for older
adults with CVD and frailty (Vigorito et al. 2017).
First recommendation is for professionals in the
cardiac rehabilitation setting to use instruments to
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recognize and evaluate frailty. Then, prescribe
exercise-based cardiac rehabilitation through tai-
lored interventions for these conditions.

For those frail older adults with CVD at high
risk or cannot go to an outpatient clinic, home-
based exercises are an option. Also, it is impor-
tant to give instructions to caregivers and family
to stimulate them to be more active during daily
activities reducing sedentary behavior. For long
term results it is important for those frail older
adults with CVD to change lifestyle including
better eating habits, control weight, practice
regularly physical exercises and be more active.
All these will help in the controlling of such
conditions.
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Abstract

Comprehensive cardiac rehabilitation pro-
grammes include multifactorial components
to optimise cardiovascular risk reduction,
promote healthy behaviours and an active
lifestyle, reduce disability and improve health
and wellbeing. There is compelling evidence
that older people with certain cardiovascular
conditions, such as heart failure, can benefit
both physically and mentally from cardiac
rehabilitation. This chapter discusses the evo-
lution of cardiac rehabilitation, frailty assess-
ment in cardiac rehabilitation and guideline
recommendations in the context of ageing
populations. Contemporary cardiac rehabilita-
tion service models are presented along with
potential solutions to meeting older people’s
preferences and improving access to effective
treatment for those with frailty. Innovations in
catheter-based surgical interventions mean
that more people with frailty are undergoing
cardiovascular surgery than ever before.
Although traditionally, cardiac rehabilitation
has been associated with secondary prevention
after cardiac diagnoses, events and interven-
tions, new models of preconditioning rehabil-
itation or ‘prehab’ are being offered to frail
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older people before surgery to improve func-
tional outcomes and reduce hospital stay.
Individual tailoring of cardiac rehabilitation
programme components is a cornerstone of
high-quality care. Importantly, participation in
core components, such as exercise and nutri-
tional interventions, can impact on both
cardiac vascular disease and frailty, providing
the potential to change the trajectory of both
conditions.

Keywords

Cardiac rehabilitation * Exercise * Physical
activity * Cardiovascular diseases * Secondary
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13.1 Introduction
Despite rapid advances in treatments for cardio-
vascular diseases over the last 20 years, many
older patients receiving medical treatment still
experience problems of unrelieved symptoms.
This symptomatic burden results in disability,
poor quality of life and poor prognosis, with
levels of morbidity and mortality for conditions
such as heart failure worse than for many forms
of cancer (Stewart et al. 2001).

Rehabilitation involving exercise can offer
important improvements in physical function and
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quality of life for symptomatic patients with
mildly and severely compromised cardiovascular
function (Davies et al. 2010). However, the
potential for considerable health gains for many
older people remains unfulfilled, despite guide-
line recommendations for participation. Addi-
tionally, patient populations are changing, with
demographic changes and innovations in
catheter-based surgical interventions resulting in
more people with frailty undergoing cardiovas-
cular surgery than ever before. This change in the
patient population means that cardiac rehabilita-
tion interventions need to be underpinned by
research evidence from contemporary popula-
tions. This chapter briefly describes the evolution
of cardiac rehabilitation, before discussing
aspects of current service models and
evidence-based guidelines, and finally exploring
research gaps and key areas for policy and
practice of cardiac rehabilitation for frail older
adults.

13.2 The Evolution of Cardiac
Rehabilitation

As long ago as 1772, the physician William
Heberden recognised the benefits of exercise for
patients with cardiac conditions when he descri-
bed that a course of sawing wood nearly ‘cured’
a patient with angina (Heberden 1802). Unfor-
tunately, these early insights into the benefits of
exercise on the cardiovascular system were lost,
and the first half of the 1900s were characterised
as a time of prescribed bed rest for many heart
conditions (Dock 1944; West 2004). It was not
until the 1950s and 1960s that studies of sitting
out of bed to aid recovery in hospital (Levine and
Lown 1952) and outpatient exercise for people
with cardiac conditions, caught the interest of
researchers and what we now know as cardiac
rehabilitation began to develop (West 2004).
Around this time the World Health Organisation
(WHO) provided an early definition of cardiac
rehabilitation (World Health Organisation 1964),
emphasising recovery and return to previous
health, stating cardiac rehabilitation is:
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‘the sum of activity to ensure them the best pos-
sible physical, mental and social conditions so that
they by their own efforts, regain as normal as
possible a place in the community and lead an
active productive life.’

In the 1960s observational studies on popu-
lations of working men rehabilitating and
recovering  from  Myocardial  Infarction
(MI) largely focused on return to employment
(Sharland 1964; Wincott 1966). Emerging
experimental studies indicated the health benefits
of exercise such as improved physical function-
ing, mood and self-confidence for patients fol-
lowing MI and those with angina (Gottheiner
1968; Kaufman and Anslow 1966). In the UK in
1970, Groden and colleagues (1971) captured the
national picture of the limited cardiac rehabili-
tation available in Britain at that time, finding
that only nine hospitals reported any form of
exercise programme. Cardiologists responding to
the survey were concerned that rehabilitation was
being neglected, both in practice and teaching
and called for greater education of medical
undergraduates in the principles of rehabilitation
and further trials of effective cardiac service
models (Groden et al. 1971).

An overview of randomised controlled trials
of cardiac rehabilitation for patients following
MI conducted in the late 1980s highlighted the
development of cardiac rehabilitation in many
countries, particularly the US and in Europe
(O’Connor et al. 1989). However, people older
than 65-70 years and women had largely been
excluded from these initial cardiac rehabilitation
studies. For example, women constituted only
3% of the 4554 patients included in the 22
reviewed trials (O’Connor et al. 1989). In this
early review, trials were classified as those pro-
viding ‘exercise only’ and ‘exercise plus other
interventions’, highlighting distinctions between
the exercise component of cardiac rehabilitation
and other components such as lifestyle modifi-
cations, smoking cessation and interventions
involving health professionals such as social
workers, dieticians and psychologists. These
multifactorial components and their psychosocial
benefits remain recognisable in today’s services.
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Since the 1980s, research trials and services
have continued to investigate the benefits of
various components of cardiac rehabilitation
including exercise, in more diverse groups of
patients. These include patients following per-
cutaneous coronary interventions (PCI), cardiac
surgery, Coronary Artery Bypass Grafting
(CABGQG), valve surgery, cardiac transplantation,
and those diagnosed with heart failure, diabetes
and peripheral vascular disease (Piepoli et al.
2010). These trials have informed evidence-
based clinical guidelines that aim to raise stan-
dards of care for people with these conditions
who could benefit from participation in cardiac
rehabilitation. These guidelines, including the
patient groups that should be invited to partici-
pate in cardiac rehabilitation, are discussed later
in this chapter.

13.3 Cardiac Rehabilitation: The
Evidence

In early 2018, the Danish Centre on Rehabilita-
tion and Palliative Care in collaboration with the
Cochrane Cardiac Rehabilitation Group at
University of Exeter in England reviewed the
evidence and gaps in rehabilitation and palliative
care in the management of cardiovascular dis-
eases (Joshi et al. 2018). Their broad ‘review of
reviews’ focused specifically on systematic
reviews and meta-analyses. They found an
extensive body of evidence supporting the ben-
efits of exercise-based rehabilitation in coronary
heart disease (i.e. myocardial infarction and
post-revascularisation) (Anderson et al. 2016;
Uddin et al. 2016), heart failure(Taylor et al.
2014; Zhang et al. 2016; Chan et al. 2016) and
intermittent claudication (Lane et al. 2014).
Exercise capacity, health-related quality of life
and risk of hospital admission were found to
improve with exercise compared to no exercise
control groups in these conditions.

Although earlier meta-analyses of the benefits
of exercise-based cardiac rehabilitation among
people with Coronary Heart Disease (CHD)
indicated reductions in all-cause mortality (Jol-
liffe et al. 2001; Taylor et al. 2004), more recent
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analyses that included more mixed populations
of people with CHD have found statistically
significant reductions in CHD mortality, but not
all-cause mortality (Anderson et al. 2016). This
indicates that, in an era of optimal medical
treatment, the opportunity for gains in overall
mortality may be reduced. Furthermore, a recent
meta-analysis re-examining the evidence of ex-
ercise-based cardiac rehabilitation using the same
entry criterion as a previous Cochrane review
(MI, CABG, PCI, angina pectoris and coronary
artery disease) but limiting included studies from
2000 onwards (versus from 1975) to better reflect
contemporary populations, found no effect on
all-cause and CVD mortality and questioned
whether the small reductions in hospital admis-
sions found were clinically meaningful (Powell
et al. 2018).

The impacts of exercise-based cardiac reha-
bilitation have been reviewed for stable angina
(Long et al. 2018), heart valve surgery (Sibilitz
et al. 2016), Transcatheter Aortic Valve
Implantation (TAVI) (Ribeiro et al. 2017), pul-
monary hypertension (Morris et al. 2017) and
heart transplantation (Anderson et al. 2017).
Overall, findings indicate evidence for improved
exercise capacity among people with these con-
ditions. However, there are fewer high-quality
trials featuring adequate length of cardiac reha-
bilitation duration and study follow-up periods,
compared with more prevalent cardiac conditions
such as MI. One exception is the systematic
review by Ribeiro and colleagues (2017) finding
that in patients with Aortic Stenosis corrected by
surgical aortic valve replacement or TAVI, an
early post-surgical cardiac rehabilitation pro-
gramme even of short duration (3 weeks)
demonstrated improvements in exercise toler-
ance, functional independence, health-related
quality of life and maximal exercise capacity.
Among those with implantable cardioverter-
defibrillators, a systematic review found exer-
cise-based rehabilitation improved exercise
capacity and reduce the likelihood of shocks
(Pandey et al. 2017). Similarly, for those with
atrial fibrillation (Risom et al. 2017) positive
effects on physical exercise capacity resulted
from cardiac rehabilitation, but the certainty of
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the magnitude of the effect could not be estab-
lished due to the low number of patients and the
low quality of some trials in the review. Joshi
and colleagues (2018) reported finding no sys-
tematic reviews on the effectiveness of exercise
interventions among conditions including infec-
tive endocarditis, cardiac arrest survivors, con-
genital heart disease, venous embolism and acute
aortic syndrome. Further research is needed in
these conditions and the current lack of evidence
may not necessarily be indicative of a lack of
efficacy.

13.3.1 Evidence Gaps for Frail Older

People

Frailty is a comparatively recent concept when
compared to the initial development and trials
conducted in cardiac rehabilitation (Gielen and
Simm 2017). Large trials that established the
evidence for cardiac rehabilitation, particularly
for MI, CABG and PCI, were conducted in an
era when frailty assessment was not routinely
undertaken, and study entry criteria did not
always include older adults with multiple con-
ditions. In the early 1990s, the benefits of exer-
cise for those with heart failure was established,
later than other cardiac disease (Coats et al.
1990). Older people with multiple morbidities
represent a considerable proportion of those
participating in cardiac rehabilitation in several
countries (Giallauria et al. 2010; Foundation
2018; Menezes et al. 2014). Although heart
failure research has tended to include older
adults, and increasingly those with multimor-
bidity, studies specifically related to exercise and
cardiac rehabilitation have not routinely charac-
terised frailty (Taylor et al. 2018). Therefore,
specific evidence for cardiac rehabilitation for
frail older adults is limited for contemporary
populations, despite them being a group that may
potentially have the most to gain from this
intervention (Singh et al. 2014).
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A key consideration in the evidence for car-
diac rehabilitation for frail older adults is the
average age of adults included in trials, their
comorbidities and specifically their frailty sta-
tus, which to date, has largely been absent from
the literature. Recognising some of the limita-
tions of generalising previous trail data to older
patients, Suaya and colleagues (2009) examined
the one- to five-year mortality rates in a popu-
lation of 601 099 patients, aged 65 years and
over, who were hospitalised for coronary con-
ditions or cardiac revascularisation procedures
in the US. Mortality rates were 21-34% lower in
those participating in cardiac rehabilitation and
this study, based on routinely collected data,
provides some evidence that mortality benefits
may be associated with selected older popula-
tions (Suaya et al. 2009).

13.4 Recommendations on Who
Should Attend Cardiac
Rehabilitation

Many international guidelines have made recom-
mendations about types of people and their car-
diac conditions who should attend cardiac
rehabilitation (Piepoli et al. 2016; Scottish Inter-
collegiate Guidelines Network (SIGN) 2017;
British Association for Cardiovascular Prevention
and Rehabilitation 2017; Yancy et al. 2017,
Thomas et al. 2018; Smith et al. 2011; Woodruffe
et al. 2015; Japanese Circulation Society
(JCS) 2014; Herdy et al. 2014). Irrespective of
age, sex and ethnic group many types of patients
are suitable including those: with CHD (angina,
acute coronary syndrome including MI); before
and after revascularisation (percutaneous revas-
cularisation or surgery); following a stepwise
alteration in CHD condition; with other
atherosclerotic disease (e.g. peripheral arterial
disease); with stable heart failure and cardiomy-
opathy; with congenital heart disease and fol-
lowing implantable device interventions (British
Association for Cardiovascular Prevention and
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Rehabilitation 2017). These conditions are sum-
marised in Box 1.

Box 1 Recommended patient groups
for cardiac rehabilitation

acute coronary syndrome (ACS)

chronic coronary artery disease (CAD)

coronary revascularization

heart failure

stable angina

peripheral arterial disease and surgery

of the great vessels

post-cerebrovascular event

e post-implantation of pacemakers, car-
diac defibrillators and resynchronisa-
tion devices

e post-heart valve repair/replacement

e post-heart transplantation and ventricu-
lar assist devices

e Adult Congenital

(ACHD)

Heart Disease

Source Summarised from British Association
for Cardiovascular Prevention and Rehabilitation
2017 guidance and Secondary prevention in the
clinical management of patients with cardiovas-
cular diseases. Core components, standards and
outcome measures for referral and delivery: A
Policy Statement from the Cardiac Rehabilitation
Section of the European Association for Car-
diovascular Prevention & Rehabilitation 2014.

13.5 Contemporary Cardiac
Rehabilitation Service Models

Cardiac rehabilitation services exist in just over
half (55%) of countries throughout the world
(Lima de Melo Ghisi et al. 2018), mostly in
countries defined as high income by the World
Bank (Turk-Adawi et al. 2014). Today’s cardiac
rehabilitation in many of these countries is a
comprehensive, structured intervention that
addresses the complex relationships of psycho-
logical, behavioural and medical factors
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confronting people with heart conditions (British
Association for Cardiovascular Prevention and
Rehabilitation 2017; Corra et al. 2005). Exercise
training is a core component of cardiac rehabili-
tation and guidelines consistently recommend
“comprehensive rehabilitation” programmes that
include multifactorial components to optimise
cardiovascular risk reduction, promote healthy
behaviours and an active lifestyle, to reduce dis-
ability and improve health and wellbeing. Such
programmes are designed to limit the physiologi-
cal and psychological effects of cardiac illness,
stabilise or reverse the atherosclerotic process,
control and improve symptoms and reduce mor-
bidity (Taylor 2015).

13.5.1 Core Components
of Comprehensive

Cardiac Rehabilitation

Core elements of comprehensive cardiac reha-
bilitation have been described in frequently cited
guidance (British Association for Cardiovascular
Prevention and Rehabilitation 2017; Piepoli et al.
2014; Balady et al. 2007). These are revised
regularly but have some concepts in common.
For example, the published standards on the core
components of cardiac rehabilitation outlined by
the British Association for Cardiovascular
Prevention and Rehabilitation (BACPR) in 2017
are summarised in Table 13.1 (British Associa-
tion for Cardiovascular Prevention and Rehabil-
itation 2017). Delivery of core components
should be by a qualified and competent multi-
disciplinary team, led by a clinical coordinator.
Health professionals leading each component
(exercise, dietary and smoking cessation) should
be appropriately qualified, skilled and competent.
Recommended minimum standards for staffing a
cardiac rehabilitation service have been descri-
bed in some countries (Scottish Intercollegiate
Guidelines Network (SIGN) 2017; British
Association for Cardiovascular Prevention and
Rehabilitation 2017). Although recommenda-
tions on programme duration remains an area of
debate, it is generally accepted the comprehen-
sive programmes should be a minimum of
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Table 13.1 Core components for cardiac rehabilitation

Six core components

Health behaviour change and

education

Lifestyle risk factor

management

* Physical activity and
exercise

* Healthy eating and body
composition

Description

Education sessions should include: addressing misconceptions about cardiac
illness (and rehabilitation), lifestyle education, risk factor education such as blood
pressure, lipids and glucose, occupational factors, sexual dysfunction,
cardiopulmonary resuscitation and pharmaceutical and surgical interventions

Baseline assessment should include:

* physical fitness (to tailor exercise prescription/goals)

« dietary habits, including adherence with a cardioprotective diet and alcohol use

» measurement of weight, body mass index and waist circumference

+ medical advice to quit smoking should be reinforced and a quit plan discussed
with repeat assessment of progress with cessation at every visit

* Tobacco cessation and
relapse prevention

Psychosocial health

All patients should undergo a valid assessment of: Psychological distress, Quality

of life, Psychological stressors, Illness perceptions and self-efficacy for health
behaviour change, Adequacy of social support, and have the opportunity to

discuss to sexual health

Medical risk management

Assessment should include: Measurement of blood pressure, lipids, glucose, heart

rate and rhythm; current medication use (dose and adherence). Best practice
standards and guidelines should be followed

Cardiovascular prevention and rehabilitation services also provide an opportunity
to identify patients who may benefit from an implantable device

Long-term strategies

By the end of the programme patients will have been encouraged and empowered

to develop self-management skills to pursue a healthy lifestyle

Audit and evaluation of
services

To monitor and manage patient progress and service resources
To evaluate programmes in terms of clinical and patient-reported outcomes

To enable benchmarking against local, regional and national standards

Source Adapted from British Association for Cardiovascular Prevention and Rehabilitation (BACPR) (2017), pp. 11-18

8—12 weeks duration followed by opportunities
for life-long behavioural change (British Asso-
ciation for Cardiovascular Prevention and Reha-
bilitation 2017; Piepoli et al. 2014). Included in
this process of rehabilitation is cardiac education
(including risk factor modification, lifestyle and
medication advice, and how patients can deal
with emergencies), support, psychological ther-
apy and counselling. Cognitive behavioural
methods are effective in supporting persons in
adopting a healthy lifestyle and techniques such
as motivational interviewing are recommended
(Piepoli et al. 2016). A component on relaxation
may be incorporated in the programme and dis-
cussions of areas such as anxiety, depression and
stress management are considered integral to
cardiac rehabilitation (Coats et al. 1995). Cardiac
rehabilitation should be tailored to the individ-
ual’s needs and the patient, carers and spouses

should be involved in goal setting (British
Association for Cardiovascular Prevention and
Rehabilitation 2017).

13.5.2 Service Delivery Locations
and Patients’
Preferences

Cardiac rehabilitation varies internationally and
is delivered in a variety of primary, secondary
and tertiary care settings including hospitals
(both as an inpatient and outpatient), community
clinics and centres, and home environments and
may involve telephone monitoring and
internet-based services (Clark et al. 2015). In the
UK, US and most European countries cardiac
rehabilitation has traditionally been delivered to
groups of patients in healthcare and community
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settings. Some European countries offering resi-
dential intensive programmes of 3—4 week
duration whilst other outpatient programmes last
3—-6 months (Menezes et al. 2014; Taylor 2015).
By contrast, the UK offer less intensive pro-
grammes usually delivered in supervised outpa-
tient groups in hospitals and community centres
starting 2-4 weeks after PCI or MI and 4-
6 weeks after cardiac surgery (Taylor 2015;
Bethell et al. 2009).

Published reviews and meta-analyses on the
effectiveness of cardiac rehabilitation service
models have demonstrated that home and centre-
based cardiac rehabilitation appeared equally
effective in improving clinical and health-related
quality of life outcomes in acute MI and revas-
cularisation patients (Anderson et al. 2017). Trials
of internet-based cardiac rehabilitation have
shown promising findings for patients with angina
(Devi et al. 2014) and self-management in CHD
(Kerr et al. 2010). High quality web-based cardiac
rehabilitation alternatives for those declining or
dropping out of conventional rehabilitation have
indicated positive effects for interventions of
6 month duration (Houchen-Wolloff et al. 2018).
Technology-based interventions for patients par-
ticipating in cardiac rehabilitation are explicitly
recommended in some national guidelines (Scot-
tish Intercollegiate Guidelines Network (SIGN)
2017).

Some studies have investigated older patients’
preferences for cardiac rehabilitation service
models (Buttery et al. 2014; Boyde et al. 2018;
Tang et al. 2017). In a study of 106 heart failure
inpatients (mean age 78 years, 62% male, 47%
lived alone, 55% NYHA class III, 39% falls in
past 6 months, mean Charlson Comorbidity
Index 3.3 (SD 1.7)) admitted to elderly care,
cardiology and general medicine wards in a large
UK hospital, most patients (72%) wanted to
attend  cardiac  rehabilitation,  preferring
group-based programmes at hospitals over com-
munity classes (Buttery et al. 2014). Mean grip
strength, a valid indicator of frailty (Syddall et al.
2003), was low in this sample (women: mean
16.5 kg/m? (SD 6.3), men 25.3 kg/m” (SD 9.5).
Patients emphasised that superior hospital facil-
ities and equipment, such as defibrillators, and
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the availability of health professionals provided
them with greater confidence to participate at
hospitals. Those preferring hospital programmes
were younger (mean 5.1 years, 95% CI -10.1 to
—0.1, P =0.043) than those preferring not to
participate and neither disease severity nor co-
morbidity was associated with preferences.
However, in this hospital sample only 21% were
referred to any cardiac rehabilitation service on
discharge.

Findings from a study in Australia investi-
gating patient preferences among inpatients also
found that most strongly preferred a centre-based
compared to a home-based program, starting
within two (rather than six weeks) of hospital
discharge and with exercise delivered in a group
rather than an individual setting (Boyde et al.
2018). However, exercise via the internet using
telehealth was strongly disliked, among this
Australian study population and there was an
overall preference against delivery by smart
phone Apps. Studies in Europe have indicated
that preferences for either a supervised
centre-based setting, or a self-management
home-based setting may be more equally pre-
ferred (Tang et al. 2017). Further studies
exploring frail older patient’s preferences for
service models particularly around preferences
for digital health options are required.

13.5.3 The Emerging Role of ‘Prehab’
for Older Adults

Elective cardiac patients are at risk of functional
and psychological decline in the time preceding
surgery and preoperative rehabilitation (‘prehab’)
to reduce hospital length of stay for people
undergoing CABG, valve repair/replacement (via
sternotomy) and TAVI surgery using the Clinical
Frailty Scale as an outcome have been investi-
gated (Waite et al. 2017). In a prospective, single
centre pilot study, patients were seen in
pre-operative assessment clinics and were
assessed using a battery of functional capacity
measures including the 6-minute walk test
(6MWT) (American Thoracic Society (ATS)
2002), the Duke Activity Status Index (DASI)
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(Hlatky et al. 1989) and the Short Physical Per-
formance (SPPB) (Guralnik et al. 1994). The
home-based prehab exercise intervention was
individually tailored by a specialist physiothera-
pist and included a 6-week programme of pro-
gressive  balance and strength exercises
performed 3 times per week and involved
self-monitoring of exercise intensity using the
Rating of Perceived Exercising scale (RPE)
(Borg 1982). Pre- and post-intervention results
showed improvements in frailty status and
improved balance, strength and gait speed. Fur-
thermore, using the Clinical Frailty Scale for
baseline assessment and 6-week follow-up
proved appropriate in this small study.

In a systematic review investigating the inci-
dence of postoperative pulmonary complications
among cardiac surgical patients, 17 trials
including 2689 patients were identified (Snow-
don et al. 2014). Pre-operative interventions
varied and included exercise, respiratory training,
breathing exercises, stress management, relax-
ation and varied by their model of delivery (e.g.
pre-admission exercise/education booklet, video,
group-sessions, sessions with a health profes-
sional and multidisciplinary training). Preopera-
tive interventions were found to reduce
post-operative complications, reduce the time to
post-operative extubation, and reduced the length
of stay for older patients (over the age of
63 years), but not younger patients, indicating
that those with more complex health needs and
co-morbidities may have the most benefit. The
effects of inspiratory muscle training were par-
ticularly effective in reducing hospital length of
stay (by mean 2.1 days) and the risk of
post-operative complications (by 58%). To
obtain these benefits, clinicians delivered inspi-
ratory muscle training 67 times a week for two
to four weeks (supervised once per week by a
physiotherapist); starting at a resistance of 15—
30% of maximal inspiratory pressure and
increasing by 5% each session. Thirteen patients
would need to be treated with inspiratory muscle
training to prevent one postoperative pulmonary
complication (Snowdon et al. 2014).
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13.5.4 Cost-Effectiveness of Cardiac
Rehabilitation Service
Models

One final consideration in cardiac rehabilitation
service models is determining their cost-
effectiveness. Shields and colleagues conducted
a systematic review to examine the cost-
effectiveness of cardiac rehabilitation following
the widespread introduction of statins and stent-
ing (Shields et al. 2018). From the 19 studies
included in this qualitative synthesis, they
reported cardiac rehabilitation is cost effective in
the modern era, especially when an exercise
component is included, supporting two earlier
economic reviews with similar findings
(Papadakis et al. 2005; Wong et al. 2012). In the
review, the authors noted that all the
cost-effectiveness studies used life-years as an
outcome, potentially underestimating the benefits
of cardiac rehabilitation in reducing morbidity
(Shields et al. 2018). One study, comparing a
3-month versus a 12-month programme found
that overall the 3 month programme was more
cost-effective (Papadakis et al. 2008). However,
a sub-analysis in this two group cost-
effectiveness analysis found the 3 month pro-
gramme was more cost-effective for patients at
high risk, those with previous CABG and for
male patients, whilst the longer programme was
more cost-effective for lower risk patients and for
female patients, suggesting that improved
cost-effectiveness may be gained by triaging
patients to different cardiac rehabilitation service
models (Papadakis et al. 2008).

In a Cochrane review comparing the effec-
tiveness of home and centre-based service mod-
els, 6 of the 23 included trials reported costs
(Anderson et al. 2017). Home-based and hospi-
tal- or centre-based cardiac rehabilitation were
found to be of similar effectiveness in improving
clinical and health-related quality of life
(HRQoL) outcomes in patients after MI, revas-
cularisation or with heart failure and there was a
lack of evidence of differences in healthcare costs
between these approaches. This finding supports
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recommendations about offering individual
patient choice in service delivery models. Simi-
larly, Shields and colleagues (Shields et al. 2018)
reported that all studies comparing telehealth-
based or assisted cardiac rehabilitation in their
review found that these interventions were
deemed cost-effective and noted that in practice,
with increased patient numbers and economies of
scale, cost may be further reduced.

13.5.5 Frailty Assessment in Cardiac
Rehabilitation

Due to the epidemiology of certain age-related
cardiac diagnoses, such as heart failure, that have
a high average age of onset (Conrad et al. 2018)
and procedures including implantable devices
and interventions for degenerative valve disease
that are largely undertaken among older adults
(Ribeiro et al. 2017), frailty has been more fre-
quently studied among these conditions. How-
ever, studies investigating relationships between
certain cardiac conditions and frailty have been
largely undertaken to characterise patients in
hospital settings, for example the FRAIL-HF
study, a prospective observational cohort study
that was designed to evaluate clinical outcomes
(mortality and readmission), functional evolu-
tion, quality of life, and use of social resources
after hospital admission in Spain (Vidan et al.
2014). In terms of cardiac surgery, frailty
assessment is often undertaken pre-operatively
for risk stratification and prognostic purposes,
and a recent review of 6 studies and 4756
patients undergoing cardiac surgery or TAVI
found that frail older people have a higher risk of
mortality, morbidity and functional decline
regardless of the frailty assessment used (Sepehri
et al. 2014). The European Association of
Preventative Cardiology (EAPC) cardiac reha-
bilitation section has called for the use of stan-
dardised frailty assessment measures and
suggested the Edmonton Frailty Scale (Rolfson
et al. 2006) and the Clinical Frailty Scale from
the CHSA study (Rockwood et al. 2005) as
potentially suitable tools in cardiac rehabilitation
services (Vigorito et al. 2017). Furthermore, the
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EAPC seek to evaluate the feasibility and timing
of using frailty assessment tools in cardiac
rehabilitation centres through a European registry
study among people aged 75 years and over
(Vigorito et al. 2017).

In a review of 61 studies relating to valve
surgery and frailty (Tamuleviciute-Prasciene
et al. 2018), a large range of frailty assessment
tools were used including Fried phenotype frailty
index and its modifications, multidimensional
geriatric assessment, clinical frailty scale, 5 m
walking test, serum albumin levels, and Katz
Index of Independence of Activities of Daily
Living. The AHA guidelines for the management
of patients with valvular heart disease (Nishi-
mura Rick et al. 2014, 2017) recommend the use
of the Katz Index (independence in feeding,
bathing, dressing, transferring, toileting, and
urinary continence) and the 5 m gait speed test in
assessment, with independence in ambulation
classified as no walking aid or assist required, or
being able to perform a 5 m walk test in less than
6 s (Nishimura Rick et al. 2014). As frailty status
is dynamic over time, a single test may not be
suitable to show the potential comprehensive
effects of cardiac rehabilitation on those with
frailty, and further studies are required to best
understand the quickest, easiest and most sensi-
tive frailty assessment tools for use in cardiac
rehabilitation ~ programmes  (Tamuleviciute-
Prasciene et al. 2018). Exercise-based cardiac
rehabilitation for patients after aortic stenosis and
interventional treatment have demonstrated
improvements in Barthel index, Functional
Independence Measure (FIM), 6MWT and anx-
iety and depression scales (Ribeiro et al. 2017).
Using functional tools with established validity
and reliability among frail older community
dwelling adults (e.g. the Timed Up and Go,
SPPB), may be useful in future studies of the
effects of cardiac rehabilitation programmes.
Measures that are often associated with falls risk
and frailty, such as assessing self-reported num-
ber of falls in the previous 6 months, polyphar-
macy or measures of sarcopenia (e.g. chair-stand
test) (Cruz-Jentoft et al. 2019) and nutritional
status, which may improve with cardiac reha-
bilitation programmes should also be considered.
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13.5.6 Exercise Prescription
in Cardiac Rehabilitation
for Frail Older Adults

Individual exercise prescription is a cornerstone
of cardiac rehabilitation. People attending have
increasingly varied cardiac conditions and often a
broad range of co-morbidities. Exercises gener-
ally include a ‘warm up’, an aerobic exercise
component (including exercising at the individ-
ual’s target heart rate) and a ‘cool down’ period
including muscle stretching exercises (Wenger
2008). The aerobic exercise component often
consists of a series of exercises that suit being
conducted in a circuit class; such as doing step
ups and using exercise equipment such as an
exercise bike.

A review on the consensus of international
guidelines of exercise testing, prescription and
monitoring in cardiac rehabilitation indicated
there is large overlap between countries (Price
et al. 2016). Cardiac rehabilitation societies in
North and South America and Europe recom-
mend electrocardiograph-monitored — exercise
stress tests and progress from moderate- to
vigorous-intensity aerobic endurance exercise
over the course of cardiac rehabilitation pro-
grammes and advise the inclusion of resistance
training for maintaining independence and qual-
ity of life. However, those in the United King-
dom, Australia and New Zealand tend to specify
lower-intensity exercise and less technical
assessment of functional capacity (Price et al.
2016).

Specifically, for people with heart failure,
recommendations have been made for the inten-
sity of exercise prescribed. Exercises should
ideally be performed at 60-80% of aerobic
capacity and at 50% for more debilitated patients
who may also require a longer warm-up period
(Pina et al. 2003). Repeated lifting of significant
weight should be avoided in people with heart
failure due to the potential deleterious effects on
ventricular function (Wenger 2008). Recom-
mendations by the American Heart Association
outline that exercise should be undertaken 3-5
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times per week and should include supplemen-
tary walking and exercise on ‘non-training days’
(Pina et al. 2003). Evidence for exercise training
for older frail people after cardiac surgeries and
interventions for valvular disease indicates that
training should be: individualised; measured by
RPE, beginning at 40-60% of maximal VO,; and
include additional strength training by using the
1 repetition maximum method to prescribe
intensity (Tamuleviciute-Prasciene et al. 2018).

Continuous aerobic exercise training (CAET)
is a long-established mode of effective exercise
training among those with CHD and a key fea-
ture of cardiac rehabilitation programmes. More
recently, high-intensity interval training (HIIT),
that includes alternating between high and low
intense exercise during a training session, has
emerged as an alternative or complementary ex-
ercise training method for CHD (Ribeiro et al.
2017). Among those with coronary artery dis-
ease, HIIT has been associated with greater gains
in mean maximal VO, when compared with
moderate intensity continuous training, whereas,
moderate intensity continuous training has been
associated with more marked declines in
patients’ mean resting heart rate and body weight
than HITT (Liou et al. 2016). However, in rela-
tion to older adults, in a randomised controlled
trail comparing HITT, resistance training, and
combined exercise training between young (18-
30 years) or older (65-80 years) adults, only
HIT improved aerobic capacity and skeletal
muscle mitochondrial respiration, but leg
strength did not change significantly with HIIT,
and older adults may respond better to continu-
ous training to improve maximal VO,, compared
to HIIT (Robinson et al. 2017). Finally, resis-
tance training is a key intervention to improve
sarcopenia (Cruz-Jentoft et al. 2019) and frailty
(Skelton and Mavroeidi 2018), and ensuring
sarcopenia detection and treatment is embedded
in cardiac rehabilitation programmes for older
adults requires a shift in focus from traditional
CHD training regimes that tend to be more
heavily weighted towards improving cardio-
respiratory fitness parameters.
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13.6 Referral, Invitation
and Participation in Cardiac
Rehabilitation

People with cardiovascular disease and frailty
may encounter a wide variety of health profes-
sionals with varied knowledge and skills in pri-
mary and secondary care. These health
professionals may be involved in recommending
and inviting patients for cardiac rehabilitation.
However, knowledge of cardiac rehabilitation
guidelines differs between and within profes-
sional groups, as does the value that profession-
als place on guidelines and the influence they
exert over their clinical practice (Remme et al.
2008). Some practitioners may initiate conver-
sations with patients about the benefits of exer-
cise and cardiac rehabilitation, but others may
not identify this as a part of their role. This is a
recognised issue, even within cardiac rehabilita-
tion services, where nurses and physiotherapists
view their roles differently (Thow et al. 2006).
Cardiac rehabilitation nurses may be the first
contact patients have with cardiac rehabilitation
services in hospital (Thow et al. 2006), and these
professionals play a key role in endorsing par-
ticipation following referral (Jackson et al. 2005).
Actively identifying all people potentially eligi-
ble for cardiac rehabilitation, and encouraging
them to take part in cardiac rehabilitation prior to
hospital discharge is a key clinical issue for those
providing an effective cardiac rehabilitation ser-
vice (Department of Health 2010).

13.6.1 Improving Referral to Cardiac

Rehabilitation

Findings from England have shown that patients
admitted to cardiology wards and those under the
care of a specialist heart failure service, may be
more likely to receive follow-up, such as cardiac
rehabilitation (The NHS Information Centre
2010). Many healthcare systems rely on indi-
vidual health professionals to refer patients to
cardiac rehabilitation. These ad hoc systems
result in missed opportunities to offer invitation.
The first step to improve participation in cardiac
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rehabilitation for patients with frailty is the
development of more systematic and
system-wide referral processes.

Methods to improve cardiac rehabilitation
referral using automatic electronic referral
strategies, including electronic prompts, have
proved effective in the US and Canada
(Gravely-Witte et al. 2010; Grace et al. 2007;
Mazzini et al. 2008). Combining electronic
referral methods with evidence-based best-
practice algorithms, standing orders and dis-
charge checklists for patients may prove useful in
both hospital and community settings to prompt
referrals by clinicians. The availability of inpa-
tient physical therapy has been found to be
associated with higher rates of referral to cardiac
rehabilitation (Mazzini et al. 2008). Involving
professional groups, such as those that routinely
discuss exercise and rehabilitation with patients
in hospital and in the community, and investi-
gating clinical decision tools and electronic
referral methods may prove effective approaches
for those with frailty. Using community-based
risk stratification approaches to help identify
those with frailty, such as the Electronic Frailty
Index (eFI) (Clegg et al. 2016) may help identify
older adults who may be undergoing annual
reviews or other contacts with health profes-
sionals that could include opportunities for car-
diac rehabilitation invitation.

13.6.2 Improving Invitation

to Cardiac Rehabilitation

Sufficient information is required to enable a
patient to make an informed choice and consent
to a treatment (Charles et al. 1999). Communi-
cation of the benefits and the risks of an inter-
vention are necessary. Service options need to be
presented, so that decisions to opt for a certain
intervention are shared between the patient and
the health care provider (Charles et al. 1999).
Providing a full explanation of cardiac rehabili-
tation, its components, benefits and the localities
and service models available, is key for ensuring
that patients are able to make an informed choice
about participation.
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Cardiac rehabilitation is effective in improv-
ing quality of life among patients with heart
failure (Davies et al. 2010). This benefit should
be emphasised at invitation. The risks associated
with participation are minimal (Taylor 2015).
Ensuring referral for older patients with cardio-
vascular disease and frailty and providing indi-
vidually tailored invitation is essential for
improving participation. Those inviting patients
to participate must be knowledgeable of cardiac
rehabilitation service components, the types of
service models available and be able to confi-
dently discuss the benefits of this intervention.

13.6.3 Improving Service Provision

for Frail Older Adults

Globally, there is an overall lack of cardiac
rehabilitation service availability and limited
variety of service models for patients (Lima de
Melo Ghisi et al. 2018). Furthermore, services
may operate restricted provision to certain groups
of patients with cardiovascular disease (Buttery
et al. 2014); inconsistent with international
guidance on the types of patients that should be
offered and benefit from this intervention. Mul-
tidisciplinary cardiovascular clinics and services
can take a leading role in providing some aspects
of secondary prevention and care for patients
with frailty. Strategies to facilitate closer working
of these services to improve communication,
referral and participation in supervised exercise
that includes educational and psychological
components for patients with frailty are required.
Greater joint working, joint training opportuni-
ties and shared quality improvement initiatives
between cardiology and geriatric services may
help develop evidence-based services to better
meet the needs of older people with cardiovas-
cular disease and frailty.

13.7 Conclusion

This chapter has provided a summary of cardiac
rehabilitation, from a brief historical context
to the development of contemporary cardiac
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rehabilitation service delivery models. The core
components of a cardiac rehabilitation pro-
gramme were described and key research was
highlighted, including large systematic reviews
and cohort studies, which provide the evidence
for clinical practice. These were discussed in the
context of  clinical guidelines and
recommendations.

There is strong evidence of benefit of cardiac
rehabilitation for patients with cardiovascular
disease in terms of decreased morbidity. How-
ever, studies supporting this evidence were ini-
tially undertaken in selected younger populations
and less frail people with cardiovascular disease
compared to contemporary ageing populations.
More recent studies are emerging in countries
with older, frail populations that take into
account the links between the research-based
evidence for frailty interventions and cardiac
rehabilitation components. Recognising the
potential patient benefits on both frailty and
cardiovascular disease trajectories, these studies
have included measures of clinical frailty
allowing new insights into this important and
growing population. Patient identification,
assessment, referral, invitation and choice in
service provision are key areas for further
investigation to allow more frail older people to
potentially benefit from individually tailored
cardiac rehabilitation programmes.
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Abstract

Frailty is a clinical concept which is gaining
increased momentum not only in geriatrics,
but in all specialties treating adult patients. In
these Future Perspectives, the following roles
of frailty in the field of cardiovascular diseases
(CVD) will be discussed as a narrative review:
(1) Frailty as an adjunct to assess CVD
patients in addition to traditional risk scores;
(2) bidirectional relationship between frailty
and CVD; (3) widening the scope of endpoints
in CVD trials—inclusion of frailty; (4) finally,
the relationship between geriatrics and cardi-
ology will be shortly discussed.
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14.1 Use of Frailty as an Adjunct
to Assess CVD Patients
in Addition to Traditional Risk

Scores Will Increase

Various ways and scores have been developed to
help in the assessment of severity and prognosis
of CVD patients. Besides “eyeball test”, common
examples are the New York Heart Association
(NYHA) classification based on heart failure
symptoms, and the CHA,DS,-VASc score using
patient history to assess risk of stroke due to
atrial fibrillation. There is clear evidence that the
presence of frailty incrementally increases com-
plication risk, including mortality, and assess-
ment of frailty can thus give information over the
disease specific risk scores (Afilalo et al. 2014).

However, inclusion of frailty assessments
have been hampered by lack of knowledge of
frailty and fears that it would burden busy clin-
icians by one more task. However, clinical sys-
tems and nurses already routinely collect
essential information to be harnessed for the
assessment of frailty status. In a British study, the
Hospital Frailty Risk Score (HFRS) was estab-
lished using various diagnoses associated with
frailty (Gilbert et al. 2018), whereafter it was
tested in a large validation cohort and shown to
predict mortality, long hospital stay, and 30-day
readmission. HFRS might offer a low-cost way
for health systems to screen, for example, CVD
patients with frailty for closer scrutiny with
more time-consuming comprehensive geriatric
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assessment (CGA). Frailty screening may well be
integral in future health care systems, although
best ways for the implementation (e.g. frailty
definition) still require more research.

14.2 Bidirectional Relationship
Between Frailty and CVD Will
Be Better Acknowledged

According to a meta-analysis, frailty and even
pre-frailty are independent risk factors for CVD
(Veronese et al. 2017). Evidently, development
of frailty deteriorates the condition of a patient
with existing CVD. Frailty is often associated
with undernutrition, weight loss, and also with
decreased physical activity, which is a CVD risk
factor. Increase of physical activity is a treatment
which would benefit both frailty and CVD.
Improving nutrition in the case of weight loss is a
complex question, because fortified diet should
provide calories and protein but not worsen
vascular status. Mediterranean diet has actually
been associated with lower risk of incident frailty
(Kojima et al. 2018), and thus olive oil and
polyunsaturated fats should be preferred over
butter and cream. For a patient with sarcopenic
obesity (fat-frail), on the other hand, reducing
overweight, which is beneficial for the heart, may
be detrimental to muscles and thus promote sar-
copenia, and should be performed carefully and
with proper nutritional knowledge.

It is a scientifically intriguing question whe-
ther vascular factors promote frailty. In this dis-
cussion, frailty as a phenotype (Fried et al. 2001)
is more interesting than frailty defined as an
accumulation of defects (Searle et al. 2008),
because CVD is already included in the latter and
the relationships are obvious. Downstream it is
easy to understand that established coronary
heart disease or heart failure may accelerate
sarcopenia and frailty by reducing physical
activity. Pathophysiological factors such as
inflammation related to CVD may also be
involved. Cardiac cachexia is a special case
related to terminal heart failure.

Cross-sectionally, frailty is associated with
vascular risk factors (Ramsay et al. 2015), but
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less studied is the area whether vascular function
is a long-term risk factor of frailty. Subclinical
atherosclerosis has been associated with devel-
opment of frailty (Chaves et al. 2004), and even
longer-term associations with CVD risk factors
have been described. In the Helsinki Business-
men Study, CVD risk factors such as overweight
and physical inactivity in healthy midlife (at an
average age of 47 years) predicted the develop-
ment of frailty phenotype in old age, decades
later (Strandberg et al. 2012; Savela et al. 2013).
In a very large British study including the Clin-
ical Practice Research Datalink (CPRD) and UK
Biobank (UKB) data, CVD risk score was based
on smoking status, LDL cholesterol, blood
pressure, body mass index, fasting glucose, and
physical activity. The score stratified 60-69 year
old people to low, moderate or high CVD risk.
During up to 10 years of follow-up, individuals
with low CVD risk had substantially lower
incidence of frailty and other geriatric conditions
(Atkins JL et al. 2018).

Bidirectional relationships suggest that CVD
and frailty have common antecedents, and this
should be realized for better prevention of frailty.
Proposed mechanisms for the CVD-frailty link
usually include inflammation, oxidative stress,
telomere shortening etc. (Stewart 2019). Ade-
quate blood circulation is essential for all tissues,
including muscle and brain, and factors deterio-
rating circulation via endothelial dysfunction and
atherosclerotic lesions are excellent candidates to
promote both physical and cognitive frailty.
Large and especially small blood vessels are
involved in the process (Strandberg et al. 2013).

14.3 Frailty Will Be Included
as an Important Endpoint
and Pre-specified Subgroup
in All CVD Trials

Because risk factors predict frailty, elimination of
risk factors is prone to prevent frailty, but con-
trolled treatment trials are needed to verify the
rationale. However, gathering geriatric endpoints
like dementia or frailty can be difficult in CVD
prevention trials, because study designs prefer
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relatively short follow-ups, and, for ethical rea-
sons, the studies are still often terminated early
due to rapid reduction of myocardial infarctions
and stroke. Surrogate markers like change of
biomarkers related to nutritional status or bio-
logical ageing (Stewart 2019), deterioration of
physical function with sensitive tests, or progress
of sarcopenia in imaging studies might be con-
sidered acceptable endpoints.

An important aspect is to pre-specify frailty as
a subgroup in all CVD trials in order to find out
whether main trial results also apply to frail
participants (who should be included in trial
populations!). Indeed, this was done in two
hypertension trials, Hypertension in the Very
Elderly Trial (HYVET, Warwick et al. 2015) and
Systolic Blood Pressure Intervention Trial
(SPRINT, Williamson et al. 2016), which
showed that also at least moderately frail patients
benefited from antihypertensive treatment. On
the other hand, frail patients (defined by gait
speed in the lowest tertile) seemed to have no
mortality benefit from an implantable defibrilla-
tor in the Sudden Cardiac Death in Heart Failure
Trial (SCD-HeFT, Fishbein et al. 2014), and in
the Surgical Treatment for Ischemic Heart Fail-
ure (STICH) trial, shorter walk distance
(<300 m) was not associated with long-term
benefit from coronary artery bypass surgery
(Stewart et al. 2014).

14.4 Cardiogeriatrics or Geriatric
Cardiology

As successful primary prevention reduces pre-
mature CVD mortality, cardiology is increas-
ingly a discipline involving older patients, of
whom over 50% may be frail and need multi-
disciplinary care. Usually the latter part marks
the emphasis in the names of medical specialities
(e.g. psychogeriatrics versus geropsychiatry) .
Because cardiology includes invasive skills not
handled by geriatricians, geriatric cardiologist
may be the appropriate term for future specialists
who are able to embrace the multidimensional
vulnerabilities and needs—medical, functional,
cognitive, and social—of their older patients with
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CVD (Dodson et al. 2016; Gorodeski et al.
2018).

14.5 Conclusions

Cardiovascular diseases and frailty have an inti-
mate relationship with common antecedents, and
in the future, frailty will play an ever increasing
role in the assessment and treatment of older
cardiovascular patients. Conversely, finding bet-
ter ways to prevent and treat frailty will benefit
also patients with cardiovascular diseases. More
research with novel trial settings are needed in
this important field.
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